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DESCRI PTI D stributed Logic Analyzer For Use In

A Hardware Logic Enul ation System Field of the Invention 5

The present invention relates in general to apparatus for verifying
electronic circuit designs and nore specifically to har dwar e enul ati on
systems in which multiple design sign dﬁfﬁf&oﬂ. carried on a single

physi cal wire between programuabl e -5 €hi ps. 10 Background of the
| nventi on Har dwar e enulatlon systens are devices designed for

| verifying el ectronic cipjg#Htiigsd Toodid¢ AndlyZehrientV chi ps or
printed circuit boards €se_systens are typically uilt from
programuabl e |ogic chiﬁ5lEEEhEéEhlﬁﬂﬁﬂéz¥mxﬂghééi5§z%$%§rannable

i nt erconnect chips (interconnect chips). The term . . .. "chip:.as-used :
herein refers to integrated circuits. Exanples of logic chips include
reprogrammabl e logic circuits such as field-programmabl e gate arrays
("FPGAs") pihichyd naldidendoiti o f - t he-shel f products and custom
pr oduct s. -ékanpres—cr‘rﬁr€F66ﬁﬁéct 20
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mul ti pSexer chili® R¥eseHH HRVentioh F@ﬁragll%?plg'%c g‘%%aglnlré) Qﬁglg%%g}lgoh@%ct

chi ps CanJg}G%gfggle1ece}5ngaetgmadlﬁNdE&E@ﬁsoanduammachgegnédcally to
Prior art ‘emil systens have genera

b
si gnal |nhmrdwaxﬂremukﬁ%i¢%u$YSH€@$ghntBxbﬁﬁgﬁﬁgg egggn ﬁﬁ%ﬁto one
or nore pcya;gogalqnghal | L0851 WY 0a 1 k8 between cmmgmmmablesllgmcs
c .

whi ch nust ween 1 ogl c | ps "are mapped to one or nore physical

pi ns on a diigp=. chi p and one or nore physical traces on printed
circuit boards which contain the '

10 Backgrouﬁd of the Invention
Hardware emulation systems are devicesmmdesigned'.for

verifying electronic circuit designs prior to fabrication as
chips or printed circuit boards. These systems are typically
built from programmable logic chips (logic chips) and

15 programmable lnterconnect chips (interconnect chips). The_term
"chip" as used herein refers to 1ntegrated circuits. Examples

of logic chips include reprogrammable logic circuits such as
.fleld—programmable gate arrays ("FPGAs"), which include both off-
the~shelf products and custom products. Examples of interconnect

20 chips include reprogrammable FPGAs, multiplexer chips, crosspoint
switch chips, and the like. Interconnect chipe'can be either

- . off- the—shelf products or custom designed.

Prior art emulation systems have generally been designed so _

that each signal in an electronic circuit design to be emulated

25 is mapped to one or more physical metal llnes ("wires") within
a logic chip. Slgnals which must go between logic chlps are

mapped to one or more phy31cal plns on a logic chlp and one or

more physical traces on prlnted c1rcu1t boardslwhlch centaln the -

logic and_lnterconnect chips.
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one-to-ane mappi ng of design signals to phyS|caI pins.. and traces in
prior art emulation systens |eads to the requi rement that the enul ation
system contain at |east as many logig chip pins and printed circuit

board traces as there are 5 design signals to be routed betvveen Iagg \
chips.  Such @Re onedtioaugmTemiprioyiocksdestgnsaignalar Focaky! pLns

expensi ve I ntegrated cirguit pagka gy edfErems t IRddls #hd the
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bn System necessary fo
- emul ation %’:} SAY 8k imp léﬂe}ﬁ:d.scﬁlte@tcedn)ChaBrn:ncrede%dg#amatlcally ‘The

e HU|tllnggeggelfnatﬁgcggmggg éP?ioéfE;éé l%ﬁ%kféah be implemented or
emulated in a single logic chip, however, has not been met with
an increase in the number of pins (i.e., leads) available ﬁor

20 inputs, outputs, clocks and the like on the chip's package. The
number of pins on an integrated circuit package is limited by the
available perimeter of the chip. Furthermore, the capability of'
the wire-bonding assembly equipment used to connect the bondlng
pads on integrated circuit dice to the pins on the package has

| 25 1ncreased slowly over time. Thus, there is an increasing
' mismatch between the amount of logic available on a logic chip
‘and the number of pins available to connect the logic to the ~
outside world. This resulfs'in poor average utilization of the
logic¢al capacity of the logic chips, which increases the cost of

30 a hardware emulation system necessary for emulation of a given
sized electronic circuit design.

Tlme—multlplex1ng is a technique that has been used for

sharlng a single physical wire or pin between multiple logical
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3 . signals in certain types of systens where the cost of each

physi cal - connection is very high. Such systens include

t el econmuni cati on systens. Tinme-nultiplex3ng, however, has not been

comonly used in hardware enul ati on systens such 08§ O il abl g _from
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and sequenj) ainl ogheaf8re- emhlbRibnopysar.l at ches). Prior art
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a description of the integrated circuit's components and

electrical interconnections between the components. The

20 components include all those circuit elements necessary for

implementing a logic circuit, such as combinational logic (e.g.,

gates) .and sequential logic (e.g., flip-flops and latches).

Prior art emulation systems analyzed the user's circuit netlist

prior to implementing the netlist into the hardware emulation

25 system.' This analysis included the steps of separating the

.vari6us circuit paths of the design into clock paths, clock
.qualifiers and data paths. A method for performing this analysis--

and separation is disclosed in United States Patent No. 5,475,830

by Chen et al, which is ‘assigned to the same assignee as the

30 present invention. The disclosure of United States Patent No.

... 5,475,830 is incorporated_herein by reference in its entirety.

.The-techniques disclosed in United Stateé Patent No. 5,475,830

have been used in prior ai:i: emulation systems such as the Sy'sltem
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4 Real i zer[err] brand hardware erul ati on system.from Qui ckturn Design
Systens, Inc., Mountain View, California. = However, the

t echni ques di scl osed therein have not beep used in conbination w th any
type of time-nmultiplexing. 5 . Other prior art hardware enul atign

syst ems sy 13, d#™SErand Rigdkabkeehubationt apstemcfras QBLREEREBUWPPREST,

“ARKCS (now Synopsi s) and | BM have_attenp 14 time- Fekexi pgeof
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esigh to

el'ectronic e enul at ed. Theie' rior art enulation systens, .
however, wittleramy tﬁPGyﬂfhééﬂ?é_mlﬂ:__ﬁ_tg_,_ﬁégﬂg_:_Ln_an.. . attenpt -to maintain
cdrrec% ci rcui tohehavian o TS rdigiatd Odmulatfbns systeimessucipraseshose
wor ks predi ct ab?y

or “synchronous desi gns. . However, ri
re- synt hesavailpbhhe drmerk Parkyals Maching a@?ﬁgﬁr\gﬁlﬁ}% . &Enggn rc}glpr‘lﬁ?seac[ntog
i naccurate_ or_ n sl eadi gatg%ﬁ(ﬁ%&tgo Siskcer imstmel ttpléxiegi gfs
have_async%(rbcﬁ%t'ﬁ%sse %ng?o%%Ma?lg#i tectures, the need to alter, or

re- synt hesigeigmestgmaks ontpas hsingle phyrgecad SR Cy® pin and pyinted
addition, prior,art hardwa equl af - i it fder milvdrmplsideang
have suff € ’e’ﬂc‘HBrﬁ‘F%ﬁgoBJé%g?i-% %%%]ggléw%lrgﬁd@s a cqnse‘quenrgcie T ] '
re- syRighesyzi avetbeonlieckesdyhs tol bet kesdated.mhiesss prioy, s epulation

internal machine cycles are reqguired to .. _ N 1dAEKpattlse &h an
design.  THEEEmSy hWFEREY véﬁl{-‘er oﬁge:r a ‘T'nSQS‘ spe%%l%gr the eryﬁl at od desj gn
i's typical hyr8Rpy tomemittaid averrddmnciteuiaxbebavibsck RS Flheration

enmul ati on system itself. 1f there an Fe] CchHAhouS dedsfoud
the desi gnor rerg§YBEhESdSat BFCETE slwg\f&‘%vmngtrtfglé'gl ywtq)ecorresléé(/en WOr se

because . des?énfshe nRRfLder 2VAl tet ind her stet synthehdzangl dhed degkyrpaths
e

bet ween ch pair of input cJock edges. ,3 . i Qr : LBk
emul ati®on inaaeni @@é{nq}ﬁwu{) i‘§1"e§19n Calf‘mf‘??& g% r%(fjlaglc?g]a?gqlﬁ gnlc%?répl'ex §
sof tware fgfnuifﬁ‘ﬂﬁ.ghf)&ieéhﬂﬁst.hesince fbsw oirouby designsshavelasywehrenous

stnote phyiﬁgik agghgtggégrgg? the need to alter or re-synthesize the clock
paths is a large disadvantage. |
In addition, prior art hardware emulation machines using
20 time?multiplexing have suffered from low operating speed. This
is a consequence of re-synthesizing the clock paths. In these
machines, a.number of internal machine cycles are required to
emulate one clock cycle of a design. Thus, the effective
operating speed for the emulated design is typically many t;mes |
25 slower than the maximum clock rate of the emulation systgm
‘itseif. If there are multiple asynchronous clocks in the design -
to be emhlated, the éiowdoﬁﬁ-typiﬁally'becomes even worse because
of the need to eﬁaluate the state of the emulated design between.
each pair of input clock edges.
30 Prior art hardware emulation machines wusing time-
"mnltiplexing“also“requirewcomplexﬂseftwarewfor synchronizing the
flow of many“designWSignaIquverma_single-physicalmlogic~chip pin

or printed circuit board trace. Each design signal must be timed
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5 so that it has the correct value at the instant it is needed in
other parts of the systemto conpute other design signals. This timng
anal ysis software (al so known as schedul i g software) adds to t he
conplexity of the enulator and to the tjnme needge 15_ ﬁorrg Cld’(a.l
desi gn i ntso tthateritt shas .the Correcﬂ:uY?:fﬁ‘é?n%Fethﬁr?‘B? ap ra\ﬁane ed’in

emul at i on chi g:%sré@] & tvl\}]e drl s Bdniguee)dtiheotiasidee signalpy e fRitis

of time-mf X1'ng requi res m ninal hardvvare but es a lar
anount of tﬁ_mdﬁfg anal(yts:tg ,socftnlwae'ﬂt)(aaﬁg kagunr2s %C si%é eb‘?ff
10 Thus,.  there i.s nee f a
has very Pﬁ%hq‘%glcc?éﬂplceéﬁacyty, %ast conpile. tines, lLess conplex . . .
sof twage, sdnpiidiedciechani dakigasighoattier enudatoFover consurrptlon

SUMVARY OF THE | NVENTI ON 15
i s disclosed arEMTtheERaresBEoH a%%%é)éaﬁg %&Wfoxﬁméehtaessmﬁn

ware cost

time-mul t 'tﬁe%ﬂ&a-rﬂﬂltﬁﬁilexmg @ediygnsei gnalimpbat Sophyef cnzmwgmbtmlexmms
and prlnted circuit board traces,. but I,ch does

limtati or’iré”ﬂcﬁh IWUlre%d&*%’cW%];q%i)@ba t-0 o vhe rcéw%lus p‘je}r?? ower
Addi ti onaI V\Eggggnge BHAt kgh@&r@gl tal |aiompmegna§y$m clesigmgl e phy5| cal
i nter conne are suitable for har (g enul at Jl.oég %?tem v'?t?:t
have fBe di sadvﬁhﬂége%h%f-em%hap%%\%ql 508 %g?ﬁﬁ WALy s‘?r% QR Ar e AT

di scl osed. ‘hgs very hJ. o) i&? 1 PLEf 84 %wﬁ%mr&om;bim tniﬂlés,plbe(sslgcomplex
per f or med I fier paths (a clock qualifier

whi ch swﬁtueea, t oSg&@élélﬁdock“%qr&ﬂhﬂa]anad%%tﬁnpﬁﬂg ﬁegn‘%:ees# grP %‘ﬁ?r
not on clo %l%}g sigﬁ cl ock path is the path between the cl ock si gnal
and the cl%?2 ource from which the clock signal is . derived). 30

The reconfigurable | ogic systemof the present invention

SUMMARY OF THE INVENTION
15 A new type of hardware emulation system is disclosed and

claimed which reduces hardware cost by time-multiplexing multiple
design signals onto physical logic chip pins and printed circuit
board traces but which does not have the limitations of 1low

operating speed and poor asynchronous performance. Additional
20 methods to multiplex multiple signals onto a 51ngle physical
:Lnterconnect:ton which are suitable for hardware emulation but do
not have the disadvantages of high power and ~complex system
design are also disclosed. :
_ - In the preferred embodiment, time-multiplexing is performed
25 on clock qualifier paths (a clock quallfler is any signal which
is used to gate a clock signal) and data paths in a design but
not on clock paths (a clock path is the path between the clock"
signal and the clock source from which the clock s;Lgnal is
derived).
30 The’ reconflgurable log:.c system—'of the- present invention '
comprises a plurality of~ reprog_ranma‘_:_;_le Zt._dglc devices, "each

having internal circuitry which can be_reprogrammably configured

fg\?éf amd atd OﬁhéY$1Qt[E V\Hééhed to



conpri ses |ty of reprogranmabl e | ogic devices, each . havi ng

i n'[rgr nal c?%(g%#{“?‘y V\%i ch cag be reprogrammably configured FCT/USI8/1033g

98/ 54649 ' PCT/ US98/ 10312 to
provi de at |east conbinatorial |ogic elenents and storage _ el enent s.
The programmabl e | ogi c devices al so have programmbl e I nput / out put
term nals which can be reprogrammbly interconnected to sel ected ones
of functi ¢alprdehdat atofleast | ogmbidetiocdal Tgid elepengsararad! stbegye

[ ' d ipl d . . Ltiplex i npl d
at cach | aacHeBd, [ HRE HeoersihRpYL 38618 heyi el b8 BATS; prBramapLe
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oo, g egRLBE ol ) BUBEE et (SRR O Ul et B
conpr i $es reprogtrahinaplel 10gRE0geAITES| Bave inpiite/deailedpleRereeandeaalpat

whi ch have input/output termnals '~ and jnterpal circuitry which can be
reprogranﬁE&FﬁpégﬁFFéuF@BiFﬂentedp?Bv?%Ebi#ﬂRﬁ et $8smEeadeedheciapuEd

i nput / out PekuleiPIBlers lBecdfe 4CREASLATNRRLE exkR! 84GRRNCHnd d?i’%—f&é it
al so have input denul ti pl exers and output multipl'exers I nplenented at
each ARG [ QR p QL tBOFE ndntermali nplenabsul t i Thexeuntpuscanwbt ipléeners

nul tipl exeem-Apd éﬁQn@rfﬁﬁ&Qi!hﬂ%fﬂéﬂr@f%ﬁ@fso%n@WT%C%Qﬂﬁraﬁphgsica
signals. The output nultiplexers conbine ong -or nore conpone 207 Srgnar's
ont o ¥ sedak@rsongiactdigni cal i nt er connecti on. The invention al so
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programmabl e i nput/output termnals Feprograntia
to the inpitescopmectedaviades, eaain aheovhispgr demiaiput fouepeonteshinals

logi o ead toterhdl BIFCMIEryIRTED cRh pboFerBbEPahal 0VERREIFeR o
provi des DGnHiéeeintsrbbnhegtt@nskhe;kﬁéqyseyathq@oﬁngug%phaphontﬁ;?i??gs. _
o0 ErRHEST p B BRESOTL | R Bhp B OIS kg L Mo,
system deéheltlipdiexemmalayder oubputt hmuptéptekers impbaneéntie8ONati S€Sch
havi ng atihSﬁ%yoﬁ%%GtC@%Eﬁingiqgr@nggngggodemultiplexers receive a time-
multiplexed input signal and divide it into one or more component
signals. The output multiplexers combine one or more component

20 'signals onto a second single physical interconnection.

The invention also comprises a set of fixed electrical
conductors connecting the programmable input/outﬁut terminals on
the reprogrammable logic devices to the input/output terminals
on the reprogrammable interconnect devices. _

25 - In another aspect of the present invention, a. logic
analfier is integrated into the logic'emulation system which
provides complete visibility of the design undefgoing_emulation,"'
The logic analyzer of the present invention is distributed, in
fhat its components are integrated into many of the resources of.

30 the emulation system. The logic analyzer of the present
invention comprises having at least scan chains programmed into -
each of the logic chips of the logic boards. The écan chains are

comprised of at least one flip-flop. The scan chains are
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conprised of at |east one fIip-fIOp The scan chains are - WO
98/ 54649 - PCT/ US98/ 10312

7 programuabl y connect abl e to sel ected subsets of sequential |ogic
el ements of the design undergoing emul ati dn. The | ogi ¢ anal yzer

further conprises | east ong o C 0
wth the SERmSRmpLY “S3haSEEaRRErbY et el FUOLET SF fu Rl (ool
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partlcular referencte to the acconpanyi ng draw ngs-and
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DESCRIPTICbhfﬁsTHE DRAW NGS ~ Reference is made to the acconpanying
drawi ngs in whi are 25 shown ustr . 0 s _of e e
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;Rg&:ﬁgr?Lé -%ngeggkgiﬁbﬁi ﬁgw be more gbaéilcu ari§nr5£§%§5 od w1th.

15 reference to the accompanylng drawings and pointed out in the
clalms. It will be understood that the particular methods and
circuits embodying the 1nventlon are shown by way of illustration
only and not ae_limitations of the invention. As will be
understood by those skilled in the art, the principles and

20 features of this invention may be employed in wvarious and
numerous embodiments without departing from the scope of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS . _
Reference is made to the accompanying drawings in which are

-~

25" shown illustrative embodiments of aspects of the invention, from

whlch novel features and advantages will be apparent.
Fig. 1 is a block diagram ‘showing a partlal crossbar
network incorporating time-multiplexing.
Fig. 2 is a timing diawing showing the signal relationships
30 - for two-to-one time—multiplexing.-
Fig. 3 is a block diagram showing the circuitry necessary -

in an FPGA to do two-to-one time-multiplexing.



30 for t wo-t 0- one ti me- mul tiplexing. = - Fig. 3|sablL@ﬁBS§y,1@glr2am

showi ng t h&YQ@P¥348#% ry necessary in an FPGA to do two-to-

time-nmul ti pl exing. WD 98/ 54649 . = -

PCT/ US98/ 10312 ‘ 8 Fig. 4is a
bl ock di agram show ng the equival ent ci I’Clél try in a multiplexing chinp.
Fig. 51is atimng diagramshow ng the signal relationships necessary
for four-to- onng_bnezImg_lst iap oK diagram sHewindg tile aeqn:g(ﬁd_mfagp:am:ultry
showi ng the | ogic necessary in an FPGA to do four-to-one

ti me-nul ti pheri mgltiplexing SYP7 is a bl ock di agram showi ng t he

equi.val'ent circg Y5 is laN t3mAubt H@hgthﬂgsﬁbwmng the sign&lgreBatsomships
ti mng diagram sﬁ'

the signal relati onskbetgﬁ?é for a pulse width
encodi ng sokeessawint Qﬂle Qe 2L Inangdly igne—mu gxIsystem Fi g.
9is a %' m ng dig r@b %O‘f'é(' %g.otdke 3'&@5}% %ﬁbﬁih@nﬁhepioglc fiateaspbgsén an
) i't a or har

encodi. schene s ware enul ation system 15 F| g.
10 is a FrPGA ny db e@r\amtcs-l'mv@ r@mel%}@h%lng “rel ationships for.
serial data enc g -sche rEar @wépéh@ncsyaﬁeﬁry
Fig. 11 is a bl %d&g dég’r o&éé?%ﬁé onér %v%lrk@pref eﬁed enbodi nent
of the presenta In{iMﬂﬂitplIEKu?@ chlp Fig. 12 is a block diagramof the

i nt erconnecti on gnon the ' varl 0 C 0 hekaneedonshi
enbodi ment of t HeGr a Iﬁiagyéh %bwa%@rQ§e El?nals 8 Iagrgnﬁps

showi ngot heegahy si Cpﬁl@@nsliidml encwiding sahpmef ﬁmeﬂabh%ocﬁ%nta opargpware
present invention. Fig. 14 is a block di agram of the
i nt erconne(,ecn}‘{;r?tei'rﬂfhgsit'?] em. various circuit boards of a version of the-

presently prefergig 9 isemdidin diesfram tsitnantw Lmags tlf!@s§llg@@lcé»‘|31@z§|§-&>(§‘lsﬂ‘}1’5
Fig. 15 is a diagram show ng_the S| cal u 0 3{ dward N€mulation
el i on % o Bh=sg SEEP A %%esvbg?@%o%t% Ind ardvane "BPRiRSice
' | system. _

15 - Fig. 10 is a timing diagram showing the signal
relationships for a serial data encoding scheme suitable for a
hardware emulation system.

Fig. 11 is a block diagram of a logic board of a preferred
embodiment of the present invention.

20 Fig. 12 is a block diagram of the interconnection among the.
various circuit boards of a preferred embodiment of the present
invention.

Fig. 13 is a diagram showing the physical construction of
a preferred embodiment of the present invention.

25 . Flg 14 is a block dlagram of the 1nterconnect10n among the
varlous c1rcu1t boards of a version of the presently preferred
emulation system that has less loglcal capac1ty.

Fig. 15 is a diagram-showing the physical construction of
the emulation Syetem of Fig.'14 that has one logic board and one

30 I/0 board. '

—Figy 16 ‘tsa-block- dlagram of an I/O board and core board

“FiguITisTa block dlagram ‘of ‘a mux board.
Fig. 18 is a block diagram of an expandable mux board.



Fig. 16 is géflg,gggrdi agram of an |/ 0O board and core board. PCI/US98/10313 g.

17 is a bloc am of a nux board. ' Fi 18 i '

of an expandabl e mux board. ~ WAD 98/ 54649. J 18 a block C!I agram
PCT/ US98/ 10312 e Fig. 19 is a

bl ock di agram showi ng how t he user cl ocks®2are distributed in a- preferred

hardware enul ation system of _the .pre ' L G : :
a bl ock di agranﬁ'!s%omiﬁglﬁhé PEHFFOPIE{%JF%%?%PEQE'E%&I%& [t):Peef erred dk?'g%a]f/\i%eté

enmul ati on g £ Q{:eahq_rpr gserefarscad | hardware emulagio
_ lono#ysFem bpéckthe
di agram of %/%% F%gl.c anal yzer of a preferred enbodi nent of the present
i nventi on.present inpegLl2Ob is a bl ock di agram showi ng the data path for

logic . analy honal p d '
nention, G B B e hov Lot o a0l yaet
event s sar ea dpséfebredd handwase egd-adHiops ﬁyﬁto?“br"é@fo é"r’-’regt?reserggbjo%‘l%r]ren%/&gf

the present inventio . i i ; i : -
e ig.9%0 1o a9dgrame dPotRedilagriam shalipgrha
probed signal s P‘g_ 1 a}:o:r"r_rs)utaedbfrom st ogage_ el gnentes, and external girnput :

val ues.  preferrBidgembbdismentf lofiv tdPaRT IRV P FRRF1I¥P program a preferred

enbodi nent of the har r.e emyl Ol ok S ' '
. ) ) i i n 1 i
Fig. 22 is a fl Ewadi &gg:ﬂnss ﬁgy@llﬁékt ﬁégégéﬁe%ngéw%?essggségga. %Zggsgg? l].fag?.c

the conpil ghhogzekr assghtlar cefiaralwgefianpsd emboddpent £ nt
tes_tbenoc_h _conpiler according to-a preferred enbodi zn? EfEﬁ?\ri ?aﬁ

preserik0 i nkBNENEAOR: Fig. 22a is a bl ock diagram showi ng an exanpl e
of a nenory Fig.r cooé tilat a c ®od kb ed Degqeant wMH%ehQWLWyanalyzer
gener at or of 25 a prefer_red-,gnbogi ment of .trhle y esenly 'yvgqltign. ' £ d
Fig. 23 i sexebitéckadPagfam-SrOH e | 8¢ @?? uc OL#Jle created topfgpregggnt
speci al coppecidightofof Nens psésaniat invehbyon. t o- - a m croprocessor

event synchronization b di . dj
present inventi &'ﬂgS(?Oéjslszicgi%ogl'ﬂgAfa‘?’éam asgfg‘kg‘];‘é{ 15‘2‘9 g?gg?gﬁg?nggst age

U r_re' dig' Sic%'?dputed from storage elements and external input values.
Fig. 21 is a flow chart showing how to program a preferred

embodiment of the hardware emulation system of the present

invention.
Fig. 22 is a flow diagram showing the sequence of steps

- 20 necessary for the compilation of a software-hardware model
created by a behavioral -testbench compiler' 'acc‘ordi_ng to a
preferred embodiment of the present invention. | '

Fig._ 22a is a block diagram showing an exémple of a memory
circuit that could be generéted by the LCM memory generatoi: of

- 25  a preferred embodiment of the présent invention.
‘Fig. 23 is a block diagram .of a netlist structure created

to represent special connections of the co-simulation logic to--
.a microprocessor event syhchronization bus accérding to a
préferred embodiment of the present invention. _

- 30 Fig. 24a is a schematic diagram of a _ti_me-division-
multiplexing cell which may be inserted depending on the type of

the I/0 pins of a logic chip in.a preferred ‘embodiment of the

present invention.



mul ti pl exi ng cell which may be inserted depending on the typ | 0314 he "
1/ O pins of WQBBH® chip in a preferred enbodi nent of the FC’?{l)"rsggsnent :
i nvention. - WD 98/ 54649

10 Fig. 24b

PCT/ US98/ 10312
is a schematic diagram of a tine-divisign- mul ti pl exi ng cell which may
be inserted depending on the type of the 1/Opins of alogic chip.in a

preferred enbodizgnt Db ths a psehematiiovedipgrams of a prjme-diwisien=p

schematic diagramof a tine-dvision- . Lty pl.exl leC R yRRY olge
i nserted ASHERRIREG (GRHY W maY ‘%%el"ls/%*&fdngeg’?éhggf’g’g!"? \g&:eptEl R
preferred @gpbotlyrepinsf ofthe login esiehp invanpreferred embo¢11ge_n’g4gfi &hg
schematic diagramof a tine-division- 10 nultiplexing cell which may be
i nserted ERIRAAGIRRCRREORYpe of the 1/Q.pins of alogic chipin.a .

preferged enbodipyent Picthes a Roheapitidvaibgram of a tEmg-di¥dsions a

schematic diagram of a° tine-division-, nmul tj pl exi.ng. cel | [

be i nsert seuliirlering @ethahigh RFY b Jﬁ?&ﬁ"ﬁé ﬁ#q%fn&i“% I°ogitgl\g2ﬁy&e[r?#a .
preferred gmbodi gent naf Ji& 10gPEeeRIp Lhventgrdferred embodigent24f the

a schemati© “diagram of a tine-division- mul tiplexing cell which may
be insert eprelsgendinygenhiohe type of the 1/Opins of alogic chipina -

preferred embodiment . t 2 angcidventdam of a thme-didgidms a
schematic di agtg% o?idah%rrga-d%\r/l sion- mil ti pl exi ng cell which nmay tbe
i nserted depkuibheximgtbell yyweich may hecingerfahanendyngiad dhg THHR°
preferred gnbodi,nent. of the esfil, HRveNtd UFerfed embofiiflent24F tite
a schemat ighed?ég‘reg nsofOPaat]l‘?'r%%ii éﬁg orzlL-l?1 B mul ti pl exi ng cell which may
be insert efrédepandingentiohe type of the 1/Opins of alogi¢c chipin a

preferred enbodinent gf the pI | OV |&bm of a timed-diddisicn-a
schematic di agrgf‘rgof g4?i ne2 di Vi s?ﬁ%%igwﬁ%%exi ng cell which may be
inserted deaepdpnexengt Bellyprioh may be inserted depending on the type of

15 the I/0 pins of a logic chip in a preferred embodiment of the
present invention. . | ' |

Fig. 24f is a schematic diagram of a time-division-
multiplexing cell which may be inserted depending on the type of
the I/0 pins of a logic chip in a preferred embodiment of the

20 present invention. _

Fig. 24g 'is a schematic diagram of a time-division-
multiplexing cell which may be inserted depending on the type of
the I/0 pins of a logic chip in a_preferred embodiment of_the
present invention. _ '

25. ' . Fig. 24h is a schematic diagram of a time-division-
multi;lexing cell which may be inserted depending on the type o;
the I/0 pins of a logic chip in a preferred embodiment of the "~
preseht invention.

Fig. 24i is a schematic diagram of a time-division-

30 multipleking cell which may be inserted depending on the type of

the I/0 pins of a logic chip in a preferred embodiment of-the.......-

present invention..
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péf??é?Bgﬁ“oglgcbiii{f&% 2tﬁé§r%n &y?%rdqnd:ef Meahn_emdiméﬂtré@. the a
o o & it | oo bpor , e i'nput/output pins of each |ogic
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circuit of a preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS
Turning to the figures, the presently preferred apparatus

and methods of the present invention will now be described.

20. Fig. 1 shows a portion of the partial crossbar interconnect
for a preferred embodiment of a hardware emulation system of the
present invention. Embodiments of a partial crossbar
interconnect architecture have peen described in the United
States Patent Nos. 5;036,473, 5,448,496 and 5,452,231 by Butts

25 et ai; which are assigned to the same assignee as the present

- invention. The disclosure of United States Patent, Nos. -
5,036,473; 5,448,496 and 5,452,231 are incorporated herein by
reference in their entirety. In a partial crossbar interconnect,
the input/output pins of each logic chip are divided into proper

30 subsets, using the same division on-each logic chip. The pins of
each Mux chip (also known as crossbar chips) are connected- to the

same subset of pins from each logic chip.’ Thus, .crossbar chip -
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Ff F|%shllkgr8ggﬁﬂggﬁﬂﬁi§ﬁﬁa% manyn%Ebé@ otaldpdogashsabhe tbﬁregarabpéns
ogi ¢ Chi ps a presently preferred enbodi nent are

fiel d- prodmaresetil esuRaer. arrays (FPGAs). Each Mux chip 12 has one or

nDrelconnectio ch, h

described in lgshéBuP?rtlggch eséarfsiﬂtilgcagflﬁdh?ﬂormw r ad MWMt 2 X

gﬂlg i Fﬁmﬁemmefpmw@xngramm@bbgn nﬁgnqqéh)hﬁpcgg gg S|gnd$ U
rom a t i
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I nput signal and divid [ Batafatsl
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by an out put nultipl exer
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crossbar 22 the flexibilit
: on a pin from a l%ggg C%Uth thel%% ydgnnected to one pin on a

Mux chip 12. In the embodiments of the present invention, each
physical interconnection in the partial crossbar architecture may
20 represent one or more design signals.

Fach Mux chip 12 comprises a crossbar. 22, together with a
number of input demultiplexers 24 and output multiplexers 26. The
input demultiplexers 24 take a time-multiplexed input signal and
divide it into one or more component signals. The component

25 - 51gnals are routed separately through the crossbar 22. They are
then multlplexed again, in the same or a different comblnatlon,
by an output multlplexer circuit 26 In a preferred embodiment,
time-multiplexed signals are not routed through the Mux chip
crossbar 22. By not routing time-multiplexed signals through the

30 Mux chip crossbar 22, the flexibility of routing the partial

- -crossbar-network- is- increased because input signals and output
‘"SlgnalSW-to- the ‘Mux ~chips—-—may - be - combined in different

comblnatlons. This also reduces the power consumption of the Mux.
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average switching rate of the conpopent.signals. .. - LT I. i '
10 al so ceiip d& £iNe athe yEHReTH Ylplexg’%ﬂuf%f:?ﬁ}]g?gyslSSE%n%gou pErlu%31
mul ti pl ex«ir ahe:}f’ than the Udidge switldiible weite HE tuhiee cmn@omren‘mrsa.gnals. .

I nt er nal 10 signal s and conbi ne t{ hem ontg iﬂrg {;_)hy5| catd
lnterconnectloﬁ['he Ibelc chipat ldendileppl EXMPELI33 KB U

I d di wi.d
s19nal and, gl dees exokl 140 00° Gkt hille1pabubosl 3601 b Mo gﬂﬂipht

ef erre _enbo t hese nultiplexers 36 and 10 _
denul t §pl emﬂrta.p'ﬂéle:eees caﬁstakreteueuerngorﬁelnﬁﬁeﬂﬁél legAfi GhiRpIid s1andjs ¢
bl ocks of CI al | ava E%Bgf SPGt rcoﬂfﬁé@ﬁgbn theBhe
coul d be eB u§'| ?‘}#&b/ ougéfﬁgigl cks o aerepro r anmab

l'ogi ¢ chi QL@J!&I Qtérﬁiﬂk‘l:l:rqﬂ@ke‘m 3dmtlakei antlme-multlpi:eged 1s1g1@al , qm@sqlqﬂé:fqle,e
purposes only, shows two Mix chips 15 f PhpS & d faw th

| ogi ¢ chi pst 187HPt IPRSWCHi FOTE fréta% a gé‘?ua%{epnb(i)gr emnt s le%fq pr ef err ed
hardwar e gipdsdhOlly pré¥ekead membddmmeatnorermeeeamulttwdaﬁemr pangnd
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achi eved. ?%

presently preferred enbodi ne eac r| n t
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have many more pins. The actual number of Mux chips 12, logic

. chips 10, and number of plns on each is purely a matter of design

20 choice, and is dependent on the de51red gate capacity to be

achieved. In a presently preferred embodiment, each printed

circuit board contains fifty-four Mux chips 12 and thirty-seven

_loglc chlps 10. The presently preferred loglc chips 10 are the

' 4036XL FPGA (also known as a "logic cell array"), which is

25 manufactured by Xilinx Corporation. It should be noted, however,

that ‘other reprogrammable logic chips such as those_available
from Altera Corporation, Lucent Technologies, or Actel-:

Corporation could be used. In the presently preferred

embodiment, thirty-six of the logic chips 10° make five

30 connections to .each of the fifty—four Mux chips 12. What this
‘means is.that. five of the pins of each of these thirty-six logic.

chips -10--has- a--physical. electrilcal connection to. five pins of
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10 has a pMW&HP4%| ectrical connection to five

pi ns of eac
fifty-four Mux chips 12. The thirty-seventh |ogic WO 98/ 54649
PCT/ US98/ 10312 14 chip 10 nakes
t hree connections to each of the fifty- fwr Mux chi ps. What this neans
Is that three of the pins of this thirty- seventh logic chip 10 have a

&hisgﬁ?;s%ﬁg fm?axhaﬁegneﬁ&ben do@mectﬂdilfseetqol eschf oéa@heoffltiﬁ'é(‘ff@‘#lgl Mgy

ig. 2 shows a | f
12 Ereniprs s enin Sy SO Y A SRR
chi p 2 r@ft?g ewahabe% dp%fysnoalgmleo&xzu:ak ecmmcpieneao
onto a single ou S|gna ck Signal 44 q vi ded by two
to producehdes @m.ﬁ@f:keest}gr@f slme fAfSVN’éwsu Yrxi- CﬁéPFs ?

synchroni ze th i
edge og Mux C S‘chlrléj f ﬁf&’% Vleggénp%%ogi@% ?r%l Od?ggfrbﬁxt for at Itwrof—&lo}-png

used.t.0.- ———-———-

Si gnal 48 {isnd-analt IpLexibng Groekashon ssyskemt &n Whl‘é%anEeFHF%r ﬁlgglgl §R&P A

40 on each_ri si edge. This e t plexte
guch ?s a Sﬂqrba]? g% ﬂg aﬁ’%t%ﬂt%gﬁﬁ 1&_[§1c Ch%agfgném 2 gzgg?}ga%a\%?g dck
Tlh ?gasaﬁglde@cldsjseglcgajgcrfegdlseamﬁt@ut s:.lgnaénéé:c SAgWax ak o‘hl LIS é%éj
3" STh by et arednes e Clodt wiE g 3%3“‘&5 el 48 ds
%szlngggoggj@e& o t%,rﬁﬂgil’tﬁhz‘é ﬁt@xreamdeanak 8inddenheh (Ire Bide Hh Ihdhat
i gna
t hen transtke rgaill bnggh%d%t%ttsméf ?t]gg‘l evéso'ﬁnylg Vi E X C]:Ig‘l)%%aﬁw ﬁogI
g(jt Ipat I g\llvgna{:gel@ %W|.glg%§?2?$? isi gr;]\.rm.lt Bllgﬂﬁlded Clockr aHyf &fr é‘éefjo che
| n FPGA 10s@splef la"—%ﬁééénﬂ-?n?ﬂ'e@ &?e‘bg\e\l %EJ ?rgsnltn%médge L?gg%'eés%ei fi m ng

Of o o NELZEEAAUFCSNONdiadE 1ot swmasnadﬂapi-flop @mlq.’@c]@néshown

er Ivides th ck Signal
G ock 15 gnih B03. ® ock Taeveage B5vadE COEE SigrAlost 1Y usee i
and inygrLen,$86;qfhyiglesh Qrp(‘é‘ac'ﬂm

1 gl 30 'II'h st sam ced
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into another flip-flop or latc (shown in Fig. 3). In a
‘preferred embodiment, the Mux Clock Signal 44 may be asynchronous
to Signal A 40 and Signal B 42. When the value on the Divided

20 Clock S:Lgnal 50 is high, the previously sampled Signal A 40 is

‘then transferred to the Output S:Lgnal 46. When the D1v1ded Clock

Signal .50 is low, the prev1ously sampled Slgnal B 42 1is
transferred to the Output Slgnal 46. "

Referring now to Fig. 3, the log:.c 1mplemented in FPGA 10_ _

25 of a presently preferred embodlment which creates the timing of

the signals shown in Fig. 2 is shown in detall. A two-—to-one

clock divider 68 dJ.vn.des the Mux Clock Signal 44 to produce -

DJ.v:Lded Clock Signal 50. Clock divider 68 comprises flip-flop
68a , AND gate 68b and inverter 68c. Divided Clock Slgnal 50 is
30 input to an output multiplexer 66 (see multiplexer 36 of F:Lg 1)

and the J.nput demultlplexer 64 (see demultlplexer 34 of -Fig+- 1)—-------—--
The clock divider 68 is reset periodically by" ‘the- SYNC- Srgrral =

48 to ensure that all the clock dividers in . the sy_stem are
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multiplexer 67cC selects the output Q of either flip-flop 67a or

flip-flop 67b to appear on the output pin.
20 Corresponding circuitry for the Mux chip 12 is shown in Fig
4. Unlike the circuitry in the logic chip 10, the output
 multiplexer 76 (see multiplexer 26 of Fig. 1) in the Mux chip 12
is constructed without flip-flops and therefore comprises two-to-

one multiplexer 76a. This is possible pecause in the preferred

25 embodiment, delays through the Mux chip 12 are short. To save

addit¥ional logic, flipéflops 74a, 74b_in the input demultiplexer

74 (see demultiplexer 24 of Fig. 1
Instead, the Divided Clock Signal 50 is used to clock the flip-
flops 74a, 74b directly. Clock divider 78 is preferably
'AND gate 78b, and inverter 78c. The

) do not have enable inputs.--

30 comprised of flip-flop 78a, .
clock divider 78, the input demultiplexe:_74,_andithe output

multiplexer 76 operate similarly to the corresponding elements .

in Fig 3.
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gul tipl exeWOAY8Pr ate sinilarly to the correspondl ng el enents in Fig
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("1/0") pinon a Mix chip 12 will be an jgput or an out put for- a given

design, all 1/Opins in the Mux chips 12 1 nclude both an -
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when Divided O ock signal
signals EO 90, El 92, E2 94 and E3 96 are used to enable
individual flip-flops in the logic chips 10 as will be described
later. These four signals are derived from the Divided Clock
20 Signal 50 and the Direction Signal 80.
The Divided Clock Signal 50 samples the External Signal 98
to produce Internal Input Signal E 86 and Internal Input Signal
F 88 when the Direction Signal 80 is low. 'When Direction Signal
80 is low, it signifies that the pin is operating in an input
25 dlrect:.on Internal Input Signal E 86 is produced by sampling
on the r1s1ng edge of Divided Clock Signal 50. Internal Input
Signal F 88 is produced by sampling on the falling edge of "
Divided Clock Signal 50. When Direction Signal 80 - is high, the -
pin receiving' it operates a.s an output. Internal Output Signal
30 C 82 is output onto External Signal 98 when Divided Clock signal
or-50 is -low and Internal Output Signal D (84) is output when

~-e——-—-Divided Clock Signal ‘50 is high.



50 is Iow %@daﬁs%{ﬁr nal Qutput Signal D (84) is out put when PMOIUSIBABIC ock

Si gnal WO 98/ 54649 _ . o
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now to Fig. 6, the logic inplenented in logic chip 10 to create the

timng signals of Fig. 5 is shown in l@etail. A cl ock di vi der 104
di vides the Mux O ock signal 44 to, pr c d
Direction Si gnRefgrring OERWStole\?’r%'er 6 Lelase](':gﬁrp(lf‘l ggﬁge?‘%ﬁt?;?gf ops

and 104b, B Of§ %o crdfdde aned J@ﬁ@lmg ms&gherlslodﬁ FEXYCL US| VB Cﬂlg\ame ln
104f, and

tes 104g-104j. The ¢ d 10
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di vi ders 104 Jggeéyéi&éﬁtaéf‘gﬁavilcmOahaedlrectmoadsmnam gohe Glmxdk

di vi der 189 rcu al so produCes _Enabl e_ Si gnal 80 EL 9 4
and 5. EQiSA.der Habke mgnmmrm@d@@dfhspeﬁaepaslp a¢ gBdi 4fdkr o

mul ti pl ex Ci rcw t 0 UpRO 104 £] phgmerAND
. P! 3(9 (iim%_ﬂég er 10de, EX(-Eﬂ@SIVE bRO W 1

circuit 1 correspondl ng to di agram of Fig
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Si gnal are active and pl aced
flip-flopspdOa gﬂdmlw@_ rgynenrontkgd Si gkl sdmsioamd t@;qucépgk divwgidary

inflip-flops 1 Oc and 100d d 30 1
activadld Aigrad rlf ‘ﬁfﬁ %\?‘Prbrfﬁ%pfe%‘%lia}lr%guﬁ 5, E%OO °% E.gz? o and
conprised @f gylti Q-Ih@% ﬂf}eamdabdf f1eed1@Gf .erBisisss in thasérm%{a?‘%tml%4

and C 82, previously saved In fl |§ flop i0£00 and 100d, to appear
successi veil\yl@fPB{‘%Fnﬁl’-rSP@’ﬁél 1§ Direction Si gnal 80 is high. 25

The i nput/ out puppgul E_hph%y%ht@lulftcwrﬁul%]l@:@r m ¢hrcektepl00 hasat tireing
timng has been altered so that Si 8nal rEJ an oul;I%ut ﬁmbn £21 1 8
Signal 80 ¢errespondipdt teutpet AAABEAR Stef 802 e FRGSEShT v cOipr i sed
of flip-flpops,1028:102q;ndpl i PbexEsn 1826nal sand uidwes 162¢nalh& 86 and

[ nput/loutpu mul ti 8

mul ti pl exeSighale Bt hggﬁ;llllelo&%;ﬁieeégrf%%g‘ S'E(')Xt?tg?%f gl}g{%ihe i kﬂ%’l aEnnable
“outin® mu tlﬁgfxﬁb o0 WIGD PLAS18! 8ignal El 92 are active and placed in
flip-flops 100a and 100b respectively. Signals D 84 and C 82 are
saved in flip-flops 100c and 100d when enable signals E2 94 and
20 E1 92 are active. A preferred input/output multiplexer c1rcu1t
100 is also comprised of multiplexer 100e and buffer 100f. These
cause 31gnals D 84 and C 82, prev1ously saved in flip-flops 100c
‘and 100d, to appear succe551ve1y on External Signal 98 when
Dlrectlon Signal 80 is high.
25 . The input/output multiplexer c1rcu1t 102 is similar except
that “the timing has been altered so that Signal 106 is an output
when Direction Signal 80 is low. Input/output multiplexer 102--
is preferably comprised of flip-flops 102a-102d, multiplexer 102e
and buffer 102f. The input/output multiplexer 100 is referred
30  to herein as an "inout"™ multiplexer while the multiplexer 102 is
_ referred to._herein as an "outin" multiplexer. When pins are
-mmconnected_togethermin"a“system,_an.inout pin must always be

connected to an outin pin so that one pin is driving while the
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to an outWR9pF44%o that one pinis driving while the V\D98/54649
PCT/ US98/ 10312 o 18 ‘other is
listening (i.e., ready to receive or receiving a signal). :
Correspondi ng 4-way tine-nultiplexing gigcuitry is shown in Fig. 7 for

mux chip 12. dock divider 132 produces Divided Clock 5 Signal ,50 and
Directi astiségnals 3Qsten@ngrek (diei derready tos reced¥fprPEedeBeiving- @A ops

132a, 132b, ND gates 132c, 132d, i nverter 132e and EXCLUSI VE- OR
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(fori sentaRat: SERAIA PR sk T AT G R aey e AL 008
pin waen Dik2Dticy diagralved@ eds (Highan outin four-to-one pin as in

' Outin multiplexer circuit 122 is similar except that.the
timing has been altered so that signal 134 is an input when
" Direction Signal 80 is high and an output when Direction Slgnal
20. 80 is low. Outin multlplexer 122 is preferably comprlsed of
fllp—flops 122a, 122b, two-to-one multlplexer 122¢ and buffer
122d. An outin pin on a mux chip 12 must connect to an ‘inout prin
on another mux chip 12 or a . loglc chip 10. ) Addltlonal
configuration bits (not shown in Fig. 7) make it poss1ble to
25 programmably configure any pin of the mux chip 12 to be either
non—multlplexed, two-to-one multlplexed as elther an 1nput or an

output, or four-to-one multlplexed as either an inout. or an outin =
pin. This is done by selectively forcing direction signal 80 to
always be low (for a two-to-one input), always be high (for a
30 two-to-one output)}-be non-inverted (for an inout four-to-one pin

as in 120), or be inverted (for an_outinmfourmtOnonewpin;as.in."_

122). Additionally, external signal 98 -can-be-directly-connected -

to core signal 124 for a non-multiplexed input."Cofémbutputs 128



122) . Addw g@ oY, external signal 98 can be directly conrREWE$1312 (o
" core signa O BPN%Gr a non-mul tipl exed input. Core outputs 128 : VO |
98/ 54649 _ PFT/U898/10312
19 and 130 can be directly connected to the input and enabl e pins of

buffer 120d for a non-nultipl exed out put19 Al though the preferred
enbodi ment i ncorporates two-to-one

x
t he t echnagde 1d0s cass &p c‘él:ﬂfﬁc'slybE°§§FE ﬁgd f’ot%"l%l ow%nl%ﬁ %‘f‘%ﬁi yt)g%)?
other fact %r b]ug"ftezt %04 f&ij?sé Otk —rhith Db p Lé0ed eout pugener. aI hi gher
g

rrultlpIeX| result in slower enul ati on: spee Wi S er

and | ower - cost Althdueghdviche D§§§@§§e€1h@m§ﬁ§]§@@é\t Vi ‘gr%%ﬁgglﬁg{zggntée Bhle

shared ano re | R@l S +ht0 technigher idisciosed dosld
éﬂ%erf%nﬁ:@ds n%rt(ﬁlﬁ qﬁlg'lt% |l%lxg' L 5 dﬁ

Nt o 2551 1l espturdedl toi akloki THLEiplesing BY @H PHISH Eﬁﬁ#ﬁ%f’&ﬁ“éy%?*sm

Exanpl es of these - tec S a d 1eRh fact
m)dmoat i ofesdgner mightc k&a%& genc%’g ﬁghéﬁﬂw hi HEQUinQD_ItQp eR1AYe tactors

e ch0| ce of Whl c c?chnl ue: ts}h '
use in 15 ;g a tird Wldwearenilatdbni spaedabtl’erabio‘t’ heimpke %‘Y‘F‘gﬁ d

dependst og};%gdeof fs bet weeé}yﬁplgcrgqa]blﬂgresso%egj Fplqg ,caqp\;]gsgq shared tam(?ng
consunpti requi red. = . e aspect o :
t hese noren&]pgpi@élggygodégg?mbeqaal\dm chis i mportant in a hardware
enul ation systemis the abi

to_reduce 2 YA A1t il
har dwdPe enul at FertBoENaELy yﬁi’@ﬁ?l gri ARy gthﬁg‘\\ll\g{er?g‘ny t%sands J@) exing

i nt erconn ‘Sl{)%ﬂé pifQ WeniiFZanialivh onto tarsigglehphypdcah wirg gvhich
desi rabl e tch these |nterconnect Raths. as rapidhyias pg8Sithdse
bet ween di-¢beldntbe ogisad d8sigR SWIFeR SYPSIET consun1pt|on of the

system hoggg {Lﬁhés' s ge Yor2hse-dpt @i Redulntilm spebdset mpdehathen and

I nt erconne

switched. In a |large | -
di stributi sgrpaﬂvedata ermﬂ!ilr%w'ﬂbe t%o?"é%u?? Héxﬁea?egg%qg gni c‘gér}tgl J§/n e

i ncre t he I LUiABALCOSt aOhatbersyst ehe des:LgBether@fl@l@e and
desi rz‘gee g partmf%% %ﬁiroru%ﬁ%?p | exi ng schene whi ch. o erat

does not Qdependguiare thar gyadeeddst etd‘feeﬁbvx%ﬁ’era %quu:/c\kﬁég c‘%;' b{gawer
di ssipati o C%%lm%tt:)l.%nmaq{c{n&ﬁ'&ie%?é’y B YeHé aItSéﬂdirrBQuﬂeedgn

One aspect of these more complex encoding schemes which is

‘important in a hardware emulation system is the ability to reduce

20 power consumption. A hardware emulation system typically will

have many thousands of interconnect paths. To minimize delay

through the system, it is desirable to switch these lnterconnect

paths as rapidly as possible between different loglcal de51gn

signals. Power consumption of the system, however, is largely

25 determined by the speed at which the 1nterconnect paths are

switched. In a large system, generating and distributing power

and remov1ng the resulting heat can 51gn1flcantly increase the--

complex1ty and cost of the system It is therefore des:.rable to
have a multiplexing scheme which operates quickly but does not

30 <require 1large amounts of power.  One way in ‘which power

dissipation could be minimized is by. only transferring design

signal information - when design . data .changes. _ra_t_:h__e_r._ _than _____



signal inforpplion when design data changes rather than peppysesnosdO
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20 . transferring design signal information continuously, as is done

‘in the presently preferred enmbodi nent. . Another inportant aspect to
consi der when choosing an encodi ng sehene is the ability to have

i nterconnections which 5 operate asynchronously to each other or |,
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of all of iheseasehepeflop or latch. The requirement for a low-skew master
~clock significantly increases the complexit& ahd cost of the
emulation system. In addition, the requirement to not have hold
time violations on the shortest poSsible“data path while insuring
20  sufficient time for signals to pass over the longest possible
data path means that the. multip}exing clock must operate
relatively slowly. As explained earlier, this is undesirable
because it limits the effective operating speed of the emulatidn
system. |
25 . - The inventive concepts described above with respect to the -
simpiést form of time—multiplexihg are equally applicable to more -
complex encoding schemes, which will now be seen. Encoding
schemes using pulse-width modulation, phase—shift'modulation'and
serial encoding can reduce power consumption and and increase the
30 relatively low operating speed intrinsic to the simplest form'of
time—mﬁltiplexing. The disadvantage of all of these schemes
- (relative to simple ftime-multiplexing) is that they require

significantly more encoding and decoding logic and, for that



(rel'at ive to sinple time-nulti pl exing) is that they requi PeT/US98/10312

signifi CMP§/5‘W6 e encodi ng and. decodi ng |ogic and, for that VWO
98/ 54649 . . '] - . PCT/ US98/ 10312
21 reason, sinple time-nultiplexing was used in the presently

preferred enbodi nent. As the cost of aigital |ogic decreases
relative to the cost of physical pins and circuit_board trgces,... Qne
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Al so, AsThehEsrteenal o§kgsﬁéna]146i4ﬁsnﬁﬂ9maﬂi} (l)%gfat oA any speed as | ong
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eni titced EntExnellnati-gB'aé}nél‘l5146Anﬁ}gh-§Beeaa$§y8caf§g§&%fejdﬁg, tvxgl, three or

four clogks de ing 0 t har theestsoeesi ynlskgnshe Mug §Aheck42
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- on External Signal 144 will pass through the interconnect without
undue degradation. The pulse emitted on External Signal 146 may
20 have a width of one, two, three or four clocks dépending on
| whether the two Design Signals 140 and 142 had values of 00, 01,
10 or 11 when a signal transition occurred. Asynchrpnous Clock
Signal 144 must, however, be sufficiently fast that five clock
; cycles always elapse between successive edges of Design Signals
25 1.40 and 142 to ensure that information is not lost. Data Signals
140 ahd 142 are recovered from Exter‘nal Signal 146 by counting
' the number of Asyrich'ronous Clock 144 cycles that occur each time - -
' External Signal 146 goes high. In an actual embodiment,
~ Asynchronous Clock 144 would operate at twice or three times the
30 speed shown  to ensure that recovered signals could be
- —..unambiguously. distinguished. . Additional circuitry would also be

e added--to- periodically -transfer data, even in the absence of.



added to peri odi cal : :
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22 design signal transitions in order for the design to initialize
properly. Since Design Signals 140 and 142 transition relatively
infrequently on average conpared to Asyn onous Cl ock 144, power 5
consunption will be |ow compared to gﬁ{ conti nuous t;ne-

mul ti pl exi dgsigehedgnatieseahbetdionar ineprder| foxdghei dasighhite initdgdddeng
schenme is not affected by varying anmounts of del ay between the :
transn1tt|P£PE¢F%ﬁrt and the receiving circuit. The | ogic
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Si gnal 146. ,_.when _a TGHOD PR
routing chPﬁ§cu\ér\%r gﬁsﬂ'@%(ﬁ‘ed sc}ﬁ‘{gafg'l ﬁ%ﬁi 2 ayed by a %ﬁ?ﬁ%ﬁ% I
anount thaasanbabal, ngordger, Thet one sigiddedfin rt@esuagﬁarm%dt AgE&INn O,
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can stlllc’-B'Gults %ﬁ?ﬂﬂ9uﬂ3Q¥14#§#%%ﬁ pé%%lng f roug é%g?f%%é?gﬂgéVEﬁg
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Referring i fidhert ehdMiRg¥ Phases gl gnabs i 546 hand 142 could be used
or the default value of External Signal 146 could be one instead

of zero.
The pulse width modulation encoding scheme described with

20 reference to Fig. 8 suffers from the following limitations. 1In
| a pulse width modulation encoding scheme, the pulse width must
be measured from a rising edge on External Signal 146 to a
falling edge on External Signal 1462“.Hewever, when'a signal
passes threugh many levels of routing chips, a rising edge will
25 often be delayed by a different amount than a falling edge. The
spee& of the signal multiplexing may, therefore, need to ‘be
slowed down to ensﬁre that- sigﬁal values can etill be
dlstlngulshed after passing through many levels of routlng chlps
Also, the modulation scheme of Fig. 8 is sen31t1ve to unavoidable
30 momentary signal transitions or glltches on External Signal- 146

which may cause false sigﬁal values--to -be-transmitted. -

Referring to Fig. 9, -a-form: of—phase—medulatlon is-shown -- -

which would be suitable for a hardware emulatlon system. An



whi ch woul d be _sujtable for a hardware emul ation systém ARCT/US98/10312 \A\D
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23 i nternal phase-1ocked loop ("PLL") circuit eontinuously counts :
fromzero to three (shown as PLL Count 150 in Fig. 9) using Asynchr onous
Clock 144 as an input. The PLL circuit n®y be of a type comonly known

as a digital phase-locked |oop ("DPLL") 5 , which jg.r s Yed@nts
const r uct i it & bnadnphasentlagkeadkt EPOP (l%I;ﬁ‘dE géﬁcggﬁd?&%?rlﬁ'dg\%éc .
integrated circuit tgchpol . (stieR LIl recent i A50ociour Eign [Bsi@Ring
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t ranSi'% | Ofhich Whenrdher Peely seasycbontcopstaucE wiffy COmpLeRyntagy &F-3
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mat chi ng Ichis kept | ., synchrqnized.t. it ERE y of
sync pul sassimakesir2 transé*éhf’npéiti Gd;%é'g'lel &h\ﬁ%g{nngeoﬁédata needs to b(lal,
transferrei%.ﬁ’i_th S%&%&als RUbSars@Ngisst.s ofFdmoexaapdieyi oASteEc ¢ nd &St
time zero I me two of the transgmtti PLL. y pak g he2
recogmpzedimnsitionhen FagBR ﬁgl‘llglzL%n?J%hL#;%nal‘ljt Aiﬁnétﬁgdoﬁl ?ﬁati ne .
when two tr nféﬁi ONSy OLEAM 1 %@ﬁprm, Stibgped £ e makes @ dHeansgition
cycl e. w"ll%eb% nc” pul se causes the receivi PLL ?g adj Ystedl s gevat a
gradual | y @iges hathe t PBBCob®s adyneARBEi z2d it Pt Re thnsm tT nr? ! ~2§ PLL L
after several sync pulses. CLus I el gndhen sy il ebengeiigh and opgna
occur rel a??%?%&' r@ u%ﬁ%fcgrr%%éd Tt ransi i o or‘1’t erefo%égnﬁt«lilﬁe’g 140
and SignalgB14?2 sdlpoviee densunptBxfieinflnofigna j:%%eahl y.increased. - In
an actual enbodi nent, nghr.o S s . t 4o d=0b@)y ate at. a

rel atihe shERBSERGOBr "Pfifed i %sli' \Ibr?a?acéi(scouSnO shawn in \Ii"g;g.w %cﬁo'i;éavﬁe &
sufficient resghetigscetwingl edmopit hag gt iTRLF PeRden? 1€ di c1;:igre%t
edge transition tines o r Ral + ks agalprib b her patlises Wwhidle are
phase-l Ockéanp%ﬁ%ddmo the%&ghgﬂlllt§1a6a y gé[ i

sent periodically when no data needs to be transferred. A s¥nc
pulse consists of two transitions occurring at time zero a?d time
20 two of the transmitting PLL. A sync pulse may be recognized by
the receiving PLL because it is the only time when two
| transitions oécur on external signal 152 within one PLL cycle.
The syhc pulse causes the receiving PLP to gdqut.itgﬂco?nt
gradually so that it becomes synchronized with thg transmitting
25 PLL.after several sync pulses have occurred. The sync pulse need
only occur ielativeiy infrequently compa;ed to tra?s;F%?pg on
Signals A 140 and Signql B 142 so power consumpt;on 1§ not--
greatly increased. In an actual embodiment, Asynchronous Clo?k
144 would operate at.a relative speed two or three times what 1is
30 shown in Fig. 9 to have sufficient resolution to clearly
distinguish between the different edge transition times 'on.
External Signal 152. Alternatively,“the"phase:locked_loop_could .

‘be run at a multiple of the frequency of Asynchronous Clock 144. N



be run at-a mul tiple of t'hefr.e uenc |
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to time rising edges and falling edges since. the sync pulse

always includes one rising and one falling edge. By timing the

20 rising and falling edges separately, Asynchronous Clock 144 can

be run at a very high frequency and External Signal 152 can be

passed through many intermediate routing chips.without affecting

the ability to reliably recover Signal A 140 and Signal B 142.

The main disadvantage of phase modulétion, however, is that it

25 requires a relatively large amount of digital logic to implement.

'ﬁany.variations of the phase modulation encoding scheme
discldsed. herein are possible without deviating from the

teachings of the invention. qu example, the PLL could recognize

eight or sixteen transition times rather than just four. Also,

30 additional design signals could be transmitted by creating more

than one edge on External Signal 152 each time a transition

--occurred on a design signal. For example, Design Signals A and

.B could be transmitted on a first edge of External Signal ‘152 and
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25 .Design Signhals C and D coul d be transmtted on a second edge of
External Si gnal 152. This has the effect of transmitting nore data on
External Signal 152 but at a | ower speed.25 Referring to Fi g 10,

anot her form of nodulation is shown _5 i ¢ch woul.d .al so _be usef ul

oy tver ¢ hEFATPoRIgpaLEnt FRASD Sould ih fratmiteld A a St Sade o0
encodi ng. gx{BPYaEOTRMal 1520t9§958h%%C&H§séfiﬁﬁtuse arumsmﬁﬂﬁmngﬁmore
serial data encodi ng. When De5|5922 Si gnal 140 or Design Signal B
142 neke data opr Bxseengd, Sigdéd ASSUth@lbrd dRA%ET SR¥SHsni tted on
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requirgd one-harld acfﬁse:&s eeOmC RARIE 410 iRP| GigSi §Pakhd Jséaeuemobﬂeswtﬁore
Signal 30 B 142. his nmeans that the data rate is rel tlvgjlsglo §gnght he
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vari at'ons tsh t %&‘éi@ion&'ﬁt élo@ﬂCB@lf@&e SR8 ng Exﬂtﬁfdpssﬂghanemz
vv| ou

are pOSSIb viating fromt
again to recover Signal B 142. In an actual embodiment,
Asynchronous Clock 144 would operate at a relative frequency .
20 several times higher than that shown in Fig. 10 to sample
External Signal 162 accurately at the center point when Signal
A 140 and Signal B 142 are being transmitted. ‘
Thé circuitry necessary to implement the serial data
encoding scheme could be designed by one skilled in the art of
25 circuit design and thus will not be further discussed here.
“Serial data encoding has the advantage thét relatively
simple digital logic may be used. It has the disadvantage,--
however, that several edges on external signal 162 are required
to transmit each change to Design Signal A 140 and Design Signal
30 B 142. This means that the data rate is relatively low and the
..power consumption relatively high compared to other techniques.
S mm.ﬁummMany..variations of the serial data encoding scheme

disclosed herein are possible without deviating from the
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tzao g me/m@) of the invention. For exanpl e, values for nore than
L wo esign signals could be transmtted each tine.a design signal makes
ansi tion. Any of the encoding techni ques shown in Figs. 8-10

could be 5 further inproved by the adgiti

_ _ _ : on of sone for [

Lﬁgggggge. Since design data is only trgnsnitted when a 322{ ﬁrror Cheﬁ::ng
’tbe;ar#ﬁgfassséfmtﬁérﬂﬁﬁemhbnt eslibr iexampdey d@lpes 'f'?ﬂgﬂa‘égebgiﬂﬁa

| at ched receiving circyits and _ :
. . . _ . J . .
oper at i dwoofdestigne $HIRSLEN nggfie gﬁaﬁ%]'mttend Eﬁﬁbddl&ée)& ?ioens 12%3 igeal

correction: ' . : ! |
( CRO) Cérﬁa[kdé%@% Si6Y6hH. as parity or cyclic redundancy checking

. e used. : . The system t , : -
W11 now be  Any dobctascencoding G SRTHAS RAT) 0 FAd oY 10 S oplack

0 06 s Slfohfha Baecfe gt ionpoet soned fombogkreners Skt o

r which in the presentl| \ [Spuatele]
?Lfersgﬁﬁécfmﬁhﬁbx ciipseldesimp Féﬁﬁc%505?3?285aﬁ5§&%E%B;%&§' il crgggggﬁ
di fferen%igc?éftn ﬁ%nﬁ‘tg:? r’pgﬁéﬁﬁ%%ofsgs%g§fgo£g ;N. itl t]fBLﬁéﬁlH B MTROg
. O ‘
Fgg?glgﬁ?%lggzthbemhﬁseﬂﬁﬁﬁ?ﬁduihﬂ1ZKheisr%%?iﬁbﬁﬁpegzgghhﬁﬁfg?%% eggﬁée
( . i C IS I S0 0] '
w T’ MixPERPREI ISty A qbhodfreph, cHEIEHIRAL 08 HMe T L et Ly

pr efgy 1 edopfiBAIEFRBE, detectiilar @anar ecirirecfijosutaabpidisss SN hH Py

t wo- hundred and sixty 1/0O - : g . :
(FPGAs) ¢@ Wﬁﬂi%ﬁéﬁdamﬁ%’dr Icg%idlo£e en Wehidipd yased. | ogi ¢ chips

_ ty 170 pi

P"rj I’GTI) g; red X&%B%G ;gL ﬁ@ﬂt?ypéttsgefFBGwmynmﬂ cg%gﬁgﬁégtwwtiﬁqteﬁg&gzggt Y
XL manuf act ur, Ll [ ' [

U'S A dtashossf RemorR: BEFAtly  FBEPETIaN B0 18" Hol B iyec oLesomml

connect i g&sz%ﬁeeq%ﬁ Yoard f296f mf bloprefesrad. emhgdimsgnt 3§ SBOERth

l ogic chip Known herein as fhe co:si i - : !
has 15r edncomResddng t 6°84En %tFJt'WeftCO-SIc‘):{]ﬂrJl %LO% ;c):gg'bghnt%g boererebup

 coon o it kqun st o S8verhe hosivoperch e
a partial crossbar interconnectf&npgiﬁilar to that disclosed in
Butts et al. The main difference is that the partial crossbar

- of the presently preferred embodiment of the present invention

20 is not completely uniform because logic chip 204, which will be

discussed below, has fewer connections with Mux chips 12 than do
the other logic chips. 1In the presently preferred embodiment,
there are fifty—fogr Mux chips 12 with two-hundred and sixty 1/0
pins on each and thirty-six logic chips (FPGAs) 10 with two-
25 hundred and seventy I/0 pins each. The presently preferred
embodiment utilizes FPGAs as logic chips 10 with the part_nﬁmber
XC4036XL manufactured Xilinx Corporation, San JOSe,_California, .
U.S.A.  Each of the thirty-six logic chips 10 -has five
connections to each of the fifty-four Mux chips 12. A thirty-
30 seventh logic chip 204, known herein as the co-simulation (CoSim) -
logic chip has three@connectionsmtoeeachuof-fiftyéfour mux chips-
12. . In a presently-preferred~embodiment;wthis~thirty—seventh

logic chip 204 is also an FPGA'menufectured by Xilinx having part



27 NURRRYs/s46436XL. Addi tional pins (not shown b

| ogi ¢ chips 10 and 204 are reserveg for(downl oadi %gonc:\/gékcmq%l]% ﬁfﬂa
distribution, and other system functions. “The purpose of CoSim - | ogi c
chip 204 will be discussed below. Any of the Mix chip 12 5 to logic chip 10
connections may be non-nul tipl exed, nult2pl exed t wo-t o-ane, or P

mul tipl exed four-to-one b r.ogr amyi t he k¥l
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functionschi sami(anﬂIngh¢mphrp©rh%1a@mr@BrhﬁieeHrps 12, logic chips 10,

204 and M 208 i scusse 0
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connections to a 32K y. 3 at| rando S S, FERADY diRAMm
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5 Emulation And Simulation, to Sample et al. The teachings of
appllcatlon serial no. 08/733,352 are incorporated herein by
reference. Processor 206 is also used for diagnostic functions
and downloadlng information to Mux chips 12, logic chips 10, 204
and RAM 208 (discussed below) and SGRAM 210 (discussed below).
20 The processor 206 is connected through a VME interface (not
shown) to backplane connector 220. Twelve of the logic chips 10
also have connections to a 32K by 32 static random access memory
(RAM) Chlp 208. This RAM chip 208 is used for implementing large
memories which may be part of an emulated circuit. The RAM 208
25 is attached to some of the lines also connecting the logic chips
10 to the mux chips 12. In this way, if the RAM is not used, the
logic chip 10 to mux chip 12 connections can be used for ordlnary
interconnect functlo_ns and are not lost. If the RAM 208 is
needed for implementing memory' that is part of a particular
30 netlist, the logic chip 10 that communicates with it has a RAM
controller function programmed into it.__ . .. ..
The mux chips 12 also .have. connections_ to a. backplane_._ -

connector 220 and a turbo connector 202. "Backplane and turbo
is Sheet Has Been Reﬂlaced :
HIIIlIIIIIIlII\llIII | e e
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controll erﬁ*&%&gy programmed into it. The nux- .chifsrdsabHe h.ave
a bac

connection ickpl ane connector 220 and a turbo connector 202.
Backpl ane and turbo WO 98/ 54649 , '
PCT/ US98/ 10312 ’ 28 connecti ons may
al so be either non-nultipl exed, nultlpleggd 't wo- to-one, or nultipl exed
four-to-one. The turbo connector 202 is used to electrically connect
two | ogi ¢ conmeds iz0G megeso be @ithersaﬁamnéﬂ.t1pﬂa9xsﬁiovmailﬁgpéﬁ?!§ét two-
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ereby reducing the C capacit t he oa ds
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urbo | oopbac oar avi ng no | oqgi c .di spos t here uset | n such
a system Bafsible shagkplang bGOF’(S‘GEEg@E‘ égd g‘?‘ F§d g‘EXe} g sesfr8#1
turbo W&fs 2Q,410 d1AGK P! ang s cameed Orar%zolnsulﬁﬂhe')iémﬂ ebaf:kplane
configuration using a turbo | oopback board is shown in Fi
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through Mpg, %}egos 113? th a¥ftiler. éxﬂ‘él 3 QtéﬁchMBk'Eglﬁaah.!é%'sStmén

t he user. anJ yzer sC osed further bel ow
Logi ¢ .chi psvd(ermnhat:o@ll ripdayis Ehl@eagﬂe@i eaaspeciel akelo loopbagk E’@éﬁtd

bus 2 S {
ol onats [T B 10 s ed WhEPO shIndel. | TSR 8 B Rhe
anal yzer spdcidl cturbot rly:o@sk:lamm bcvaﬁ gsiBply2@euteiss cugnal Hef om. turpe

event bus Cor{]rfelgégrOfZOfZOUEOSIt% a}épslane connector 220. An example of a

configuration using a turbo loopback board is shown in Fig. 15.

_ In addition, the Mux chips 12 have eight connections each
20 to a set of synchronous graphics RAMs (SGRAMS) 210. These SGRAMs
210 .are used to form the data path of a distributed logic
analyzer. Design signals may be sampled in the logic chips 10 and
CoSim loéic chip 204 and routed through Mux chips 12 theh saved
in SGRAMs 210 for future'anaiysis by the user. The logic
25 analyzer is disclosed further below. '

Loglc chips 10 and. C081m logic chip 204 are also attached
to an event bus 212 and a clock in bus 214. -The event bus is "~
used to route event signals from within logic chips 10 and CoSim
logic chip 204 to logic analyzer control circuitry (shown in Fig.

30 20a, discussed below). The event bus consists of four signals
and is time-multiplexed two-to-one to provide eight event
* signals. The signals on the event bus 212 are buffered and then .

routed to additional pins (not shown) on backplane connector 220.
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e event bus 212 are. buffered and then . routed to additional
pi ns (not shown). on backpl ane connector 220. WD 98/ 54649
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is shown Tn wever, the use of nore than ne L/0O, 25 boa d 300 is
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- angles to the logic boards. An arrangement of logic boards and
switching boards can be seen in United States Patent No.
20 5,352,123 to Sample et al and assigned to the same assignee as
the present application. United States Patent No. 5,352,123 is
incorporated herein by reference in its entirety. The switching :
backplane 420 also connects to I/0 boards 300 (only one I/0 board
300 is shown in Fig. 12. However, the use of more than one I/0
25 board 300 is contemplated as part of the present inventioh). I/0
boards 300 serve the functions of.routing and buffering signals
from external devices contained on core board 500 or external "
system 540. They also have the ability to provide stimulus
signals to all external pins so that the emulated design can be
30 operated in the absence of an external device or system.
I/0 boards 300 connect through core board 500 and repeater
.pod - 520 to an external system 540. To simplify Fig. 12, the.

actual numbers of boards and connections have been reduced. 1In



Ve .
-1/ 0O boards 300 connect through core board 500 and repeaterPCT,UsggpomSZO to

an ext er wa 98#5464%em 540. To sinplify Fi :
1

boards and connect.i ons have been reéuceg 1 ﬁ the Wa)cgg;a.l oqg crs oL

PCT/ US98/ 10312 e 30 54649

preferred enbodi nent, there are twenty- wo mux boar ds 480prgﬁgnt Ioyten

pairs of logic boards 200 and up to ei |/
resent | ght O boards 300. In_t
P ent Yy ?%%%ﬁtpg ‘E@?QQt&EnémbdﬂmmMe, tthmre anendwWenbYs&¥rqRY%g oﬁng _

used, a c boar ds 200
0 0
/O boar4<m® 3@he ttm ten Pﬁé§§ntq °g1fbsté?%¥?ééd£(e)§£% fi?re%(ri:it tﬁdegiiﬁg“l@?b[gg;rd

300
podshgg (?one ‘%n%;@eat at e (?he dse{;{gqg g’ig(fe\mnedh etl!hgdmmel’l&rsé\feﬁ‘olrépégﬁé‘r
D esent i matds 30dsc MARS LA BALE BRONETIs BRE T aed et anal o

signals._10 Ei R .
ggg?gl AT SR ﬁdﬂg}légg? P % "kgfr gt%(?!sgggrdensnrlouct i Tm ﬁhet pEesestddr ed
ode 7ot i gl Si“’*?ﬁ“‘mfﬁm eacipibipiairaod hass She FiisEAates, 2509 ¢
"1/ 0 boarkrango 0P afxgs é:t h@o"%@%ns'f@peatef OpoHegIEZmouhdghz(;g:q)r
th drawi ng, 15 only one nux
nree paAEéaéﬁe&QQ:b Ccaklﬂﬁdsis mmlrepeateghggﬁ injEheRreSe Ogyg?es enﬁl%h

preferred enbodi nent, the $rddie gned
up to el emeadpapps ppft errslegd‘ o& éshq:z el ey 400 and

300 43f tach tOFlgr nqqr ess d8h80@hylsimagh ng{ﬁflaﬁ/ﬂocéﬁl?lo%gg gg?’? [éo’%%%la%%%

have1 an 20 ext connec Othigh nghbe

tor 510
r epeat d Apuped (@Y £
p erepbd smengn§YSEEEnafMu&, %4%6&0 shovvn in Fi °e

13
|togwteLebg% Vgﬁdé)ugoggg&h% fz@@m anﬁorl)ye ebghncd\‘sol?eOQJC rraﬁ%f”fgi?))m%?g 800 slﬂ%ol y

necessary t
distri butednpmmrscmafsqycﬁ?-o egoﬁ{iémﬁg@essar yblg%t nd Uh Sthe othgpesbie

time-mil tg ghgégfi% pShkaYi b0’ 8r 1/ghpoakedsmrD0 f orTo p@mﬁmfy thg drawing,

addi tion, stemcontains a contr b
d %Qp@g
(seeifi g.on2@) onet mux peeart 4(0 ﬁ@%}'—?‘é&%%&&%ﬂ%ﬁrﬁ dzgga?§é$80

i's a VME bus Powey, “PQ"% 0GES $0/priaaind 13V @Irleilelreeﬁr endoodlmelllﬁemtgeéﬁnﬁﬁﬁer

and ot heP %" her Si i ro
sel ecti onirpf fade, pamm—aﬂ%%@ggé%rﬁgdig‘f}o 4 w9 tBe e%.lé\;éfplﬁalgbeof
1/0 boards 300 attach to

logic boards 200 or I/0 boards 300.
Core boards 500 have an

core boards 500 through connector 330.

20 - external connector 510, which attaches through a cable to

repeater pod 520 and external system 540 (not shown in Fig. 13).

A power board 240 converts from a forty-eight volt DC main power

supply to the 3. 3 volts necessary to power the logic board. This

type of dlstrlbuted power conversion is made necessary by the
25 tlme-multlpleXLng circuitry's high demand for power. In

addltlon, the system contalns a control board 600 and a CPU board .
700 (see Fig. 20). In a presently preferred embodlment, the CPU
poard 700 is a VME bus Power-PC processor board available from

Themis Computer and others. Other similar processor boards would

30 be suitable. The selection of the particular processor board to
- use -depends on- -tradeoffs- between cost, speed, RAM capacity and

- other factors. The -CPU- board—700 provides-a network interface and

overall control of the emulat:.on system. The control board 600
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factors. The CPU board 700 provides -a network I nterface and overal |
control of the enulation system - The control board 600 . . WO 98/ 54649.
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boar ds 300 hese additional boards are
same pair because this connection is provided through the turbo

U

connector 202 in the case of loglc boards 200 and is not
20 necessary in the case of I/0 boards 300. The connection pattern
shown in Fig. 14 piovides sufficient richness for good
routability between boards but avoids the high cost of a
switching backplane 420.  As in the large system, I/0 board 300
is connected through cere.board SdO.and repeatef ped 520 to an
25 external system 540. To simplify the"drawing, core board 500,
repeater pod 520, and external system 540 are not shown for the
second I/0 board although they are, in fact, present. By using--
a set of additional boards to make-connections between otherhise -
unused backplane and turbo connectors, versions of the small
30 system may be constructed with one to four logic boards 200 and
either one or two I/O boards .300._ . These additional boards are

turbo. loopback bbard 260 -and- backplane.loopback board 280. .shown ..



turbo | oopback board 260 and backpl ane | oopback board 280 SheMissosnostz VO
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32 | in‘Fig. 15. Neither of these boards have any digital |ogic on
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The turbo loopback board 260 is used when there are either one

or three logic boards 200 in the system.' An additional pair of

backplane loopback boards 280 are used to preserve routing

20 connections through the backplane when there are unused logic

. board slots. This occurs when there are either one or two logic

boards in the system. The backplane loopback boards 280 connect

the groups of backplane signals (shown in Fig. 14) '-tq_each other

so that no signals aré lost when there are otherwise vacant

25 backpiane connectors. _ | | . '

A block ‘diagram of I/O board 300 and core board 500 is
shown in Fig. 16. A first row 301 of Mux chips 12 is attached
to backplane connector 320 on I/O board 300. To simplify the
drawing, only three mux chips 12 are shown in the first row 301.

30 In a preséntly preferred embodiment, however, there are fourteen

Mux chips 12 in the first row 301. A second row 303 of mux chips

12 connects to the first row 301 of Mux chips 12-as well as to

field effect transistors (FETs) 308 and logic chips 304. Again,:
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98/ 54649 PCT/ US98/ 10312

33 the drawi ng has been sinplified to only show two Mux chips 12.

In a presently preferred enbodi nent, there are twelve Mux chips 12 in
t he second row 303. Two rows 301, 303 of Nux chips 12 are required to

achieve sufficient routing flexibility so that any 5 arbitrary external
si gnal canthe coavdgiedchas bﬁ?npﬁhmﬁilﬁéSéaF@r°nlY(§ﬂﬂW3§%ﬁw¥E¥oP 1% 16n

core board_500. L ac Oz 88 NER u S
RAM (SGRAI\/)I @Zp ) e%‘%%% %eﬂé&) é|oI§be %%I?%gﬁeng%gf%e%t Foé?ggcﬁlﬁg %Eb?s

a FPGA. tA: t]_lztiggh tdmif yseco(;'xd)n:@vd 393 cAme 30wsaidlond08GRAMMYS? Ghipshdeh 2%en
a presently erred. enbodi r 0 d
T e e e e
Q[SV' dfst h%&a&&@ﬂ% by;t@frndﬂ.l \su.ggagt tanl be venbeckted e arne pin ofnpensatesn

external connec |on en r|V| stl C FE 0
are turned cgyle QQHQFCt %%&H%%)cog% fards bgflnuPasg Eﬁﬁ'ﬁ’not cgﬁfﬁﬁgf
with si gna' ﬂcard'l’i@cﬁ"toe@y?fdﬁébn%)d%t @ﬂ‘hphchﬂRRM NBERAN) aGMhéﬂutmm@En’cly
repeat er s 520 to connectors

pi ns of |og:n¢ieﬁ¢gd3@mbodlmaﬁ‘értipgtl&t &@J—Rng’qr%ﬂssd%\é*@‘%és ﬁ%g‘%b‘ﬁ%?t&rﬁ’

¢l osed) Sootrﬂé'" 0 cSEHRR! 30AN HRNNGed OSSRAMO 30RY G ishowat, rEseav ms@rﬂﬂ
from 20 secon ﬁ/nux gh ps 303. In the presently pr?Rfrre @ Zy
0 r

| ogi ¢ tﬂlmprﬁﬁhzmﬁdth@bﬂésmﬁatrWMhﬁ¥qs@%@aﬁ%ébﬂ@gﬁF
Corporat'ogéeoe usegﬁ (el j@r bérdabbhoughi.&éh@rcﬁiggrwm:ed SGRlAmgl @02

chi ps coul satisfactory results” In addition
conmponent s ;sdtm\tde ntrﬁleg caﬁabihbtw O©fhodriiving cHrHRHS 28305061'30cé§§8r the

chip (not %? ggoéﬁycggggfﬁgg EPBHHQE 8nV/ in. whehebrd&a P stimulus

backpl ane c n-a presently pre err enbodi nent,”  this
pr ocessor o&nqﬂwssa PED=r AD8I036E fnomeadBWEE chp%){at r5R, oReNRALhSet Hdre

T o1 0P BCeSR PR ERY! HobcAStscr ikh s3hESLAGLaR bt kemniiSysten

proces% processor ic chips 3
Processor b,umaiomagrw attaa:mecmpthadughl melpes tienf cpm |5%0| fito CoTRRELors

302. The PLPSESHOLn not! SriEy’ 9 :HbIAIOTRLELUNCHiAR® 3 diic AR T
are tristated and FETs 308 are turned on (i.e., closed) so that
-signals on connectors 510 may drive or receive signals from

20 second row mux chips 303. In the presently preferred embodiment,
loglc chips 304 are the XC5215, which is available from Xilinx
Corporatlon, San Jose, California, although other programmablé
logic chips could be used with satisfactory results. . In addition
to the components shown in Fig. 16, the I/0 board 300 contains

25 a processor chip (not shown) which is connected through a VME
-interface to backplane connector 320. In a presently preferred
embodiment, this processor chip is a querPC_403GC'from IBM -
corporation, although other microprocessor chips could be used
with satisfactory results. The processor chip attaches through-

30 processor bus 310 to logic chips 304. Processor bus 310 serves

- to upload stimulus information into SGRAMs 302. The processor -

is used for diagnostic functions and for uploading and
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?S,é?AIVB gg;obs!a«ﬂii‘tMQ I nformation from Mux chips 12, logic ch*%g 3%42@3%(1

SC o] Connect or 330 aftt,aches core _band 500 to I/O board 300.
r o logic signals conmng fromFETs 308, this connector 5 336
eceives JTAG signals and is electri calﬁ connected to the VME bu Th
JTAG signals are for downl oadi ng and tes%/l 0 ©

repeater pods 5
may be pLgasalite oemasiaobIron Mux Soipscdant pagce iing, S04 4
us is not used with
\(l:\ﬁntﬁrrpl SGRBMtShétOZt he VME bus 10 could be usggr\?\n ?ﬁag?hggotyx\s\egsrbo; d!sS
_which may be g!?@%‘ﬁor 3307 taeRREC tore3BBarbob00xhapL 40 beard 3 In

contenpl ated
.330 t0 paaditddrheo. 1og¢¢|$;gg§gg;ﬁggggédﬁgﬁgp%ggﬁﬁg#gg? éﬂtﬁfﬁHQBESEOY

into RA:\E 0%%(33&{' Qg.zgzr;% iggﬂalsllmdlis electliéfciflrhwgpmcttﬁqﬁ o the g

bl ock?d 2
i's shown. Mux,chi
backpl aneEpnpestor 2R iFLAG s:l.ggag.ts“mego'rasqifg%llh Sadin ra\;‘l\fci‘ng’cgfstlpg

17 has been S|tg)l :‘é‘%‘f%ds &}81 1%( §hﬁ {,p@égéﬁxlﬁbbpeoﬂﬁectoblev\é&@r Inn a

ﬁlrj)esczagtlfepea Y pPHGglxinbopeodBiect oESISE Y, n
RP 380 4E0: 1 uprbeemned emboddmens , mhe afe%n’e%t?%ﬁs“%aw)@%h

chips 12 than are s h
arranged %Ql?ﬁllaPPy t%‘%e% %’%’%’o it ?’%ea%%?%%ﬁélﬁnfﬁ%efoﬁhaﬁ s VME Sus

'showg ﬁ' n Hdia Bé, udeds hdard e otype ssofa bPRAGS whl:q?h éP?EécBe( Pg'tuggﬁovm)

attached to backpl ane co t
downl oadem‘re@]cpq?rg%ecé D05 RS 48 aéé(iﬁ thl(z)gr dsaofd?i‘lﬁarﬁ Platd whitpsa Tadge be

17
non- expangabl gy boaranﬂh@htobespsugged b.ntps connéﬁt@éfsﬁﬁgb:tz’ %%A"é\%eg}f(r) :

connect several emul ation s ste gg% REM3A

zggl ;’i; i onalbyditi to| _ﬁmﬂlﬁ-laé"ecé‘?é“ h@%%?‘gligﬁngfﬁtlngggﬁgo bogarcf:l&/
us

0y ggho‘,’&é blog4 gdi agnam of an expandabl e nux board 402 i s shown

gl
. iTst row 404 of i NETd
t o- ba.c5<pl ane cBﬁiﬁ@@:ﬁf@ﬁg\levzl@W t%h IXU@)rEaanql g2 ]b%'ocn ll?g%nglgrjr{p: I fi Iebdlo"%)ﬁ)dnshowed

only four Mjéh%%ps Mt rbﬁirt?s fiz S.ittach to backplane connector 420 in a
distributed fashion.  The drawing of Fig. 17 has been simplified
to only show four Mux chips 12. However, in a presently
preferred'embodiment, there are, in fact, seven Mux chips on mux

20 board 400. Furthermore, there are many more connections to Mux
These additional connections

~ chips 12 than are shown in Fig. 17.
In addition to the Mux

are arranged similarly to the ones shown.

‘chips 12 shown in Fig. 17, mux board 400 contains a JTAG

_ interface (not shown) attached to backplane connector 420 which
25 allews the Mux chips 12 to be downloaded and tested.
The mux board of Fig. 17 is sultable for a non-expandable'
emulatlon system. It is often des:.rable, however, to connect

several emulation systems together to form a- larger capacity

emulation system. ~In this case, an expandable version of mux
30 board 400 is used. A block diagram of an expandable mux board
.402--is -shown- in- FPigs-18.-- A first row -404 of Mux chips 12 is
- .-electrlcally connected to -backplane connector 420. The drawing

' has been s:melJ.fled to show only four Mux chips 12 in the first



VD 98/ 546490 98/54649 | PCT/ US98/ 10BCR/US98/10312

35 - row 404. However, in a presently preferred enbodi ment, there are
ten Mix chips 12 in the-first row 404. The first row 404 of Mix - chi ps
12 are electrically connected to a second row 406 of Mix . chips 12 and

to a turbo connector 430. The second rov3%06 of Mux 5 chips 12 is also

electrically connected to turbo connector 4 d al
connect or SFAM A4 On PSR RUETL IR FEEFEY %&g gﬁgwﬁrrga e&B?ﬁéﬁgégbn Fow 208,
and onl y tye, QiR B pS OTRELh Of e 4Er st erow 4BhowWTThe ﬂ:gst 180w 44vevErMuxn
a presently preferredp

embodi nent , there are five Mix LpS '
second rovwhops Farerer lﬁifeétrf@a]tWer@rH?eeCts? Te?t@rﬁﬁf:oeglnﬁg)&'t ]fod?ﬁl%%‘ﬁx
t he presenﬂli’ oreper ?‘ a BHidRiHectorEagn . extraengkconanaont 206 440Ma%k
t he presen yp pre erred enbodi.nent._has._ninety-two /O _pins...Mix . boa g@

402 aré chagsehﬁle@|aﬁa9;ﬁ%¢Q$NﬁﬁQ%ﬂhf%°%¥?§Eﬁ@dtPo&@H?% AP
connector 43 aP g fﬂgfeggﬂﬁeéég §C&§Ot0 @KPﬁngwéhﬁuﬁféﬁfééVEZ1§re shown

i ntersect i BN Fheen a pal boards® 402 and a pair - of | ogi C
boards 208n thw skoond triow 4t015r,b@ndcm1ycttmo xR rnalhconnegiREs s‘é@@.%ﬁe

S0 and | cenavR i Blggol8St MBWERHET Lk AYoPEbUREly %reféifeﬂaémﬁeaﬂﬁéﬁ@rs

ref rence t he nmanner I n
whi ch usertﬁéﬁekaraOflaeeMuauehupbu12d1n|nhethecoedurev|666 syEugihermgore,
descri bed. stributi

0 I
dosi b Asthersi Stfisscd PRLBANALICaParacors: 440 RS, Lo nEdgfaet o beprexstan
gerﬁeztsery %ﬁbggg_mgggt Ba} ug(e}é cémafrlacmrmctdle lddfi cof tbai ppraegenhly
i on boards e t
OO D oo erE Sad et 45 L hiBh, | s Pigligctos asks
(external gusbapn 20 it ¢ hsadrs nwiri@h dReamdtachetid)ogetthars tpinsrsmgih etuobo
satisfy this requirenent by del ay |ng the ° _ dat S£ nal s égkg&kgg
however, sFewsegban €@RE -maliFRm con SBEPﬁt#ﬁB §ﬁg§d ngFREHS bgt Con &
systems  AnpRi8cdesbhallir@a3Betabbhr Aaph¥e bf mOxnBlartbe402eandl acpair of

distribution network as fast as 055|ble so that m ni nal i f
needs to bdogdgedboardsy 208-dat aWaFBRUFs. the turgo cOnfisttor’ 339, 9€hY

intersection area is too small for effective routability between
external connectors 440 and logic boards 200.
With reference to Fig. 19, the manner in which user clocks
20 are distributed in the emulation system is described.
Distribution of user clocks is important in emulation system
design. &as is discussed in United States Patent No. 5,475,830,
it is necessary to ensure that user clocks arrive at the ;ogic
chips 10 on emulation boafdsnzoo before data signals, assuming
25 that the user clocks ahd data signals change at the same time in
 external system 540 (external system 540 is shown in Fig. 12 and
14). It is possible to satisfy this requirement by delaying the "
data signals. This solution, however, slows dth the maximum
operatiﬁg speed of the emulation system; A more desirable-
30 alternative is to make the user clock distribution network as
fast as possible_so_thatwminimalhwifmany,_delay.needs to be added

to .the data signals. e
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WO 98/53 shows the clock distribution for a preferred

. hardware enul ation system Co
cks may enter the system ei ' '
gggﬁg fonnector 620 on control board 600, thréughy nuI{}ngx ClgELough :
con o? ggr638 on control board 600, or gg nor nmal signal on connect or
e board 500. As discussed, . core board 500 is attached to,l/O

b
oard 300. ForFlS| MPhigti kfows 198 )le:ﬂﬂc caiseotibutitm | £oghodn PREEFEESYo.

However, in a pr esent ?y
preferred di nent
connectoh%x‘al.&re eronl &iton ceystear d© g@ﬁ?‘sAF‘?é’ et#é%?s%%%ﬁﬂégoﬁig?ﬁr

.mul
vn\}Jt LI ple 1/0 18 Cboar d@?rgiagge{égr @bi eat igontrol Ascatdds@q dthegpgher

LR T S U

630 is used to input clock I ddceas
ggg?uéh amRle $IFRAG e‘?rhacfd syg{g%cﬁg %E:I%Oodglgécgrﬁxﬁ!t f@O. Aﬁt F e
er ngt £85ral BOks i antachedetendl/at peard %%s%/st eﬁ?ﬁlm ?‘e?’(]:'g'\rélﬂr}e{?sor S

510 on core boards 500 provid n e
S d
Connect oroly) @RecFRNBBA ‘Eir5§6‘% sﬁeéﬁéwtnhrlorfjngsgmconfr}g:tE)Pelmer' in @

FETs 308
car i or. V&Bf% re‘gi?g%ggfg?%& Mmfddﬁrrperﬂm g:hereo ibab%rﬂe‘f)@{) §8nn§§3°3gfs(;[9bed
connect s ¢m eadhceerR @9 %On'sgt}ﬁ 3:%% sﬁ@‘ﬂ’eﬁ ﬁay conﬁé'i(n(mh:ptﬂﬁle 1/0

connect
S?g:‘ é:ofgdltjoﬁgazk%rgonB@SEHOnéoﬂEiﬁatbedsearI i IS . descrz}}:pe\ec O;ﬁ'%ée% Ty with

I'ment, there are sj ben
backpl anerefisrenter t32Figl é@k§“@o Wes! tri:t%n ougoh h?(él}g}easngﬁcg(r%é%? 80 "

to control 503%& 600; LRedridkckd - to an @xwamabl syeaew 608 a Mix CHPPF12

is used tB

conmbi nati on
pot enti al connectour 689 ighesegstenimrREF i rélfgﬁif; fr%ﬂqe@%ro%\%ghg%g% T %g QEIEO k
ocC

;ggrce_srhl étélaph\%gf ngt_ Bﬁsﬁ OBY1 86t See dxhal [Hyistent Sé@ul aClesk gONNEGAPHs -

ent pairs of emul
di ffefgnt e2loogigowixies galtfbetﬁ!équFBﬂ WEB?ft éﬁgﬁ%sart%s e%ocq“ £n ?rfa?‘gﬁ?ﬁgﬁogne

chi p design was b myl
O ocks ar SYSETE ‘?}3{}? perc&gorfgn m%gflgﬁg[ecieg%awwue 500 prawidei on  SpsEeh

_ method for the user. _ _
Connector 510 on core board 500 connects through connector

330 and FETs 308 to a second row 303 Mux chip 12 on I/O board 500

20 as described earlier with reference to Fig. 16. Second row 303
Mux chip 12 connects to dedicated clock pins on backplane
connector 320 in addition to other connections described earlJ.er
In a presently preferred embodiment, there are sixteen of these '
pins. From I/O board backplane connector 320, clocks connect

25 through backplane 800 or 802 to control board 600 (see Fig.13).
On cz;ntrol poard 600, a Mux -chip 12 is used - to seleet e
. combination of clocks from all of the different potent:.al
sources. The system may have up to thirty-two distinct clock -
sources. Any elght of these may be used on a pair of emulation

30 Dboards 200. This allows dlfferent pairs of emulation boards 200

to have dlfferent clocks as might be required, for example; ~when

more than one chip design was being emulated in a single “hardware =™

emulation system. Clocks are. routed through programmable delay
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37 el ement 604 and buffers 614 then through backpl ane 800 or 802 to
emul ation boards 200. As described earlier with reference to Fig. 11,
cl ocks on enul ati on board 200 may be routed either t hrough buffer 216
or clock generation logic chip 204 (i.e37 5 CoSimlogic chip) before going
to logic chips 10. Logic_anal yzer cl ock generator ic chip 602
on contr%lemeétbﬁgﬁdaBGObH§§9§Psélﬁeﬁﬁ?%I%hE?%Q@égagﬁPﬁa??péﬁgl?§ Hggpgﬂs
when  oplif0LR8nt BRaDEY S50  NaAkeHe RO o4l Pot I QLAl @@EdIMAE 2to

is input To a state machine programred into Igglc anal yzer clock 10,

gener at oFigogild chtpoeBs wini cemalabiendiborgidend0€| By het spnded eipher
created h ¥ 1t er sf € +503 88! QodiW®- chi @wﬁe- .
nbnfoverﬁgggPﬁﬁ,éﬁég g?énq% é&éﬁ#aggégfgeﬁégh?ﬁgﬁs.c lpme I u&hé?sfood
to thosecsRiml ddgice chdpdr beforsmaislg Itoyilkogic ceipgni@nd will not be

further descrjbed here. From | ogi¢c 15. I . ¢l g r r |
chip 602, thelPHM ﬁqwzg%e%?%g genengg%sﬁgofil&co%i gg?e?r?oc{)ﬁgké?’ock
sel ecti oBodd 6bDPmA#. alBo genaratesehbtyspr eThisedyphballl yenappengi shen
anal yzer cl ogk generator lqgic chip 602 is an_XCAQ36XL devi.c

manuf act GRBBLBY ¥he system (Yb’r‘%&%??%n‘?eﬁF?ﬁ%UghB%ﬁe%ﬁ%&%%wI 84 c
dFViEes gsukdphe 28 ausedtw mAchahespacyoaymedsihts. logic analiberi choxk

cl ock connector 63Q may serve ejifther to inpput . ocks or. tag-out put .

cl odils. PRREERLex LOESITHIR ¢ %waﬁ??eﬁegows65%ﬁ%gFﬁﬁirﬁﬁ?#kaQPEerns
enul at | 0geSKet ¥Pedted - si@éh €8y 2btaPnsYst-e8ro, ne@HYdtanth-do+@sLo} hewoene
st and- al one enul ati on system one box 25 |is designsted S. the-qgﬁter and .
t he ot hePbagfe NOBSIQFRRIAPRING, ©%&F aveResigReOfmsSPen Fo SR uJraching 18

cl ocks opeiis RUdistifd to T CORNELEAT 1A3Qnehi £t abe tdwftidPULogRcal |
ot her sl ave emul ation systens through their multi-box clock connectors
630. designmand - bdld lsyBebmbelefaytbesndinswibed BEEGrammEFTh LRSS0
mast b t | hevi tabl.e I e

mets anieaPzel BEER Genleal O O A e R e
the art theckBi gre commundimatssbrtadihg duhegk selegiion é%“’F ofhtPat?ty ARd

t hat theEepresently preferred embodiment, logic analyzer clock generator

logic chip 602 is an XC4036XL device manufactured by Xilinx
Corporation, although other programmable logic devices could be
20 used with satisfactory results. '
Multi-box clock connector 636 may -serve either to input
clocks or to output clocks. Direction is controlled by buffer
608. Iﬁ a multi-box emulation system, i.e., an eﬁulation system
comprised of more than one stand-alone emulation system, one box
25 is designated as the master and the others are designaﬁed as
slaves. The master box produces the clocks on its multi-box
.clock connector 630 which are'then input to all bther siave”'
emulation systems through their multi-box clock connectors 630.
In a multi-box system, delay element 604 is_programmed in the .
30 master box to compensate for the inevitable cable delays between
the master and slave boxes. _'
It will be recognized by one_skilled in the art-that Fig.

19 has been considerably simplified for clarity and that there
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38 a?gogwlsg?%e- nunber of interconnections and corr_pq_nen?s et Rl n.
The need for these additional conponents -and interconnections are a -
matter of design choice. Referring now to Fig. 20, the control
structure of the 5 hardware enmulation ggstemw || be discussed. Previous
har dwar e - enul ation systens have generally suffered frominsufficient
processi f§e Bapaboe ppmber ofj dntpssonnegtiansoagddepmysnenhsnnot shown.
transf er phLRQY a o) : _ oadin Lgn_dat a into
the syst g}rhg gﬁ%&wﬁg% ?fﬁﬁ%né ngaﬂgﬁd%a%eéﬁmﬁos 14|Sc%fii‘d g-pg%%cgangf;%fgpgeare
enmbodi nedt M3t tepe ofr elasign whaniideon, a two | evel pr ocessor .

architecture j eyi at.g. t hi raobl em_ A _nai.n rocessor 700

i s attac hed—t—-gégéﬁg'&td)b%éégd\égocg?iéh- 2°gr géq'é%t Fgntrol p?fel_f‘é?'g € effodtAent

procdssohardeare embdwdrioPCsyisEdmsad]l be dilanassl. CarbwMais Ak £ahspa

Them s ..al fhoygh otlher 15 sim.lar cards could be used with

sati sf a(??%?;g?égﬁl té.YSE%?‘Bce%%%? generaidy, SSBFgEF?Fﬂcaﬁ:‘}mcm%ﬁci?ﬁt he

Et her net paodeseiXyE bapability. Ot r@sllaHd €00 1o¥YE @é’f?ﬁéo dgs n

el ectricagll Eonnecte&j through an interface (not_shown in H g. ? to

backpl angr%%ﬁ BFEiNg d3ED tQRF (HO ithe sySEeBoarbsn2boadhng| desbonar dat300.

VME bus 2Rto6%fealsfstostiesha méau%nmg HY 5 A @PQgR%sEﬁB%rO' aj d
S ' ach -

600 - and backal ane 800 to the nux boar 400. ] 0gi ¢ board
200 19nd PFRFBHLFH BPPdimant ooff the preserbr WMvENtiolVE iantevbackeeed

menory. ghbSessseUatchitectibre is ¥ ed 1w f gi ¢, hoar d
200 al't h%-u h a sim I%r .25c cier_clusi Sjs}%?sg%%gggl‘%gl ?ié)f%gélr:%kg%%@ e
Pr ocessoPr‘g@%ss?%a%ﬁ' 1s agipched &8 cpngrollbpards 6§0sct irca Ipresemeny ed
t hr ough MVpEs gn bnedl, t : on back 8Q2. It is
al so lyel e?:f]r:?ca}elﬁ)[g conneégtfz'edﬁfgygs%g%tro e?SZ 'Plaﬁgg ?Egrg#qér%eacfeé
enbodi nEFOCRBBPF olclRnd BMaikaklepEromd Thlendsy Caipuies?,1 5a FEERAsgR0 otfHeam

e _ | _ 5 gR0 oting
ot her conmorie (oA SR D et Wt sl PG ok T oh e Sk o RSN s

fl ash EE 922l eplgr Hyabhy ccomeasl to tenrRidierdet audbars SIME K{QH.650

Processgs coflBroidboMET866. - VME bus 650 is electrically connected

through an interface (not shown in Fig. 20) to.backplane 800 or

802, and then to logic boards 200 and I/O boards 300. VME bus

20 650 also connects through JTAG interface 660 on control board 600
“and backplane 800 to the mux boards 400.

BEach logic board 200 and I/0 board 300 has a local
processor with a VME interface and memory. This circuit will be
discussed with reference to logic board 200 although a similar

25 -'circu:':t' exiéts on each I/O board 300. Processor 206 (shown
- earlier on Fig'." 11) is electrically connected through'_VME'.
interface 222 to VME bus 650 on backplane 800 or 802. It is also
glectrically connected to a Controller 221. In a p-i:eferred
embodiment, controller 221 is comprised of several XC5215 FPGAs

30 from Xilinx Corporation. Controller 221 provides JTAG testing
-~ signals to -other -components on -l'o-gic' board 200. In addition,
"_"""'YE_:_YFi.'OI'IS'_"deViceS such "as” flash EEPROM 224 and dynamic RAM 226

connect to procéssor 206. Processors 206 can operate
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39 i ndependently when doing board |evel diagnostics, |oading
configuration data into-logic chips 10 or transferring data to and from
menories 208 and 210 (shown earlier on Fig. 11). L Referring now to

FilgI tZ)Oad the logic analyzer circuit for 39 the preferred enbodi ment system
W e discussed in detail The c.an y4 I,Ss_distributed Thi s
means t hat ipelepenaenfly hevhen IQEﬂ%gaH%g§§%r g?%egon?é?ﬂﬁasgﬁcéachlpSG%Fg
board 200 ‘M&'nlﬁguraifféﬂ rahtzedntyngbiyees CN'PSCQM aNegrans£optinl Bagead to
600. Events ., conbinations o states . in the de5|gP 10 '

underg0|ngamdﬂﬁnqmnmemﬂtlg%néegt%@dl%%deshﬁﬁnlGQFél@K'B§ F3-%n - 204
on the logic bogy C%_Sar eq?% QﬁNEeaE‘E COR| ne({ﬂé”' RALS Qi@&‘lyzerOEEEEhl‘ﬁn for

signal s 236, whi- gether in a special event |ogic
chip 232 (s:ihxmmprlerfelﬁrg:d 2oboddmenD gistem3will e discussed timgletwi nedhe

event s t ed

CYent 51 90l SnRHL AL of 910 el el e8! 9Bt Realll EHLE: Hoohs G0 I Fhe
evegt Si g(r)lal tﬂ?ﬁhb&yz?@ threug{)ontzlr%égg \l:zckspﬁelme m@imrbeam(rmo shdswie
in Fig. a) to the con oar t A d

AND gai e o BeEALIZSY  Puflariond 358 SEonYRERSa" MY BOBeaBY Poobarl6dd.
boar ds or @‘;@{tgp ihexes. combimatiions570fnmayignalri statesvein Silgnaldesigm

ot her enul| ati on boxe The final evept .signals go t the t.ri

gener al®r |weraaing @?ﬂﬁtﬁ’?lﬂ% e5ft 98?35651 851‘3\?1 ‘%ﬁ :g ggio and
trigger congifion 8RE 4@Rdid IKiEAACIO0 S| t‘I‘ﬁ@séoﬁdﬂdldbmmﬁéd 1ngpaelr&t emd
an acquire enabl e signal "238 which controls acquisition 25 of data on th %

| ogi-c boar dtRE: on HanaSH @30 whieh prggehen ANBed fogethehtt 3 HIRS

| s sent through bpbdee ERipt 2300 @%w Fi%y.2 204l éé\rmuh debag3ghenenth
676. The output o %elay eFenen Q. JL'nlslg%ffered by b ?ers %73)a d ©

sent . acr os scesaEiEingh eguy ngd evengoglgﬁaaslB§PCS§H§F?E%$ h%ﬂ%r?lQRﬁn§%ﬂ4¥}s
(o I8a Y RRE M e (PR AL AR hp e sgeeL o b are
generat or showi gimalBig. 20a). Separated event signals 2 then go through
' ‘the backplane 800 or 802 (not shown in Fig. 20a) to the control
board 600 where they are again AND'ed by AND gate 678 (which is
part of a logic chip) with events from other boards or other
20 boxes. Connector 670 may contribute event signéls from other
emulation boxes. The final event signals'go to the trigger
generator logic chip 674 on the control board 600 which computes
a trigger condition and conditional acquisition condition and
genérafes an aé@uiré enable signal 238 which controls acquisition
25 of data on the logic boards 200. The output of the trigger
genefétor logic chip 674 is sent through buffer 671 to connector
672 and through delay element 676. The output of delay element ™
676 is buffered'by buffers 673 and sent across baékplane 800 or
802 to a logic analyzer memory controller 234 on logic boards
30 200. _The' control board 600 alsc generates the trace and
. functional test clocks and other logic analyzer/patterh generator

- signals.
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40 89%‘?63?ri ng now to Fig. 20b, the data path for %g%’b%%m?%er
signals is shown. Data signals are latched in the |ogic ChIpS 10 and
204 and scanned out into synchronous graphics RAMs ( SGRAME) 210 on the
enul ati on boards 200.. The logic analyzgé 5 data path is distributed
across all the logic boards 200. Each Mux chip 12 on the |ogic boards

200 has eightRpfasrcngnaoWeﬂotﬂlg 2@b256kﬁ3&aﬁ§}§atmlﬂor Tdwpl SGRA PALY:
operates_at_high, pe the eulatio S. rynn to.save |Qqaic
analyzersﬁéPgig S'§Wn Eb?ﬁ? 9??£%x%ﬁe ﬂ?éﬁg?é %Po qq}(ﬂéﬁ%&?
si xty fouo- tandme0410andepscdn?edor%ardemezs’l lrsylnbhgﬁﬁoasalgs%phsﬁeedmgasi
channel and nunber robe i gnal s .as. sho t he chart bel ow
P e AndEbBY 210 R BRE QuRagign, Bodadsr b0 > (P hhel lomle, Ahiuaar
Ti FYBSmJXdéﬂﬁtﬁéth is a@.sMﬂZbuted b&36ss aldb4he loglc fol\a/ﬁgs 200. 32 -Hach

8 MLz 1,
3 456 Mux chip 12 on tgelloglc boapds 200 hf@Kelght ®igp connected to

16-1 a 286kF2 scrafK210. THS §@ﬂAM 210 %perates at 3igh speed #hfﬁ%
4K 27,648 (Al Signals) 64- he maxi num speed nunber own

‘above arBh@ppruipkaca 4ed rMrning tw&qfveeb@gm ngnakhyYERs pla@ac ar%at;az@rs
~design a@ﬁmébﬁ%ﬂthg?@k%é'ﬁﬁ wher® 6 RGRAto-one to st Qﬁ éﬁ
er It is pOSSIb e to

sufficient nu channe S are avai | abl e so that
prod evdegendingf @optbe Qesned chogic tmmetsmam i ¢hrargien | deptdoesid) .

Wien a s %ﬁér éf Egob@r % ltsh%sv@h%%n()flt”t% S'éﬁl@ &at el ement or

node is Phics Aalie | s en store |n a menory el enent
( SCRAM 210). By reconstructlng conbi national signals in -
Logic Analyzer Tradeoffs - '
Max Speed Depth Channels/Logic Board - Time-mux factor
16 MHZ 128K 864 2-1
8 MHZ 64K 1,728 | 4-1
4 MHZ 32K 3,456 ' 8-1
2 MHZ 16K 6,912 | 16-1
1 MHZ 8K 13,824 - 3241
.5 MHZ 4K 27,648 (ALl Signals)  64-1

15 The maximum speed numbers shown above are approximate and will
| vary depending on the logic analyzer design and the multiplexing
clock apeed. | ' _ o
At a .5 MHZ rate, a sufficient number of channels 'are_'
available so that it is pessible to probe-every flip-flop orl“
20 latch in the emulated desmgn 31multaneously When a signal is
"probed" the value of the signal at that element or node is
read. Generally, thls value is then stored in a memory element

(SGRAM 210) By reconstructlng comblnatlonal 51gnals in

software, the user can v1ew any set of 51gnals for several

25 thousand clocks around a trlgger condltlon -without mov1ng probes

or even restarting the emulator. When it is desired to probe a -



software, t dGE4oCaN View any set of si gnal s for several 25pCi/SGREE

cl ocks around a trigger condition w thout noving probes - or even
restarting the emulator. Wien it is deS|red to probe a WO 98/ 54649 .
PCT/ US98/ 10312 41 conbi nati onal
signal, the software exami nes the desi gn rkejl i st. A cone of logic is-

extracted in which each conbi nati onal g path leading to the desjred
signal is toueetnabienatdsignalr the sof EPHPn&Fé@léeﬁh&h%F%lﬁ%H&FllSt

storage el %%Enérhgf 1oaltc' iR Mty #nlhEOR 8acht ca&b%eerlraial RYic

of the design girc function for the desired signal i1s th
derived in p%trmsl@adang to thﬁedgﬁbraéeségéﬁénﬁt§ 6¢a@ﬁdemkwarﬁﬂﬁ simtll it

cal cul at ed Fortiidtes eithEfay o Pt ik Rade Rt aRACCFIENT 3 Bk oilop
using tbe dx ariatchsl pzsaa)tedawaexeerﬁaﬂ. dnpugt @rihgeherodeslgnd eXiher nladgic
I nputs. The_l ogi¢c fupcti I §_eval yat ed a each er of t

i nputs to I ‘%o’g?% £8ﬁeggﬁaﬁ§§§re hP&IPg d&f?et gefrm £ & ?cneernaseso%
debug sof t wi€. storage eiﬁmemmanpkeexﬂeﬂﬁar fﬂﬁutar@hmirwhnﬁﬂnéitanlhe
cal cul at ed 15 bg}gxtﬁgét%n E#téﬁcﬁgb ag%b%g 6. cone 3% ﬁh te g&nates

at stor ne ahtt®d n

signal E i sikyghnet &F wheneveasy SegaaatAng, tEe Qccéuacngeunc/alon weyaforthe
for srgnal E can then be displayed exactly as i f si cal robe mere

pl aced18n iRTewhkedsiy |sqyed b"l Syr &g y2bb 5§r9§@d?§ Bo\ééﬁugﬁ‘i’ ¥jernal

conpl ex desj giy,Ps ObtRES] ogkbl kuﬁbﬁh.gi'ﬂ h.EYevalu(a%%dma?cO e@%@%lt@'%@ée done
hi gher frequency if the ninbe i p-flops p Eglc chip 10 or 204

i s Irmted of the lnPAFSht@héirh%éé&}sF qorga cfwe@ae hi ghép ﬂﬁaﬁb@e‘s aHpart
t he n%ﬁ% goss yd@ﬂhg soEeRahe . to probe However, because each 25
20 g

| ogi c boar as |t own I ¢ anal yzer nenories 210, chan I ng t he
si gnal being probed e¢sample, imrhBigead! f@robwssrenahaﬁ can m%cnabam _

need t?§“369”&§9r§§?Enphﬁt@a@Gﬂﬂﬁﬂéﬁ;%h%iH§%§£E cone 133“%%&%&hates at

syst ens ng again to nsi de each logic chip 10 or
30 204, amstxeidageonimeoygiscBei Couil Eaﬁbcﬁ&%lgmdmdptlb Bhe Fber'eguation for

signal E is evaluated whenever signals A, B, C, D change. A

waveform for signal E can then be displayed exactly as if a
physical probe were placed on it. This'fuli visibility greatly
20 speeds up debugging for complex design problems. Full visibility.
can also be available at a higher frequency if the number of
£lip-flops per logic chip 10 or 204 is limited.
At higher speeds, i.e., speeds higher_than 0.5 MHZ, the
user must specify which signals to probe. However, because each
25 logic board 200 has its own logic analyzer memories 210, changing
the éignal being probed is.fast The reason for thls is that
probes do not need to be routed over the backplane, as in prlor“'
art emulation systems. N _
Referring again to Fig 20b, inside each logic chip 10 or
30 204, an additional logic circuit 2000 is added to the user's

ogi‘c Function®

design which is programmed into logic chips--10--0r--204.—-If..a .- -

custom designed logic chip -is-used, this logic-circuit--2000-could - -

be designed (i.e., hard-wired) into the chip. A number of



design which is programred i nto | ogic chips 10 or 204. If a .
desi gned | o&f‘p’gﬁﬁ‘b"gi s used, this logic circuit 2000 could chﬁébiég%ned'

(i.e., hard-wired) into the chip. A nunber of = WD 98/ 54649

PCT/ US98/ 10312 - ' ' 42 dedi cat ed scan
regi sters are added dependi ng on the nurrbe4r2 of signals to be probed.
The maxi mum depth of the scan registers I's determ ned according to the

t abl e aboveledbsdts@dseahededdaters a1y atidedi depeadikgown ashe aumber of
chain. D sposed between each 5 scan fl i@f‘)?-f,l 0%2 04 is%g éwo-to-one
ximun depth oho

mul ti pl exerSEARALS The Bt paebed. offhe ne .ggan; ﬁ?‘-’ijﬁ&ﬁ?s‘D '

of the scand |lddedhRihed ac®dditty &b ftild aMblid -abbve.fi EdcH Hadidatethdtan
mul tipl exer 2005 _i's provided by a node in the user's desigg. The
second._j npEegister tachlfgl knpwexas 20EFa halR dedPh§Pefedobehiieed sach

the 10 5T egegl gy 5,5580bp fAdgY fisd 04 6-ondNRu1 88bBSker i 2008 . . tthe tdiftput
mul ti pl gxers B%hf S t[bceddcdlwoél? %0(1);%@ tﬁeo?un.c?i oﬁﬂ)o'f ?/\ﬁ]i chis e. e _
di scussed bef cmachieultipléxen-200pLfomiy the drekdl ofy thee sgan flipdap
Si gnal 44. i s.-f,gﬁﬁg 104 fil S4d Bl ddd OFy

2005 form azas-dggﬁyrﬁg%?s e]?f%"ggsjég'n chai nf.lﬁcpeln |n92t%gde on t“ﬁé\ltll«?nigét%&of >
scan chai nsisnpirévidediiera aiods gital the cidnr's demisied, Thecsdasgidt gy 1®
or 204 will_have zer.o, or. . .pl i of,..sc chaj +Thg nygb

of scan chafds i tg%%]g%?er 2c |5p agpeﬁé@%ég?hebiugﬁ?lgr g*le?f“}:pél ops ?:he
si gnal 30t 0 gueepedbrgd. scanAsfEiptflopd 20Q4r ; t Bhesofsedaad wildpwssitgn the

signals to scan. 2 chai o.Mmpimze the,n r chains.and si npl.i .
the chip - muf‘b’cﬁfﬁ’é‘.’-rﬁgag prF&f Srish 8@88& 2@?? ghﬁagﬁﬁﬁ igh tov%/elm\?’elgs%é"ns
chgi ns and dietivssdd @4licws. Pahd egan Elip-flops 2084 azee relpckedt by the Mux
order to probe all flip-flops_ or latches in an enmul.ated .., sign., L.

achi eve t he*+oek 319 SH)t e TOH NSl AFTer iﬁf@nZSfll??ﬁ%:ltfpgst t‘?emjs)%aﬂ?d
chai ns and MRERANS1 dEr HPROGS ef Siim taM £€art Negider or gBdd igHati .Ng Depending

frequency. A bit of data is_output on each scan out put pin, 2006 for -
every éycl eoBf the lengthneti preR; aan&cka.nf the numéggeﬂffr@l% $oth &e

20c, |ogic gRaheder e%‘é%ntﬁo?:[@ 8hsp 10 &FsSboibuiiad onatvdezkeg,c hoey dor a
200. This ‘avoids the need to 30,6 route desu%? S|ggalsagogﬁgiggtkggaFoiven
events overPlweaphEKppgnecan chains. The number of sc g
chip depends on the number of flip-flops or signals to be probed.
As explained later, the software will assign signals to scan -
20 chains to minimize the number of chains and simplify the chip
routing. In a preferred embodiment, a maximum of twelve scan
chains and twelve f/O pins per.logic chip 10 or 204 are required
in order to probe all flip-.flops or latches in an emulated
design. To achieve the fastest possible logic analyzer operating
25 speed,” the scan chains and SGRAMs 210 operate at twice the timg—
multiblexing fréquency. A bit of data is output on each scan
output pin 2006 for every cycle of the time-multiplexing clock.
' Referring ﬁow to FIG 20c, logic analyzer events are also’
distributed -on the logic boards 200. This avoids theé need to
30 route design signals contributing to events over the backplane
800 or 802. Events are detected using additional -dedicated logic.
""2000 inserted into each logic éhip 10 or 204 on the logic boards
200. ' ' '



800 or 802. g\égléi%&re det ect ed using additional dedicated | ®giTas9s/1032000

i nserted int | ogic chip 10 or 204 on the |ogi
. gi ¢ boards 200.
20 98/ 54649 . . , - PCT/ US98/ 10312
3 Signals contributing to events are latched by the sane scan
flip-flops 2004 used for |ogic analyzer data and previously shown = in

Fig. 20b. These signals are then routed to JTAG

det teﬁt olr S pomaiﬁwmamh‘é%ﬁ-rﬂ)l@ (?ﬁo@%ﬁ%i%%l%:h& é-‘hea\%d eeatﬁcean
on the logig.chins 10, i &R a0 844 ReRy trget ' ' '
edge decodé"l&%_ 5 Tzc?r%%lgsg tgfg&e?\'tsgie leig\g%fg.diﬁae agiwhémie‘(/ie%g% Vsr???
i nls![ Qel each_rizglog:. czdﬂho. 1(Cheds! signaks axsridihar nopred o q fERpra zble
mul tipl exer nd output to. . t e ' d / | LK

(al so showrddr Febecsany fomatieias; Rip ihBELER, 2071 M@ty | et
g{/gpal ﬁgf rcgq%j_‘fml_e onrﬂﬁpéh. 10hdcbaztiips el8, &kht ¥hishl 2za etheandHiR e
) ackpl ane to theg control board, wherg, the : D 0 t |
event  iQ@RFRST HIARA hé’rl_d&mﬁggﬁong%%%?%% andli(;t ﬁgfrﬁgégs-éﬂg%é@yent
{ﬁzul Elozgrg%/ﬁﬁ 3 ¥i Oprevenyhei gosht edghhdst ingdde kaghc logis Ehin 50,0204

¢ ard where "they are used to e

acqui si ti oraxmappBbiRgdotier Hod PhdlS e g ?B?géséﬁﬁpga and output to
| Si gnal s congy bé{ﬁ% ish PSS R eRatdefiighad sbp36h¢alser shownoint Figg. 20a)
enul ation system before conpilation by filli n% out a form

di spl agéd twhehe they @ueradmin hBNROPRs WA hc?on%‘é%‘%'%dséﬁnaé%haflﬁié‘? other

enul ati on m I ' ' SPEeE 1 §i : |
| ogi ¢ bl ockéé{(?%%Bs) Tlhr? t oeatﬂlao;]iec‘}%lhi s 10 Sg lfﬂlfé%gl %gé tranﬁsmj'{tlril:@af gd){? che
bui | di ng blbakkpliesd to ichel @mﬁ_trorlu%@ﬁ%ameﬁ? they ﬁ‘%&”@j c%‘? p"%l‘%b,g‘%%%
Wil be fesgéﬁggﬁgufﬂ‘ tr@t}?&Tthﬁtﬂa@lon bBEeAeSSah@ adiwr albdoxdw  The
necessary evei ogicto fit. ny 25 nunber of signals can.be, regefi 21
with Fnl_y arebul tihgi spatem wide gevenipatianalEasey G%Pnﬁ?éﬂ?eFo&PgéEBg pBr 67
signal ) Neg S gpal SconerofaNAl 28 Rfhapdledly carheubull eemibfickate an
conpl et'e. S |1 require an increnental reconpilatjon_andg

redownl oad heqaiedtdon enaiddi tanshaitheiyelegtecanrbyzed FRREECLNELABRS -

3;2PaL25 nee al%i%%aié”E%ﬁ%f%Hﬁﬁi&Et{gge98n€¥eﬂ5§ Bavadraerdedy nere tber
of the emulation system before.compilation by filling out a form

that is displayed to the user prior on the workstation connected

20 to the emulation system. If this is done, sufficient
configurable logic blocks (CLBs) in the logic chips 10, 204 (CLBs

are the logical building blocks used to implement functionality

in logic chips 10, 204) will be reserved during the compilation

process to allow all the necessary event logic to fit. Any

25 number of signals can be predefined with only a minimal impact

on cépacity (approximately four CLBs per signal). New signals

can also be added after the full compile is complete. This will

require an incremental recompilation and redownload to create
additional edge detectors and route the new signals. Once all

30 signals contributing to events have been defined, the user has

. . .total flexibility to change event conditions on the fly while the
eteme — . emulation s running. Breakpoints, trigger conditions and

conditional acquisition conditions can be modified and the logic



total flexibility to change event conditi
ons on the fly wh
erTUljat | ONWics9sr34e49 Ng. Breakpoints, trigger conditi gns lﬂg,?ééébﬁ/mslz
\(;\eon9|8'; |52221I9 acqui sition condl tions can be nodified and the |ogic .
~ PCT/ US98/ 10312
44 anal yzer restarted without sto '
ppi,ng the enul atio
possi bl e by u5| ng JTAG programn ng to sé‘trll up the event Inog;r(r:]I o1 made

20 h
¢ shows an | gﬂe& S d| Q1 Rt dtopping f‘lﬂlea\amxlathamd Jdd® I1<?g|nt,ade

[ neerted vided into sgan profelatelg
flip-flopsog9Ddlandymbing gggssprogrg@ygng %3‘3’ S e(r: corrpérlefsj% Cscan

flip-flops JTA thdy
detectors 2018&%1gd %IO ﬁ’owse hntl?gzzgjgzr}? 0&21201%1: 2004, wathen, J1 @Vent

cannot beysaveskdm tlbe;jmannser'pemopsTEQQAdS%).lg‘Be&a%sglf’ﬁggtgeS% ?s ehange

as the logic analyzer d
are used If%g%éﬁﬁﬁ%e ata Iécéft'“r L%‘iea gllgufloﬁgu&oweahdf Im\ﬂﬁﬂpjpg:@cﬂo

contribut 5ggst 0 even@veflé§15fl'éte eompr gyl sl%\éflr O%iigl%t&%é’rsgggghbd)nc nﬁt\%e

next scan clock after nre t
O ock 15 istgnirce0@Pi&| aéf{]s%@df'be? o%é 8%& géap?égﬁé&tghgmg'gn%g?ir

2004 coul gdﬁ ﬁe%rd%'ﬂ elpizhadow regi ster and tristate buffers coul d be-

used to | € scan data onto the scan
{
the event fli pEMe@qcts AR b SRR K| 3ou Pih Q?’%S scanedfglel d_e%&clf%?zomom

2018. . FA9R AGLER! €h3 2OABeAtS éﬂ%éS&ﬁ e ngwanadmercéetﬁeﬁﬁrﬁ bifted

Each ry i1s loaded to perform
LT evel /! edafenisd
for two i oquit. Si @MS& apyent f oﬁé-h@v o&%&&t ‘%The out puxfgﬁ??(r;m

al | the CLB memori &hd_ %rel?gbegglsr&tté) goe eafbht argnaam contaadndstAg

the built 99t rent ecoders 2012
to formo
| ogi ¢ chi rev%tslo Tﬁeemve@itgﬁagés‘é?é ?%& snolt rf‘fgé gﬂﬁt I"*?E)Fté‘lx%lar%c?é‘zo

and qp ! r#%&; 3 B Sts%fa‘ﬁ %éf@ﬁe.%ozaoathwaoééro Ywaded ByeBraden€lock

user si gnaﬂ or any ev it
event $550 semﬁfal IO (disenssad helaw rrgleéﬂfittet o %tdueh'é( et register

memory usefmd . S8dgqd Lﬁfter 3fifel SsRageyaTER sted aer £t hetdTACHESerS
could be used to load the scan data onto the scan output pins.
Outputs from the event flip-flops 2010 are used as inputs
to the edge detectors 2018. Edge detectors '2018 are comprised
20 of dual port CLB memories. Fach CLB memory is loaded to perform
the desired level/edge detection for two input signals and
produces one event output. The outputs from all the CLB memories
belonging to one event are AND'ed together using the built-in
wide decoders 2012 to form one event signal for this logic chip
25 10. - Event signals are then combined using a multiplexer 2020 and
output to a tristate buffet 2022 at the I/0 pln. Every time a
user signal is needed for any event, it is attached to all elght.“
events so. event definitions can be changed at run time. '
The CLB memory used in edge detector 2018 is programmed -
30 over the JTAG bus. . This is done with a counter: 2016 and decodef
'2014 by using the ‘dual 'port” memory“feature -of ‘the "preferred
embodiment logic¢ chip’ 10, 204“‘“““For ‘Targe~ numbers. of event .

c1rcu1ts, creating and routlng select signals from decoder 2014



2014 by usj jual port nenory feature of the preferred perussiiasg ment
i - i

| ogic chip’ For | arge nunbers of event circurts, creating
and routing select signals from decoder 2014 WO 98/ 54649.

PCT/ US98/ 10312 ' 45 can take a
significant fraction of the logic chip 104gate capacity. As an
alternative, a shift register can be created containing all ed

e

det ect or ne@mr iteke2028. signifigantr facielon ofhohRgerlogreyehisp v gﬂd(ﬁh@te
access. 5 . Fach sj | but | 0 Q- I AR ' y
four CLBs cf)? 2°a mal I%sg%un%ﬂg E%ggégggdraf cﬁﬁeﬁgﬂig%}t:ere ?gc%g %é?%&lis
assumed t hadnvhakniéngr adlsiegiyel defeniimd memerieeecd8iBy Thilspgltemnative,

inserted to allowit_to u “any or all =~ of the eight
events. Ifh?%%vﬁ§érp§8¥85§?e§%g£%§¥E@ﬁ%ﬁgﬁh event 10 the.signal _was to be

used for, only maehhaignal eofitBibntingbeo an evemtcequimestipsromimately

" significantly restrici the abiJity to, make, changes e copdi tions
While t ho EORF AeVBh BHIS Al mount of TRETReAR 86% e ciTAG FRTCsEage:
for each signaly eyefiimed €REBI RMdrver SapEQghaled iddedpt ebe mecesséry

the following 15 conditions: Event Conditions uati on

Mhenoni ¢ 10980 besdnsented to aldpw it to be usedjas par%q8¥:anycp{e§%}
A=1 of the'ei%ht events. If thel @&r sped%ileﬂliﬁhc'%f whiclr event
Fal | i ng Edge A=1 & B=0 R RISIH% E %F. A xor B
E 10 the sigpplpwgs to be miged=for, only omg-half of a CLBgwgyiid ey

0 A=l LeBalred, Put tBhis would signiBlékbh€1dt r@strict AnNGbBity to
S gtab eat alor O 0 . i '

Don't use makgmathanges to event conditions while the emulatlon was running.

The edge detection memory 2018 for each signal/event

. combination is programmed to detect one of the following

15 conditions:

Event Conditions

Equation Mnemonic Description

A=0 0 0 Level

A=1 1 1 Level

A=0 & B=1 F Falling Edge

A=1 & B=0 R Rising Edge

A xor B . E Any.Edge-

A-0 & B=0 S0 Stable at a 0
A=IJ§ B=1 - s1 _ Stable at é 1

A xnor B . S ' . Stable at a 1 or O
0 - ~ Don’t use signal

A logic analyzer cycle starts with the Trace Clock Signal
20 2002. Trace Clock 2002 is not a tightly controlled signal. It
is only guaranteed valid at the rising edge of the Mux Clock

Signal (MUXCLK) 44. Trace Clock 2002 causes a synchronous sample
of data to be saved in all the scan chains. It also starts the
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C ock 2002 causes a synchronous sanple- of. data to be saved in all the
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conputati o tTh%oR%%&le%\ﬁel CYHa Sodé £d S Aetvello éhents a@nt sehtnuhil ehe
600 where t ey are AND e

t oget her and used t control .the tr er
gener at or taaterodchodule7$00AMheres hey| are ANPa@Q EPgeERSE | %égg fd to

trigger gengg,fg,g% p%]ﬁé‘”@é%ﬁf}é%&ﬁéfétér Epabbenstnnat 838t hakteenikeslesal

writing of on | ogic boards 200. The circuit then
remai ns i nantace ochock peeiods,nthe Trigoed EFSOSHHELOT producengglgcqulre

analyze data,i s store qaﬁ&.ﬁ?”’ r Sared
earli erg ?c‘}f“k?]; |%l%a§r" aé%é@%ont al ns y ﬁtef'gﬁ foc)fu#a%u%x(%ghltg% 12, eaczr}o
of which hasn e].cgjlic Mowrd=plect edheocamcuit mlxmn@,nsrmsactm airyid, 34ves

= 432 data channels in_the Logi c anal yzer data is stored in basic
units cal | RF¥F afeace aC °Ck$£§h% is generated follow ng each trace cl ock

2002 and consi stfogic Qhaﬂyzdﬂuﬂiwéalsméﬂuxédninoaausfmnn1¢aeh|@@mdaﬁmqm

10 or 204 15 scan chalns f
| ocati ons RRE¥Rke ¥§DSFBt§9xF9ribﬁF NﬁécglgEﬁlé?ghgﬁg(k@%c%ﬁ?k%lggu& @ﬂy
Eﬁagﬁg gatefofktﬁﬁkcéhlﬁéaME | eaks 8f WwhlitaAwhas eight pins connecﬁﬂﬂeto an

0
Data 2 SGRAM 210. Thuspgthere areF§%£%31_432 dat%xﬁq§q?é}§ 1n the RAM.
Data 1 25 Logic analyzer BRaka 4s stored in basic units called frames. A

frame is generated following each trace clock 2002 and consists
_ of all the data shifted out once from the logic chip 10 or 204
.15 scan chains. A frame may fill from two to ‘sixty-four RAM-
‘locations and take two to sixty-four Mux Clock signal (MUXCLK)
cycles to generate. A typical frame looks as follows:
Data Channels (432)
_ Frame 0 Data
20 : : Data .
Data
Data

Frame 1 Data
Data

25 : Data
~ Data 3

A minimal frame would take only two RAM locations. Frame length

N RO WN R O

is always a multiple of two. ‘Therefore, legal lengths are two,
four, eight, ... sixty-four RAM locations. To meet the SGRAM 210
30 timing requirements, sequential writes within a frame are done
| into opposite banks of the memory. For the minimum'éize frame,
one word of data is stored in the low RAM bank and one word in

the high RAM bank. B



Data 3 A m ni mal frarre woul d t ak -
e only two RAM | ocat i orecT/U 2
|els ﬁ![ vvaysW&)?ﬁ{ﬁ“é‘Fﬁ‘pl e of two. Therefaore, legal lengths are two, SE'Séil(mf Lﬁpgth
regui reﬁéhtzl X:[sg f_ouJ[_ RiAM | ocations. To nmeet the SGRAM 210 30 timing
, sequential wites within-.a frame are done i i
banks of the menory. For the mininum sizgy frame, one wor:ann? gg{ogs:tse

stored in the | ow RAM bank and one word i '
. n
V\D 98/ 54649 L Loglcb board’ memory is 256K word%g%e%égg/ %aﬂémory is
0gi c boa r
d' vi ded ecéq,raq.qi?d, ﬁﬂBa'ELSnyr rT%two se &%aﬁ%ﬁeﬁﬁgiéﬁhd blowks,i #ach oF

8192 wor dg ﬁ@g HEY gngiZUderﬂstmémd@%nqh\éidﬁz@e?‘f’%%s‘lggg %nﬁ%%g on ?%as

frame | engt Bl ocks are fixed | 01
and
boundar i eéepewiﬂ-ﬁlgn Qn bFB@k ’A‘ g ﬁé@h %logitc%?ége?;ﬁ%ﬁ%%g l&(?r der d%ﬁ?

there%s geﬁgggr 528 rof ofnr@lKe%ord blmirmkaendﬂ ocRELEhN & rRlRek s r BRFAESF FRY

“ bl ock

e a hi her tine ap.alds f
earlier bbeclstored 1n AR pP R %legblé o%?dgrsrenr%)r yég%i?is)rg{eﬁ gﬁrzmteson

h
the 10 dﬁﬁéﬁﬁ% LSpilekse and EEamé%pEblomf antabey bhopk wWidll BpVe. @ bé@ &r

nmenori es used i n the fut
A tinmest alﬁﬁ_m‘e&bmp yaﬂa&%cﬁh&#&'ﬂ:fo‘gial o g%ﬁ?“(%ﬂwgagfiggﬁblecwv%l) alo)|r1et he

'(;'ﬁgt rf)loglbgar gn e&&&ﬁ' ey q_gglaérebb§r§amédxo¢ly JZ:‘lOti:e degiendssdy dan 2gbe

Supports ~ a condi tional
g‘é‘ggrs]:é(? Eghésﬁ.?hh\éx&uiaﬂhoﬁmnagdnﬁyeodegﬁg chgtm%ory Liwfplﬁt 'tace%}r}auil bol%orr;[alrm%epgy S
on e val ue one ihergwentuturesizgnalargad/ HGRANMS imelcéﬁle
state of f‘??é“qrrlreg@ef“agta e machine. 20 Conditional acqﬁl sition al Fovvs nor e

efficient 3488 Xdbide nmenory - since only significant data is saved.-

Condi tional acquisitio c
generated on t lmes%éﬁ‘?ré’l ﬁl(?ard§68éjvgg Eglrzéll ?mguglrg@ﬁ?ﬁefsgwn 238

approxi mat@ly. 19) &QUthér eomtrbd 0 Qovld on
the 25 Acqui re En)abl e Signal, cbbchoaatt 6P 0achFRcE otk T2302 tlo generat
“15 " “the 1logic boards 200.

The logic analyzer supports a conditional acquisition
option. This means that individual frames may or may not be.
written into memory depending on the value of one of the event
signals and/or the current state of the trigger state machlne

20 Conditional acquisition allows more efficient use of the memory
since only significant data is saved. Conditional acquisition
is controlled by an Acquire Enable Signal 238 generated on the
control board 600. There lS a pipeline delay of approx1mately'
foui trace clocks after a trace clock 2002 to generate the

25 Acquire Enable Signal.

Because of the delayed Acquire Enable Signal, it 1is not
pos51ble to determine at the time data is available whether it™
is supposed to be saved or not. Data is, therefore, always saved
into memory and overwritten later if the delayed Acquire Enable

30 Signal shows that it was not good. This results in the data
being saved into memory 1n essentlally random order. The correct
data order is recovered after the logic analyzer stops by sortlng
the timestamps saved in clock RAM 612 and distributing a set of
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det . . : . TASSDS/

Savg(rjmope\r,]‘&)tt%;gg@,‘gtl me data is available whether it i s TSU d

saved | tte(r)I I-ath; a :cst ht hgrefore,- al ways saved ~ into marmfeoaiﬁd to be
i e del ayed Acquire Enable 30 Si i

was not good. This results in the data bei ng sa\?iagnﬁlntzh?r\gsrmwaitnlt

ess '
entially random order. The correct. 48 data order is recovered aft
er

the |l ogic anal yzer sto b ' ddes do e
612 and dicintersihg SQEE‘[ X&%?'rct pedrd pV]\:D. 98/§564649 @npsTlsavpgirlﬁeé?FoéPoﬁAM

PCT/ US98/ . . .
le.
%gégﬁbys:.cal memory location of each sequeqi%lal dab%a} rﬁaenrt% et ; (;ralilceh

| ogi ¢ boa ce 2 :
| ocati on Mtwﬁhogég%eﬁggél Ig:llgl%lgg%%r go S?ﬁ\eg blokRe offhhiec alemesnb P CATSE

jimted o ong bh@E@s%fax‘:ﬁ‘ewemmﬂsﬁg@_eparoun@?iugi_gféé?&;gtg‘%?gﬁéa#ﬁd ess

wr apar ount®of*% he menor y ~addr 65§ 5. -
be di_$3ardednaersooﬁ?h&s%ldetslgfgiiﬁg’ﬂ‘ecé’guc%&:ﬁ muSte Y Eacaidunk a8 sem ARIst

| ocat i - = er wites again i :
674 Oho?thggg‘adgles@'%Emter writ_esT_lfxgdiagiimt@nétlky-téﬁ(i ![],r,]qj:‘lrar}%,zg FE&%L’.’:ﬂét
of data a vy oard al so has a Bl ock Register in which fi b!p

total). }-ﬁoFo .Sa\(;?dt af t :r each block.is witten (one-hundred si xt.veb' IttS
' "f’l} el?glg? ?Hhi%éke dont redl Usogifc tmmcéﬁﬂrénErélﬁ e'g%?{éﬁg

for
whet her e&,h,%a(:hxgm:]l@dvas rour Trames wiitlel  Rn®fivd i | f
asw at BoACKnREGLEEGTorHel PR %Ll S iegpee daca are

to saying that ' ) IS - '
o saying that, Acquir ¢ Fnabheyassvakideér (emethunduss .ty S FoERY Ehe

. 0cks not to_ ov -
_22;& P'eog h@é}bﬁﬂlﬂebsﬂlﬁ@& hoel. s iareeﬁhergaélda?‘réls'g‘%? tél%e%di,;ﬁ%at%%lé; gl for
Gos e & sam ceCRER| ARl el IR e pe O
ACQUi o Erabl bt St UEodk oblasReuatEen oiBecsorted, SEFSPIIMIES 1o
- S

good or not. The nunb '
t her ef or e, eqakya g} Og?e rsé)};ir?g(ftt%aét..%]@@ire Enbpbagesas nvald obdkr regch trace
’ : I's needs to be taken into accbunt when

creati : ’
wor ds 1%? t@goakt durlngOﬁ:hléObn.to@iG_ for the emul ati on boards. The last four
- 7o force blocks not to overlap, the last four frames in

each block will always be written, regardless of the stéte of the

Acquire Enable Signal. These last four frames may or may not
The control module processor.examines the
s in the Block Register to see

The number of actual data

"contain good data.

20 corresponding Acquire Enable bit

whether the data is good or not.
frames in a block may, therefore, vary by four.

This needs'to'be taken into account when creating the set

of pointers for the emulation boards. The last. four words of

logic analyzer stops also may oOr may not
This can be determined by flushing the
into the Block Register after the logic

25 data ‘s'aved before the
contain good data.
Acquire Enable pipeline
analyzer_stops.

The control module processor 700 is able to read the

30 address of ‘the last frame stored before the logic analyzer was

' stopped frpm“l"o‘"gi"c“"“a‘ﬁ;‘:i"l‘y'z'e‘r““‘c‘ontrol'"chip' 674. This is used to
determine t’ﬁ'e"' ‘'Iast data _bl__c>_c')€""Wri’tt'en'. -~ rphe first data block is
either block 0 if the address counter did not_' overrun or the next




._25 dat a saw ﬂ?ﬁkwe t he | ogic anal yzer stops also may or nayc-fygggs,mg,n

contain good d This can be determned by flushing the Acquire
Enabl e pipeline into the Block Register after the logic . anal yzer
st ops. The control nodul e processor 700 is able to read the 30

address of the last frane stored before thggl ogi c anal yzer was

stopped from |l ogic anal yzer control chip 674. This is used to

det er mi ne thghestbkrek. Wng l@dddtional stagusi pit ast &eﬁﬁééﬂrYsWhlch is set
either blo h S r i

WO 98/ 546 43511@11 £hLN54AddESS BotRt R e bydird Ul U8 IgéiTg/] U%g%%éjzgé

49 hi gher bl Boe. lass- ai@mat ibdrek heitng writtennwhessihg logdlc ianakyzer
when t he ad 0, e S [

data bl ock. %&?ﬁée& ‘Hﬁ, ﬁgf’ﬁ%e %rg%?%ﬁa%% éyztl‘;'elr’:E fFam ppedttelf' l&ur%ﬁ%bp@e -

cont ai nSSorm@VﬂoﬁsampwaMmd doti mjmd heddﬁesér_egﬁihusew ap-tl:he:smdmnfstt Hee
address count er. hese stz _be car s t,0

di scarded c Jns%%r‘aggerm'ﬂgu &J;ames s%?t (gﬂﬁ%a]fq‘n t ‘?md‘:?’éﬁagllélﬁé by
di scarding Wthiﬂ?nﬁithhﬁhedtlmbatamp kramas:t arpl earécae:rdmigararinmﬁés estat
timestanp in the fjrst at assu

Lhe frans IR 1A vEIGHATR (EAAPT thag thioeas eRrty LBRPRAmS Thokke nBtest
ei ght framegapLrpbbekk (instead of 4096) and the nmenory had a depth of
tvventy four %I nstead of 262, 144). The | ogic board and control. board
menori & m gherha¥ampPRE . f EPYMen §hakt &h&f £&amen d-angite was QR r (instead

st opped 1%f two to s:th&Dﬂbﬁrﬁoardthere @é‘i‘émel% dfrﬁi’n@‘ék 569' Séféck

Addr ess Dat a Meno X - Tinestanp .- Sorted Acq.
0 (instead of 4096) and Yz memoryp had a deRj:ﬁlof tWJ_enty—four
ég (1ns1§1ga3005 262,144y . Cayy qroglézégoard and congréﬁ b%aré memories
94 mighg have the following data after the logic analyzer stopped:
15 : Logic Board COntrol Board Block Register
Address Data Memory TlmestamE Sorted gkgg;
Enable ' |
0 28 43 0 0111
1 18 | 47 |
20 2. <- Counter 17 : 45
3 92 | 4
4 93 5
5 94 6
6 95 7
25 7 96 8
8 3 13 0 0101
9 1 10
10 2 12
11 5 27
30 12 1 29
13 14 - 30~ -
14 8 e 3
15 27 32



g 8 WO 98/5464995 3 7_ 25 13 : 0 ngmswg)ibzl
9 ) ’ 1 10 10 _ 2

12 11 5 . 27 30" 12 7
29 13 14 ' §8 14 8
15 27 32 WD 98/ 54649

PCT/ US98/ 10382 3 33~ 501 16 - 0111

3 - 33- 1 0111 17 9

34 18 17 ' 10 2 35 34 19 11
37 5 20 18 12 190 39 35 21 ' - 13
40 22 . 14 41 23 ; 17
42 - Addré8s overflow Bit = 1o The adif ess counter stopped at

| ocation 2 gagd the Address @Qeerflow bit is set. . This neans that the
bl ock fromlocation O to 7 is'the last block and the bl ock from

| ocation 8 8 15 is the firdt3 block. By |dbking at the Acquire Enaple
bits stored gor the first blygck, it can be getermined that the franes
at the end E ~of the first block at l[ocations 12 and 14 are good and the
frames a8 the end of the firlsk block at |oc#ions 13 and 15 are bad.
Al l ot her, Jfr ' .Qck are good, otherw se the address counter
woul d not h§98§fF§cgf§r‘r}§nr}tftéLgﬁ’t ?]T e_ﬁllext bl ock. After sorting by '

tfnestdmp and reffbe rgddessarbutdier; dtwppedsatblochtien 20and the Address
Em) at il 2885 £10w BV G S Yrnis Ml that the BRI 1ocation 0
2 , to 7 is the lastZblock and the block from location 8 to 15 is the
first block. By looking at the Acquire Enable bits stored for
the first block, it can be determined that the frames at the end.

15 of the first block at locations 12 and 14 are good and the frames

at the end of the first block at locations 13 and 15 are bad. All

other frames in the block are good, otherwise the address counter

would not have incremented to the next block. After sorting by

timestamp and removing the bad data, the first block is:

20 Emulation Board Control Board
" Address Data Memory Timestamp

9 . 1 ' - 10
10 .2 12
8 3 13

25 11 - 5 27
12 7 29
14 8 31 )

Note: The iast four frames in a block will always be in sorted
order so bad frames may be removed. either before or after sorting
30 by the timestamp. |
The second block is procéssed next. The frame at address
23 is bad in the second block startihg at address 16. The block '~
does not need to be sorted because the Sorted bit for this block '



8 3 : o 13 25 11 . PCT/US98A0312
27 1 WO 98/54649 :

7 : 29 14 8

31 Note: The last: four franes in a block will always be in sorted

order so bad frames may be renpved either before or after sorting 30 by

the timestanp. The second bl oddq i s processed next. The frame at

addr ess 23 is bad in the second bl ock starting, at ddre%f:%%nkp“%ﬁgOCk

does not ; geggk t Pn bens oBLedk bRegiister he BHiaR KAV Tt LI o ’

VIO 98/ 54649 o PCT/ US98/ 10312

51 iBleek 1AokfeldKSik Register. After renoving the bad frane, the

bl ock | ooks Iike: Emulation Boaxdnl at iQante¥ Boardcontrol Board

Addr ess Dat a Menor Ti mestamp. 5 3 :

33 1Xddress gDééa Memory rEiﬂEﬁééﬁE 18 - 10
=35 - 1 1% ' 333 20 12

39 1P 2?5 3 ' 4@- 22 14

41 Theg | ast block, starting at address 0 is n_ﬁlprocessed. First’

the frame is sorted by tf stanp to give: 35 Enmul ati on

Board 1_BC‘ontroI Board 5 Address _ Dat a ybnnry Ti mest anp

3 19 92 11 - 4 43 93 -

5 5 9 - : 639 6 95

7 20 7 20 9?3112 8, O : 28

22 ' 14 . 41

The last block, starting at address 0 is.now processed. First

the frame is sorted by timestamp to give: .

Emulation Board Control Board

15 Address Data Memory Timestamp

3 92 4

4 93 5

5 94 6

6 95 _ 7
20 7 %96 8

0 28 43

2 17 : 45

1 18 47

Next, all frames with timestamps earlier than the first
25 timestamp, in the first block (10) are discarded. This leaves

~only three frames in the block.

Emulation Boazrd - Contxrol Boa;d-
Address | Data Memory - Timestamp
0 | 28 43
30 2 17 45
| 1 18 : 47

The Block Register Acquire Enable bits for the last frame

contain the last values from the Acquire Enable_pipeline. lThe



2 17 45 1

47 WOBI564%,| | frames with tinestanps earlier than tﬁgﬁsﬁg@«»%
timestanp,-in the first block (10) are dlscarded This | eaves ' onIy
three frames in the bl ock. "Enul ati on Board Cont r ol
Board Address . Data Menory 52 Ti mest anp 0

28 43 30 2 17

45 1reglster contdfits for this block are 017. Thls meandhthBtothe
Regi st er Ac uire_Enable bitg for the |as ntalnthelas

val ues frorh % BEguer @tEnéagEeﬁFpg i he. “Rd the %/ E¥Bqoframes at

PCT/ US98/ 1Q3ilZess 0 and 2 are good. The low order bitis mea(rﬁgigillefys since’
contents for this block are 01I1. This neans that the

addr ess 1 |°§;ﬂbédthﬁéet K&amererhayp PeanRedratten tRigkRis Bl QHEP 2 at@e é&&t
The | owg ci’qh ﬁén”f@@kﬁgifﬁé.s' nce only three frames have been

wrlttento ock e last 5 block then | ooks |ike:
Enul ati on Board Cont r cEm@batijon Boandr ess ControlDRoarrenory . —
'{|7rrestarrp —————-Addroess Q%ﬁ@%& he conpl e%e—s-et—ng'meStam 43récovg)red data is:
Enul ation Bpard  Controg8Board Addr ess 43Dat a Menory
p stamP 9 13 15 g | 3 43 _.10 -
13 181 and the com§lete set of recovered dat37ls. 12 7
29 - 14 8 . 16 3
33 20 17 g Emulation Boaxd - Cog&rol Board
Address Data Memory | Timestamp
° - 1 ' 10
. 10 S 2. 12
15 8 3 13
o1 5 27
12 7 29
14 8 31
16 3 33
20 17 9 34
18 10 35
19 11 37
- 20 12 39
21 13 40
25 22 " 14 41
0 - 28 | 43
17 45

The software required to program the preferred embodiment

system will now be discussed. The software is updated from, and

30 therefore different than the software previously disclosed in
Unlted_States Patent ‘Nos." 5, 109 353., 5,036,473, 5,448,496 and -
5,452,231 "and 5,475,830, the disclosures of which are all
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o8 o progran e et g oot Systen i1 powe "L
(he- S0 i pigviu wedesal byoaszenca {BqE8o G LRaghorm S
G scl osurEia o2t oh are il w003 sapdg o o820 the

PCT/ US98/ 10312mo  source netlist could be dlresSly IMRREFSdfeq
: ?gaﬁee_gﬁéﬁﬁs%mﬂ@%i]foé’co_t_'_!...F.-.B%&Eﬁe_éggg\‘a}ﬁ%ﬁgig sfhfhedis progran 7002
produged icR. 480461SY0EReS el omsge 169at hestackod B PO - &FRR
liI%6,”e;)r%%jédgmi:grngpMS:b@ha\ﬁxﬁ@ms{ :;E’é’st'be%h %ﬁ%??ggallo_ﬁ.sﬁé&géﬁ%%?al
0L 08 R 1004 vaague s 000 S o o

. ) F d Veri i :
ot | eapingl gite nveBatextoRStIt T MR ALY 1 Sh it peh  sts.

?ﬁgle_ric e speci-al har&warg cell's.  Special hardware;gekls)
| dapttigf TBHRLY¥aBBCABELLAL] GOrTeE! whmbca-épreEE%SPtg& by ddfgbd8e 1oRIsAL
that pr evaabsaries P;EB% bgirgﬁbtrgf%%g? f,g%ggﬁgh%cggﬁbgeclﬂ?%ﬁle@eIdeé.ltmvegenérgg
Chhs"S0" Lasacl o sgm st ommaror ceiaaus | e en R ERE 218
! of netlist i, . . e -

cho ce_andnglicecrene=Y sBncidg dation, LR B oo e
Che moot ‘_’%ﬁm‘ﬁ?{rfé\}xetcOﬁaabﬁar%em_rh__i___eﬁaweh_i,th thel [hseraqqhi inbéoﬁ‘f’-flﬁls‘?d
15 cells have a.£T3§*¥H§§§pE8$Qn€§ $HhER! ¢dordie O8f eFlattened and

split among several logic chips 10 to avoid timing problems when

routing between chips. The choice and design of netlist import

dat ab i i brari rat =
o apase &8 'gg%'ng ve[#dfé%réﬁa Ral 5N tHY engtThstal iptdefametinternal

software is a matter of design_choice and will not be discussed
further. As discussed, a flattened cell is one which contains

20 no hierarchical cells. "It only contains the most primitive
components such as simple logic gates.

HDL-ICE™ brand logic synthesizer 1002, which is the
_presently' p_referred_ logic s_ynthesizer. 1002, takes register-—
cransfer—level (RTL) Verilog or VHDL netlists and converts them

25 _through a logic synthesis process into the database format used

by the netlist importer and other compilation steps. Other

suitable synthesis products are commercially available from

Synopsis Corporation and others, although the HDL-ICE™ brand

logic synthesizer has some advantages such as better_integration

30 and higher opérating' speed'.

Behavioral - testbench ..compiler - 1004 allows .. behavioral .

- testbenches- described-in-Verilog-or VHDL -to be -émulated. Code

executing in parallelu on —'pro'c“ess',ors. 206 of one or more logic
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while other logicisin |'éve esiz
represent atspecification L@glbs ceﬁxtomenthq 1(3.@\/93 gedesbgmr 1086 replacebe

h that wi.ll b el

T eont cd BaemArAd A £y RedbRILABLATEL 1 ALOTIAN A Hndnd®0, with

hi er arti chlﬂe;raie:fh:maill,}el def(.hedg lcasﬁdtsors]()haﬂftmmaiefos)a 12 -1 1018 )dei?cln@einﬁrlnory
I t at - . f.he I N confi quyabl e

| ogi o bl oce M ¢ HHTPLFRSHEaEESEN! Jobkyding natgesTbly ) athse. Mshys - to

i nsi de eachom@gnmmpe 10ogic blocksuwwiai aHePLbg PE Oghaps1Q@8 #d OvRel he
user to enter OI’ITB.IIOI’] nec ssar%lhf r { he de5|£8 conpi | ati on, such as

cl ock ei e IR PLCi GR1RetV nformation, etc.

Thi s InfOHTBtIOst’ﬁﬂSdhlﬂﬁ erAphet | pRog¥eem o0shandldw0 €RE aider to enter.

condi t%gns R at can cause éar obl ens during the emulatjon if not handl ed

in a shici APLAFARdLOY Recessagy,(foy, e f‘il%%wrbrF?WE)’g}%ﬁﬁ‘i@dos‘&‘é?lﬁﬁe§l°Ck
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errors such_as
his information aids the emulation system in handllng certain
conditions that can cause problems during the emulation if not
handled in a special manner. _
20 Data qualification program 1010 verifies correctness of the
netlist and user data. It finds common netlist errors such as
undriven inputs or multiple outputs attached to a net.
Clock tree extraction program 1012 éxtraéts the clock tree
from hierarchical netlist énd identifies clock terminals on all
25 levels of design hierarchy. A descrlptlon of the operation of
this step is disclosed in detail in United States Patent No.
5,475,830. )
Hierarchical partition planning program (HPP) 1014 is used
for the physical module <chip partitioning-~algorifhm. - It
30 identifies the portions of the design to be mapped to each logic
board 200. | S



undriven igpu mul tiple outputs attached to a .net. pcfmgsggglztree
acti on ol dirfe

extraction 1012 extracts the clock tree °~ from hierarchical
.netlist and identifies clock terminals on all 25 levels of design
hierarchy. A description of the operation of this step is disclosed in
detail in United States Patent No. 5,45, 830. Hi er ar chi cal
partition planning program (HPP) 1014 is used for. the physical

nodul e . chip pBartitdennhB se§upi ARA6 prepprss theedat@base HepRarahkebs
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i mpl emgnt emi?ﬂceﬁﬁhb&emﬁpaEthdz@ld: mhlqach) separate logxt@ chip p1©gr am 1020
creates NGD

chip partiti oln: NG corresgggg.lrgﬂ tl?)zloe cf“fﬁ g#@ob e§1a P%%%sé’%?‘t v%%eoéo

prograns aé!é‘éhaéhgpf pa¥ed on Hd %sxﬂlfémdiﬁtd:h)ﬁp pakEDtibnliegy. cAGRiis a
logic- and_ routing 10 information pecessa

to i nplenent a | agi ¢ des]
into | ogi cfile fepmat SOMHQIL I FRrIQUS h§°§¥g§§ﬁtp OFr&fey raé’c?lglr?g?}o? n%ﬁ?m

| ogi c %biﬂ% féBEb?khtEénare Ulicbi Zeflles 1&&hﬁ£¥hCUlo@i@9r@mm1Q2@ut1ng
transl ates database infornation into the NG fornmat.

1020 d0so snfiormapienl [ngceRsaryi 6/, impdameid ?o&P@l%dewam) mjtt?os @lz%
for the 'ngﬁ¥$ﬂuaﬁs|8§%83% @S {0 MMd BhRikently pricbiraby éhﬁbﬁhﬂentf logic

assi gnnment R program s a program comercially available from
Xi | i nx Corpbipsi ofrawhi & ldmsdusss utllb?%@r armThy HGks dy PRegrpmASL020

e oh mny%gﬁ%g%gat derabass fﬁ‘f’éhﬁé’% E)anr B T INas DBeant 20 Uk

t he physica be use part I ti.oni ng program The
physi cal progdamatie(‘s@ cahsai raé:alm‘a)rmrabhehb@@trttlﬁé-%hyspééFec(ﬁﬂﬁjec%"i"éﬁ@

bet weq | 0gLER¢NI s d0 B MK Chips 15 difiRAAN BB8LE 18niPs 10 wiXH e&h

‘arbitrary I/O pin assignment. PPR program 1022 is a program .
commercially available from Xilinx Corporation which produces
'programmlng files for the FPGAs Xilinx manufactures. '
Phy51cal DB Generation program 1026 prepares the phy51cal
20 database to be used by board partitioning program. The physical
database contains information about the physical connections
between logic chips 10 and Mux chips 12 for each board in the
systemn. |
Board partitioning program 1028 identifies the placement of
25 logic gates into logic chips 10 within each_palr of logic boards
200. It considers the limitations on memory instances that can N
be implemented on each logic board 200, the logic analyzer probe
channels limitation, the one mlcroprocessor per board limitation
as well as backplane and turbo connector limitations.
30 EBM compilation program 1030 combines all remaining memory
specification cells assigned to the same logic board 200 into no

‘more than twelve groups corresponding to the RAMs 208 (previously



Board partitioning program 1028 identifies the pI acenment qic-r,gggshoguc gates

cinto | ogiyn sdMes 10 Wi thin each pair of logic boards . . 200. It considers
the limtations on nmenory .i nstances that can be inpl enented on each
| ogi ¢ board 200, the 'l ogic anal yzer probe - channels limtation, the one
m croprocessor per board limtation as well as backpl ane and turbo
connector limtations. 30 EBM co?r?n | ation programﬁ@1030 % rﬁas é";tl I
remai ni ng, nenor ifi [ ceignabssthatdcopng Har d
200 i nt oShgWR. OB Fids THEN! ¢ wBr e h dj

twel ve groups corres to the RAMs 208
(previ Ou?bﬁ are markedDwissts sepgresponding p RRRSLES.
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data for X C s 12 andg re at er. §§a§39 ods 520. NGD update pr ogr am
1034 stardastaflfmt M‘ﬁ%r@ﬁéﬁ?a gg 1836 f of each | ogj ¢, Chi JJ
providing the fi B%ggglage@trlo‘gtﬁam QJ‘03MO StEDMS ofira hntPFF g 8t?b B‘[ V\he

the jobs are succes

ul ted 0 | #5ihan |c@nfn|emmhaad:y of
Details oio361efénneacbnapgtl§; ShlPhéﬁvBFPgésﬁgggogggnglw |l now b

descrl bEd fpg &Q%r%c and I/0 Rekeshhegtto Mhgn 2he tebscqtiencE G Xtep Wy
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necedda the conpilation of a s ft\/\q,t?g har dwar e nodel creat ed by
behavi oraboﬁ\psébeﬂcht&mtﬁqnmllmq §'SSH"3'\K}11 npil ation starts

the user's sour cg gﬁe | QO oMaDLty Asfathes wBFigNS Pr%ﬁ%o"ﬁﬂ
process 1100, 3 etvavi ora dat abase representation 1102 is created.
After mdﬁbwcg@oldeaatdmrbeds ﬁunﬁtseﬁd it results 20 in a logic

representation of an .emulat m)glgl {hd4sandeaceef steps ns@RITADY 50T
1112 downl oadaief S5 og| c Qr%

dule prgcesee A6 nEgvhess! yby
shown on Eing Zbmpilation _ software—%ardwagg%mﬂ5 vy
behavioral testbench comp:.ler 1004 is shown. Compllatlon star

: 1t of
from the user's source code in Verllog or VHDL. As a resu

n 1mport process 1100, the behavioral database representation
a

1102 is created. After model compllation is finished, it results

L) et .
20 in a logic representation of an emulation model 1114 and a s

of executables 1112 downloadable into logic module processor
ously shown on Fig. 20.
DRAMS iszi;j:;.oraly testbench compiler software 1004 includes.
four executables and a runtime support library. VHDL
25 y The importer 1100.. _processes the user's Ver1log or 0 |
source files and produces a pehavioral database’ library 1102.
accepts a list of source file names and locatlons and file names
for libraries where the otherwise undefined module references are
resolved. ~The source flle names are the file names used by
> V"--e-]—:—:‘f;(l;u-:jl;)::‘Vel-:ar:.::lc;cessor 1104~ transfoi:ms the behavioral database
T ‘l::brary 1102 ‘created’ by 1mporter 1100 into a new behavioral

database library 1106. It  performs partitioning of the
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Fig. 11), the rzygﬂg hég&%q]@%r ajérierator 11m98vm116|adé'=r date

shown in Fig.
library as transformed by the preprocessor 1104 and produces a

logical database library 1114 for further processing by the other
ms 1006-1036. To represent special connections

compiler progra
processor bus and

20 of the co-simulation logic chip 204 to the micro
event synchrom.zat:l.on bus (see Fig. 11), the netllst generator
ucture shown in Fig. 23. MP Cell

1108 w1ll create the netlist str
or 206 which will

1200 is a specn.al cell corresponding to process

red by Chlp partitioning program 1018 (s
" Peripheral controller cell 1202 is a

component :Lnstances and will

not be cluste 1milar to

25 the.LBM cell J.nstances)
regular cell that contains library
simulation logic chip 204.

be placed 1nto co—
1 be placed into this cell 1202 that directly

amount of logic wil
interacts with the microprocessor bus.
30 of logic into the peripheral controller cell 1202 prevents the

need -for wait-state- programm:.ng Peri
-—prevent ‘chip partltlonlng pr
chips~ 10. It 1is

Placing m:LnJ.mal amounts

will- be- ---flag-ged—-—-t-o ogram 1018 from

splitting it among several logic

Only a minimal

pheral—--controller cell 1202 |



1200 is a s&veci al cell corresponding to processor 206 which wlLl. ot
be clustere (Bﬁwﬁ‘ﬁf“b partitioning program 1018 (simlar to Z%CT’H_@”@@ cel |
i st ances). Peripheral controller cell 1202 is a regul ar cell that
contains |library conponent instances and wl| ' be placed into
co-simulation logic chip 204. Only a m niggal anount of logic will be
pl aced into this cell 1202 that directly Interacts with the

ni cr opr ocess@spdbtisibPlaeiyng frineitidls tanandratad) 1108 | bgimakat sukkethat the
peri pheral controller cell 1202 _.prevents the need-for ,ywait state .
progr anmm ng‘?ap%?'F%h@FaEk‘&énﬁe Y doesynot gyeceed the ?pﬁ‘él%?aﬁge& gngle
prevent chito@dét Ehipn2od RHRUMALl e fi@iber of &PhhéttDEnsi betd@MJ this
several logic. chips. 10. It is a_, . _ : _ _

58 r espRbsi BRfi £heoresd: 9fsthfeMatadiictt 1A0%s tRPheR¥CeBfethRaumper of

capaci ty of c4hhSc£8bhsdpeswaeh @6l iRPadddc Bhfp S208! 8nd MU0 ps
chip 204 and that the nunmber of connections between this ~ cell and the
rest of thel?et|Ast ddseyssed dresPuHy neetimilatiewnhegicorbibetdidehas -
co-sinmnul ati | U MBS i 12, Li$ C4 Sy e

co-si mul at |%+%S¢%n%%%%%§%lg mf"%?‘gga&lﬁ éf%@ts??%lgl y cor&ﬁ?‘%’%ﬁ#\%&
with each ofthip$ty2folhibureans thapson2. hhdsedesigtyhiwooconmemdieths are

. ) . . i1 abl. , S ooair ; L odi
chi p 204 artNThEeRER 2B vermp s D (RIS ASGE LR e R’ el W g
generatldr chig40&82wi(lI3*5d so hé2 Kk speshawnndns Rikpt TbnneBétldsthegee raddr

1200 W he, cporrespondi,n I n_gunbers that will gui de .system r.out

1032 to gen%ﬁ%é v ]gf rae](cesté)dw %ﬁ%_c&(?ﬁhé’@grsoﬁbagofm&%?g?nﬁ? a?i‘%ﬁ&lg Ceﬂégf{oo
Chijp 204. Wbtls tnelereqﬂféggodn%xiglspimammiﬁﬁmmtwﬂﬂn gli_iquorsg@sﬁém][rclﬁﬁfer
and co-si on | ogic chi are attac to ..specific pins of |aogic
ohip 204 1633 °F! GnerabEP coP et cnBisIEAT: FoPnessioRgs thierir ettt
di scl osed 1logi® bRipe@OH.at eBhPat €8t ddeuire bé¥ausentbhhedtohBotheiben
Appar atlgs For Design ggrd fication ,US|lnaq: Enul ati on él;l{ip Séﬁ'};” ation,

processor and co-simu ion logic are attached to
specific pins of logic chip 204.

Behavioral testbénch compiler 1004 has been fully disclosed
in a co-pending application: Method And Apparatus For Design
Verification Using Emulation And Simulation, serial number

20 08/733,352 by Sample et al. which is incorporated herein by
' reference in ‘its entirety. . ' |

Logic Chip Memory (LCM) generator 1006 implements shallow
but highly ported memories. using Xilinx- r_élationally placéd
macros (rpms). It supports memories with up to fourteen write

25 ports, any number of readiports, and one additional read-write
portdfor debug access. It utilizes synchronous dual-port RAM
primitives which'ére available as components'of the logic Chip ”
10. o

Fig. 22a shows an'exampie of a memory circuit that could be

30 generated by LCM memory generator 1006 for placement in a logic

chip 10. The memory circuit in Fig. 22a comprises the ‘"fO‘l‘l'owj:ng-“-'-"“'"'-"

components:
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20 by Sanple et al. which is i
_ _ .ow i's I ncor porated herein
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"shal,l ow but hi ghl ' [
) _ y ported nmenories using Xili [ '
sha _ i1 nx
anyrgﬁnégfnﬁg.rltdsupports menories wth upgfo fourt;gha&;??glgﬁ o te
ead ports, and one additiggnal read-wite port fgfr;Zbug

access. It utilizes synchronous dual
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R 8 TS| R, PLgta! sameayommt o sgaritrodvefedif e
‘enabl e sagpéﬁalgnd;ﬁtﬁt¢aggpbge16%gm&ﬁSevgaakﬂgyaf%ﬁar(E@BlsThEaM@IQr

and wite : : bufS“write address/d :
s s i dsimd, WEGSPAS T
vari ous, diftenes! aurterend: wIid AR T RS T reen e T te
' . ry circuit of Fig. : ' ;

g?uPter 1U5EF3R98§t§bunter 1052 is'usedlgo C§2aeaiso conprises a read
of hgy MEMDry g deneApigmoai duithest fddi 708l S8 bt Lees L3 FPAT! S
| engt hs. nbunégi ﬁ&é&;ﬁnggﬁggFg%ﬁﬁ$L§ff€§iSigzusé?tMovankduspﬁbéégg |%%g
mul ti o _ 1 g. a al so '
1052|8|r exq{eaq @eoﬁﬁiﬂgﬁé‘lmémeg epther l@ﬂ%e%ﬁ]?’bﬁa' Oﬁfﬁﬁééfgigﬂgggﬁt ar
B ot areFLED A gty oo oo

ich conpri - . sel ect signal SLOTSEL

€§5v5996u§‘é6§nﬁ|lewgmgsany one of sixteen sl-ots (or 20 ports)

to be sel etted.
' 15 The memory circuit of Fig. 22a also comprises a multiplexer
he read counter 1052 or

1053 which places either the output of t
the write enable sampler and arbitrator 1050 on its output. The
is the slot select signal SLOT_SEL,

output of multiplexer 1033
of. sixteen slots (or

which comprises four wires allowing any one

20 ports) to be selected.

The memory circuit of Fig.

Address muxes and
s data and port write data when

The slot select
ts of the address

22a also comprises address muxes

and datg muxes -1056. data muxes 1056 are used

to select port write/read addres

the appropriate slot or port time arrives.

25 signal SLOT_SEL is input to the select inpu
a muxes 1056 to perform this function.

muxes and dat _
rises memory 1058."

The memory circuit of Fig. 22a also comp

Memory 1058 is a static RAM memory available as a one or more

Xilinx configurable logic block (CLB) components.

30 . The memory circuit of Fig. 22a also comprises read slot

decoder 1054. Read slot decoder 1054 decodes t

signal SLOT_SEL (of which there are four) -

he slot select - -

into up to sixteen - --



The nmenory circuit of Fig. 22a al so conprises address rruxes 1Qata
muxes 1056 WML nuxes and data nuxes 1056 are used Sf% a por t
wite/read address data and port wite data when ’ t he approprlate sl ot
or port tine arrives. The sl ot sel ect signal SLOT SEL is input to.

t he select inputs of the address and data nuxes 1056 to perform
this function. The nenory ci rcw of Fig. 22a al so conprises
menory 1058ydividuaMewdiks1@o8 bes wedt ats i heckrgnabdel dbpotas farotdeor
nor e Xi l'inx configur agl | ogi ¢ bl ock (CLB) conponents. 30 The -
nmenory ci redfpubf reggstess 28 "conprises read sl ot decoder 1054.

Read sl ot deCOdﬁ%féQHn@%%&S toharigl.ot215eleed width, Sdgpah ShAT n8fbe(rofo £
which there are tour) Iinto up to sixteen 98/ 5
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HDL- | CE[ er esi zer Behavi oral _Test bench
pr ogr am 109Baced Thectids nmmsm amnald:;eated ppacedafrbate (PP glefined

created as a, database .cell s, defi S

wel | as i nésiRgegeBrrdiGsett & Qg%ﬁ&?’san§§ I%%F1 nﬁ ?(g)eééﬁtégoﬁ%n%?%cm
mappi n@ of plke mmmmwms sto contimtlo thieemppptingubdr thegnemeny ¢ secwkts
the logic chips 10.

HVAP, eI S S I Vepma _
conponent sl%?cﬁh%oﬂ?FHC‘?ﬂ%r logl%é'}?ﬁﬂ 5t & tﬁe %Sg:lﬁx Wpr%gram By
g BdI SCUfﬁﬁﬁz;.(p: &élh.%lSarel: ppesgall prﬁnﬁft&w{ee¢mrpxucﬁn1t571twhihhseoalmqlhethe

s in the Xilinx st anc an als -
property thghavior gfe&hg g@i’é’f’été@i ?5%%??’5nf§?£a I ggl gl%%gﬁﬁsae% %Ltgle in
tTEe =M F§é§8ﬁ{:1ypﬁ)@é?é&-@ddeéiaﬁddiméﬁi V\bleeeetdmeelulgecCLBstm bﬁl@l&r,bka

e ce

| s must " be flagged (in the L‘X referrz‘gﬁb n?_%g,
this fi%g FBGﬁéf-err'EHeFS ANSHEHGSLr 2 03315 R %hPﬁ‘)%g t|on| tg
program 10;? ch @ss%éiétﬂﬁetﬁ%@alﬁib\ﬁew a lagvermbdhibgi qachtpB. iThetiRPM
cell s nust Fs ave precal cul at ed
presently preferred embodlment) where the logic is to be placed.
The RPM cells must be flagged (in the presently preferred
embodiment, this flag is referred to as "NOFLAT") to prevent the

20 chip partitioning program 1018 from _splitting them between
several logic chips. The RPM cells must also have precalculated
capacity values and a property containing their dimensions
(number of logic modules, e.g., CLBs, used horizontally and
vertlcally) .

25 Data qualification program 1010 does not ver:Lfy the netllst
1nsxde RPM cells because parallel connection of FMAP and HMAP
primitives to the logic primitives may create an appearance of
design rule violation. The NGD Out program 1020 will preserve

" RLOC values in all primitive's in each RPM instance. This will’

30 allow PPR 1022 to place RPMs in a chip in such a manner as to

satisfy“the constraints defined by'RLOC properties.



capaci ty vaifsy366 @ property containing their dinmensions ,(,ggéyfgﬁrz of

| ogi ¢ nodul es, e.g., CLBs, used horizontally and vertlcally)

Dat a quallflcation progran11010_does not verify the netli st ' |n5|de RPM
cell s because parallel connection of FMAP and HVAP primtives to the
logic primtives may create an appearance gff design rule violation.

The NGD Qut. program 1020 w, || preserve RLOC values, in all primtives
in each RPM i nst%$RE. d a?ﬁlénRPEIPr@Sr%&Ilﬂ@&ﬂ#@ﬂiﬁﬂﬁ%%lﬁpaEe Riewing the

chip Itn sugiser r@@r@ﬁt@f &poéﬁt aﬁayotﬁercaagiaﬁl RhEotRbitAsh, bui1R  computes
roperties
gCTyusgg/ldgmg global probe mult1plex1ng factor. Pgpbes are theepaiqits

nput pr OO B AN AgeRfdhthRRchOuRl) OBknELEREved i3Sl gg%%%[mg ¥

ot her de3|gn I.nf ormat..en,_al.so. conput es
factor.S5Pralsssigne thae pprobe multipiedéng ﬁectpst dwnemlwelsl tihe dlﬁe;u'ecbf

duri-ng debu n..The, r fact erm nes
the [ength Sc%rp%hgslcrg%ewcthﬁcfkg? | Ck%e v%qcf&gtel:eoa@ed ]tgcg%tgr&l@g? c1 Chl S giser
The user carcasitthdheridt sthe herqgivexbaesr m‘eql'm:atesat ﬂil]ﬂUHlSﬁlﬂl]hlﬁy tmodwdeln

- the ase of full I b, t he | ti acto -, :
four I f t %s%? ?\aﬂ% thlﬁ'yV&S k’é&lftl ed%estrﬁ)‘bfésﬁ’ng?ﬁ%gtgaﬁgofol S ¥E,
theg the mﬁgeu@ eﬂﬂg?ﬁécﬁ@érsh@ﬂgg bﬁlyoapspadlﬁed list of SLg(dHle rg)gro) ;He '
pr obes) * vi.ati on factor * ogi c .boar ds
P ThLO nu TGt  O5ReS Loht (BuL BB hE¥ENge TRASRA. RO LthE RRRURSDAS.
Is made. Deviation factor is an experinentally determ ned factor used

to account for possible non-unjformdistribution of probed signal s
among |l ogi ¢ bodmRer 9@09r0bes)Pro&BEVFPF}OntﬁéGFPr) / &3 derations

suggest a val ue p@EiNeER gf41$%#clggg§d§y§tens and 20 1.7 for two- board
systens. For a systemwith B boards it is appr oxi nmat el y

1/(1-0.29sqgrt(B/.(B-1))). ... This factor. can be
15 The number of logic boards 200 must be known when the computation

is made. Deviation factor is an experimentally determined factor

used to account for possible non-uniform distribution of probed
signals among logic boards 200. Probability = theory

. considerations suggest a value between 1.4'for large systems and

20 1.7 for two-board systems. For a system with B boards it is

approximately 1/(1-0.29sqrt(B/(B-1))). This factor can be

further increased to provide the room for adding probes
incrementally without recompilation of more than one logic board

200. | | | |

- 25 . Logic’analyzer events in the preferred embodiment system
are computed by the programmable loglc in the logic chips 10 on
logic boards 200. Therefore, capac1ty should be reserved in’
logic chips 10 for event calculations. Consequently, if the user
delays signal and event definition until after the design.

30 compilation, the incremental recompile of affected chips will be
--necessary.-In the case when the reserved capacity is insufficient

- for-a--given-chip, signals will need to. be routed to other logic

chips' 10 that have sufficient capacity to 'build an event



further increased to provide the room for adding'probes creneq%
/ %3g| c

wi thout rec83¥@P¥¥6#dn of nore than one |ogic board - 200. Z%CT/US%

anal yzer events in the preferred enbodi nent system - are conputed by the
programuable logic in the logic chips 10 on | ogi ¢ boards 200.

Therefore, capacity should be reserved in logic chips 10 for event

cal cul ati ons. Consequently, if the user 62delays signal and event

definition ?QE%EtBEte%stB%é*%ﬂdylfﬂkdeHW&ﬂaFi@n ,208¢ | DREeMeAAlresult in
reconpile o fectéd chips wll necessary. I n the case when the

reserved capatbngerscompifationrfime. fporl%ggP@@HléﬁFbmsFﬁIH%I can, e ﬁ%%bd?%
be rout ed tBYOEB%hwggigés%}fhéfénéﬂstB@Eo?@v%dﬁﬁﬂléﬂfﬂﬂ RPEChEY adiddl

an event
PCT/ US98/ 108t@ate any event. It is unnecessary to ggtuallyedefige qg@nts

previougly OnégoggpégefggatzgﬁiSéJ “Ehls as:nd é?fgéﬁ GH”EébQéi

time. A Ton time av0| y specifying al S|gna S
bef ore conpfThat evanthabgacefunetiion 1tsebfee§m beydewrirnaded tinto the logic

unnecessary (o _a def i,ne event IgRLS A
this has no® b?‘?egt "IrH Jarb%cf"it:? oper O%v%si‘ﬁéoglgc fJaItnAcC{ %‘?\S p;& Sgahe %?;e?j;@o
downl oaded ksherbiadekrogicd (shdwmliﬁHFxtulzq;and;Zﬁmmallon usi ng the JTAG

bus connected to ontrol |l er shown i.n, Fi and 20

Final ly, during EAP&l §ér4§ﬁ%?9n 1 sP@ﬁr1§6§a§%ﬁ?4ks?tﬁ% Eéggdsqﬁ?'user
sel ect e heBEsMHd | $éExEngthactdmd-auliiplastinigafactorsfgmralron-dsitical
di scussed above, the time- mﬂt%$#eX|n f act or her

or four. = signalsehj AsH$EIENAD B@raﬁEelgigeaﬂﬁl¥6E§e§§§géé%QEﬁﬁn??@

based al gor pbhgy theamen’s @wosi Bd Ao gori thms can be seen in 15 prior art
har dwar e enul ati on systens such as the Sy sten1 Real L%% | ati on
system from Qui ckbdin %ﬁ%QSERQHﬁF°9¥EmS 1§naPﬁe18igs 3?[§i§§ﬁ?¥ipg

enbodi ment, bQQ%Vgﬁgotﬂ%@ﬁ ar &x@impled Bl 4 leQij.ﬂﬁns s e seen in -
di fferences W Il now be expl ai ned in detail. 20 Certa

types o5 ceplrsoﬂfeeéré;pe@iamdwétrteenﬁ“bﬂ-attd-oa"vo|5cYStem~°f np?‘kFﬁbr "‘b%\r tthe on$¥r‘§1tem
clustering, p@hq4 zer™Osh@VsPiofiChySt@nefrom Quickturn Design Systems, Inc.

In the presently preferred embodiment, however, there are a
number of differences. These differences will now be explained
in detail. | | I
20 _ 1) Certain types of cells need special attention to avoid
improper partitioning, clustering, etc. "No-touch" cells are
certain -cells which must not be clustered together with any
logic. An example of a "No-touch" cell is the MP cell shown in
Fig. 23. "No-flat" cells are cells which must not be split among
25 ‘several chips. Examples of "No-flat" cells are latches and hard
macros where splitting would introduce timing problems.
2) Some special nets do not have drivers and can be cut
arbitrarily. In addition to POWER and GROUND, an example of such-
a special net to which logic gates can be connected is the Mux
30 Clock signal (MUXCLK) 44. In particular, the behavioral
testbench compiler 1004 and the’ EBM“'cdmpiler“”IOSO““andl“LCM'
compiler 1006 will create ldgic'cbnnected“tb”MUXCﬁK;”“ff”“”” o



certain cells mhichlnuét n '
ot be clustered : -
exa n " : ed toge
el l”g' grgﬁ%gﬁsg&%?gﬁh cell is.the MP cell ghg\?ﬁri\#th aE?’;""’;?’“?"C- An
of "No- " must_not be split anong 25 " . 23. "No-flat”
) flat" cells are latches and hard nacfos53%§;2|sgriffinExa”plﬁs
' g wou

i ntroduce timng prob
. ens. -
drivers and can be cut arbitrariﬁi GPSO”E special nets do not have

exanol e of . n additi ONE GROH

then}\)/ljx 80 SUO ck %i?bna IC%HI\I/.LUXCLaK. MEas ég@eggnftéogn&h Eg%%%nnect E?’S- o
: 44 - - ' S

test benchyeaimi | erudben aad bﬁgeEB?\AAéS?lﬁﬂ‘ﬁn@Jr Ny v ibghaviglal

wll create | ogi :
PCT/ U898/H_b31q§\|1fa§ onnechath tihddiGldes, RO regularv\@:g;@%ﬂgmccm | 51006
sigﬂgis, and the3)tim@m

Ut constag! pha ey oextbenad gt ook Bt S F v
net E,- 5RO dt'e@ilf'&@net*‘tlg‘:i.& g%ﬁ{x%ﬁga!ﬁg?%Cf@ﬁsprobes Rs r'J‘e.gLFI'—IAQ o} ?C%;(?é %}]plﬁ%ln
probed si - : : ) CN crjtj -
brobed si dnglgyeand d hemglaments cibol SPSR At eI |GAED g8l enmusted &
cal cul at efloadows (aig|¢g“gdre?“é%§EiéﬁéidB&fyﬁﬁa intieges| divasigns Qiﬁgeﬁt's
di vi si ons Wh%@%ﬂ?) rou;E?ng) IVide operations are pure intege? Prs
ti me-mul t FPPEING 'Sf 1 ogic. si gnal a. Wthout
;ao t } a.égﬁhﬁiégfLéiﬂégﬁ %E%B%ef%pg of logic ﬁ@gﬁ@isoftBFns
nunbefégpepi ;'S”?'S”“'“ pl exiger ObE bbgbcis )T S; nbi ~ Wth
a
15 S Win REGF.RQ. 5GN # tpxbHA/T;(RO-L) /2 + O H (Pi’T-tlh/e
S'gna|S, t he nunber f . . n t|ne-nu|t|p|ein o ) T
(RO+1)/2) + ON + (P+ :1?}$§th$ two-to-one timefmuﬁtﬁ%%ﬁ%ﬁfﬁg??gf logic -
sel ected by the user, thesignals, t Ot € mpdieR e Wilngvids bility node i s
(RI+1)/2 + (RO+1) /2 + CN + (P+T-1)/T '

with four-to-one time-multiplexing of logic
signals, the number of pins.is
max { (RI+1)/2 , (RO+1)/2) + CN + (P+T-1)/T |
Note: when fﬁll visibility mode is selected by the user, the
umed egual to the number of flip/flops

15 : C.

number of probes P is ass

20 and latches. _
4) The maximum size ailowed for a cluster is based upon

the gate capacity of the particular logic chip 10. In addition

to logic gates,

multiplexing, probing and even
as RN regular (non-critical) external

additional capacity is required for time-division

t detection circuitry. Assuming

25 that a cluster of logic h

netsJ(RN is equal to RI plus RO), P probed signals, and E signais

used in event detection then the added capacity for time—division"'

multiplexing, probing, and event Idetection circuitry is as

follows:
30 a.  Without time
additional-capacity'for logic analyzer is
P + 2*E + logE
C1*P + Co* ((BE+1)/2)*8

-multiplexing of logic signals the

flip/flops:

gates:



nunber of probes P is assuned equal to the number of flip/fl o‘gf %S;lg) nd
| at ches. WO098/54649 4) The maxi num size allowed for a cl usPEFUSEANY

upon the gate capacity of the particular logic chip 10. In additi-on

to logic gates, additional capacity is requi red for time-division

mul tipl exi ng, probing and event detection ‘gl rcuitry. Assum ng 25 that a
cluster of logic has RN regular (non-cri t$ al) external nets (RN is
equal to R plus RO, P prepedrd gnstsSsertly E prgfidrsed embodismtht,n evteant
detection then the added capacity for tine-di VI si on lbtl plcg:UJngéd

probing, and event det ect icoRs&Eand§ t3xe G2 Co=4-  They

a. Wthout tine-miltiplg Qegg_. (yﬁé&gl&l %@E%ﬁnéﬂlﬁhl results.

addi tional capacity for | ogi ¢ anal yzer

flip/flops: _ b.+ 2%dth |ag1g£type of time-multiplexing (2: ]g'ai‘éslf or
Cl*P + C2*((E+1)/2)*8 49 ddit 1 RN flip/flops is
PCT/ U8958/ 10312 other Vg?:l’?érﬁéélﬁ an addi 1604na P p -
t he presently preferred emssmtietenin tgddition to- those reqymradnferarihe

Cl=2, C2=4.  They may be ai u.sted | at er based on experi nent al
resul ts. a&fﬂ}@epre of time-nultiplexing (2:1, 4:1, or
5 | 5) ot rp@rr@mwm ars addigd oraintRMd¥1éq/ fhypsthe need to
needed in addition to those U|re [

anal yzer. implementsfhe S0 Eﬁﬁnﬁongcléngas 363?‘?0??%d1nb?/nljf§8 §tat

to rrplpglggﬁtt e ¢,acks tg’ﬂ)e CEACrat an et adenseihn ru_:Urammgrsedteslﬁe _

Patent No 5,4 830. Each net in the design

i nt eger prbﬂér ﬂ}at\ﬂq% REORSHTY ¥ Mha ghvisk cagihe 4 %%%Slﬁl s?n%u?gkl%SK
set if usely E‘Q% pe 8RCHES kS cli%t:kl R %eﬁbhéﬁt thf8Nnet :Lnl avaited) phese.
Bit 8+i shou e set if user clock I reaches - this net in an inverted

phase. Thi inivefriiedat iphased | Bit fiskeghaptd the 13k Pli%‘b?%’@r%‘?‘ibzé Fgaches .
performt hﬁg[leq 'erteq.nde%ri”‘ya.rﬁfgf?écfr?ﬁ seq 'I;hls iEo N Q. »1{ PUr e 3R88ed
I't

outputs a Fi 85 na Format or the PPR pro ram1022to
processs | moadtiet PBR, pirbgram peRR otasper fermdhefragyddges t AgHystment .

relating to lo@fﬁ NGD Out program 1020 outputs  a netlist in a format
suitable for the PPR program 1022 to process. In addition, it
performs a number of special functions relating to logic ™™
modificatibn to insert time-division multiplexing or debugging
20 logic. These functions are: '
e -  Relationally placed {RP) macro preservation:
Relationally placed macros in the database are
preserved in the NGD files passed to PPR. RP macros
are groups of logic gates that have'been mapped into

25 © fixed patterns of CLBs inside’ the Xilinx FPGAs RP

macros will not be re—partltloned in later software

steps so as to preserve their timing characterlstlcs.

. TDM .c':ells. insertioh: Time-division-multiplexing cells

are added to the boundary of each logic chip 10 where

30 it connects to a Mux chip 12. Predefined cells are

‘used whiéh""afe'"ﬁIéE:‘é’d"'i‘—éI’é’f’ii’;’é'.'"'tb'"the set of I/0 pins_

"being 'I'riﬁli:'i'iil'é'ﬁe_d_. T Figs. 24a-24k show all  the
different varieties of TDM cells which may be inserted



irmdl fi cat | orwdessaert tine-division rrul tipl exing or debuggi g%&ﬁﬁﬁ/%ﬁz

These functions are: " Relationally - placed

preservati on: Rel ational ly placed nacros in the dat abase are
preserved in the NGD files passed to PPR RP macros are
groups of |ogic gates that have been mappegsi nto 25 . fixed
‘patterns of CLBs inside the, Xilinx FGAS RP macros w |l not

be re-partitioned in ependilio; ot ethe type of thg epfOspias to Fogsetime-

their timng charactedistiisidn multiplexin T4 cebbnihRes!
Ti me-division-nmultiplexing cells P gr are ]d g tgobtf(tjteg1 blooLﬁtld%trCh%)?
each | ogic chip 10 whéPe a3 Musx - chip 13 %Imnéétfsdted dmix ghopp&2.of four

Predefined cells are using the sPec'iﬁﬁdF\W Q:'élé].rea@ %(fl%gmr ez'iﬁfgt% tg c\f%h

set of 1/0 pins - exed

the 3 di fF@F?eﬁhevatﬁmétmdsrobfTDMec¢Ielrml\mal1(sh mmoups igsetwetare

WO 98/ 54649 98/ 103
BE _ depengl ftg 1.-tl-he ?/tél%i: tnﬁ)n-Fryt.]gE&pﬁse cP %fot Iar}é:eady on

di vi si on nul tipl exi ngtheheldtgarcm chlip 010 adrogMuxchiip 12 is used. 10 puyl
Mix chip 12 are divi u of, fo usj ng. t he E
special RPM cel|s asdlgﬁltgb?ﬁg a %94&52&;“33@ used for cqj&l‘ﬁt]e rek&i nder

of the termnal s¢ groDpM o&:orhtmbohr elogic 1nsertlonklsed TOM td¥he Lol arg J,c
non- rrutlélplexedI/Oalre | ogic chip 10 or Mux C

d
Herdtes an%?‘t?‘p‘Fé?B&eF/ she” &PMaycorEEal gignals,

12 is

critical nets. - which arelTlPld, qesjreir, |mgicei] ngertiREy g3

control logic 10 enerat es and distri but es the TDM cbntQ?{lti):lO the
signal s, Cl’v”\ﬁ%hsarsélqve Mo Fim. Rdar2¢4ke2, Thesee3signadst lexe
circuits shown in Fi ggeddpagd.b Jﬁgsgfstggggs BEial t
by one of three special control 3(;el | s whi sBéEia control r(t:seegtesng"rhaicﬁb

each logic chip 10 i P5RdiPSERtEE imto each logifechdpi d-Oshmzmaddlﬁllgn to
24a-24k5 Ceneration ghetNS§€c shown 1n Fl SQ@Qabék's ggﬂgﬁg%' 5&9% e%p4
own In C

in showmn Fig.6 or | ogi ¢
Si gnal 44; signaksi é—SD@‘P@%du@l@Qk Brgial 19(4 M ishoBinr eEigoﬁ or

Si gnal fgblénd859hg§na{ﬁ FES Egabl §¢Si gnal,g 8900%281gna n%4

MS is Divided Clock Signal 50; MT is Direction Signal
80; and EO-E3 are the Enable Signals 90, 92, 94 and
20 96, respectively. The special cells have two inputs
MUXCLK 44 and SYNC- 48 which are connected to fixed
input.pins on logic chip 10. One type of control cell
(not shown) is used for the chips that do not use TDM
but have logic connected to Mux Ciock Signal (MUXCLK)
25 _ - 44. This cell only outputs Mux Clock Signal (MUXCLK)
' 44. The second type (logic 68 shown in Fig. '3) is
used for designs with two-to-one TDM. It outputs Mux
Clock Signal (MUXCLK) 44 and MS (Divided Clock)
signals 50. The third type of control cell (logic 104
30 shown in Fig. 6) is used for four-to-one time-
' multiplexing. It generates Mux Clock-Signal . (MUXCLK)
44, MS (Divided-Clock)~507mMTw{Direction%~80,~EO 90,
El1 %2, E2 94, E3 96.



2 ' : :
0 96, respectively. The speC| al cells have tvmpéﬂgygsmﬂz

NP?SLE 4ﬁvﬁ@dw§MN£ 48 whi ch are connected to fixed i nout

PS 3 foglC chip 10. One type of control cell (not ﬁu

» used for the chips that do not use TDM but have | wehall

connected to Mux C ock Signal (MJUXCLK) 2 44, Thi ve logic

ggt pﬁts Mux O ock Signal (MIXCLK) EG 44. The secolz fe” only
shown i n e

It out putL_nM'j;(q 3) gcdin cell dnsertl oprdesdgasgnais: tm@atypfi?fgepkﬁ%i/lc'

C:I Ock) OCk S| gnal Cl_tlé_g 4 n [8 |§%

30 shoms?’ma'nmaoberr@mﬂ%ﬂ S Qg ¥ d%pobe
o . d 0

mul tiplexing. It ger?&lglt %ﬂx @ro(tj( Si %l}r?lgl ham&}‘gwpum oaed tiwee. OLhSE

(Divided Ol ock) 50, 3 t(sn r @rte @f) t&@SGEGHOGtS is electrically ggnﬁéﬁ_ 54

E3 - 96. WO 98/ 54649 ‘ <
PCT/ US98/ 10312 to Mux Clock Signal (MUXCLK) 44. The other input is

cell insertion for 6
connected 1o the da?%ﬂ?ﬁgﬁf¢%?agsconﬁbche@rb@eﬁhe Trace Clock ﬁbﬁgﬁlnggpzbe

has no outputs an QRMbRGefrom é)r CPll input, prdifd | ceIle pEeErise| a
b dt ek P F?lputs One of_these inputs is

- el
gt ﬁg'ﬁr: (r:]zglu![yl gonnectfglPSflopelzoottl ai‘:lldI MJxmﬂbcplgigﬁaIZQ%XCER) sgen ’?‘ﬁle
ectrically connected to the T
S| gnal 2002 Figs. @6ki Ag9f £8Rra chip input. Pr obe (r:glclescjcgfrgrl

|:, gs. 190p ‘and 26]::| | p(f%lngEa%QQﬂ el acaml ttmmersp&ﬂil@gzmn fide: ﬁ.e

. . Ge
file: All . instancest ﬁe?rgg;gﬁ?ﬂ?@%eﬁ“}%g N g a%ﬁs?@ﬁcl fd cat isyan

chai n specif Isted in a
peci i cation fhl ci%@%a%ﬁbﬁUE&l%QOGT@sescan outputs 20¢§g:§§§n

20b) of the chip must’a SOL%% l'isted. These

are inserted into a Gdgabad@bhoaél e 16h1P m‘JSt alsei B D Iogl%&%l@ﬂtstser v
S SO

that the Systen]rOUtertﬁﬂ{énﬁhst are inserted into a database model of

15 - chip logic clusters so that the system router can see
them and build appropriate connectlons The number of
outputs is (p+T-1)/T where P is the number of probe
cells and T is a time-division multiplexing factor for
probe signals.

20 . Insertion of event detection cells for signals
contributing to events: The 51gnals contributing to
events are divided in pairs and each pair is connected
to the IO and Il inputs of eight copies of an event
detection cell 1300, as shown in Fig. 25. A preferred

25 - embodiment of an event detection cell has been

| previously shown in Fig. 20c. The event detection
cell 1300 comprlses four flip-flops 2010 and a CLB
memory 2018. Four multiplexers 2020 and four output
puffers 2022 are used to produce four multiplexed

- 30 event signals 236 (also shown in Figs. 20c and 20a).
If the number of 31gnals is odd, one of the inputs to

each of the event detection ‘cells is left unused for °

the corresponding eight cells.



them and buiwglossgaopri at e connections. The number of | PCT/US98/19a812put S

is (P+T-1)/T where P is the nunber of probe cells and T is a
ti me-division nultiplexing factor for o probe signals. 20
Insertion of event detection cells for signals

contributing to events: The signals contri®lting to events

are divided in pairs Gngsggggo air |§%%ﬂ?pe% ﬁ%nced. AND d% sep 5£Kﬂ§vent

and |1 inputs of eigh 88ri onte
1300, as shown in Fi gdeeéctozﬁ pﬁﬁj‘;ﬁrﬂse,d aR8 the TDM loglibodmreabnne‘ct arthe

event detection cell evi shown in Fi

20c. - The event det eBLBhR £oanB°E trees' outp%5§|t33§au 4&5*%%% duyent pitis:
flip-flops 2010 and arkéBoutputs of eventn@@@é&tﬂ&ﬂSCeI1&”130¢taﬁéed@mﬁlned
2020 and four. out put buffers 2022 are used to produce four

nul ti pl 8xed 30 using eighhibalgnaed BB 58P SRR rORe ROPY(RE drke
20a) . ?r;hkheem gbef:eafceé' PR Ke dﬁr@aﬂougr@t@é ié‘epfé‘é)éﬁﬁ ig

‘each of the event detec | on ce s 1s [eft unuse

correspondi ng ei ght cearh. of the tregsog/ Bagsoutputs of the trees are tlme'
PCT/ US98/ 10312 A4l = tiol
Ceneration of eight baP%tlgéeﬁﬁS Pﬁégglsfouség Fpe even m%ﬁﬂ%&ﬂ%ﬁlng
outputs, and the TDM tejiie s chowrctinhBig. 26. This eighuisKp ‘tha@esalso

~outputg.to four dedicated event ut S of
detectﬁgn cells 1300 §%8nc ﬁ?qﬁ§%%§;ln referenﬁ%lﬁolyi % %ance tes
trees so that one copg0odf alre constructed us&n@hMuddIedga%dﬂaaﬁenstZﬁiZ as
previous step is prese The Qut Ut s,

of the trees are ti ma-ﬁm"In in Fig. 20y F@Xegspaﬁr}?‘\’/\‘n"%egﬁél Png &5 eﬁy in

event-mul tipl exi ng greater detaddl.ls as shown in Fig. 26. ThIS circuitry

has al so 10 been descri in refe e to Fi q, AND ates
2012 are construtted GEPRYAFGL e‘ageea'&f’ﬁdefig § dow od “paths %

in Figis20c. Fig. 26b§hﬁﬂ§rtyhl§c§th¢ld>1ﬁtr'olDer' Event detdtttest erdelei Bbad
Generation of event dg&%@h&% 1%Wﬂ|Q s %%%Fl%h%lg. 27. It is comprised of
a counter 2016 and shift register 2014, together with

JTAG controller 1150. JTAG controller 1150 is

available as a standard portion of the Xilinx logic

20 chips 10. This circuitry is also shown together with

the scan register and event detector in Fig. 20c. The

event detector download circuit 1500 produceé the WA

1502, WE 1504, DRCLK 1508, and TDI 1506 signals for

all event detectors (also shown in Fig. 20c). The

25 .- event detector counter 2016 generates WA signals 1502

and a clock for shift register 2014, the length of
which depends on the number of event decoder circuits.- -
The circuit is shown in Figs. 20c ‘and 27. In a
preferred embodiment, shift register 2014 is generated:
30 ‘based on the number of event detectors. It is
. acceptable, however, tq define a maximum number of

event detectors perlchip and fix the design of the



///Ig- boundary scan controller: Event detectorycdmmnanénz

F circuit ' h [ [ 27. [ [

_ idagaoshown in Fig. 27. It is conprised

counter 2016 and shift register 2014, togetﬂgr,mﬂthOf - JTiG
controller 1150. JTAG controller 1150 i's avail able as a

standard portion of the Xilinx |logic 2Q chips 10. This

circuitry is also shown together wth ©° the seap reghat g1 gnd
e ' . : , .
cvent detector I Ege 200, Tiar 2014, The PEvaoarRcibi2aSio
TO 1506 <1 oni = fapst of Sne unssed AW dsicctors (3 0 S 0
. e . » ) 1y .
he 23 cterring padkShb, dalgclor, Choard o PR o ORR T Qb <

1502 - )
Whi ch depsnds o e dustherseot. ollR TESHIGH & Girfe par¥it odlig osen

circuit I'57shown in Figs, 20c and . 2fers | [t - . _Th
embod rrer110,243hiqsttpegﬁng}%rcgb&l%ﬁg%ggggr.!ipaégcégster is a galdestiaP of

nunber qf t ¢) with the largest ossiﬂ%ﬁeﬁuﬂﬂeihef-
to definéjgﬁﬂax|éﬁ%?%ﬁﬁbgfﬁgﬁnents)-wst e 12 g. gccept abl e, however
fix the dgsipgn ot exseeding the\/ﬁ”ﬁ%?ﬁ 4%£gl°§’y@r&hﬁﬁ adt,or2d4pen GhiSFanG
PCT/US98/.10312 oo rq4 200 (thirty-seven chips) or ggpair of logic boards
reglster%ﬁﬁﬁﬁ'q%e %PR program 10 will . . T . Smft
inased | oga@ranty-£0urRERSBR) nGVBERKEPS 0L o0i Mhoard parLi Ll gnLagt
1024 w ' = ’ : rtiligpl St
npw beygl35UstberTE fimgoiog oF [SESP P BnPhg orep o

102410s to find-chi :
; . p clusters P
i nt erconnect ed conpeagﬁeg)tﬁpfﬁ&ghé F $§;£ § GofbteLdnoomitwo backplane

_ ( ) _ possi bl e nunber o '

285 ??ﬁ???lng t he n%ggs%cggrgoggg €bicpa peir20f bﬂGbPé?ﬂ@¥ S éool%ﬁfgﬁii%rd
20( ty-seven chips) or a pair o 6 gi ¢ _boargls 4 - d
chips), with the f olinowi Byg+ i niltat i & é:)10(5"n * 1 pr%O?gFQgEy'ﬁxmierre

. _ ns. _ : ( : er

Lg%ﬁgggigasog;ggaggéﬁﬁé§§§é§gp”n@hltiplied. by efRcect2ffe sgﬂ?%?ﬁé%%n?lol
| ogi o goards 200 as shidization coefficpﬁn%gi”gectﬁé-?%%gfg@ti a packpbane

r esent | ' 3 } i
presently preferred, .,;,ation coeffPeféments dauempmeédexasrlmsngf“%rlﬁét

backpl ane u | _
and depends on the success the system routing program -
The target

1032 is able, on average, to achieve.

backplane utilization coefficient is expected to- be

20 approximately ninety percent. _
2. The total number " of chip outputs marked as logic
analyzer channels should not exceed 864 (fifty-four
multiplied by eight SGRAM 210 pins, the

_Mux"chips 12,
lied by two logic boards 200

total of which is multip

25 - in a module). -
3., The full set of EBM memory instances shou
| twent. fbﬁr chips (twelve for a half-size

1d fit into

no more than twenty-—
(as described earlier with reference to Fig.

on a logic board 200 or

modules)

11, there are twelve RAMs 208

30 - twenty-four on a pair of logic boards) and the number

-of logic~chip3w10ﬂtequired~for EB

-"agaiﬁstfthe—totakvofmseventy—four-(thirty-seven"for a

M. -memories counts

half-size module) .



15 jljzation coefficient. The "target bac |
wgé%ég{;ig Wﬁﬁ&wozgﬁ g

utilization ient is determ ned experinentally,

depends on the success the system routing program . . 1032 is
abl e, on average, to achieve. The target ' backpl ane
utilization coefficient is expected to be 20 approxi mately

ni nety percent. - 2. The total nurber of chip outputs narked as

| ogic . 4. BobhYy zrumbeanodl CPEhadld nioisteuess] 86de(fi the- mumber
Mux- chips 12, multipligd ei ght. SGRAM. 210 pins, the. C tota
of which is multipli eﬁgbﬁp\/\/&”%&&“&e&oa_ﬁ%‘“nge user's design); ghguld not
modul e) . excdéd twd!| (opd £dr EBMaEfrrize neddiriees Stunildedddibed
into np nore_t han tmenté;foui ch¥ S gtmelve for a half-suﬁg
modul es) (as descri be¥t BBy FREPTGRER Fof Ei€ncdlyotREge 1S one processor 206

there age twelve RAMp@H816¢1@ bosiE 2066k A9 Wn a. pfir of logic boards).
twenty-four on a pair_of |ogic boards) and the nunber ' of -
| ogi ¢’ chips 10 requi rBdof épnephrFeohiads iz gnodule) of the seygmtysifaure

total of seventy-four {f{fiVsSPUENESPTa half-size module)N@ipd 2 Ye
WO 98/ 54649 PCT/ US98/ 10312

69 4.  Tot aksednbsr cdoakPlgeneratienahegic(ichdps towe atikBehed to
fup (one Tor a hal - orse GRS EStleehs | M¥inicroprocessar (IIPMre
refereh@e to Fig. 11, présent) stlmen_ee prikkedwm@Oslodk generation deygiomgihips
b 0,200 O %) 0 4R GaBh, i Rl the cosuSoqiBOahPL e
hal f - si ze modul e) chigsl@0decasedefor one functionuaedaasimeock Hgerareat,i drt
L?g:gpfgggzsg; 22}?gn§$eggssible that the%geégéﬁﬁgqéﬁgg§orIﬁF|LECh|2ase,
" only seventy—-two (thirty—-six on a single logic board
15 200) full-capacity logic chips 10 can be used. The
' two additional CoSim logic chips 204 (one'for a half-
size module) can then be used to implement additional
user logic if clusters with no more than one hundred

_ sixty-two I/0 pins are available (see Fig. 11}.

20 After the appropriate clusters are identified, the full-
size clusters are further subdivided into two emulation boards
with no more than 1868 (the number of pins on turbo connector
202) intef4board connections. Each board must have no more than
half of all critical cluster resources (1804 ingoing or outgoing

.25 nets, twelve EBM memories, one microprocessor or clock generation
logié chip 204, four hundred thirty—twq_logiclanalyzer channelé,
thirty-seven logic chips 10, 204). ' )

EBM compilation step 1030 creates the memory cell instances
to be implemented as emulation block membries (EBM). These are

30 created as special cells not to be included in any logic clusters
during chip partitioningrwwAnwestimation-subroutine~evaluateSehow
many EBM chips 208 (see Fig. 1lly—agiven—set of memory instances -

requires. This subroutine will be cailed from hierarchical



10 present, there will be no clock generation l.ogjG.&hRd
and 'vi ce v&¥Q@8/dhuse the CoSimlogic chip 204 can %&Iﬁgésgl%?n '

used for one*function at a tinme. However, it ‘ i s possible that
there are neither. In such case, - only seventy-two
(thirty-six on a single |ogic board 15 200) full-capacity logic

chi ps 10 can be used. The ¥vvo addi ti onal CoSimlogic chips

204 (one fﬁérﬁlhibh planning progr@mzQHBBmull@)lllcatthitencoenasﬁdono is not
i npl enent ‘addi ti onal

one hundreahown in Fig. 21}i314 qqul%% I%ghgggbggbgéﬁﬁe%%geeg ’g%ﬁ‘ﬁWn

20 g?. hag 2RPIRAY | St endrhdisy eissBaRcedethati edn bee Jimpllementecmqma
clusters are grt her subdivided into two enul ati oglboa

than 1868 ¢nke haaishr andpithe Jrumbeso OkonRF G © pSZ(r}g’) T’th‘?ié\rM c?ar'&emor}?

connectd on a I e AftYy boadtblfarfiwidnindgtprotess
cl ust eré reéoulréggg' ?Clig-rﬁin'l@ng}gilﬁ %?rd}%ﬂ%m ng 25 noeat S, I{;%}eBbEE ?TEE:TDFI es
f

- one m cropﬂ.OQéssim completi, g& aﬁﬁ%rﬂnemorl’o&i%@é-l%e& hLﬁ‘F(ﬁaé:(F a
thirty-two,lo t YRARV 0Qi08 @H@oﬁc@@zﬁd
1083 & %tfégfsg{tgﬁgsé? with!BLERYRAAVERiD d:

EBM conpi | he nmenory cell instances _
i npl ement edo@s emﬂlaﬂjmesallmadmmm RAM EBMP 20t esiellarke SOarlé*F‘éail%db%éng

speci al cells .nqt tq, be i ded i n e6$11 notulidyk s Pime-
partitioni n& iAteadi Qi gﬁ g ﬁgguﬁ ?lce)i)el%/ogqgéaq? Gl%é Wil many EBM chi psm%08
(see A@. ﬁmtl@mmerg selog:ifc mimroy lthemancesThey ralser dgave Tpreperties
subroutine wll be cal]ed, fr {__arc

70 par ppﬁ%%%ﬁ%@lﬁﬁ@?&ﬁ? HBB) lf(?ff (cfkh B 19nRER; FERbRers,4° that

shown i n Fisgst2h #ohekdpald3pachaint igeriaratp ogmmdﬂZB/OOCpm@[te:thgntS- EBM
designate a set of nenory instances that

be i d.9
board, and o9 FETLHS | RAMC P t%‘%‘b? I‘f%lﬁ%g § 5 g%ﬁr&éa}:te
will Consu%erﬁfst BebR@sd RALY dRidih pa@mastlcalmzaensramm etegichpot
EBM nmenory conpiler 1030 wll create a. | ogi c cluster associated with

each FN\/I clRigFeRFEL ke | )i TR AT -

In a preferred embodiment, the EBM .logic clusters are pre-
compiled. This allows the placement and routing time to be saved
for these clusters. EBM memory compiler 1030 has been for fully
described in co-pending application 08/733,352.

- 20 System’router 1032 assigns physical wires in the logic
chips 10, 204, Mux chips 12, and logic boards 200 to the logic
nets (or signals in an emulated design), pairs of loglc nets (in
two-to-one multiplexing) and the groups of four nets (1n four-to-
one multiplexing). Following that, it assigns the logic chip 10

25 pin-and a time-division multiplexing (TDM) phase to- each signal
going in and out of each logic chip 10 and 204.
It is important when doing system routing to select the
 optimal route for tlme—multlplexed signals to minimize the signal
delay. The algorithm for doing so is as follows: ; '

- 30 1. Two-to-one time-division multiplexing (2-1 TDM):

The optimal route switches TDM phases in each Mux chip

12 but not en route from the physical net source to the

physical net destination. Ekamples of optimal routes are:
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N . . . . ’ . . .
200. Al lines leading to RAM chip 208 will be narked as beR@RjUS98/10312
"critical woses/adbd%x NGD Qut program 1020 will not insert time- 10 :

multiplexing logic into* them ‘They also have properties

containing-their respective logic chip 10 pin nunbers so that’ system
router 1032 can generate correct I/O comgiraints. EBM | ogic clusters
cannot contain probe signals and cannot geperate € gdhbey
contai n autonati cal mwm@muﬂmwbﬁﬁag%‘?%/c%‘ées?@?‘%%Z"?EEQEZH.

In a preferred enbodi. nt/. thec | ogic clusters are pre- conpi | ed.
This allows the pla Fouli’ng time to be saved for these
clusters. EBM gi}_m)ry'corrpi | er 1030 has been for fully described in
United States Patent No. 5, 841

967. a /i peesn /b0RPudyD
physical wires in tR Q:utputg?ﬁfj%%qi%?aé 2§¥%§6§§2§Se€2t anl L\)(E;STS%II—
boardsc200 19 the | GRuetas nepac/odosngmat el o BRSKAGYAREE BeoTln) et <
(in four-to- on&%&(@%?@%?ﬁ@%'?é)gﬁgakﬁg Fzgtd it assigns the |ogi

! | eRt | 1§ p891%4
chip 10 25 -pin and A et piss i mﬂlﬁi\mmtlthT@W%é%rb‘-R% cRsi gnal

going in and out of eah logi ¢ chip 10 and 20§. chips s 12phnt aritis
when doi ng systgmadr detiangchdPSelak] ?ﬁ@lvale titn%l M?’I(E;Ute f%r

time-multipl exeg séfggg#ioho m'gﬁhgi égvglge_ash@naknal ongelcaEle Helay gtfﬁ'?"fefﬁﬁl
ws:™ 30

for doing so is®&S

1.  Two-to-qgng, ti.Ne-{Hyd=4 Ofo be one-
"mul ti glexi ng (2¢koTDMyic chips 10 or 2ffe \g‘%‘ﬁ rﬁiﬁq‘a&oﬁaysa\%ﬂt@ches TDM
N eac

hases

Mux chi _ 12..hu t diQMirgy fotem tdus phiys i BEgS ned %‘g@nr‘ze

to the gﬁllr%f-"(’,fala ﬁzgt%l%es |(r?11ate?%n.l Erfxgarrgl es_of %Dt 'éﬂlzlﬂﬁié‘ﬁeﬁrsa
WO 98/ 54649 It is, in fact, one full cycle DPEERPSEoS) | '

71 ' . al_pha/ out put / even- aLi Beut/ eYghaiet almsep ity ode end of
al pha/ i nput / oddin logic cgf)lps 15 642 . i teady in logic chips
al pha/ out put / evemphetard nppt e vem-thetta/ the pi&g%%l]d-ls 5% Y

muxbet al i nput / 0ocd- MIXbet o/ Outaul /gy | Opetéexeher it is received. If
bet a/ oLS put / odd-18 pHa/43hR? o he SYELNELPL | 8P

i i t
router 1032 fails to f:L_nd an op ‘
output is not available, or an

imal route, meaning that an

i MUX
appropriate phase | ' ’ -
appropriate phase logic chip 10 or 204 input 1s
the signal loses an additional half cycle of
. ccumulate the misses

available,

20 delay. The router attempts not to a

along the same net, if at all possible. Critical nets are

not multiplexed in order to minimize their delay.

2. Four-to-one time-division multiplexing (4-1 Tl')M):
Each physical net always includes one inout p:u-u _ (IIIOIO
25 " secjuence) and one outin pin (OOII sequc?nc':e). lAgaTu;-, 1.:-e
J optimal route switches one time-division multip eilu.ngh
chip 12 but not en route from a physical’

) hase in Mux
o E tion Examples of

net source to a physical net destina
optimal routes are: _
30 alpha/OI/Ol—beta/IO/Il—beta/OI/02—
" alpha/I0/2alpha/0I/02-beta/1012-beta/ 10/03-
alpha/OI/I3alpha/OI/Ol—beta/IO/Il—beta/OI/02-



Al pha chips are equivalent to |logic chips 10 or 204 Cp 08783532 Chi ps

are equi vawerss/se9Mux chips 12 in this descri ption. 'S glves a
m ni mal one.cycle del ay between 10 . two logi¢c chips 10 or 204. The
del ay may appear to be one- hal f of a cycle upon exam ning the
logic in Figs. 3 and 4. - It is, 5% fact, one full cycle because a
denul ti pl exer 34 in logic chips "T0, 204 clocks signals close to
the end of - Hhenbeh 16y th emagbebay I0/i03sbgtal/ Ol ISrbedn AIO QKT ¢
chips 15 10 or 204 on the next half cycle after it is received. |If

router 1032 fails toa}Pha/@R/8ptimal route, neaning that an

appropriate phase I\/Uﬁ,lggt %li elgS Nohismpal aBhe-hal facycle delayapgpbaritstre
phase | ogic chip 10 or 204 input is not

aval l gbl e, .the sig -
oase hn nddi 11 hal | Howeems mme-nalf qavale Pt POHEST oA atanes

to accunul ate the mn S . o1 ofig1 heogAMRaBeisard dirationoas lne
Critical nets aq:év1s:|s.83 multﬁ.gtlex nﬂ 2}

mul ti pl exed in order_to ginlniZﬁ t eiDM

del ay. cyéle ofotmd-coommet i tianatidi sl skomnfel bR PRYNE4-(2 M)
Each physical net al s includes ong,i Lo {4 11y routed, SE5UHER)
and one outin pTheF£¥eSeaﬁ§%Je 9 Qﬁlgafp%gt#a@ dpistd fopﬁb} _r?al rout e -
switches one  {inMBogtVifi 6bupttorehextime-division muimiplawing i (I p
12 but not en route froma physical e i SPMEC i Py sheal (net
destinati on Exafpmpargd to Q{WO't%To?ﬁ“?raltlme s g“dh%lap oG

FOut €S are:
al pha/j@ / 01- bet ghy§). | 1-theiendd/ GRisses (i.e., failure to find an optimal
al pha/1'Q 2al pha/ O/ Q2-betal/ 1A 2-beta/ 1.0 OB- . - —treO i me—-division
al pha/ O / | 3al phapPBLeEl-det SAFEPSEEGb1apeyFhpin four-toygng, LiMes Vst

PCT/ US98/ 10312 njtiplexin (4-1 TDM) routing72 have more - severe
mixbeta/ 1 Q' | 2- rruxl%et all g CI? bet

alpha/Q /14 consequencepnitéﬂag'q/ %«é'éi%%ﬂp&% g‘@%—g;vicsyicqré I%Jr%%,plexing

al pha-to- (2—1a|’1@3'f’):_ro MR).EN  FoNexdidIe, Chlee epatdh: four-to-one
-t o 15 alpha/OI/Ol—beta/IO/Il-—beta/OI/Ol—alpha/IO/;l

will-delay the signal by 1.25 four-to-one time-division

multiplexing (4-1 TDM) cycles (or 2.5 two-to-one time-

division multiplexing (2-1 TDM) cycles) which is two and

'one—haif times worse than an optimal delay. In every hop

20 through a Mux chip 12, router 1032 can miss by 0, 1/4, 1/2,

| or 3/4 of a four-to-one time-division multiplexing (TDM)

cycle depending on what inputfoutput'lpair the router

selects. Router 1032 makes every attempt to miss as little

as possible. Thus, critical nets should not be multiplexed

25 - to minimize their-delay. . _

‘éome logic chips 10 or 204 have input/output nets locked to-_

specific pins. Examples are Mux Clock signals (MUXCLK) 44, Trace -

Clock Sigﬁals 2002, connections between co-simulation logic chip

204 and a processor 206 (see Fig. 11)( connections between memory

30 controller logic chips 10 and RAM chips 208, -event signal outputs

236;'etcr"“These“connéctions do not need to be routed but have

to be included into logic chip 10, 204 pin constraints data.



V. I'tiplexing (4-1 TDI\/p has same duration asPOMS98/10312
cycl e of t\)%g#ﬁz&g%% time-division nultiplexing (2-1 TDM.

Therefore, assuming all nets are optimally routed, no speed - S
lost in four-to-one tine-division nmultiplexing (4-1 TbV conpar ed
to two-to- onetirre di vision multiplexing 13-1 10 TDI\/p However ,
msses (i.e., failure to find an opti mal | scussedl K
above) in four-Addbhéonpie- BrOESRBALNG 1is  al§G | |688’1Fge DNy ©°¢

: ti
[ e G vi STORCRHPREPR, FRELELE (s fhlfcme%ewma“‘dmmw e

routing For esg%{’rp f
path: 15 in Fig. 19a| phmsalstaemmmM @esépek/ e}r&P&ﬁaﬂ to select
will delay the si o] | fig0Neach of the 1 c
mul'ti pl exi™g “t°4r€ %bﬂny %i%ﬁ ef fqlg,%k\%o_ntfggg%% e O v?gsjl-on
mul ti plsexipngdtles.TDV cycl es) V\:hl ch s two and . one- half tines
wor se t han anotlrral ay. -ln_every (f)ti’egfb P idn,
router 1032 can ﬁpsgpﬁlﬁ‘%l? }é’f)o 30%4 %sz%ﬁ:.es fléié} f a:?lo%%x?%i]%ne "
time-divi Sb@ﬂcé“'ahkip&@uﬂw (m software 1096I w1¢thp¢rh@| rlglﬁm-'mmon about
| nput - out put pair the route oyt er,
attenpt tothesackyali @ime I/o ass%m&%“ﬁ%ﬁﬁ%“%%& é;sl t ca: nets sﬂoul d

not be mul g.bg 8% E‘ t%_?tle—multitﬂéﬂéd rag€ighei thilel ap. just an assbymményi of
chi ps 10 or 204 have 1 nput/output nets |ock ecific

oo s aceanakectock /b paaks ( FoRcERpeya L sinlexed a8BEght, STBMNeaigogn

connecti on v 9El 854598 kagbs alv,p 204 ard4Mardchipisockssbs abSo
(see Fig. %E?‘ con}}ﬁ% oné@betg/een ma%rjory 30 controller l'ogi ¢ chi ps 10 and

RAM chi ps ad8edsvent. signal outputs 236 etc. These connections do not
need to be routed byt B§¥§l%l ga%tq.%ld}pl ugedckntand ogbatehi (PP, BRSgEan

constraints data. 4649
'PCT/ US98/ 14838 reruns the PPR program in an incremental mode to xeroute the

o S "% ge) Bl SEEREFPRGEY of cheochip, f”gs%%“%‘ﬂ?ﬁ?ﬁlfﬁ”zt par

of a cl ock ppR" pridgrased st @ved/laitle fronbxndﬂ-éxt Fié?ﬁP@F@ﬁtwﬁserT@Poa?é:Ou ing

reaching ea%gnOfes:[ h(:iogl c?u.p le,eSZOtl configuration files prev1ously

produced at preliminary PPR step 1022 and fixes the Pin out as
determined by system routing step 1032.

20 Thus, a preferred method and apparatus for emulatlng,

verlfyn.ng and analyzing an integrated circuit has been described.

While embodiments and applications of this invention have been

shown and. descr:l.bed, as would be apparent to those skllled in the

art, many more embodlmehts and appllcat:.ons are possn.ble without

25 departing from the 1nvent1ve concepts disclosed herein. The

invendtion, therefore is not to be restricted except in the spirit

of the appended claims.



NGD updat e program 1034 supplies final par el I eI partition, nd
; ndcriAfing

route (PPRWQ2H3sk e 1036 with the informati on about pin 1/0O
assi‘gnments produced by systemrouter 1032. For non-time-nultipl exed
desi gnsI this is just an assignnment of 10 si gnal s to I/0O pads. For
time-nmultip | ogi c on t he periphery of |ogic chips 10,
204 and I\/Ux”ﬂ Hmllﬁuﬂam added. 74 Fi nal gar al | eIg part.i ltoi on,
pl ace and rolte& (PPRI pfogram 1036 reruns the PPR programin an
incremental node to reroute the 15 1/O pins at the periphery of the chip.
As stated eagkj8r, the PPR program'i s available from Xilinx

Cor por ati ofT—The rerouting chan chi.p , 10,
configuration #&ilesh pﬂ-@W-Sus??alY eﬁr oﬁ%g%ﬂr%Feﬁr et? m%aﬁﬁ’ﬂﬂtﬁ?e

and fixes Lhe 15&.@ put Ut s§Stem gREET "bgUabysSYst ETRG DIt idusBdep M. Bﬂglc
Thus, a pre?erre

d and apparatus for emyl ati.n verifyin
anal yzi ng amuﬂ.ategnat%ﬂst:éﬁmcmo[ﬂpﬁe@%nad@éé‘rqaﬂééy 3t WRg i ﬁi}%&?ﬁea{i’ée |

and ap g&gggiﬁgg,otot@h REpat b F@é{f%gefﬂtercoﬁﬁeweandodeeeﬁ kegheAsoy

_ woul d art, many nore enbodi nent’s
and appl i cat pamaane:ypa:sfslirmem@rtmt 2t5hlﬂe|oatbﬁnéogﬁlénﬁﬁ%gfhxﬁ‘é?ﬂ?%%smg
.concepts disclose eé.&?r far 1QUm e
restricted®g éBF% J‘r':"l {éeiemen e app;en c g‘lcfrgslcg 43P the
74 Clagte: analyzer cbmpmsalmggzl c anal yzer integrated in-. a

hardware | ogic l.at.i y's{ em a [ g
the logic enmul aﬁq:ur}es%% e o%%?rll s%ﬁgiﬁ g?abg%ﬁ%e/do% nbtesgreo%gcr}‘gen?fm %ld
ngl) c 1(’ﬁ @lmu@allﬁt(j}) o;tncloglpl uhapsr, ysaﬁ.draprbgaammbe es¢an echaibmecomphi ped
the plurali 0 ra LO chi 0) g
mterconne&’f‘-edatottﬁlét'hfi)?ﬁ %'xi}ramé pl ?%?ft g%%xogr}g%%lgblprogramably
connectable to outputs of a selected subset of the sequential
logic elements of the logic design; | '
at least one memory device, said at least one memory
15 device in communication with said at least one scan chain and
~storing data from the sequential 1ogic elements of the logic

~ design; and

control circuitry, said control circuitry in

communication with said plurality of logic chips, said control
20 circuitry generating logic analyzer clock s:.gnals and trigger
signals; said logic analyzer clock signals clocking said at least

one scan chain, said trigger signals being generated when' a

predetermlned combination of 31gnals occur 1n said plurallty of

. loglc, chlps .
25

2. The logic analyzer of claim 1 further comprising a
:means for calculating states of the comblnatlonal loglc elements
in the logic design from data stored in said at least one memory
device. ' '
30 _ _ ‘
3. The logic analyzer of claim 1 wherein each of said
plurality of logic chips comprise field programmable gate arrays.
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I nt er connecyt &@ (12), t he | ogic design conpri Si- CT/AUS98/10312
conblnatlommoq elenents and sequential logic elenents, the 10 logic

anal yzer conpri sing at | east one scan chain programred into
each ity of reprogrammable | ogi ¢ chips (10), said at -
Ieastlmmﬂllﬂlllluum"m in conprised of at Iast one flip-flop, each of said
| ast ohe Scdn chain progranned into each of said plurality of 15
reprogrannable | ogic chips (10) programably connectable to out put s

of a selected quset fg?tﬁggggqggg%g?egcggccgggﬁegtgﬁgreln shedl agl Qeast
€

desi gn; St-one devi ce ZIQ% said at | east one
nmenory devigree (st atmumai&@nqgmmdoﬁnt;al gonfigurablenkogiarcebls ehidiin -

programed in ac sai d 0 0g9r amabl e | ogi ¢ chips
(10) via tkﬁ?ﬁé&f@ﬁf@ypﬁ?ngﬁ 8§P§nﬁéﬁﬁegfn§§rconnect chips (12) and
storingsdata fromthe sequential |ogic elenents of the logic design;
and cont r ol C|rCU|tr 600) tr |4 cuj 0

in communi cati on®wi t h12&j dOFHGr &1 ]y3}%€fr r%ﬁrssﬁéﬁ“n%bl@ﬁl%{r? said %% @e£s5c
(10), said gont elanCi skaiA " ¥ s( 698dgaamRaBLY Ngdmgiated tanadwbsmt$l ofk said
signals and trigger S|%nals sal d glc analxzeié)i éiOCk 5|gnﬁ ? 2}%%
sai d at. | easelescedcauberd oL SEi® BRAYGBFL2 Tl S BEHGS g8he A€

a predeter {J@f’ £ Ol Ry 'c%hﬂg@Pabﬁégﬂéh’élﬁgc&resldmr&ﬂ @iunahu piaf field
" reprogranmma ?oglc chi ps .

75 10 prdgraﬂmeblgggéténéﬂyﬁéﬁ-of claim1 further conprising a

means for calculating states of the conbinational |ogic el enent s in the

| ogic design fromdata stored in said at | east one nenory devi 5
3. The logic anél yzeThef leigiion anakgzer nofaghadm daiherein said at least

one memory device communicates with said at least one scan chaln

through the plurallty of programmable interconnect chips.

15 |
7. The logic analyzer of claim 1 wherein said logic chips
have event logic implemented therein which computes said
predetermined combination of signals.
20 ' 8. The logic analyzer of claim 3 wherein the plurality .of

field programmable gate arrays has event logic programmed therein

which computes said predetermined combination of signals.

9. A logic analyzer integrated in a hardware logic
25 emulation system that emulates a 1logic design, the logic
emulation system comprising a plurality of logic chlps, the
plurality of logic chips being programmably lnterconnected to
each other, the logic design comprising combinational l.og:._c_
elements and sequential logic elements, the logic analyzei

30 comprising: _
at least one scan chaln programmed into each of sald
plurality of logic chips, said at least one scan chain comprised
of a flip-flop, said at least one scan chain programmably

_\
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.plurality of reprogra (10) conprise field |

pr ogr ammab MO é5464%r r a ‘i\ “‘““‘\‘ The | ogi ¢ anal yzerPcEﬁ’UﬁqsﬂP:ﬂ%
wherein each of said at'%y eas® ofie Scan chain programed into each of
said plurality of reprogrannable | ogi ¢ chips (10) is programmed into
configurable |l ogic cells within said Qgeld programmabl e gate arrays.
15 : The | ogi c anal yzer of cl ai M@ wherein said at | east one
scan chai g dﬁﬂ¥§€ﬁﬁﬁg £ Bt Queprit OfoB5ad dspl HEBbH! ¥ublset of cPhe@UbatRbitd al
| ogi c chips (10) is progranmably connected to out puts of said selected
subset of agiceelements pbgtheclegifit 9esigngf the | ogic design using
configurabl e rOUt'ngaﬁeiﬁHEFGBnW'h@hprgodéﬁﬁééf'éﬁihFﬁﬁgléﬁgﬁbbﬁegﬂkﬁory
arrays. ogi ¢ analyZer of cl’ai'm wherein said at |east
one marmr wm;:e;el(;zm__ ot e@-‘m t3addj atalepsistonshes@r@nchaing gaidh
throug Iurall r a | ter C 2 (

| q'tﬁo n%ng%zerfxfo‘?f £k gmg% %t\h%ér rropnec Eé‘éﬁbﬁésr g:fr Otél% Logic
Ioglc CM[ﬂEdﬂé&;hﬁN&mevent | ogi c inplenented therein mhlch conputes
sai d predeterm ned conbjnation_ pof 51 nal s.
anal yzer of claim3 V\BE# ﬁ'l thcé“b‘l:‘ﬁ’r FYty osfald k%P programraqig‘lé;g e
arrays hascoanaitidceeionpwighasatd pﬂ@rahity ofVlbgicCohﬂpsessaaddcontrol

pr edet er mi ned conbi nati on of, SI%.
AVENDED SHEEEculitry generating oglc analyzer clock 31gnals and trigger

10 signals, said logic analyzer clock signals clocklng said at least
one scan chain, said trigger signals being generated when a
predetermined combination of signals occur in said plurality of

logic chips.

15 ' 10. The logic analyzer of claim 9 further comprising a-
' means for calculating states of the combinational logic elements
in the logic design from data stored in said at least one memory

device.

20 11. Thé logic analyzer of claim 9 wherein each of said

plurality of logic chips comprise field programmable gate arrays.

12.  The logic analyzer of claim 11 wherein said at least
one scan chain is programmed into configurable logic cells within

25 said field programmable gate'arrays.

13. The logic analyzer of claim 12 wherein said at least
one scan chain is programmably connected to outputs of said
selected subset of the sequential logic elements of the logic

30 design using éonfigurable_routing resources within said field

" programmable gate arrays.
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14. The logic analyzer of claim 9 wherein said at

one memory device communicates with said at least one scan

through the plurality of programmable interconnect chips.

15. The logic analyzer of claim 9 wherein said logic

have event logic implemented therein which computes

predetermined combinatioﬁ”df signals.

least
chain

 chips

said

16. The logic analyzer of claim 11 wherein the plurality

of field programmable gate arrays has event logic programmed

therein which computeé said prédetermined combination of signals.
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