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The present invention pertains to mcroprocessing devices and nore
particularly to a programmable wait state scheme for 1/Owith external 10
devi ces. éﬂ@éﬁ\lD ART General ly, whenever data is exchBhtEeBePheen two
devices in a system such as a mcroprocessing unit 15 and a nenory devi ce,
the system nust ensure that the interaction between the two devices is
synchroni zed. For exanpl e, presenDedayiptiowprocessors and mcrocontrollers
are fabricated using technol ogy which permits very high speed operation.

Cl ock speeds of 300 MHz and hlﬂher are 20 becon1nﬁ commonpl ace. However

peripheral devices, espe#ISRPFRAEEFINGLAVICE HAVENGSs FLASH, SRAM and

EEPROM typically are not c2pabRaMMABIEIGAIT §FATESCK speeo,
approagh to synchronizing with slower 25 devices is to var mu’ m@mmon of

the bus cycle of the mcroprocessing device for each device agggs

soneti mes r SEERNECAL FLELD OFs THE, INEENTEPY by the use of wait sta?es The
systeni s address decdrisy piesedes ihbentish qea-taritisdeber m nes whi ch nenory is

to be sel echttrodhie P RPiSeE0RM ot OGisebERadepeLgifes, whether the

menory is one that requires asser.t T signal line if
requi red. TRECHFUMMARIR &adithstabreschems o O V¢ﬁ3I2¥Y?ﬁPiﬁJrlng a cl ock
cycl e J@dnd gdeviceso a wait state (in essence a do-nothing state) for one 35
clock cycle if the line is asserted. The mcro sanples the |ine at the next
cl ock and resu | on when the WAIT signal line is negated

(de- asserte&? ég) 1 des the sl ower nenory device enough tinme to
internally decode me&@ﬂa&lGﬁheﬂeﬁfﬂ‘m@/ 4832%chhnged dredueenaccess t he

memory) andighl Qv idés daf & ayskba, oM lad Y TR opPosbaRind it
15 and a memory device, the system must ensure that the
interaction between the two devices is synchronized. For
example, present day microprocessors and microcontrollers
are fabricated using technology which permits very high
speed operation. Clock speeds of 300 MHz and higher are
20 becoming commonplace. However peripheral devices,
especially memory devices such as FLASH, SRAM, and
EEPROM, typically are not capable of such high clock
speeds.
A common approach to synchronizing with slower
25 devices is to vary the duration of the bus cycle of the
microprocessing device for each device access, sometimes
referred to as "bus stretching,”" by the use of wait
states. The system’s address decoder decodes the address
and determines which memory is to be selected. The
30 system’s control logic then determines whether the memory
is one that requires a wait state and asserts a WAIT
signal line if required. The microprocessing core
samples the signal line during a clock cycle and goes
into a wait state (in essence a do-nothing state) for one
35 clock cycle if the line is asserted. The micro samples
the line at the next clock and resumes operation when the
WAIT signal line is negated (de-asserted). This provides
the slower memory device enough time to internally decode
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One prior art technique of using wait states includes storing a wait state
nunber in the nenory device 5 itself. The conputing device includes |ogic
to access this nunber to determi ne the anmount of time the bus cycl e needs
to be extensledous41gshi s approach requires specialized devi cesrvsaedszi ncl ude
logic to store a wait state nunber and to provide it to the conputing

devi ce. 1o Anot her approach using wait“states is used in interrupt-driven
|/ O devices. Logic in the program decoder detects the occurrence of certain

/O instr ucewrhsdﬁmisasse&ags atwlﬂam%&naknaoafmm REahtopeof the
m croprocessor_f.or ge epend| ng on the instruction. This
Y&Ser

appr oach is°® ‘ﬁ%%‘f‘hlb"&&erﬁcggsg |/ O devices, where the
m Croprocessor is pa@s\sdpduprngr%l trechmwiquer ofiy usitng mmtt isfateaction to give

the sl ow ”Qaéjﬂiﬂése sttbﬂngoapea{@rgaaﬂes nagbkfNin %&w@wyeabw&e addr essed
read access to a

bythe abovge,_ | s to nu

first devi cetsf%' %él vgﬁmgﬂgﬂ&ﬁ ‘f?vrﬁ?et &ngﬁ%e%fﬁd%q of ea&?ga?s to anot her
devi ce begithkis rremheori tg fAetermine dihesamolht of dbinentdec st eyede he f act
that the outguls 2& %I \éﬁ{:eﬁée& he rfﬁfsstapgeuheﬁ i-éq@itﬂésl specyhPzéde data bus

that is co n to en a es r.devic occurs.

Unl ess enog‘g% jﬁeﬁew?‘éca ?8&@‘&3?? eetﬁewas‘ecc?% &R er for s an
access, botIndicg exrowide| itt tenthe t@multvegt@evm The result is garbled
30 daga and incr easednaew{— Wi&ﬂnéuﬁai@ §dam£s: ageqQeeaaggess by both

driver circui trz* i% Vrlc%:lgalsem gges nlorg t%e éx_% %esent itself. For
exanpl e, co’hsecut|ve rea opera T ONS from the Sane d 2280 not pose

probl ens widerqder deteetei Fheiergurange pE epetain dd ol | owed by 35 a read
operation, indMictdonBOSAE AS=@FtR|aLMARIt Bighel did \Waspeh@ui try. Wiat is

needed is c rcu Y, cr r.chitec that detects
access to %ﬁa@lﬁ Ogs‘:{‘lé %%&ﬁ%%gwg{‘l?gp? elogem%r Itgdengand inserts

wai t 3Pat esderanstimgngnt Bh?hb“ﬁ%kc*dﬂpnl/oTbb’er%RHr(ﬂ?C’é‘ellﬁg“EEf‘Pbrned It is
desirabl e tfohaseess’ €bi 1ywéhat/cAevdebectwhdte knenory i s bei ng accessed

and insert x){]!@ééop%%’e S %Md\’ d lr&nﬁ désréé{fér{‘%rro%eih@?ﬁ% o have

circuitry t rnserts wal at es he 'sequence /0O
oper at i ons H&W%PﬂoFﬁe@lVSWW%ITﬂEWWﬂm I—G PRYECEDNDUL i ng
devi ce haviitg fdctdbnand second external nenories) a method of accessing

TEITD! YoOOMPI T 865 a5SQCkAbb il dydd [iHrkBkba Sy the Uniel 9al BEcddd ot Mooy

and a second wai t stat e secon hen selecting the wait
state val ude® dEdpiecHenrrh %eweem ¥heEq %rre“‘-a(ﬂ‘ atqﬁ’ésﬁ'eﬁﬁr?es and readi ng
t he menory.fiSidrsegudne is nde Given ehonghdtive ad qmmpaetteobéfm'mext /0O

operation, JedPYql §nBthet rﬁ&rﬁ:é"’%ebiﬁ&at Peéx?ftﬁgoﬁlh' deQE time

proporti onal to th seI ected wa state x clock

period. 20 HARVver Thef pf%l?f&ﬁtﬂ’vso%ﬁﬁr E’E“F o‘ﬁa‘?ts 1:tl"(i‘tt ﬁ@el AREPYGI menory of
the CP%, t hbnivere oePl;heIoe:srslbtdeenIc@r is shill Amitving ithe etaheus / O

oper at i on, dhiik 15! BBhmbA"ES B \ueRiigeE TReidduddic do/ Ehaspglion. If 2

read operatjon subsequent to the internal I/0O operation is 25 nmade to the
ori gi nal | y 4603&€ @F°BkEer n@?lﬁﬁﬁrﬁ’?“gphﬁhm%&%]tlw &9 Baght ered and
access i mmesbifairel ther seeenid . ddvice peadoopsrai iancesshsequndevicdse i nt ernal

/O oper at i,on 4 %t@ﬂ?tteo adP.{JJ PreNbubXt epal  JRITR Ys GAEB1LGE vait state

i's entered for a
data and 1ncreased power consumption due to simultaneous

access by both driver circuitry. However, this problem
does not always present itself. For example, consecutive
read operations from the same device do not pose problems
with the drive circuitry. A write operation followed by
35 a read operation, likewise, poses no problem with the
drive circuitry.
What is needed is control circuitry in a

microcomputing architecture that detects access to



30 proportional to the wait state associated with the originally sel ected
ext er nal menory, timed fromthe conpletion of the read operation. In
accordance with the present invention, a m croprocessing device includes a
syst em busWPPUiHSEh 35 external nenories, core |ogic, an&CHUSR833)
controller are coupled. A wait state g rcuit generates a wait signal which
puts the core logic in a wait state. Coupled to the wait state circuit is
an external bus WO 00/ 54165 -4 PCT/ US99/ 29321 circuit which detects the
sequence ofmultiply memesbes arskiingeptaceain stutesysceorfiBgarel activates

Lhe wait SideecgbbCul!ypschsdlistdlon bAiRY! pdfontilict | 96 gsin @ walt state.

Coupl ed to the bus circyit is ns 5 for storing a data

ex
float wait 46S3Fa é % haye SINFUHERS, 'y'h?l*év??:'é deﬁ?é’tdé'f‘écﬁeﬂﬂg tputs a
data fl oat mabtalsgaaeccmtub argl timgewkt waitl statesciaccoeriingly espithse to the

rr?‘rmr Ys delleelfaﬁhﬁeieéest&wtt%r Rale DU &b {164} tth‘i%t gnkert® Mﬁc occurrence
(0] an externa

read fo an _access t xter a menory and
Chi ¢l ates Sa%eR APBRaRaLEY o, thes SpAREASs ﬁ%ﬁ@ﬁaﬁﬁsﬂa P he wai t
st at e val u®erdernefeondi ng to the accessed nenory, i.e. wait state x clock
peri od. However, if the external bus 15 circuit det ects a write operation

followed b P, t n no data float wait state occurs,

al t hough a)éé&gég? 8? %ﬁti&@@ y still occur. Simlarly, if an ext er nal
read bperation is folhoaezbupntingi deeicel haciyus & irstieandoselend f | oat wai t
state will f¢evhal2Rembt ffs DEShidbRoh D CEcJéﬁl%“%N%yFbsmpxlme% a bl ock

di agram of a data. proces accord W e Invention. Fig.
2 is a bl o&%=8Fa3 Fgﬂ?o;f fﬂé’(}%ﬁéﬁng}‘ gﬁs"?’é‘%%%\ﬂ %éjESF BF%hown in Fig.
1. Figs. 3and6aapecgmln val tlistatenwalhe ube rehe rpopad; vagomoertnqmg

confi gurat is@l&ceinghenda&aawrst%&sbamuéySéﬁadlra&@caridanae with the menory

o0 oesin 20N 8 B oB EnllF Ml WURNAED. 138 Ml cheelhiRl 20 2 20
OUT THE |N\$ehwaﬂpﬂéf*é¢ rhgy %t@pré readpngian prdeas$PngheyreXm 35 100 in
accor dance ot Bpéh@tﬂéﬁﬁaﬂie lorueaisl Bt COREY i 5 QM itaisitats SoPsy/ st ens
organi zed eﬁ—'iQQ S‘fsﬁg Zggai‘ E%C{r? 'Sae c%'fggwggjctség@%sucr] as a
m crocontr or-t e |nc es core ogl an ernal nmenory
114. value; i.e. walt state x clock period.
20 However, if the next I/O operation is to the
internal memory of the CPU, then the CPU does not enter a
wailt state prior to the I/0 operation, but rather
immediately proceeds with the I/0 operation. If a read
operation subsequent to the internal I/O operation is
25 made to the originally selected external memory, then no
walt state is entered and access immediately proceeds.
If a read operation subsequent to the internal I/0
operation is made to a different external memory, then
the wait state is entered for a period of time
30 proportional to the wait state associated with the
originally selected external memory, timed from the
completion of the read operation.
In accordance with the present invention, a
microprocessing device includes a system bus to which
35 external memories, core logic, and a memory controller
are coupled. A wait state circuit generates a wait
signal which puts the core logic in a wait state.
Coupled to the wait state circuit is an external bus



WO 00l 54165 -5 PCT/ US99/ 29321 An external clock 156 provides clocking
signal s130 to drive mcroprocessing unit 110. Data transfer between core
|l ogic 112 and nmenory 114 occur over internal bus 116. The internal bus is
coupl ed t owseyssans bus 120 to 5 provi de data transfer extBCTEHEIIN20321
m croprocessing unit 110. Com ng off _gf bus 116 are nenory address |ines
al40 which feed into nenory controller 152. Core logic 112 provides data
sel ect signal s142, indicating that the core requires a data transfer (read
3}1 \l/vri te). citch@tpetiidic Wetiectsi gRal :Isdﬁl&adﬂ dmfenatgSadcekdes t r ansf er ?:ycl e
ile sign 2 1 ndj e S ect signa
feeds int OQ%%%éy?ié%n% %)H Iq-'Z‘tr'e %ggegﬁdgé%t%%%qg?gpg glzénéfa}?éor .160. Al so
connect ed B&2§§sEERFBLS acHPrddpgdyt £p it thencrsei éggg%oilar?d wedX  Typi cal

external meratees Cowplete toERROVexteAtdl mird cRAlt Mesoddtes meathsand i 32 are
contrgf| Edl§P¥ Ewl:f@ Sﬁ% gﬁ%lﬁhﬂ”@&& %\f{ﬁ!& .%%18?' ?ﬁ%‘ééf%% men@ay 100,

out put enabl e signa wite enable signa menory 130, and
chip sel ec@e¥igfal 20 s102, output enable signal s104 and wite enable
signal s106 for nenorye dita hleang sughals 20idagangieat wakstateont rol | er
152 dependigguancthend (Qansha! bR akdde AIdeeasBL agg A on address
lines s140. “The nenory controller also prod’uces n external read signal

s108, 25 | REMEEY| AYVice sedectefle WIRe FerRINRlRuE, alFcYY MAeteStFocessi ng
unit 1010. the scecuryermtafolhhcextérnaPrrsid €91dowed CRy Ay adoead Si gnal

$110, indi¢gt hAgef Mnraﬁngg 8ty Zai&ad G LaE! Q”diié’?fcﬁ‘i‘: same .
previously accessed nenory. 3 A Wi 1 state _generator 160 provides a wait

si gnal s15¥2thcEFake Hior Wh?@ﬁ’?@eﬁ’é@?ﬁf&cﬁ‘&rlet?ob#‘% Wait staterting signal
s150 causesalhe coreedppgidingotentike acowssedsmatmoryyhile. dexiZsserting signal

s150 al |l ongehbe £08fodi0Petiba, CORLLENE, W4 tnd! aktefpieialLr 160 35
receives a \ai t,stat%c&%nbe fromclassjcal wait state re% ster 150. Wit

r i )
st at &2genefaFEPLY et Fegﬁ?gﬁs"%’f%t]s"é} &OL18YEARY A #2294 ndi cati ng t hat
a dat a trappératienalthen no detar fldéat aidr daiate octlrs,omidhioughal WO

00/54165 -§ BEIs4R99 m%lseaeaaﬁ%pmtm tocsgnal s $Plhyisy 988ehat €d when an
ext er nal merrgrty is accessed #n or der to]éﬁiuet mcrop#)cesm ng unit 110 in a
wait state®Fof 'éaf)e‘?‘?aéid%lerf’ A SHE F T % BYa?P ol ¥t er nal nenory

| ocati on t ecbesaccewsedo f@hts Elpatiwaitofsthiteewill begadr.on a val ue produced
by clagssical wait state register 150. In accordance with the invention

there is eé}(g#??é‘?%ﬁr ?b%@ﬁ%g‘%“(\“g“% which serves to store wait state

nunbers fa
Fig. 1 is a block diagram of a data processing

system in accordance with the invention.
Fig. 2 is a block diagram of the external bus
25 acknowledge logic shown in Fig. 1.

Figs. 3 - 6 are timing diagrams illustrating
various operating configurations of the data processing
system in accordance with the memory access scheme of the
present invention.

30 Fig. 7 is a block diagram of an alternate
embodiment of the data processing system.

BEST MODE FOR CARRYING OUT THE INVENTION
Referring to Fig. 1, a data processing system
35 100 in accordance with the present invention comprises
various subsystems organized around a system bus 120. A
microprocessing unit 110 such as a microcontroller or the
like includes core logic 112 and an internal memory 114.



10 Typically, each nmenory type is associated with an address range. Thus,
the address for a given datumindicates the type of nenory in which the
datumis stored. Hence, address lines s140 feed into external select |ogic
140, whi ch™H®F*%3 ¢ puts the wait state nunbers of the ned§T{PSI¥5Ei ce
corresponding to the address presentee-on the |lines. As can be seen, each
menory has two associated wait state nunbers, a classical wait state nunber
and a data float wait state nunber. The classjcal wait state nunber is the
prior art A8l ©¢eznalnghedk RSednayigse checkinamignalasdlttetate for a
peri od of tdrigresufibiroprotedirrad Iontauladdras'SaectMsﬂart pebweént ched and
driven ont c&% St%g&@“ﬁ%%?nd T ?cghiﬁglévg Q:eQ-H e, £0r respondi ng

toaglvena ress 1s stored Inr romt erefeedsmto

wai t st at e Yéner Zh6r inkernak hug élsn&PUEéﬁéc@ | sitem bysatd8 BPovi des a data
fl oat sait priocatidendabar twvdnmeter se:a:fem-had ta wbdrogdoemissiagi ahet 142. Three

data float dyg.s 2449 %reﬁwaﬁtqﬂ @9&@;%&%@9 13hgs xi g nal bus

| ogi ¢ 170. e external receives external read 30
si gnal s10&hichc£eed; {Bte dwgpanyycom §ﬂ?iéer % sdaxet 18p¢Rall3142, and wait
si gnal s15@riovidesadatstséregendignadr s160, Deasikthtdmgt kRae theut signal s,

exter nal busleogiohu1/0s Vi I datl A4GE 30 ggésél&wn 132 (gative H) that

feeds into the wal't state generator to wal t si gnal s150 when ACK
si gnat? s15Particplary cSigRal 42, ffedndhgates 12 datPe tKARBEPE are provi ded
by way of uwyerlepwbyledesigmalrsamcade ihBicates are aadiredsnentleext er nal

menory sel g?xfe 'dQ%Cséch d%%s feeﬁ@ Qﬂtéé“ﬂé\}l‘ﬁoxi Butibd$aR/ 29821 a

plurality |ster can accesse a menory mapped schene,
wher ei n thé“‘tded §PeY’§1F|a§/%a%Fs§?ae£ta§8raaﬁ?esses accessi bl e under program
control. A user can plsgrceonridotredegiossgstem ius azoaddecestermgk and 5

cor r epPOndinihadabls $58'EndfE! S ayBablaCLicshtdl - daLaihlogle COMPI eting

t he descrlptlon 0] here TS gower on reset circuit 154

suppl i es t FEFROMat E‘?‘ al %‘ﬁ%d F‘FE‘ L8| BHe s 1dRafr€122. There is a
10 clock cicontirelbkdchy prywicds conteRlségrals, 1 3@mchndsi ebiponpl enent s132.

Referring HWelct EhSnaf si(ﬂ? ‘Hurt%‘ti'tt exaspgpéi?ﬁmg s8¥4ehnal whigel 0gic 170 is
shown. There 3 count e Io(gﬁ consi st i ng_ g 20% 204 land 206 15
o on e els BIohe b AT Gt mewssy TS dndh iy CEABCELTIPMY | 0gi o .
consi3®s ofsld2e Phtputecenahiestignell she4i and wididta ehhbpef sdpsal These
out D;Jtz feeéi.dGntfgramE\QWrﬂ?r ‘f‘i‘h'é%@' Elﬁﬂgls %Wm%‘t%glhhﬁéﬁm?@? gates
coupte t"é%dﬂ@ﬂ?lgr 152lggﬂéuélngoone eratlon and the

address presented on address 11nes s$140. The memory

controller also produces an external read signal s108,

25 indicating a read cycle with memory external to
microprocessing unit 110. The memory controller also
produces a successive read signal s110, indicating the
occurrence of a read operation from the same previously
accessed memory.

30 A wait state generator 160 provides a wait
signal s150 (active HI) which feeds into core logic 112.
Asserting signal s150 causes the core logic to enter a
wait state, while de-asserting signal s150 allows the
core logic to continue. Wait state generator 160

35 receives a wait state number from classical wait state
register 150. Wait state generator 160 also receives
data select signal sl142, indicating that a data transfer
is about to occur. 1In accordance with conventional



20 coupled to the inverted output of flip-flops 202 - 206, wth the
exception that the output of flip-flop 204 is driven by buffer 254 and then
fed into conparator circuit 220. The other inputs to the conparator cones
from data MQM541$Fts s160. The out put of conparator 220 fREFASIVIBY 25 an
input of a NAND gate 260. The data fl.gat bits s160 are OR d together by
logic circuitry 222. The result of the OR operation feeds into another

i nput of NAND gate 260. Wait signal s150 and external read signal s108 30
feed i nto ioperatées, 2Fitarsidi®3 sa5peis i gmieratelde wbenpahsextferaailch are

coupl ed t hgpygh WQ&?&@S&@Qn EQ@&”{{@& Sml%'i% EB@eQ@‘m g & toget her
operate as _an e out feed i nto an input of
AND gate 2849 PBt g%’r% asqegr’fpé’lr §12?r+ c‘%uﬁﬁ@& FBth‘é 9Bt fi%er input of
AND gat e 2@4lo¥htheuexterrsEl AdRogxt dofstliors toolel edcessed. i Mhits of NAND

gate 262. %Q‘%ieahéf tﬂwtié Bal¥alDof 2k Sy £fite 'p'%oﬁ%ﬂheﬂ%rtelflé@idmt put of
flip-flop 8“%{#00 54 5 PCT/ US99/ 29321 -g The data select signal sl142

is also in\‘l’éllé:e 8 265 and is OR d with successive read
signal s110 via OR gmeaczﬁ&daﬂq:e vithbuthefirdRngdbe £B8renist he out put of

NAND gate 2%2efh&1 Ciehd é@l@eﬁN@o e do %ﬁi&cht BerouLPES Soxwhi ch feeds
into athird kngﬁt of ate 260 in turn feeds into

6 NAND
flip-flop ¥ad PR ’b‘f'&ﬁf e ﬁcﬁ Feren TYREYBPRt ng to the counter
| ogi A0 | i Fyblioplly? eachimerarybyybDidANDs pesvciBtedhwbtiyhan radsirtess 251. The

10 NAND gatranaegelmt hﬂaé Rvwarksd Qzeh.t wtgla;fenf bhBuh! Qﬂaméwintehe i nverted
out put of f| |§ %olg 208. %eé%g gﬁ ‘$ N%R ga 53 receives the

i nverted ol¥Bat fﬂ‘?’f}(fllrbb' s %%“%&ﬁis PEFfed ORFUt of flip-flop
208. The o@afguessfl NG Glidd Teedf dnte ¢xﬁ€trnadpatel§cefl@¢nb60210 The ot her

i nput to rrumaﬂotﬁén lﬂ;cé tpeClask &a@Inu&iﬁQs Jhetwtxmﬁo the mux
feeds nto fli ES The mvg{lted%%e ut _of L R- flon 204 feeds (via

buffelr 54fi g > fggseﬁ 892" 20'% he sel ector
control foRipag.21&s cmr\llbeg&een%samsmﬁmeih\aestmeaqsmatt@d out put of

flip-flop %QSt Jbet@u{\mﬁes.—sqf aNANB: gd£15 wai@ 2edtdShumbér GRdPlaed t 0o NAND

gate 258. errer 256 | oupl e o ANQ, gate 259 receives

i nput from P%e %%verte s’tq: %g g'm#’ |p Bih% §s§bﬁa¥/\h Jflk%werat er 257, and
i nput fr onPBREer nifrthe R}'u{%'u!!'-’&f wait pﬁ*ﬁt@pHEGberTh%e%LﬁCle‘{t &hegat es 258
and 20 respecinvelwaficasatat gornpuperiband tifé sureLdientl® out put of nux -

212 is inp I Ds 0 e er t C erves as the
sel ect i np&?l&? & %Z#f%%fé az)lthﬂtf%rﬁ%offt&% ?ngﬁabﬂ%l%l%t 70 will now be
expl ai ned. sl?;‘éﬁ@ﬁaﬁ“?i/ 1201 Fheeglaspifalngindity shkatesBumbere data float val ue

cor r espondicbgréspdidi rif ars acdiNenDaddresd dadedoteaniextayizersel ect | ogic

140 into dsbp ARRLIGRIRESE Haa AWl A itealatYcUtnoldituransier | 0olc 35

(flip-flop egl n i ncrenent up to'thé data fl oat
val u@9si gnal s160) .Ex%arnigd &sdfct n’g°9m44§| BA&P B!L‘S‘Qlci%s defa$serted (LO),
i ndi cati ngfilbat wyst edbdtes nhaberSwhidl lidoeitogedr inedaty #ilwatout put buffer

register 142. Three data float bits s160 from the data
float register feed into external bus logic 170. In
addition, the external bus logic receives external read
30 signal s108, successive read signal s110, data select
signal s142, and wait signal s150 from wait state
generator 160. Based on these input signals, external
bus logic 170 will produce an ACK signal s152 (active HI)
that feeds into the wait state generator to assert wait
35 signal s150 when ACK signal s152 is LO.
The address ranges and wait state numbers are
provided by way of user-provided program code 180. 1In
one embodiment, external memory select logic 140 includes



WO 00/ 54165 PCT/ US99/ 29321 -g of the menmory that was read. In response,
wait state generator 160 asserts wait signal s150 to put microcontroller
110 into a wait state. Once the counter reaches the data float val ue s160,
t he count eWOWF416F eset 5 and ACK signal s152 will go H PREUSWHRG t hat
system bus 120 is free. Various operaying configurations of external bus

| ogic 170 are best explained in connection with the timng diagrans
depicted in Figs. 3 - 6. The timng 10 charts are the product of a

si mul at i ona gblupdtldriyalofbreglisgexs lthats ann benaétgssel vilee asi nul ati on was

mede uSi Niadydf3f 'ﬂa%ﬂ)eél-sﬁhﬁﬂéatxﬂ{ez@lwft%%t upgdsPy Ladapee. Wth reference

to Figs. 1, assune that nenory 130 (MEMD) is an 8- b|t nmenory whose

addr esses ?‘I%ﬁféc PEArEEEeH; T%c%etﬁj‘dqlec gndgx orpeIran (qntnolse| Act | ogic
140 i s progsenech tpcrogsamctheera;nlﬂa-s‘ wizh ani dddvedse rangecandf five for

addr egses @@&é&pd}mlwgt Ba@¥O0dfatd hﬁmm gngbséﬁfélggsﬁla& and hhe&trat es the

signaling for write operation fol two successl ve read
oper ations Jvﬁ?th' menory MEMO. |n addl t| on, the wite and read operatl ons
i nvol ve 16-bit wor d<omplietinqcthe /démﬁjp&hbnnoﬁons«jstls, atheire0i8- bit nenory

accesses (4 ?&M%n Q-'eQth&PéulJ%J Q&ki% Eﬂs?iié%’lﬁxec@sk ¢ln Fig. 3 shows

25 menory address signals,s140 and sel ect s100

(CSO, act i %8N ﬁlﬁ(ﬁ’l gnfedits h‘é?’“m"its s&@f‘élt%ﬁzz Thét'hﬁrtestlsaﬁdress
acced8ed icldmiGECHAG. whipon msseiddanglblkss gl kst 3N anddriess bus s140,
external sedfSleddd@ 1340 outputs a five into data float register 30 142.
Consequently, data fl ts s160 assert a five, Duri r;'g time period ti,

i
write enable signal R?%Gﬁr?'gga’é%‘értt%&‘@aclzvv'éhfcﬁi‘f?/ﬂj(,té' at which times | ow
and hi gh bsampyrimiagwexternal nbws eghicy 170c &8 i simowdx.0 1@F@0 isBecause t he

oper ation ¢&1r?ce\ﬂR|1-BE:1cdé5ﬁsi§@ﬂ§j Jt $19p2k18ps S, '2%435%%Eit gdgand external
read |gn fé’h{%‘&h%&g%?‘% sert fj%é a%fﬁg\é%iLghgT u@?;gnr?éﬁ cg% %nge with the

i nve | on I 7 CK i ns
asserted aFrantesr d@gmcecooaitpm qfotheutinvefted i@ artsy &5 theé0 PCT/ | i

S99/ 29321 fddiRrilduans fi@ﬁrff@ﬁs ancbh%%@ oheaatasfééa/vla{tot ke end of the WRITE
cycl e, denoted stem bus 120 is

free. Cbse?%ﬂrﬁ}c’rdﬁﬁrﬁﬁlbeﬁ%’dq’t%“pr\héﬁf‘gs%ﬁ%tg %@ﬁ Snhonet hel ess
asserted bsowmied ZospaNaNBegated oAnl dBPUThPE eéach [HOR gadlet isf a cl assi cal

wai t 26t at Q;owlw%dtlhe ﬁg@p&@@ J&pmeow i £p OPRSA '2?'2 l-:\lebelg gatt t
successi ve, r.ead,.si gna r er, at even
A3, since ant%ag: esgxfsp?ﬁgns%%t %Pw)él\/gn?gypoeﬁr? Eé?#f Efmad 10 nanely
a read opeiwivesn byThuffend2opaand |tcmno<£s=ér snﬁwwrg:amamrpenrwltz wher e

out put enade snmabtaé94m§u@kIﬁeertnleocahpgy@mr Bbrie Q&bﬁuaame first byte

of the accgssed rd Lo EM8AL B3, extern . S 08 goes >; O,
i ndi cating g:o\é\%urreﬁée of "an :t M ogl compara °r 92%% ?:"e%ﬁs in
25 an input of a NAND gate 260

The data float bits s160 are OR’d together by
logic circuitry 222. The result of the OR operation
feeds into another input of NAND gate 260.
Wait signal s150 and external read signal s108
30 feed into inverters 267 and 268 respectively, the outputs
of which are coupled through NAND gate 266. The
inverters and the NAND gate together operate as an OR
gate. The output of NAND gate 266 feeds into an input of
AND gate 264. Data select signal s142 is coupled to the
35 other input of AND gate 264. The output of AND gate 264
is coupled to an input of NAND gate 262. The other input
to NAND gate 262 is coupled to the output of flip-flop
208.



15 read access. The second byte is read at event C3. Again, a classical
wait state occurs during period t2 to provide sufficient tlrre for the read
operation to conplete. At event D3 a new address is asserted, nanely
0x01000500. WR#8F4165 si nce t he sane nenory (MEMO) is being mr/we/ew,w,
successive read signal s110 is assertgd. Consequently, in accordance with
the invention, the counter does not begin counting and so flip-flop 208
continues to output H thus asserting ACK signal s152 to indicate that

system bus 120 is frene aﬁtfism]sdtitnglghﬁltbmﬂifeclﬂgooﬂneérﬁa@. 3, two READ

accesses 0GGHH, ‘gq,rl ggeg:ﬁ}: P@gch-fb oregh ?VQN:}? ﬁqcaegglﬁg ead out the

two bytes constl utin nenor ocati on 1000500. The
operati on iSlH@do ﬁﬁéﬁl Bda YR ke 2863cal ThA ?“%E‘&'t O OR; ﬁ@ch%G%ama 30
peri od, i nciehtehe butpattosi g gatel2bei age asagsliedd vikr ANDt ditd Or egoi ng

di scusgi on 5fy Figge %ut bt CGF ﬁ%&e%@ehgainﬁﬁ_l%ﬁrdb‘iﬁ LR9bE ,;g,g%does not
|n|t|ateawa|t state _tpon conpl etion of . since a bus clash
is not an %% 260 aﬂﬁﬁ?l%’ﬁ te t3h0 Bﬁst}lﬁglﬁe%ﬂﬁes"{?@ RéiPrfiPPate a wait

state for a0mcesdich pfadlacésamn fsagaamasns;m)ry Wth ref erence to Figs. 1,

2 and 4, assune thatg Me L }“s_ it W addr esses
have V\D 00/ 54165 PGT %9321 24{3 by %?nrr%) |tfer’r?L &'60x010

Assune fur tifeAriyen BXtMIg% 260 FB@PE‘J’M’d“fPfé:eBeéﬁlproﬁ‘F%mmd to
associat e &t yatkoabcebtvées dhat dnverbed ohtputyoff dlipddlessex begi nni ng

wi th 0x010. aanhE' %Ugrfg’@réuﬁ;utﬂog filﬂ-fiéﬁ'%cfsat e%rBQSﬁ%iﬂg ng for a read

operation f I\/E % o%)er ation ol l owed by a
read operat i 2 Orﬂ\' t%sz% ﬁcﬁllﬁeSSth HEEtEE QREPPEARE oper at i ons
i nvol ve 16- ﬂdlltp-mpdszozhnmdeatﬂwnlohemperaed coutpmts ost §1pp-flwp 8-bit nenory

accesses (I byife SRePhObONOR gabs 539 Aot YheoiFble ot he read

operation take | ac ring tine_period acconpani ed a correspond| ng
cl ass#% g'ﬁat eghfl ‘H‘%‘b SPEE gﬁ B‘I’xt#eo r&afe Eeeﬁ? ‘NZP Kut put

enabl e si greanmloslag 151'ldse mrtt eoff the mxx cigesls detd S1lipraflaplO8 i s

li kewi se degpasserted. ACK signal s152 is de-asserted, which causes the

counter (flip-flops 202,, 204 06) .t o, be CO n |t state
generator 160 to assert %‘ﬁf?ﬁa? tRRGn ? él%%{l(?pl 28 g?% § hat 3y st em bus
120 i s 20 BwfferAg54) comteANic gatePRbl 1andjcgwertey a56iai andtis e. By
conpage Son el BePebObr atdnt@ANFotUAEX 1@, NAIND REBPSEQLA Db Woul d begi n at

event 84, resul.ting.in cont nt on,.fo t CPU attenpts to drive
t o out put “63EAER EhE, EReTE: SheRbt, SECEAR Aor.2Phar THE 5 out put

buf fer of EVRUts ofi NAND atiasg 260t and 5% are compiled teAMDer ati on.
However, i adeC@bdanCenvéiter Pel mgea&ﬁ a 6 anbeghs i5¢, Walilenst at e at

event B4| tead, the output |ve Lven epo ht me (five
cl ocks) to%fleloegecemes VP“ 538 é th’é‘fel\'%%i ?’ﬁ@“gﬁ?f &Pati on does
begi e t he 293sVviia ipeerter| 287er @nfsinput | fomfthgadbievterhtenthvd t o bus
contenti on dzetenepRei &S 0TS OanRt bakbets abe d\ﬁ@ 25Busna adsevent C4 when the

crunter couibelBuliug AP ICROTRALEL o SR CBL° 2 SRR a1 et
output of mux 212 is input to fllp-flop 206, the inverted
output of which serves as the select input of mux 212.

30 Operation of external bus logic 170 will now be
explained. Generally, for an external memory access, the
data float value corresponding to the accessed memory is
loaded from external select logic 140 into data float
register 142. After a read cycle, the counter logic

35 (£lip-flops 202, 204 and 206) will begin incrementing up
to the data float value (signal s160). During counting,
ACK signal s152 is de-asserted (LO), indicating that
system bus 120 is still being driven by the output buffer



signal s152. In response, wait state generator 160 should de-assert wait
signal s150 as shown in dashed |ine. However, a classical wait state is
inserted fgr a_ WO 00/ S4165 -12 PCT/ US99/ 29321 period of_ tine té during
t he subsequw&(fwsﬁ\’r‘?te operation. At the end of the wite 33?3("@9%%9 Hnt D),
the counter is not initiated because-AeK signal s152 remains H, since
external select signal is asserted, and thus no wait 5 state prior to the

next |1/o operation occurs. Recall that external bus Iogic 170 does not
initiate tIR€ EBBNPERORY §hat Ma® seagd. w Fr RS oWaiFofEdE®, it can be
seen that @emlesagoraletoddseaital waiti kigRATrWsd @o puke period t3 during the

read {OM GREREUohPET QN QPINAAILE. 10 LiLITREL, LHE Ll chart of
that t ely states

Fig. 4 shows e 1 nvention selectiv asserts walt , dependi ng
on the oper&2rbastRat dakp jfidatcyapret 8460 FhenhSOUREEY o¥1dh ESE¥ nal read
and i fs t he aghdt aAcK| sbdind P22 widangai RS IndidatZadigo thak usystemahis St at e
occurs 15 yggaklow the output driver to release the bus. In the case of a
wite operation, no wait state is initiated. Wth reference to Figs. 1, 2
and 5, assume that nEROIGRSL RPeREANy FenfigwaliiongeRsr §XGAER2L addr esses
have upper mast 1bgils rrmadrd mestx@kPlairesd uire donnlelkes ohheitROthent er nal
menory 114 d ' e | t.s _equal N ". External
sel ect Iogitgﬂizg ?%gﬁ%gsr \é&r%gléfgg g’lgg%%?gi e3s_a gsgt aTb?ogf%%g t state nunber
of filfk fohaglfedsesthRRNAdUTE Rt A BhPUIRtine ofj AXEEYRALPUST Fig. 5

I 1l ustrat edoglie s7gnsthowry ifroFig.read Phe opimidtatdonf was Mad®, udirid owed by

three succ%s%ugl‘g?aﬁ %ﬁl%somg#ﬁggé drla‘;g BERL%e114, fol |l owed by

anot her read operation fro ead operations involve 16-bit
words, thus each |/ "bereaEeF®ncnsPsFigst tmd 8ngi 8/ ndfRdNge dtdksses

(1 ow byt e, memghybyse) (MEMD)Thes aap8ebit heenory nhoskaatidrasses). hd&reshows

menorqy add ' NQ ~Ch W gn t%:'ré . LT ad access is
to ex%ernaﬁﬁgéﬁg?%mﬁggﬁa] %gat ngl%(gl%ole g&ur;?%eé%i%ghgri od t1.
Note that W&Pt 18i Brogramnad to asseriate Rrdatd tHeasaWRibeP e per 35

cl assi cal wambest af ef haendiom@ddfessbs veqidnisicowich dRei1eeadrloper ati on at
event A, %%iﬁ!rqgéﬁéréjé@ HQES 3L P11 hBEsatéd AgRS 's&%n&'ﬂ?ngof'&eé to begin
counti ng. Reg that, ACK Lo .i ndicates WO 00/ 54165 é PCT/ US99/ 29321
that syst eMFBGE BBrIEIMHEFLowed BYebEr SYGCeS5iVheTe88n wait signal s150
renaiafts deopesetiens wikth measay MEMOg tImtaddidiombstheewtiteahdperation is

to internakeBMBpYrdd fondih/o19°%6 081 e "Rboad 18! €LRUE/&20 bei ng
release operation consists of two 8-bit memory accesses

(low-byte, high-byte).
The top of the timing chart in Fig. 3 shows
25 memory address signals s140 and clock signal s130. Chip
select s100 (CSO0, active LO) indicates that MEMO is
selected. The first address accessed is 0x01000500.
Upon asserting this address on address bus s140, external
select logic 140 outputs a five into data float register
30 142. Consequently, data float bits 160 assert a five.
During time period t1, write enable signal s106
is asserted (active LO) twice at which times low and high
bytes are written into memory location 0x01000500.
Because the operation is a WRITE, data transfer signal
35 8142 is asserted and external read signal s108 is
de-asserted (active LO). Thus in accordance with the
invention as embodied in logic circuit 170, ACK signal
s152 remains asserted and the counter output (outputs of



5 by the output driver of MEMO. Referring back to Fig. 1, external nenory.

sel ect 140 |loads a zero into classical wait state register 150 when an

internal nenory address is detected. This feeds into wait state generator

160, whi chW@#Vp4l6S seeing a zero classical wait state valR€3/USe%¥39831ds by

mai ntai ning wait signal s150 in the dgsasserted state, regardl ess of the

| ogic state of ACK signal s152. Since core logic 112 can access internal

menory in a single clock, there is no need for a wait state to occur. 15

However, f@liph€ldpsatonn 204 tand 12|05¢6rérﬁﬁﬁfma.|owr atdshér end asltlr esses

0x00000ec8, e n 0Qed n nt| nting. The
tne GRIAR gffahé BEAHUA0dRdve D CONNEEY g Vg:f.\tgge .

reason for sustalnln IvVity is MEMO still
needs ti me th@teB¥eten s ylzr(blléa§é’eﬁhe QpeFLHA Maﬁué"‘ﬁhﬂgl?e*ﬂﬂé’
m croprocexy,n@atifi §idddl \Museed st aoaaensse@(ta@smlteaenprvaitt woul d have to

enter 4 he \@attlg gé{nSré’\%fHéd"e &%{‘iﬁt gL &?Ne‘%&l ol §- clgacliah a val ue

equal to dat 160 erw se us contention would occur. 25
On the ot h¥ikagbates PrRAUCER: 1D FeFRANSe i e ¥TitecCRB¥AtIGTn there i s
no need to enter a Vebte stiedte.subilessise prexti sdignalthei1sotimti on depicted in

Fig. 5. NOtﬁgtsE?/EE ai:y e%el ) rPechtoesl Vi Gad e%'eﬂ@ahésjs]l%&ogﬁ LO to

indicate t accesse I,s causes 30  ACK signal s152

to go H V\A%CEHSFnﬁ%d'F%%e?%Per FEBOL Yy rﬁ%ﬂg%r&-’erbe(lf’m perferRed02, 204, 206) to
zer0.100wo mamelgpar péad pdraiionddr Phe eseddk @pdatdanaadcix€)1000258 of MEMO

follow at t4 Beéiﬂg%ﬁ&f“%zt 3:hei‘le°&9t%\dr » n%lﬂﬁbr s‘iﬁﬁéfsﬂmp' 30 cl assi cal

wai t states. rize poi nts , I't can be
seen t hat \ﬂl?é?feanl'?n?'%r?l‘éﬁ"trr@ao F9 ORERUSS the First aPleeacP F8eation from an
ext ernal naceepsed hwoxdunt’drsd atseveht aiyl, i eaternabuteacheigREli s not made to

WO 001 541631p44¢ E’Q | A9 iefi3at 158t Efxeaoé{@htre%tc@t Bt dRi exeddqs for the
p055| bi I ity of subsequent extern ccess where the CPU woul d be
Porceth to Famf AGPSTRe CHMISOB BYEE P W Ao SYBRENGr  AESYSt om bus

can be r eI @aséds&m\bmz,t isftattlec ogrtes nduringaperdiodi £2 t to tprowider ext er nal

nenory, themreeunbhi O HRASRSY 'tﬁ@egbéé%ﬂezt&ﬁﬁo‘ébdéo tées. to the external
menory w thout a wai statrg:n Wth ref ﬁréence to Fi 6, assune

2 _an
that menory 130 (MVEMY) §'€™nh Ds-3ige 75Fhdse? eé‘aﬂ‘ﬁgg 10 upper nost
bits equal 0x91008500: aAghimhasinesotle 1BMe MENMDYYi $MEMO) hiss ibigt nenory

whose;@ddr a&%egsaavesamm réhliSs eghel 190 Qéoaa;seré@csurre further that
ext er nal s%l ect %#f has b%ﬁ" gro%m'; d.to af_som e a data fl oat
wait state ﬁ’&ﬁﬁ%?e 36!ne”f o REAPXePFESR ViffSie of five for
MEML. The tcounbgrchees nsit Mieginccphntitng dnds soh&lipnfhop 218 a wite
operati on b@n&’@xﬁesfﬁﬁ|&W$tbhlath6§da£§&ftﬁwg0ﬂci<r Qﬂ@;ﬁ@@lﬁzmﬂoOWEd by a

read oper at,i foI I g read operations from MEMO. The
r ead operatlf’gf‘ig V\ft'f‘f‘l\%o VSI 6@ e(?ata so each 1/ O operation
requidfes a single ac@éslsﬁhlﬂ%qﬁﬁl tbeamfeﬁq\@@d-oopefaﬁ@ns3wﬁw MEML i nvol ve
32-bit wor ggapThdSe£add) ddrORAERhE OPiRO Priod €8 A0Usvént tE, BRI Y
accesses. F; to read out the two bytes constituting the word stored
at memory location 0x01000500. The operation is
accompanied by a classical wait state during the same
30 period, indicated by wait signal s150 being asserted.
From the foregoing discussion of Fig. 3, it can
be seen that external bus logic 170 does not initiate a
wait state upon completion of a WRITE cycle, since a bus
clash is not an issue. In addition, the bus logic does
35 not initiate a wait state for successive reads from the
same memory. ‘
With reference to Figs. 1, 2 and 4, assume that
memory 130 (MEMO) is an 8-bit memory whose addresses have



During tine period tl, MEML is selected, as 25 indicated by chip sel ect
signal s102 being asserted. Fvur wite accesses are nmade to | ocation
0x01100040. It can be seen that the selected data float s160 is five. Also,
note that YRIYSHPY state during period ti' is due to cl alSTUSP2%4t state
generation. 30 Upon conpletion of thaiwite cycle at event A6, MEMO is

sel ected at address 0x01000270, along with a correspondi ng change of data
float s160 to one. A read operation begins at event B6 and conpl etes at C6,
when MEML WRPeIRQftebifs egpal R é%@‘%@g'llobéﬂmem@tﬁfntt@at% begi ns
counting, ékterrnakisedekhi Rofiom ADGha30 eeh phbghamiled Wo1 causes a wait

state (0 oggior ¥ eealthatbaBll Wlee! HEnBRNNLETe Ak GR 0N cOUNL and

flip-flop t sta ween event C6 and D6 WO
00l 54165 i@imﬁqsswségazmgawwxm -VERbeotiping gthards ©ft Bigel ease the

syst emdbu54 1201 e raftels &nbsewﬁml frr:&a%d_n Rea@Ubpefadidd flomcwenb, D6 can
proceed w e us_cla us e state in tlrre
period t2 {l'(gf# 4% both'%tlge %%r%f’l oatQ °s5 F& mﬁf "edaf@’wb %n g

cl assi cal mztatslm £rgan¥ENP i orfgl ity FiiFe ?eaﬁbﬁg‘”@ftqvlém rwaén I\/El\/ll is
sel ect ed adpedatiicnscdnvbeveees-bitatwatdsy thaat eSdtBQ[ﬁCS opecatagai n set to
t he data f ]ﬁ\@ ue QLO Bvﬁit Lllp&(brﬁ,o%lcggkﬁg ?imt, ad operation at

event 10 e counter begins counti ng, or a count of five.
ACK ¢Pgnal %‘-ﬂb‘PYé’ﬁés LO for a corresponding period of tine, indicating that
MEML is releasing the suatbe deen ildpaigreachtng ﬁea:tijieraftlbhve ACK si gnal

s152 goes ﬂl%éa'b;ia dhggg?ng%&é)ggédﬁl&st\y tgcyggég 4% gll on 15 0x0100274

(event F6) uring tine consi sts of a data
fl oat wai tc%lf‘%ﬁsé"‘&‘ﬁdng classicad waditt s§? e. W@"s‘iﬂﬁéﬁéﬁ'ﬂ PEads duri ng
event G5 oreiresd att beeptng, ,nemmput MaMdbland gialdeloet isequire data fl oat

el 151 At e Aldo AC Ak Cafl ORRLE A <20nkDVEYSE i £LA3RAGE Vit Stales

are still generate romt or eqgoi ng di_scussi on of it can be
seen t hat 9er@sparted oafClapiEnal &3 52hafgde- ﬂ%?)%‘?ﬁﬁqwgw he nenmory bei ng
accessed. dauks=a thleoabuntéve(Lhip4fiapsl @ozed20y, tims)uter begia per nenory

devi ce basiuntiiles af h10VErLL deiitalBlaysol 05 A RARE oo and short

del ays for fast menories having to specify a,single, worst
case del aysfr® (HENLRAEP F@nHP‘V"*FIﬁ Shabpystem p‘?‘bﬁ/é‘r?tos ifus cl ashes anong
di ffepent bmsmrymkew ceaseqmexh@e,atcmhalsageesl het on aniwaiiti Bgathe del ay 30

bet ween successi ve T g no s. The data
float wait state aﬁﬁé’oagﬁﬁ ?Hﬁgsﬁlr?\?le%ﬁ%ﬁ a(1:an {) u@% ltizgsarchl tectures

havi ng nul?9%% &/Q SReTratirn eonid hegis: Pése"%’é'&tﬁpof@ﬁ?}%’r‘l‘i/ iMbnt endi ng 35
f or accesscdritertd onnfernthe binss kb thved cCPHCAt henp g tao dirfiver éhs ti m ng

requi remendudife akeashngyLhgn daleR 196° aiPRRe COMP AL rheachgad cycle. For
exa hows a varlation Jh m cro i ncl udes
54163333%; buffer of MEMO is st111 oldlng onto the bus from

its read operation. However, in accordance with the

invention, by entering the wait state at event B, instead,

the output driver of MEMO is given enough time (five

clocks) to release the system bus so that when the write
30 operation does begin, the bus is free and there is no

risk of garbled data due to bus contention between the

microcontroller and MEMO.

Thus, at event C, when the counter counts up to

five and comparator 220 detects equality with data float
35 value s160, flip-flop 208 outputs HI to re-assert ACK

signal s152. In response, wait state generator 160

should de-assert wait signal s150 as shown in dashed

line. However, a classical wait state is inserted for a



PCTI G S99/ 29321 two internal nmenories 119A and 114H. As can be seen, the
sane potential for bus vonfliets exists with internal bus 116 in the
architecture of Fig. 7 as exists with external bus 120. Theélg)ri nci pl es set

forth in t EOPEHYoi ng 5 discussions of Figs. 3 - 6 coul FULYYEH? y
adapted by persons of ordinary skill -pp-the art to a multip~.e internal
menory architecture, such as shown in Fig. 7. WO 001 54165 -17_ cl ains

PCT/ US99/ 29321 1. In a conputing device having a first menor and a second
menory, therenios ofnginecbaddwming ithe subpeavent writecopmpatdera bus, a

nethod of aocams Radt Be thé Sirad RAN(eVBRPD §5 EREDEbWHtET tike Steps of:

q
associ atin f,i r.st I, t e v Lo the first menoy; sQciating a
cecond wat S AritatRy' et flde WK BabRal et emalRA Y (BFEF, O
sel ect ed orfxternaesgaiasti ebgnalpdis asepreedomnst thivs spepadt reading,
pl aci ng t heskaEiriibg HeVERe nektd 1)@ bpetat forl Weohrer i Rcafrtine 15
propor i ongly 0 e Ha) gl 3 i2hYS A380ChAl ofhMibite! BReSELGEIE] MEmOrY;
and upon expiration of the perq od “of tIne, pertorm ng a nex operation
wi th the ot3terthgf enfeof|a sWriksl operafdoneniowaveryo i, canebee®erRM of claim

1hvvnerei n t&lﬁﬁtalemefssieaﬂimﬁ Fsltﬁﬂ:QCedﬁﬂl baccauaf gorotimei period O gne ofh 4
the nmenori . i I at t st.ep of r ' 25 3. The net ho
of claiml g&%ilhgﬁges%%goﬁoﬁeé P‘éﬁ?dg?%a‘flroélmotxﬁgggggg%t ed one of the
menort@s incl udes suEReSYPNRYY, *®&JEABLIRT pFhanh iafy Fap - dat 8he¥erefrom 30 4.
The net hod wWiatc lthemiaveheion sdleetivepyohsdrd RGithetaeaputi ng device in a

R T LR o e
the case of an external read and if the data float
register contains a non-zero value, a wait state occurs

15 to allow the output driver to release the bus. In the
case of a write operation, no wait state is initiated.

With reference to Figs. 1, 2 and 5, assume that
memory 130 (MEMO) is an 8-bit memory whose addresses have
uppermost bits equal to "0x010". Assume further that

20 internal memory 114 has addresses with uppermost bits
egual to "ox000". External select logic 140 is
programmed to associate a data float wait state number of
five for addresses beginning with 0x010. The timing
chart of Fig. 5 illustrates the signaling for a read

25 operation from MEMO, followed by three successive read
operations from internal memory 114, followed by another
read operation from MEMO. The MEMO read operations
involve 16-bit words, thus each I/0 operation consists of
two 8-bit memory accesses (low-byte, high-byte).

30 The top of the timing chart in Fig. 5 shows
memory address signals s140 and clock signal s130. The
first read access is to external memory MEMO from
location 0x010001e8 during time period tl. Note that
wait signal s150 is asserted during the same period, per

35 classical wait state handling.

At the conclusion of the read operation at
event A,, ACK signal s152 goes LO, thus triggering the
counter to begin counting. Recall that ACK O indicates



WO 00/ 54165 PCf/US99/29321 -18 5. The nethod of claim1 wherein the first
and second nmenories are external nenpries. 5 6. The nethod of claiml
vvherei_n thgv Jofsﬁ%sand se_cond nmenories are int_ernal rrenoripeﬁmszmgg'%e nmet hod
of claiml erein the first and second 10 wait state valués are based on a
characteristic of respective output €el3€euitry of the first and second
nmenories. 15 8. The method of claim7 wherein the first and second wait

state val ug:s are furt&gr based on the frequency of a clock used by the
conput i ng FOFECBYSHER PUSIHL s, 5t of T eR yi rﬁ"?"%ﬁér'eilﬁ FAB PRafefteristic is
the tinme reqitr sdghal £iEd oemainscdecasseytddy hlei eeesanhbging npedance

state afternpat’ eRE SPSESUdHE reaal Bpefatl &f O RLIRLBInLEVhERoGPNPI I Sing: a
syst em bus 3320%' ,Iogéc 1108:,r 1%%) coupled to the s§st,em bui, the | ogic
having at I@4st Yaifh dtes Mok F&lYnBROPYSEIMAHS 448 ReiPFsTOLRIRR of a
first &igndly _@:heoel_)ltpmmarfiim ofi YEMP.30 having a first logic state during
a read operation W tfefdepteadk FBMPLY, and é{tgg.ggadmgﬂgffost ate

ot her wi se; aé Ile:ast a)cfl‘{St external nmepory, (130) ,coupl ed the system
bus; a wai FeGE1L? (12095 FLEGFNAVFACE 33to8EAE of a second
si gnal (sl¥egisbepl £50 twhdrhean dgiternalOnerddrd) addressbyst letécipd. enters a

wai t St at erhiel $8RAESEES Wit 32aeRIgShPA DYDY 3R3ER §Pon VIO 001 54165
-19 PCINS99/ 29321 an ext

Tl (285919805 SRS SIARRIARL MAOk EFFELI VAL EPSPRRAS Y nr d out put of
a third si gedntéindrg waidplsddgnad sh&Owantthe stec-asBertied $U803, whereby t he
wai t regardless of the logic state of ACK signal s152. Since

core logic 112 can access internal memory in a single

clock, there is no need for a wait state to occur.

15 However, for the duration of the three internal
reads from addresses 0x00000ec8, 0x00000ecc, and
0x00000ed0, the counter continues counting. The reason
for sustaining this activity is that the output driver of
MEMO still needs time to electrically release the system

20 bus and if the microprocessing unit 110 wanted to access
external memory, it would have to enter the wait state
until the counter completed; i.e. reached a value equal
to data float value s160. Otherwise, a bus contention
would occur.

25 On the other hand, if the same external memory
is accessed, then there is no need to enter a wait state.
This is precisely the situation depicted in Fig. 5. Note
that at event B; successive read signal s110 goes LO to
indicate that MEMO is being accessed again. This causes

30 ACK signal s152 to go HI which immediately resets the
counter (flip flops 202, 204, 206) to zero. Two read
operations from addresses 0x01000lea and 0x01000258 of
MEMO follow at time periods t2 and t3, along with their
corresponding classical wait states.

35 To summarize the points brought up in Fig. 5,
it can be seen that when an internal memory access
follows a read operation from an external memory, the
counter is still activated, but the CPU is not made to



5 state circuit asserts and de-asserts the second signal in response to the
third signal being asserted and de-asserted; and data neans (140, 142) for
storing a plurality of wait state val ues, one of said wait state values 10
correspondi@o¥Said first external menory (130); the exR@E/YE¥2%¥Hs control
circuit (170) asserting the third sigpgl (s152) as a function of the state
of the first signal (s108); the counting circuit (202, 204, 206) initiating

15 a counting sequence in response to the first signal changing fromthe
first |ogi endexnta vaithstateonfhisghtlovatfor tthe pospibidbby @f auit (220)

having a flsﬁﬁisequaﬁﬁ 69&%1%11 infeniolg da&asme( JaﬁQ chd2yo0b0a rwel ve a 20
sel ected onge %L tg t tatz}valuei gnd aii gut coup to receive
a count outiSEEefr ﬂ1Yﬂ ShnitAe CPRRIGHIBANS CPEU {"4eSAsMY i ng the
third si gndbensy¥atensbus gan h@e@eﬁeaeq@al However, Tlethecexgpewwdssor devi ce
of cladm 1QoMeskeis thethdHaie biRerhl) ndfiisy, atta%nneaaﬁulﬁgidresses (s140)
and the data ??nfvlg%dlate 2)t° cl udgs éaccsgsle tort é14 for produm ng one
of the waj e ues 1 res%g O géhe Paltl ? Yddress. 30 12.
The ni cr opMEBETYi ﬁgthl@wgﬁa‘tﬁitcls&h#ﬁio wherein the |ogic (110 152)

i ncl udes a fourth ouwi)ut ¥ifetrenee £6 Bigwall, (&13,% sndaggﬁm@g;lﬂmsecut ive

read operati h e fourth Qut put. .cou to the 35

ext er nal b&?ﬁgg é I'TC |HE?%$O¥ E SRS, WL Sugagﬁﬂ? %ﬁ A%ui t

furt hd assl@PFmgsf-h’éﬂEﬁnQ@ash §9al'0%810" fand:tthet memery L3Zte of the fourth
signal .  WAESQ) Sid 6ondtpld U P 1298ehoryY Gunbose BaAressvytndge devi ce of claim

Stat o nunbdPBerhPLE RN UAT B8 BRE L HesuRe, BibERR st p7°7 "0 !

PCT/ US99/ 2@xserapingnteal Alaed ) Ldechaedbann pregrareedat? onal Bur eau on 06
July 2000 @8806¥até)a data float wait state number of one for MEMO,

15 and a data float value of five for MEM1. The timing
chart of Fig. 6 illustrates the timing for a write
operation to MEM1, followed by a read operation from
MEMO, followed by a read operation from MEM1, followed by
four read operations from MEMO. The read operations with

20 MEMO involve 8-bit data, so each I/0 operation requires a
single access. The write and read operations with MEM1
involve 32-bit words. Thus each I/0O operation consists
of four 8-bit memory accessas.

During time period t1, MEM1 is selected, as

25 indicated by chip select signal s102 being asserted.

Four write accesses are made to location 0x01100040. It
can be seen that the selected data float s160 is five.
Also, note that the wait state during period tl1’ is due
to classical wait state generation.

30 Upon completion of the write cycle at event A,
MEMO is selected at address 0x01000270, along with a
corresponding change of data float 160 to one. A read
operation begins at event B, and completes at C,, when
MEM1 is reselected for address 0x01100040. The counter

35 begins counting, thus making flip-flop 208 go LO, which
in turn causes a wait state to occur. Since data float
is one, the counter makes one count and flip-flop 208
goes HI at D,. This wait state between event ¢, and D,



original clains 2 and 3 anended; new clains 10 - 12 added; original clains
10 - 12 renunbered as clains 13 16; other clains unchanged ( 4 pages)] 1.

In a conputj ice having a first nmenory and a second e first
and second ‘&r@ﬁ%‘%ﬁ%s coupled to a 5 comon data bus, a mtﬁ%‘gp@&?ﬁessi ng
the first and second nenories conprisiisg the steps of: associating a first

wait state value to the first nenory; associating a second wait state val ue
to the to second nenory; reading data froma sel ected one of the nenories;

upon conpl é&HAysothenBEYP puthut driiviers SPakekepshdheoBysteRgPRRvice in a
wai t state f20 s phatodubbedhéit head@ivgobut osal MEML tdte eveint B} aiam val ue

I at ed t , ' ' st I od of
ime, porf daqas < A3EbRE) EFRTIE o A R ER B e e T o

second nendttiade Aying thme Rering 32 deafie 1tanketh thendaspeflert r eadi ng
t he se§ect efromneeallingeMERODANESEO Tlacadedbdwdit astdtep gehewationg to said

sel ected Orkﬁug‘fé‘g% ilggﬁngggg%ﬁg,og Qihved i medi ately by the step of reading

wi t hout the addi wait state. 3. The nmethod of claim 1l wherein
the step of reading YBeR ¥EM Y eedacteteftfe 4t £AR Rentpsedhate| udes

successi veldataecilioag alpbuisl once cigadat sethes efnerdata Wlbhsuvallle addition
of wait st fwe aj i ag] t hod of
claim]l mhgérﬁisfnibftaeﬁe gp‘é% J(:)?m%| acﬁf; Oﬁghgoﬁ%ﬂgi%ﬂ%}?’geéfnzg&vg? t state

i ncl ud®s sdfeecENBgCRteR REGiNSs PoRRt DY s Sdmgt 8T wh t FPYHe el ect ed
menory and fiowent | AGKt signalindEs2 empesl Loofohai omtrespoiiiNgEPestdET ( ARTI CLE

19 WO 0 P WBale 5..T. f Lm.1 wherein the
fiast and guefggligéﬁe%égggggéi ext er}ﬁgl r:#lsangg}es.ﬂ%.d %e%kgé:ﬁ%d of claim1

wher ei n t hé®¥dr sUPRRITERERFRPE 3 Favst @F Ai¥e; MG BHInN3BiPesIos The
net hod of &Ik mntl wher eeading dontsinuaisdwith MEMGaY lsicatdomal ues are based

on a ghar acd@yice274 QeveREPEIL! VRgRYAPUNS Wallt kt4tel ahiPfnd I¢ite and second
to nenDrlEﬁ%eriod t3 consists of a data float wait state and a
classical wait state. The subsequent reads during event
G, occur with the same memory MEMO, and so do not require
data float wait states after each read operation.
20 However, classical wait states are still generated.

From the foregoing discussion of Fig. 6, it can
be seen that the data float value s160 changes depending
on the memory being accessed. A data float value can be
selected by the user on a per memory device basis. This

25 allows for long delays for slow memories and short delays
for fast memories, rather than having to specify a
single, worst case delay for the slowest memory. This
approach prevents bus clashes among different memory
devices, while at the same time minimizing the delay

30 between successive I/0 operations involving different
memories.

The data float wait state approach of the
invention can be applied to architectures having multiple
typres of internal memories, each potentially contending

35 for access to the internal bus 116 and each having a
different timing requirement for releasing the data bus
upon completion of a read cycle. For example, Fig. 7
shows a variation of Fig. 1 in which micro 110’ includes



8. The nmethod of claim?7 wherein the first and second wait state values are
further based on the frequency of a clock used by the conputing device. 15
9. The nethod of claim 7 wherein the characteristic igctss9ee required
for the output circuitry to achieve a high inpedance state after a read
oper at | w0.0084630. The net hod of cI _m1l wherein said first and second
nmenori es are external nenories anciL sai d conputing device further having a
third internal nenory, said nethod including ste S %o& éa,pce;&m ng said third
nmenory, said steps conprisi nqugSaH@omﬁb-rrpI”ét B ?1 r eadi ng
sai d selggd ashtempadf MePRF ¥§%; & %ogglmnwﬂtbsmf-ﬁﬁ% a Iy proceedi ng
with the nexé,dt@tnqaaal for ®WH |3n 0 sai srej,lmnexyewi!%out t he

addi ti on®Y® & wai t LRl GecBird f THE- -nét Ad deo]f 4% rgl}l Qgwherein if an

ext er nal 1x@akp I 3% on  subspgueide tforshi dnj Her ration is

di rectedyhe sa0d SeePrdlcs e of the fd et readikecsiaP ies, then
proceedi n Pg sgggléﬁg ejfn&hgbldobe?a'fl on 35 i glﬁ\gp&yplni:th sai d ext er nal
read® ope £Fon to s i ek&dlom e 3f é" MENDr | e$ % t he addition of
a wait StF&tr9°“§\I\E HE (GABELERF dison as\Sho¥Psh ?LV\% CT/ US991 29321 - 23
12. The ng{deathadf nepe¥nAF Wherein 1 f an external read operati on subsequent
to said internal I/O operation is directed to the other of said selected
one of the menories, then upon conpletion of said internal I/O5 operation,
pl acing the conputing device in a wait state for a period of tine
proportional to the wait state value associated with said sel ected nenory.
13. A mcroprocessing device conprising: 10 a systembus (120); logic (1llo,
152) coupled to the system bus, the logic having at least a first internal
menory (114a) and a first output of a first signal (s108), the first signal
having a first |l o7gic state during a read operation with 15 an external
menory and a second logic state otherwise; at least a first external nenory
(130) coupled to the systembus; a wait state circuit (160) having a second
out put of a second signal (s150) coupled to the logic 20 (110, 152),
whereby the logic enters a wait state in response to the second signal

bei ng asserted; an external bus control circuit (170) having a counting
circuit (202, 204, 206), a conmparison circuit (220), and a third out put of
a third signal (s152) coupled to the 25 wait state circuit (160) whereby
the wait state circuit asserts and de-asserts the second signal in response
to the third signal being asserted and de-asserted; and



data nmeans (140, 142) for storing a plurality of wait state val ues, one of
said wait state values 30 corresponding to said first external nenory
(130); the external bus control circuit (170) asserting the third signal
(s152) as WOMAHSS on of the state of the first signal (sPEEPSA¥1counting
circuit (202, 204, 206) initiating 35 f<Lounting sequence in response to
the first signal changing fromthe first logic state to the second |ogic
state; AMENDED SHEET (ARTI CLE 19) WO 001 54165 PCTNS99/ 29321 -24 the
conparison circuit (220) having a fi¢¥imsput coupled to the data neans
(140, 142) to receive a selected one of the wait state values and a second
i nput coupled to_receive g .count output fromthe counter: 5 the conparison
circuit de- gsserﬁln% ‘f?ﬂp‘ﬁﬁ"rgdggi"éﬁgl H%Je’?? i% ﬁrﬁgupgmﬁgoﬁ%& eébual . 14. The
m cr opr ocessecondvirenoxy, dihg Hirgtwand esecanse neggirdes 1¢oupled)tyaner at es

nmenory saddr @gafien (&d¥9)mid al detheadss cacEadbingl 48e 42t i figd udes a

sel ector (140 fgrla%god.um % onﬁ of t&g It st%t_e val ues in response to a
gener at ed nEfoPYC AHEES FFTPFHEADC T)r%\'teé’sssf’ d device of claim 13
wherein the 15 | ogi c dssiariatdiny anfivseswait skate valpettofthe fourth signal
(s110) indi gat-kBmemsseCUt i ve read operations to the sane nmenory, the
fourth output coupled stooc;[ih%ieXt ergal rt‘)éls cqnt rtol Ci r?ui tté ]‘ﬁ% t he
external bus control TFCUY Pﬁr?he?c?isse‘ﬁii n& fi8 YAMYS & g as a 20
funct il®nh of sependimeroxy; t he fourth signal. 16. The conputing device of
claim 13 further inclegHdithgoidaghaiomnda EsctelB80hel 8 €RéECt i vel y | oadi ng
wait state ﬂunbergsi nto the data neans (140, 142). AMENDED SHEET ( ARTI CLE
19) w0 00/'53765°%25_ PCT/ US99/ 29321 St at enent Under PCT Article 19~ il In
response to the |nterdRan GeapPlssipnhoRcthn tstep gfnteading, Plagdiadamended to
clari fyfthathal Eofpgh Ad AerddRUEhNG Weit c‘ea:auﬁl |fo&?d ﬁeﬁﬁ@wiéﬁ Gﬁ&ﬂedVVgi]E
state after r ation to.the _sel ect [ Y @n efore
initi a%l ng %8#;? %ﬂoéf)lga?laﬁiooﬁ&%ngg Eé %ﬁle? vrfaelt'n"ﬁr ?S S'|° 1%/‘“@?? mﬁ%@' )elltél(f any

addi ti onal ®eteckedinenydtiwa®d conpl etion and initiation of successive |/0
operations to the sanfpditlexpliedtiBADsY . tNe WerlidiamoOtimegj her expl ai ns that

rf second i r , ut.i.ng i i nt ernal
menory, threrﬁg?#e’@lg%‘?%:} %é&agzbaﬁsgg%%{ﬁ%%m%‘? g?@?%a%# '?l'eéedconpl eting a
the sel ect e§1ERE AR SR FeWOFdP8-initiating to its internal nenory. the
first 2and device further device will not read operation to in |I/O operation

New clainms 11 and 12 explain that when switching frominternal to external
menory, no wait states are added if the conputing device is_sw tching from

i nternal nmefery The tMREhodofsglainel Wammain ithehg8endef c5AMN 26 to the
i nternal neppéeyed@e®rvy D Etephofit Reitivddo idnenof shetwdmsids, t he sane

sel ected megRiyolla NAthAAUERIFCHyPLAL sidp I dedhehgal memory operation,

then the processing device a wart state associated with the sane
sel ect?®d nmenory prior to initiating an 1/ O operation to the other nenory.

3. The method of claim 1 wherein the step of reading
data from the selected one of the memories includes
successively reading a plurality of data therefrom.

30

4, The method of claim 1 wherein the step of placing

the computing device in a wait state includes selecting

the wait state value associated with the selected memory
35 and counting to a number equal to that value.



By contrast, the cited prior art is silent on any wait state nmanagenent
when switching between nmultiple nenories. Rather, the cited prior art
describe how to determ ne the nunber of wait states required for respective
i ndi vi dual WePph4l6Ss, and descri be various net hods of redRGTASIMRNEr
consunption by slow ng down, or stoppj_gg_ the clock to the processing unit
when accessing external nenory. EP0386935 expl ains that sonme nenories are
capabl e of inform ng the processing unit of the specific nunber of waits
stat es t hey %.equiThe, method oo cieniov ilewheaaiwtthel Hratonad wsbesndiccessi ng a
new nenory, JheRAeeCess! OPestidl dRHdBast he maxi mum nunber of wait states
for the new nenory. If the new nenory responds by telling the processing
unit of the specific nunber of wait states it actually requires, then that
specific nunber is stored within the processing unit and is used during
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accesses, but this is at the expense of processing power. Therefore, a
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corresponding to sal flrst external memory
the external bus control circuit (170)
asserting the third signal (s152) as a function of the
state of the first signal (s108);
the counting circuit (202, 204, 206) initiating
15 a counting sequence in response to the first signal
changing from the first logic state to the second logic
state;
the comparison circuit (220) having a first
input coupled to the data means (140, 142) to receive a
20 selected one of the wait state values and a second input
coupled to receive a count output from the counter;
the comparison circuit de-asserting the third
signal when its inputs become equal.

25 11. The microprocessor device of claim 10 wherein the
logic (110, 152) generates memory addresses (s140) and
the data means (140, 142) includes a selector (140) for
producing one of the wait state values in response to a
generated memory address.

30
12. The microprocessing device of claim 10 wherein the
logic (110, 152) includes a fourth output of a fourth
signal (s110) indicating consecutive read operations to
the same memory, the fourth output coupled to the

35 external bus control circuit (170), the external bus

control circuit further asserting the third signal as a
function of the state of the fourth signal.
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1. In a computing device having a first memory and a

second memory, the first and second memories coupled to a
5 common data bus, a method of accessing the first and
second memories comprising the steps of:
associating a first wait state value to the
first memory;
associating a second wait state value to the
i0 second memory;
reading data from a selected one of the
memories;
upon completion of the step of reading, placing
the computing device in a wait state for a period of time
15 proportional to the wait state value associated with the
selected memory; and
upon expiration of the period of time,
performing a next I/0 operation with the other of the

first and second memories.

20
2. The method of claim 1 wherein the step of reading
the selected one of the memories is preceded by a step of
writing to said selected one of the memories, followed
immediately by the step of reading without the addition
25 of a wait state.

3. The method of claim 1 wherein the step of reading
data from the selected one of the memories includes
successively reading a plurality of data therefrom

30 without the addition of wait states between said
successive reading of data.

4. The method of claim 1 wherein the step of placing
the computing device in a wait state includes selecting

35 the wait state value associated with the selected memory
and counting to a number equal to that value.
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memories are external memories.

6. The method of claim 1 wherein the first and second

5 memories are internal memories.

7. The method of claim 1 wherein the first and second
wait state values are based on a characteristic of
respective output circuitry of the first and second

10 memories.

8. The method of claim 7 wherein the first and second
wait state values are further based on the frequency of a
clock used by the computing device.

15
9. The method of claim 7 wherein the characteristic is
the time required for the output circuitry to achieve a
high impedance state after a read operation.

20 10. The method of claim 1 wherein said first and second
memories are external memories and said computing device
further having a third internal memory, said method
including steps for accessing said third memory, said
steps comprising:

25 upon completion of the step of reading said
selected one of the first and second memories,
immediately proceeding with the next internal I/O
operation to said third memory without the addition of a
wait state.

30
11. The method of claim 10 wherein if an external read
operation subsequent to said internal I/0 operation is
directed to said selected one of the first and second
memories, then proceeding said internal I/0 operation

35 immediately with said external read operation to said
selected one of the memories without the addition of a

wait state.
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directed 'to the other of said selected one of the
memories, then upon completion of said internal I/O
5 operation, placing the computing device in a wait state

for a period of time proportional to the wait state value

associated with said selected memory.

13. A microprocessing device comprising:
10 a system bus (120);
logic (110, 152) coupled to the system bus, the
logic having at least a first internal memory (1l4a) and
a first output of a first signal (s108), the first signal
having a first lo7gic state during a read operation with
15 an external memory and a second logic state otherwise;
at least a first external memory (130) coupled to the
system bus;
a wait state circuit (160) having a second
output of a second signal (s150) coupled to the logic
20 (110, 152), whereby the logic enters a wait state in
response to the second signal being asserted;
an external bus control circuit (170) having a counting
circuit (202, 204, 206), a comparison circuit (220), and
a third output of a third signal (s152) coupled to the
25 wait state circuit (160) whereby the wait state circuit
asserts and de-asserts the second signal in response to
the third signal being asserted and de-asserted; and
data means (140, 142) for storing a plurality
of wait state values, one of said wait state values
30 corresponding to said first external memory (130);
the external bus control circuit (170) asserting the
third signal (s152) as a function of the state of the
first signal (s108);
the counting circuit (202, 204, 206) initiating
35 a counting sequence in response to the first signal
changing from the first logic state to the second logic
state;
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5 the comparison circuit de-asserting the third signal when
its inputs become equal.

14. The microprocessor device of claim 13 wherein the
logic (110, 152) generates memory addresses (s140) and

10 the data means (140, 142) includes a selector (140) for
producing one of the wait state values in response to a
generated memory address.

15. The microprocessing device of claim 13 wherein the
15 logic (110, 152) includes a fourth output of a fourth

signal (s110) indicating consecutive read operations to

the same memory, the fourth output coupled to the

external bus control circuit (170), the external bus

control circuit further asserting the third signal as a
20 function of the state of the fourth signal.

l6. The computing device of claim 13 further including

programming means (180) for selectively loading wait
state numbers into the data means (140, 142).
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the selected external memory before initiating an I/O operation
to its internal memory.

New claims 11 and 12 explain that when switching from
internal to external memory, no wait states are added if the
computing device is switching from internal memory to the same
selected memory it had addressed prior to the internal memory
operation. oOn other hand, if not switching to the same selected
memory it had addressed prior to the internal memory operation,
then the processing device adds a wait state associated with the
same selected memory prior to initiating an I/0 operation to the
other memory.

By contrast, the cited prior art is silent on any wait
state management when switching between multiple memories.
Rather, the cited prior art describe how to determine the number
of wait states required for respective individual memories, and
describe various methods of reducing power consumption by slowing
down, or stopping, the clock to the processing unit when access-
ing external memory.

EP0386935 explains that some memories are capable of
informing the processing unit of the specific number of waits
states they require, but some memories cannot. Therefore, when
accessing a new memory, the processing unit assumes the maximum
number of wait states for the new memory. If the new memory
responds by telling the processing unit of the specific number of
wait states it actually requires, then that specific number is
stored within the processing unit and is used during further
communication with the new memory.

EP0713170A1 explains that when establishing wait states
for memory access, one can save power if the clock to the pro-
cessing unit is stopped or slowed down during external memory
accesses, but this is at the expense of processing power.
Therefore, a compromise is proposed wherein the clock to the
processing unit is not altered during write operations to exter-
nal memory, but is altered during read operations to external
memory.

Applicant's invention is thus not taught or suggested
by the cited prior art.
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