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" TECHNI CAL FI ELD OF THE | NVENTI ON H present invention pertains to
m cropro ' evi ces and nore y to a prograpppbkey #eit state

schene fg§§?#%@§fth external |10 devi CE¥P*BACKGROUND ART GEnerafYy, whenever

data i s exchanged between two devices in a system such as a

m croprocessing unit 15 and a nmenory device, the system nust ensure that
the interaction between the two dPeseedptiasiynchroni zed. For exanpl e,
present day m croprocessors and mcrocontrollers are fabricated using
technol ogy which permts very high speed operation. O ock speeds of 300 MHz
and hi gher are 20 beconmMICRQRRAGTES NG PEWEQEr H¥INGher al devi ces,

especially nmenory devices:aﬁghﬁﬁnﬁ%?gﬁtwﬁf%Nng@gsEEPROw typically are

not capabl e of such high clock speeds. A comon approach to by v
with 3l ower 25 devices is to vary the duration of the bus cygm\a Mmmmmﬁ
m cropr ocepatANIMAAYI eeEL.Or oRaCHE dENVERTRORESS, Sonetines ref 0 as

"bus stretching,” by the use of wait states. The system s address!%8éEoder
decodes the address SR8 BEEESRF ntRVERFLANBREEFLNS £8 be sel ected. The 30

system s cabcroprbogssihyededites nang@smoket partlilet1aengr Yoi & one t hat

requires ' and.asserts a WALT signal, line.if r Lred. The
nicrvprocgggghgag%séfgaggngsgﬁées?ﬁﬂsPel?ﬁg gdﬂ Hé%g 8ﬁ§§%Hé§cle and goes
i ntold wai deviges.(in essence a do-nothing state) for one 35 clock cycle if
the line is asserted. The mcro sanples the |line at the next clock and

resunes operation when the WAIT signal line is negated (de-asserted). This
provi des t RBCKCERNDMBRSry devi ce enough tinme to internally decode
~ r~uo-GWNV i - -Zehel@dlly, whenever data is exchanged between

two devices in a system, such as a microprocessing unit
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



15 20 25 30 35 2 o JUrJ 2003 U59929321 the address, access the menord/( JANAGI0
- Rbswhe -data-at its output buffers to stabilize. one prior art tecbsvgees21
of using wait states includes storing a wait state nunmber in the nenory
device itself, The conputing device includes logic to access this nunber to
determ ne the anmount of tinme the bus cycle needs to be extended. This
approach requires specialized devices which include logic to store a wait
state nunber and to provide it to the cojputing device. Another approach
using wait states is used in interrupt-driven 1/0O devices. Logic in the
program decoder detects the occurrence of certain I/Oinstructions and

asserts a WKL SigiRlsel,0 SAUSRENA AP GRS Und A 156 (Y QRASS Y f1dls 2
period of time depending an the instruction. This approach is useful for
access to slogfeut| bofdfexiscds stedriditzee ni croprocessor is paused during a

retur ngf xom i nterrupt gyRstyyehi Qo (?rg;gglg_qgﬁg oF QUi P e e dddE to

performits action. A problemnot a e y the above 1s access to

mul tipl e medudedi 660 inige ee wa lte & adec asgbes &17 ithst memdme devimst gi ven
enough tine jt.Q 4¢Pl & & 53 ; o o [ sulting
in a bus sl étg'h.e The pr%b??&nﬁglté ﬁrﬁc{éhg g&??etsﬁg?gﬁﬁe%tﬁegﬁi ver of
the first dé&Wicenugbeg] to det@rmgnehsdhgaaobas ofattime ddredrust eysdteh

devi ces whep ess bLa [ dgyi:.ce [S: A

al lowed to pggggbego%é %ﬁ%egggﬁkd 3&?%03% g? %Phg%%ﬁﬁggggs : %ﬂq?%ﬁggices
wi || a0t enprervd cesi whiche imgdudehd ogdsultio isSogsr lal ek idatst aed nurdissased
power consu I @R, : isRulta u driver circuitry.
However, th?@hbrobgg§1 §§§1ﬁgfkhﬁﬁgy?O@&gggﬁgb?Fggkgf For exanpl e,
consecutive read oper dnctherf epproschs agdndewads ¢Eatsts posalgadolirenrs wit h

the drive ci; i - j.t.e e j f ol ~ 003 uy-u5=~uu
i U 8992932fh?%kkgﬁfe§ﬁwgggrg??bﬁ%bhg%gﬁﬁsggﬁggsgépﬁg%bfgéﬁgﬁ%hﬁth t he
drive circulferpdes Betepssn th&t OFcugpencearifofertrin 4/986 935 to Canon

KabusRiski Kaigha deeh@s ana@ R dsalelsml WA Psae08d! R RRYAIIS capabl e of
varying the nunber of wait states for access to the nenory according to the
10 ~. 5 20 29peration of the microprocessor for a period of time
depending on the instruction. This approach is useful
for access to slower I/O devices, where the
microprocessor is paused during a return-from-interrupt
20 instruction to give the slow I/0 device time to perform
its action.
A problem not addressed by the above is access
to multiple memory devices, where a read access to a
first device is not given encugh time to complete before
25 access to another device begins, resulting in a bus
clash. The problem stems from the fact that the output
driver of the first device is still driving the data bus
that is common to both devices when access to the other
device occurs. Unless enocugh time is allowed to pass
30 before the second device perforxms an access, both devices
will attempt to drive the bus. The result is garbled
data and increased power consumption due to simultaneous
access by both driver circuitry. However, this problem
does not always present itself, For example, consecutive
35 read operations from the same device do not pose problems
with the drive circuitry. A write operation followed by



30 access tine, The interchangeabl e external nenory nenorises data or %PleJUN 1003
ounherof wait states for access, and the apparatus reads the data angs9g29321
accordingly controls the nunber of wait states. European Patent

Application. EP-A-0 713 170 to NBC Corporation discloses a data processing
apparatus, having a CPU section and a HCU section, in which a clock control
section distributes an externally supplied clock to the inside of a CPU
section and a BCU section. During a read<?&ccess request fromthe CPU

section to a storage device, the period of a CPU clock supplied to the CPU
section is extended. The state inmedi ately before the change point of the

CPU cl ock whanread operasttononlikpuwtise, npuisedams wrmokden nterimathelat a bus

i s extended j has been established on the internal data bus.
What is need&eigiiyé ég%??g?}gi'rcui try in a mcroconmputing architecture that

det ect sSaccess to 35 E@rOpéan Pa@entDapplit4bdson3 HPHA-SPREB2A35utsi pl e
menori es and.lnser i t,states,accordi;ng to the type of, 1/ O operation

bei ng perfor%ﬁsgl%g?\\é\gaﬁgf‘rggf‘ghﬁo%ﬁg\?&o S5 G r“frlﬁé‘fﬁa%’eﬁp det ect whi ch
menory i s bepngcassisgedppadatasectpadille sfatvarydeepriieHumbdrt SF i S

further desi rab!;e to havg circuitry thahei nserts wait states dependi ng on

the sequence”dt "I ?FEP2r 5PF 0RECBEPN§Op&f o MRIRTYSHRIGRRAIGE 18 $IRENTI ON 10
In a conputiagedsyi ctmdavi ngef ihskbrehdngeednd exteriall MEmiHes, a net hod

of accessin menory co%rises agsoci ating % first wait state value to the
first henor 3“%?1“&1 LR CIMP WRT t TBEalB™PER UL Yatke SEEEST SRITASE S Shen

sel ecting t hendatie Sipperyohseseagsoehat adrw bhdaalt2or@ligdBd ree2f14 he
menories, and readin Subsequent to the step of reading and

t he neppr
prior to the"RBAYWE o gr‘ﬁ?’rﬁn,gt?ﬁ@sCPU is put into a wait state for a
period of time proportEen@épesn Phcere! appedcedbibnsEd-a\alueg 7@ conait
state Xx cIo%}? eriod. 20, Hovxgverl if the next 1/O operation is to the
internal me C?/ PRI IhER1PRESCPUAbas PRECeSSIET ARRATa St e pri or
to thels/o dpeviig on Chutseethen afdedi atel ¥epeooasds nwiWl dha 1d1@cx
operation. If a read o$erati$n subgeguent to the internal 1/0O operation is
25 made to t%‘é“'f)‘?"r?gi’fﬁ FIPR FEEEEYPBLPE AR SEREAG L lvhSYRR) iR (cladit e i s
entered and gscess ingbdk £l ¥ PPOCERHSiohl afdr AABCUP R i¢h SURRBQYRNt tO
the internal 1/0 operation is nade_to a ﬂi@fferent external nmenory, then the
wait state i% ERBIECTIT TeREThALEP™ FRE SEUpFEREALIORA & &4FRami t

state associdewikey tthe hpeoiogi afl kyCcssl etberd supplAzld MR dgyred from

the c | eti e read operati o ccordance wi.th the present
i nven?illa(;n, agé‘r;?tg{r%%:ao%e%a‘f%%gﬁé\'/i c@ﬁf-négﬁgsslﬁ““&@iﬁé‘rﬁ#%?@&&ﬁ%ﬂ 35
external nenchargs mobret |ofi the a0BUVacheokr yheanthel beu aer tdeuplietbued wai t
state circuit | t.: S| i uts.the core logic .i.n a wait
state. Coupllencf %oe% eaearlafatv%a%xz{:g?ﬁ%ai afﬁg{ §ng%FeFﬁf§Fn§?§l Unt i1

read data hags heen established on the internal data bus.

What is needed is control circuitry in a
25 microcomputing architecture that detects access to

30

35



2 0 JUN 2003 WO 001 54165 -4 PCTI US991 29321 circuit which detects thd JUN20
sequence of nenory accesses taking place on the systembus and activates

" the wai tywef @is@ie&i rcuit accordingly to put the core |ogic pFrasedBbi St ate.

Coupled to the external bus circuit is data means 5 for storing a data

float wait state value for each nenory-devi ce. The data neans outputs a

data float wait state value to the external bus circuit in response to the

menory devi ce sel ected. The external bus circuit detects 10 the occurrence

of an extmarlfdlp ke e 1emeand yingertor aisi t cstakehaceoandimsitarenory and

| ni ] at ey 43k '3 gl dersddion Uiy RSELASRE@POTid ol (o the waif

state val ue q%Irrespon ng to the accessed nenory .e. walt state x clock
period. KRGExAEP1e fte Heavs @k itng tl*@’él‘?i‘:‘l‘u@e%lé@’éc‘ll’smé‘ WHERF Yoper at i on

fol | owed by Ke e th PGS Séd Cdnd e m;@ $t9eés vx@ééoﬁaﬂ{qeuoccmts,
occur. Sim n external

al t hough a lcal ,wajt state | ar

read operlaﬁl’{ﬂféé ’fo??%h’é%lb% fa%r;?a%‘feercnhﬁ‘c‘étﬁﬁ%s ?Ee}f‘#%sdt?lf oat wait

‘state w IétmrdeﬁéhtﬂﬂhtEForDBSC&Idmm&F JHEIWNEE:R»@S HBeirsy a bl ock

di agr am Iif%% &g Processing systemin accordance with the invention. Fig.
ocC i a

2 is a blo gram of the external bus 25 acknow edge |ogic shown in Fig.
1. Figs. 3 - 6 are timng diagrans illustrati ng vari ous operatl ng

confi gura%] pfof hepfat RUPNPESSSI Ng systemin accordance with the menory
access schene of the present 1nvention. 30 Fig. 7 is a block diagram of an

al 1 nat e enmbodi nenfNot FABPYELRI HAYEESS| hnggt EiT SBESTA MEECTEDR CARRYI NG

Qur THE lWﬂlg\l R@xﬁ@fiégg 40m&tHod lof 2aadab3sPheCRERLAY SympLIRa® 100 in
accordance wi th pre ent |nvent|on CO{’TEE)PSGS Va I OUS subsyst ens

or gani zeoasa"‘f’%‘ﬁ’n%lthngygt hFBhsWash statec GCEQSF § LAFEC MYVEh as a
m crocontdnd | #rsecohdewhiikestaté udaesueote tngi setdAdandmanyj ntieemal nenory

114, 2 ééfé@kggg3the wait state values associated with a

15 selected one of the memories, and reading the memory.
Subsequent to the step of reading and prior to the next
1/0 operation, the CPU is put into a wait state for a
period of time proportional to the selected wait state
value; i.e. wait state x clock period.

20 However, if the next I/0 operation is to the
internal memory of the CPU, then the CPU does not enter a
wait state prior to the I/O operation, but rather
immediately proceeds with the I/0 operation. 1If a read
operation subsequent to the internal I/0 operation is

25 made to the originally selected external memory, then no
wait state is entered and access immediately proceeds.
If a read operation subsequent to the internal 1/0
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
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WO 00/ 54165 -5 PCT/US99: 9321 An external clock 156 provides clocking

signal s130 to drive mcroprocessing unit 110. Data transfer between core
"logic 1 nmory 114 occur over internal bus 116. The, CLIJ;‘IIJ b bus is
coupl ed 88"@&% em bus 120 to 5 provide data transfer exter naS% A

m croprocessing unit 110. Com ng of f-&f bus 116 are nenory address |ines
s140 which feed into menory controller 152. Core logic 112 provides data
sel ect signal s142, indicating that the core requires a data transfer (read
or wi te)cmqmlco W@alch dettectssithralsegienacd ofndiegarysagcessast r ansfer cycle
whi | e si gaglingl4A de@ lorad'ts@t g?s%@u@wsesa%a%@ﬁva&% dakayaghect signal
feeds into nenory control tate generator, 160. Al so
connect eétta&esy%itré:rﬂlﬁuécf?@‘daﬂéléfxtt@r Pt thensese 499130 ian@ ¥3it Typi cal

ext er nal St edypaledde o=ERBOU AR 1R IRAM; MiTOHats Hilnand 132 are

controlled by%(%/ i cal contral signals, such as chip select signal s100,

out put ef@d & as B3 2384 Rt t“’@lénz?&laéeslvg"f’}é!e §P(§69‘Ia y 130, and
chi p sel erdvidegnal 20 s102, out put enabl e SI gnal s104 and wite enable
signal s106 for 2. These SI e _in meno ontrol | er
152 dependi ng on t@%fi@% L o) ? JOFte ¥aH (f\(-'@n addr ess

| i nes sl14®@1lughetoreihe )e)d:@mail lbaxs admmrmdlmasasem)r@et @ondher ead si gnal
S108, 25 ddibiplddi b [iAbi © wild! SRR P Wl TS| N0

unit 110. menory controller al'so produces successi ve read signal
s18® i ndiatIGRPERRNGR Qff Peh@xtETrnak etéﬁmapfalakqw fayoran Recesfe

previ ouslgo apkeased dBEYnal %&nﬁzﬁ@lénétﬁ{&m%%t@cfwﬁn des a wait
si gnal s150, (actlve H ) which feeds into core Iogtc 112. Asserting signal

s150 caudtdlt Rt & MG PRI hRHORPTEI AL i thihiwad tdEtaterti ng si gnal
$150 al | mmé\ecwaﬂmmg G alie Ncedibdd rﬁélﬁéxey genes.atwitl6o 35

recei ves a‘_rv€ e)fnunber frg_gn cl assic Vﬁi state r ister 150. Wit
state gense or 1% o i VPRI sethch %ledﬁtaef N B8 ndi cat i ng that
a ddt a traimsdeirtidetdets & oviocriropera hitenr tehbewed thy cormead i onal Z0
JUN 1003 M) DL DA 65 kel 'rk@%%l@a‘?%loa@ VREL AL Qe Y&birs HAhSURD 1S

gener at ed ‘when an externa menory 1s accessed 1 n order t'o put
ni cr opr ocdsSIagS ARl Wabtstatedpay sshibl repcyr per$’d’éll3'eﬁr]ty melS @R icient to

al | ow t heeg¥éehaal resdmcsyef@@fém Ofs t foPEorEd ebpesn fMtsrmaperiod of tine is
based on a_val ue ﬁéoduce % %ﬁss ical ,waif state {-m‘?l ster 150. In

accor danc®°HFEH- t AReD MR 13 bh © VRibyFRTe YHbho?SS el ect | ogic 140
whizth serves to store wait state nunbers for different menory types. 10

Typi cal | yBngﬁhDEgeﬁiéy?i&geoi,s%ﬁegﬁbﬁ%ﬁg wi th an address range. Thus) the

address for—a grven um i hdi ype of menory in which the datum
is stored. Hence, aBdgest Lenasbiaal diadrant ofeat@ahal pretessinggi c 140,

whi ch thegygubRUlis hBeo¥@hhcs! @t enneAResavehtiba, m%‘mory 15 devi ce
correspondlng to the address presented.on the Lines. can_be seen, each

memory has two assoéidted haif® BLIFE AIABERY, °F EF%S%FE%T“QAlP“%tate number
and2sa dat ackhoafledakt 16gatesnowhetin Fhg.chassical wait state nunber is the
prior art wait stat%iggqbgr_u§egrgotgggn% Siagrams 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.
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20 CPUin a wait state for a period of tinme sufficient to allow an
addressed datumto be fetched and driven onto system bus 120. The cl assi cal
"wait state number corresponding to a given address is stored in register

150, and MOH*¥HSre feeds into wait state generator 160. 2B¢ Ey?"é'r"ﬁ sel ect
| ogic 140 al so provides a data float wglt state nunber which is stored in
data float register 142. Three data float bits s160 fromthe data fl oat
register feed into external bus logic 170. In addition, the external bus
| ogi ¢ receaiwesxtextrea Natldead 56 pievidies IdbBocking esignel r €530 st'tognal s110,
data sel ec SI n 42, and. wait_si S fr ner at or
160. BaseacE hngiscels‘lD p?ﬁesé‘f]grh%l"émt%hallé%ﬁ% ?5%’:‘A%£§5 eq"groduce an
ACK si gnalc@léZloégim i VE2 Hind theox e eldsd | ot cur heveri inseanel gewer ator to

asserl Val 4,95 Shoalnedofa thed AK Slaila 1525y seb) nibey 9k sss ranges

and wait state ers are provided r-provi ded prograntcode
180. &n or@r@wm|%m teansfen| emaylsmemtcr@gr@ceaelmcmu*es 2 0 'UN

20~~ VE>001§6165CQ5155?aékﬁgplggéllisaapéUﬁétbty 8haF@gL St ehés! bgio can be

accessed via,a nenory g schenme, wherein the registers have_ associ ated
addr esses %QE%%S?%?@ #RE rmﬁPﬁﬁYaﬁ?Eﬁﬁ?}bFr %?EserCEEﬁ pPB4Famtt he
regi sters wéhmésaddtssstetaagesa@ﬂaﬁ @mn esmaﬁtcaglml thatatRenunbers,

bot h C|aSSICQ£ agg 9@&2 #gsgfaagﬁ %%Q E |ptkgn of Fig. 1,

there is n"rese e réset signal s120
and 10s con@ttnenlaSugﬁa9n5122141h31elnélaatescbodhtaltcanSfQM|ch provi des

ol ock si anglcsd3Onand LignadRheg=pb hdfealELenhl BGaRAS! ayELG. 2. the

circuitry i onpri si ng externa ogic 170 i's shown. There is counter
| ogi ¢ consTbﬁlﬁ@thSFFFﬁtfFéﬁﬁaio@eeQ§4ln5ﬁdm289rISCﬂﬁt€ﬁlﬂ§rcFé%ked by

cl ock signghdsirBe WhetOoHtRAYE gbnkbatépumker | ogic consists of the inverted
out puts of the |nd|vbgual flip-flaqps. These outputs feed into a conparator

circuit 220, conpris 3°tﬁPB€eR§Rdg£Pe§Y§GGBIEHst&ZQ RARRDEFSPEN2AN | nput of
each1¥OR gaemorsed01couphadiBa.t heypivalt esterhaut meokliies- finepada02 - 206,

with the e§§§ onFiagh t?gdogkaﬁt 0L55bkg% quozg%dra3Qr%¥%n by buffer 254

and then fée 6 conpara Citcuit e "ot héY i nputsto the
conparatorceoﬁﬁglﬂﬁénﬁﬂaﬁapﬂb@dtCbm&soélsognaﬁéfo@m¥mu asf chdwpar at or 220

feeds int Osaie%'@: 's'l%talOfsl%o'\lAWt%%ttee a1 MR8 ofRha ilaland G860 are
OR d together circui'tr The result of the QR operathn f eeds

i nto anot h&PW&?*%PaMﬁéoéathrZMle 238 /gd ehP StdesSh S8R L ead

si gnalo 310&130 f %ﬂd:puﬂ @niabley sdighadb & 10ad 2208 wretee @riaile/ silghalout put s of
which are ¢ throc%i}é gé?D g e 266., Th i nvert.er and t he D gate

toget her of t °%s UE SSutfh@" I@&Nﬂ £ 265 FE6ds into an
i nput of ANPNEaicd 1264 1 F2a tde peaiddatg s:rgrtanle /AP dpammmredirtd) tthee

address presented on address lines s140. 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 s142, indicating that a data transfer
is about to occur. 1In accordance with conventional
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35 other input of AND gate 264. The out put of AND gate 264 is coupl%g #% Qn

I nput of NAND gate 262. The other input to NAND gate 262 is coupled to the

" out put of ip-flop 208. 2 0 JUV 2003 WD 00/54165 -g PCT/ S99/ 293: 1 The
data sel e?{éé‘%@ﬁg sl1l42 is also inverted through inverter fé:g%‘é?ﬁéfl?%‘ R d

W th successive read signal s110 via Og-gate 263. The output of OR gate 263
and the output of NAND gate 262 are coupled via AND gate 5 261, the out put
of which feeds into a third i nput of NAND gate 260. HAND gate 260 in turn

f eeds int Q)p‘d:iqtt:ifdmp watt sbhgsdl pﬂiDSimlCEs @é}{eﬁaWI wﬁéEZanRewéﬁhmg to the
counter | Qqi 0 | S dr ven ate 250 th .lnverter
351 The FHGRD Ay 2o FREPd el REAFE VLR RAC R EERPEPSPRFANE, 881602 and t he
inverted Alt@uin i waip-stape268r &rpereddngffbimarsufKORigatet853 recei ves
t he invert t¢¥£ 2 Ng L N ut psi. ; of

flip- rop%%%éul o%%ﬁ%%hg¥ k%ﬁ?gg l@%ﬁ%i? § ?%t%8%%58$81 ?Lig mux 210.
The & her RempiAd tof ntikme1ds| §aeeéppedat6aépgckr@@gﬂad §¥391a$ﬁecebt put of

the nmux feafse idéLeé! rBgikenr294e. The inverted output of flip-flop 204
feeds (via buffer 254 Into NAND gate 255 and inverter 256, .and is 20 the

sel ector control forl Qcﬁﬁﬁdaﬂﬁﬂd“bEPetESS18V§BtFQEeF9§§etHé i nverted
out put of é:kti:érfﬁdlme&ﬂ&ryTBEledtpmquf 1klANhdehese29esard Starare coupl ed

t o NAND gat e, 258, nvertg ? g Elgd to ANP gate 259, which al so
recei ves bt Trahtt RERPETE £85 86 S FEOF PPMSTYI 5¥PS8-202 via inverter
257,1and iTypicdlbyn t Bachnmembeyg byppuusohsSbcpatbdpwim& ahhadduepst s of

gates 258 %59 fﬁﬁ?ﬁcﬁkg E&PFSQ FBEO Qeugﬁe Fggerﬁggng#éUZ%ﬁF hi

out put of Mux212 1's whi ch
serves as tﬁbes@fe@?mpﬁﬁuﬂnoﬁhﬁﬁh Ebg d@@“@péﬁaﬁﬁ@ﬁedf ekkﬁwwal bus | ogic

170 will ﬂQ&ﬁPéngQhﬂb%e§14ﬁe@%@é'h&tofQ&t@%nﬁ&t%@ﬂébﬂ“Taalt ageess, the
data float val ue correspondi e accessed nenory |"'oaded from

ext ernal sepieh FBSPC°P$@“FﬁtghGaF51FI§§FtFe§P§P@F51$f the &emeryead cycl e,
t he ®unt edeV dgeCccdrriddpondingdto?@he Z%r&lsd PResentlda kegithd ncrenenting

'S do- aseer LS LOPS FRA Bat et sl Beagty IS B aked G i ven
by the out\pmtbata&e n\@ﬁ@tﬂdfﬁlVlﬂ@@lmlowaEiA:l(s&ate number and a
data float wait state number. The classical wait state
number is the prior art wait state number used to put the
20 CPU in a wait state for a period of time sufficient to
allow an addressed datum to be fetched and driven onto
system bus 120. The classical wait state number
corresponding to a given address is stored in register
150, and from there feeds into wait state generator 160.
25 External select logic 140 also provides a data
float wait state number which is stored in data float
register 142. Three data float bits s160 from the data
float register feed into external bus logic 170. 1In
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 sl152 is LO.
The address ranges and wait state numbers are
provided by way of user-provided program code 180. In
one embodiment, external memory select logic 140 includes



-9 PCT/ US99129321 of the nenory that was read. In response, wait st%\t[]eJUN 03
generator 160 asserts wait signal s150 to put mcrocontroller 110 into a
"wait state. Once the counter ' reaches the data float value s160, the
counter WMOO%S4LSt 5 and ACK signal s152 will go H indi catSHESPRER system
bus 120 is free. Various operating cqgfigurations of external bus logic 170
are best explained in connection with the timng diagrans depicted in Figs.
3 - 6. The timng to charts are the product of a sinulation of external bus
logic 1703spowraiithi af feglBeetkMhati 8anWBe HBEEsHelN¢ia ¥erilog XL

si mul at or nmanuf act ured by 8adence. Wth reference to Figs. 1, 2 and 3,
assurme t hBEPRENOPFPPSE EWBREF i ¥hgResnpFhe BR8B! §tRR8sBaY8dr esses have 15

upper nost absbeiaged addre@seiOacckxskébbal ur@becprbagha téatrslpr oyramed to
associ ate a _data float wai state.n%rrber o% five far addr esses Rggi nni ng
with 0x01B5&Fh&an Wﬁ&r&q‘a eoFeﬁilﬁ. €55 Vi gt PRt 89 lrﬁgssirﬁﬁgﬁ ﬁg for a
wité opecarresporidimgedaiy shtatsucoeberse beald 2Qaspdratli and dath nenory
MEMO. In @ gttl on, the wite and read operations involve 16-bit wards, thus
each 1/ 0O operation consists of two 8-bit menory accesses (| ow byte,

hi gh-byte). The top Compliesingnithe descriptiphgof3Fdowd ,2%heEg0A$ address

si gnal s SM%O%Q I GesdtInalr ciR0156h R 18Rl 8apbpiled ¢heOredeti ve LO
i ndicates that MEMO is sel ected. The first address accessed i,s 0x01000500.

Upon assePigigdlt fil2 O ddtidk it sofompdedenty 490240 s12¢-er TReT&P&c® | ogi ¢ 140
out pot s acllioek idifreudadl aviiilomipro’dideisec1ddkl43 gn@ansaguenindy itdat a fl oat
bits s160 assert a fiVv During tine period tl, wite enable signal s106 is
asserted (‘%@ énﬁ_%) Stjﬁ%zc'e at which tinmes | ow and high bytes are witten
into nenory | ocati orR&BeXINOBH0®W Becige Rhe thygercdiricaritiry a WRI TE, data
transfer g ! ' S t arn d shal §108 is

de- as)serte% acﬁ%&eé%g?éﬁhﬁsﬁé gg)cgg;&gz%??eqvxsn %%]O{‘ﬁg [ rs11lvent| 6% as enbodi ed
in | ogi c daunker 1 iagens iftiing o2 fldpaifderss 2802 e ® Hhd ande 206unt er

out p (OWHRWS 0 cldeked WY 20N YHaa14183 RCTHHSWUEAR bt e
flip-flops 202, 204 and 206; remai ns |l'ow at the end of the WRITE cycl e,

denot ed aSPTHRT APTIF PSSty R S A Varded RIEHRILH NS s f1ee.
Cbserve t Hatdididwal peY ipdf 1dps WaiTheseggralt milts) feediairetidiad ess asserted by

ey, R A0 T ol d G e s Saptagl im! Lot
si gnal slrPupledstetadNAND gatey domtinputeroflissach XQRrgatss issince an
acCcess 10 dd\fp FEdPe HBEREYihdEMAd | SutRIN B P& f I TBLbpd 02 Rl 206, T ead
operation. The read operation occurs ) .
with the exception that the output of flip-flop 204 1is
driven by buffer 254 and then fed into comparator circuit
220. The other inputs to the comparator comes from data
float bits s160. The output of comparator 220 feeds into
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 sl108
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 sl42 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.



during time period t2 where output enable signal s104 is driven LO %DAUM“
B3 to output the first byte of the accessed word. Al so at event B3,

~ external r si,geal s108 goes LO indicating the occurrenc t er nal
15 read access %he second byte is read at event C3. Again, gcwulsgﬂzs??éal

wait state occurs during period t2 to-a-ovide sufficient tlrre for the read
operation to conplete. At event D3 a new address is asserted, nanely
0x01000500. Again, since the same nenory (MEMO) is being 20 accessed,
successi ve read si gn@zhestihtai seasser sadnamomequarst lag,sd ruaxmomhnce with
the invent|] e, [ S t, e ng g | op 208
conti nues gg(?ﬂ%n %SQEPEEUS(%ES&B |ﬁ§ s?’é%tq ds'ts'o]'Qll n ca e that
system bussigoailssii@eVIESORi giatkei 3§ 3of f Thiee QﬂltmrsmforOR)fgﬁmeg 268 two READ

accesses Osaartﬂurbaqpht”%fpﬁ&m@dgh%eabs@vgmasaa%gwghlﬁa ANEHh the
two bytes COI’lStItUtIn%t e word stored at nenory | ocati on 0x01000500. The

oper abi on P§lacEBRpoHTRYthPLa Whighsifeeds dint s @attd idid i puthe S N30

period, i n@a@@t edoby WaND gadeal26913( Reiri0 fassRY titko R OIRLELy Or egoi ng
di scussi on wgggﬁ it can be seen that external bus logic 170 does not
it

initiate a2 PEOSNCESHCE: 539 FXRTE cycle, since a bus clash
is not an |ssue | n ‘edurindmng tthe thies donyiterddasy 35, Plip+Af loptE0A wai t

state for ive.re Withr renge to Figs. 1,
2 and 4, a su ﬁgt b%%?‘)? fﬁe( %%@%?“ﬁg%v%r% féf Whose addr esses
hayve 10 2 ONAYR 2@@3 We©e(sies) 136 -lmleF!Gfeld ;B0 32M Uhberfibep 202 s equal
to ' 0x010" oS $WEE i hedriela td?ﬁ!p ¥ Al et /EL 2081 C 2 Q%@\%'e.b?en

programed to associate a data float wait state nunber

addr esses H&F%dTichg NOR wakeo 253 Wﬁ‘l‘fﬁ%gt%a*‘?v%?tﬁ geutPut ef ystrat es
the tl, m ng fflqrp-eflro@atiocaoarr&t ittHe fﬁd}fﬁi\%té@lé@wﬁk by afmptm@per ation to

VEMO, ' f ol | d b t t d
r ead opgraﬁvbgins ﬁ\a%qu%tpr%p ’iaw é)'?t fﬁ%%ﬁg?lﬁ’gﬁe?gP?gn 1.8 S:Agtseo?n
two &%t mamr%AOacc@masat(ﬂm\khmlﬂ'v td) ohixgh2 byt B3 . cdsptad be skeckin Fig.

4. the read neretd o ki PLAGREINS Nhd TG PPLLAD L oafsompRnEd by 2

correspondin assical vl on corrp ron o eTe event
A4, out put ZHebl e signal s104 is 15 de asserted and external read signal

s108 is likew se de-agperidfer £l Sb SA5E118- ?Qb?s%ﬁt edeayhighacauses
the counter, (flip-flops, 202, 204, 20b)_to begl n coun wai { state

gener at or @'bfft?}'a?s%)rtl‘waﬁ {NANRgake 227 2N Olf‘BeFﬁﬁchﬁé'tﬁ&fl $§st em bus
120 i=z0 20 bmghsdlssecet@ﬁrrs@:quﬁdsrefoﬁP:hhihlﬁ)lqoeSNANDOgatwanssshatsel dB%
conparl son Wt Il ari_tec e.n op t WO U egl n at
oot B ARer T, Yo Cint ERE PR et e ELbnr e SRR ERE oo ROt s o drfve
its out put QtpuLh of) SHAND b@GtQQOZ&O ah@ 2ahearensoupdedt ke FANBut put
buf f er of '§5§t'|in@gﬁééﬁQZQ@tQStESuﬂﬂédfEB”hNbS %%@dz%@er@huen

However, in”accordance Wt e invention, by entering the wai't state at
event B,, |hsFRa¥ECeh¥éeuiRRRtIEroBr the LENEFEedgPRERUEnQfyif iPve 1P ve

clocksg to zebeass ihees¥stepshlisang ihptitWhedn! RBeWink@rted output
of flip-flop 208. The outputs of gates 258 and 259
respectively feed into inputs 0 and 1 of mux 212. The
output of mux 212 is input to flip-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 (flip-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
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30 operation does begin, the bus is free and there is no risk of garbled

data due to bus contention between the m crocontroller and MEMO. Thus, at

- event C e(ﬂ/stGE counter counts up to five and conparator 220 detects
equal ity 8% a float 35 value s160, flip-flop 208 out p&Ed’Y§PYe%5?!
re-assert ACK signal s152. In responseg-wait state generator 160 shoul d
de-assert wait signal s150 as shown in dashed |ine. However) a cl assical
wait state is inserted for a 2 0 SUN 2003 WO 00J54 f 65 PC TII;

5991 29321 of12hpenemdrgf thiane waz dtgad\g the radiamentwaitt steperation. At

t he end of_ the |t ycle (event .D4),. the counter is pot initiated because
ACK si gnalgegfgzwpénglsﬁs aﬁls,e(rs %cwea%tgelr%el sselitgébctt%iﬁ‘ﬁgl is asserted, and

t hus no waiicrScshatreljeiron 100 irite reexta it Gieper at i oncecthescolatal| t hat
oxternal s chadl enb7Qadace e UG ddie GRNLGEnEL 1)1 EnPogbra Wi te
operation. wever, 1t can be seen that a classica Wart State Still occurs
for t3 me p&d 4K 3igmailnG U3Fe Wikl 99 dH nitfbrsat beait that 0fPs$bew1PBS 10 In

sumary, tihe tismsp@echart of Fig. 4 shows that the invention selectively
asserts wait states _depending on the operation that had just conpleted. In

the case of an ext eM@ZIFMEP $ NG R FILEPNF B sBEFCEBALai ns a
non-zer o \balsuQogd cnadi7i0 Sira dexcte Usp Ibhined alnd ayohhechibpuvidhi Yhe to

rel ease t l C 0 | te, operation, ng wajt state is

it ated CRAY Apgrihl Heped ' B B By g kimibRory 100
(MEMDI i s Ghargshiarending prodset aelfirassisu hetvionpper ewterbaflsbagual to
"0x010". f ; I g er 14 _h a S i th
upper nost ‘bl ;@el(mltﬁﬁyﬁ (t}x 0%9?' g& epﬁg n%{eﬂ%/?é‘#égl gghgglﬁg Ergzayarmed to
associ at e @ RREI9 ddt SIYlakex cnanwbretered by €adengéresses begi nning

with 0x010. The ti mwidithedte®éndé Oto SFids Usi| ap egnlihg , shglaengnhtor a
read 25 operation fr owed, t hree successive read operations

om VEND, . fol | by
from i nt er}fRTeroty (Mol\éfoo’r? AR S TYL BnBERRYY  ¥RasSEpafdresTesr SAVREMD. The
MEMQ S ead upssmaios bity dguwall 6ebi Yox010s, tEktepAal kédeepenalgien consists

of two 8-hjt, ne S, | hj gh-byte). .30 The t f the
timng chgir‘{o i%%%‘?%ﬁ%ﬁg@m%&%ﬁ ?eésgas%ng%ga 1X81§n§%%lt%ck si gnal
$130. The Mmumbker rafadf iNe cber | addpessesr hadineingywlERDONOAO.| oddte on

O<CLO00LeBe A SLTr o, 13, 11oherthele venL $highah PG dis asser ted
during the sane period, per 35 classical wait state handli'ng. At the
concl usi onvo¥te (RPeEAkL Rt At FBved: PXVENP ABCCRERiIVEgFS2d152 goes LO, thus

triggeri ngopércationme arity hepbfyCREADL NgInRegalitibhat thKQtendirates 2
0 JU-J 200§e§g)gggé%@{§%£K¥l$§?8é2?gg%it words, thus each I/0
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 (CS0, 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 s160 assert a five.
During time period tl1l, 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 $142 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



-13 that system bus 120 is not free. However, it can be seen wait S|Zg[]n<'g1PN2[m3
s150 renmai ns de-asserted; the reason being that the subsequent read

operation fhternal nmenory 114, which does not rely ong s 120
bei ng rel e\{'glése(g&ékﬂy the output driver of MEMO. Referring bac@’/@g‘a}ébﬂ?

external menory select 140 |oads a zefyp-+4 nto classical wait state regi ster
150 when an internal nenory address is detected. This feeds into wait state
generator 160, which upan 10 seeing a zero classical wait state val ue
responds Bl ipfkcpsi B2waki04s iagdatzos )LSf)einaninhe lde- assdihiec@rgit afe,

regar di esspd fkerk 0888, 2u8n8keACKsSLOBAL £157, FLg0e3000fal ot fnd 12 can

access intern |naS|ng hete is n neéd Of a wait state
to occur. UmHE¥seen bus RO der érﬁen o@b$ﬁeV?hR‘-eét| guarimg pesd@d from

addr esses (x00AYPec8; gRXI0RIBECGs ABHEHODDBRC TS LRR LIy coONt | NUeS

counti ng. The reason for sustaini ng this act|V|t3£ is that the output driver
of MEND stFFateIeREFARETt 369 ccThisalFythe| E&SH 1t O LA 1SHASEI Bds and | f

the m cropj@resstage jnpirolilitedninegdesPonseess exkeivdltdipinat iich.woul d
have to enter the t St%vtn% until the coun reached a

t conpl.e :
val ue equal to data P&&t tu@“?fgﬁs‘l&h’é?ﬁﬁs?lggat}uf%go%t‘esntl on woul d
occur. 25 #&mseleedt byr mlemuxi'y idoritre1dame1862t atnalvemnuy;y sinaecassed, then

there is er i S I S|tuat|on
depi ct ed |ér)1c€§§g EB Elg ettmog{)ﬁéﬁﬂﬂysggc%g% prseglladp signal s110 goes
LO tBOi ndi nemelyhat rﬁEﬁquﬁr@éﬁim acd‘ésseeaégamrarnﬂ@ RE[EE 30 ACK si gnal

s152 to goghl Mg ﬁﬂmbn'%Q‘l%@'% rvﬁx%@:resohhﬁuﬁo'é?\tagléféi d1 apro0% 204,
206) to zero, Two_read operations from addresses OxOL000lea and 0x01000258

of NEMD f oRFb¥PBt LOj At SM&BdBst 3oAUtRPRt EhenfinsEnbyks Ptcdhrespondi ng
cl assi cal setésseéat eaprdlS Tl soABdventt BE, p@idﬂéﬁnhllou'@bﬁ wignalFig. 5, it

be t _wh f d t
From an oxPbPRanoRBgey ArRL AL, bePRFE SR vaf i BAESE CPU i . ot
nadel$o  2e@dJhbie2803 IDHB&IdiGh byté RETHEQW 203Xvemt eCy.a \A@aﬁnstate.
This all O%Eﬂsséﬁgaﬁo%ﬁahbd | e Pl b%%‘i!r‘i% (?ee?&lt ecEcPatl.Z Yo PSS

where the be forced to malt or the= I on o e counting so
that the s§pufEArbestciing foy e%isecreqdom@éﬁatucrn t4R e;@ele*ae 5 access i S

to the same external Arteraaréhttmela fRUNhaALe §82%8S aisiEded einareq ypr ovi de

access to th mory without,.a wait state. Wi eference to Fi gs.
e and 60xBaB 0SB ARy ‘SHFR iiofame Bty | UhevbEy
addr esses bamesls@duprmxamsssbvésrmmaéxml Gaio" 151mb$éatedenory 132

(oot ASofd u%[‘ﬁéir t ex er HAT eaq'glt%s%s hﬁ‘(&,ﬁg?ﬁ EI‘ o e o

' 0x011". Assune ect een progranmed
to associ acountex @%%momegsma@@lmmrﬂtﬁ Sﬂleflbp ﬁ/EWP) 208 and a data

float val ugcl s ¥ MBut ThE {4 r&ﬁl}a«! ﬁfA&gmgnhhl ugtpatgs the
timng for a wite operation to MEML, followe a read operation from

MEMD, f ol | ddd aFen tha %Fambw%%%mme%l | owed by four read

oper atsi ons from MEMOFilhEsh €Ad @ﬁer@ﬁéqmsduéskh&@ a/EI\@lgnvgl vew8-bit data,
so each I/%a%ﬁe]ratl on_requires gﬂsm e, access, te an

oper ati ons AGSRAET R oPTEUB 29BF i PYot e PRRAC aEﬂ f Oeb’ﬁe’gﬁtgbr?'b%nm sts

of four 8-[F;ttoereayg aateddes.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. 1In 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
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During tine period tl, MEML is selected, as 25 indicated by chip select

signhal s102 being asserted. Four wite accesses are nmade to | ocation

* 0x01100040Q. It can be seen that the selected data float s160.is five. Also,
.not e that ‘Yﬂgol?ﬂdf’{] state during period ti' is due to cl aSS|Pcc§IrLS\%%9tmstate

generation. 30 Upon conpletion of the-yyite cycle at event Aa, 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 d@er:ﬁmﬁtec&wb f@quaddtessoQuﬂdﬁooowsuﬁbefﬂeunéertﬁ& begi ns

counti ng, ki n p;flo 0 which in turn_causes a wait
state to o %rnr%l nc“gl # l??égt %?g gﬂ% b?ﬁ@ B’GBHF@F‘mﬁ'ﬂkEg one count and
flip-flop Z>aicte H 4t D6E 1Fat swaatt staheenbebeeenteténe ©6r and D6 20

JUN 2003 WO BUA0% i BETL U001 289310 | s LigMEVDRRULPUL gl vers (0

rel ease the st em bus at subsequent rea out at event
D6 cé&n prdc yftrates rthe simangufor| asreathaperakaonafront MEMO duri ng

time perioghiPowed b 4 OwpotR bberge&anf heahnﬁofr@m&%aéans '\/E'\Ra%ﬂd to

classical wait spate_generation urlngt e realng MVEML. " When MEML i s
sel ect ed RPFRRLIPN cEROBMENL, ( At YdEhaFAfoal stBE WE1ERcANEgES3A set to
t he data fémaumm bhvbdilve. 16pbitcasphet, i anusf eraha ngadoppeatismn at

event 10 E6 coupt begins countin [ count of five.

ACK si gnal %ﬁ%’zg‘é%eégng’?oggélioF‘Fg‘g’ﬁgngFﬁﬁsﬁgﬁ dg%’élf'% i ndi cating that

MEMILO s r ehkgistingtehe system bus. Upon reaching a count of five, ACK signal

s152 goes H, and thﬁ rggﬂl 1o %ggtnl '1'1%9%1\8'“3. I\/I‘:: q.% Ido% E9@13§ 0x0100274
e

(event F6). A ain, walt state during onS| sts of a data
fl oat wai tt%)Eﬁ%ePhﬂGeadBFAS‘g é’-dl'nev\meﬁ‘lwatté ?I?@W@ﬁ‘em’ Reads during

event Gb 0§6ﬁfe§bbhd§h@ eaaB sTRANN YlaNEN@ta%@d 5@1;5&91 RYImpletibnheoflat a fl oat
wait states after _.each ang Qper atj on, , classical wait states
h

are still HRReFSREJ2TFRY é‘kfo?BE)BPFlgeB?QEﬁsg?'SHabfS?Péj 1%, it can be
seeni$ hat aéeadaéntéaoahdvdmmaor@ammrﬁapem:mgsmml@m@amry bei ng

accessed d t v ect e t he .us per menory
devi ce bas;c%\‘se Q%%e“:%@ 3%&ell§y%ef'é'ss§r&ﬁqﬁm¥&}|c§s and short
del ays f orcausesnther pesmtm:t Hefrlm'leﬁid;mnm,tdcsdpe(ﬁo‘@/) Zcsibeglie, wor st
case del aycBQEtkhge%QV\%tltWW% qye%a% 0GR Y QG Q}éﬁhc' ashes anong

di fferent nenor VI ces l e at sanme time mnimzin e delay 30
bet ween su§§é§§| #danagd é&éf%tﬁ%ﬂ@qm%n%%ﬁﬁﬁﬁ%tb‘%ﬁa é® The data

fl oapowai t pakgte praowﬁsa‘qﬂém:é N\ | 0o e ei P d afh ito sdiagli t ect ures

having nultiple type internal nemqries, eac pot ntial l t endi ng 35
for access to the in% r FAMRRR SO Y RFAPTHAA g Eib'?’f‘#‘ﬁ%ntct?’ﬁ ni ng

requi r emennekar I/® egpsinad itdre watlad ey impat oexmhmm‘on resudtisgdinycl e. For
exanpl &, Ficgntbntl W6 oY ¥SBEL £ fld: cPu | {ethSEs L& & V'3 egncl udes
output data on system bus 120 at the same time that the
25 output buffer of MEMO is still holding 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 egquality with data float
35 value s160, flip-flop 208 outputs HI to re-assert ACK
signal s152. 1In 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



2 0 JI1PJ Z003 WO 00/ 54165 - 16 PCT/ US991 29321 two internal nenories 448N 2003
and 114H As can be seen, the sane potential for bus conflicts exists with

internal Risoglded N the architecture of Fig. 7 as exists wpéfugugheipal bus
120. The principles set forth in the foregoing 5 discussions of Figs. 3 -
could be readily adapted by persons efi2zerdinary skill in the art to a
multiple internal nenory architecture, such as shown in Fig. 7. 2 ~ JIJN
2003 -17 Clainms 1. In a conmputing device having a first menory {l30) and a
second nemABAGA P timeat? duming cihe Hubsege@nt wWiidg coparatsiqnil1o, 152),

and data MR 1901 of4ghe COURLECIOLA QAN 1R 3chds dobbe gsmethod of

accessing tha first and second nenories conprisi steps of:

associ ati mpta Inrsiatgd: because \AFK s ignalh 6152 stenaing HY 1 FHnce o

associ at i NékteBREPNEe Vet §18h81 VR Uisddrtdie HHPEhU® e WA {t82); carrying
out a first 110 operation,on a selected one ,of the nenories; king a

det erfi natFHhtasP boﬁhtPhégetBeﬁFaﬁ O]2?%?ﬁ¥%ﬁﬂnﬂﬁ??ﬁ?dev$%%9fﬁ a wait
state, saithaetextenaalobubelngibaszul dwesa g uatioei ot e | tide opaurdieons bei ng

performed g lkes: ..placi . COMpUiin vVice |j | tate for
a period o @t#ﬁ% gﬁggélrft ?oﬁgﬁégog?ﬁég@v\ﬁ?@ s;gacf‘éeq‘(/% yet O#égg%%\?%a%eerg W th
t he sel ectthiaheaoc)agsdgalhwadst erateastbhl iacairs rhox i tiémne rper @i ng f xom

pl aci ng the; cQEPYhhNendevead if?ola/igeﬁaﬁt?é@am &gﬁléeafm nation is

negative; and performng a nex operation wth e other c5 of the
firstOarid second nefby S¥gmary,ThBenbinbld GFhart of 1Fifer &) NP2 step of

carryi ng otha® thestinhehtdRer delebtPieleassdoes ofa pRespatéfe nenmories is

preceded bgegeghgggotﬁmgﬂg % e&gtighdthat had just completed. 1In

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 sl152 goes LO, thus triggering the
counter to begin counting. Recall that ACK LO indicates



30 selected one of the nenories, followed i nmediately by the step onD‘mN2m3
reading without the addition of a wait state. 2 0 JUN 2003 -18 3. The

' nmet hod of \9@%/521}5 wherein the step of carrying out a f~. rshet ggﬁg%ation
on the selected one of the nenoxies includes successively reading a

plurality of data therefromw thout tfis-addition of wait states 5 between
sai d successive reading of data. 4. The nethod of claim1l wherein the step
of placing the conputing device in a wait state includes selecting the wait
st at e val uthatssysherdows t 129 his seébtectere nmeriowe dr anik cvamtlhe rgeem a

nurber *equgh it 05143k VEL4E rEna TH GE1NGCE led] AL Lakisiveite 175t and

second nenories afe external nenories. ) ‘ _ claim1 wherein
the first &hatstientubheedgiers Bead|eperaiomeimriesinerndb PMAMHE of claim

1 wherein 4hg, fWA16h ABEsSREENHe YR bn SéPéEen AWES1 B bdPSEIr&ledsed
characteristic of 20 resgectlve outgﬁt circuitry of the first and second
menor?es. BY $He ABERBH IFL1¥ehi @F MEM@rein the first and second wait state

val ues are further bretérpinghbaéketideriy. of, aexPefraDGienised by the
computing g0t s T0RalchneRrelifhel Tl rbeLe o s ERRRC or St I
state.aftexegiﬁead dper whennan iﬁta;ﬂamlﬁ@ﬁ&ry18ddnes§hésnéehedted.plain11
Tt g TR CSp8" £oE87QUILTRERL GefEen L o180, URTER! hond =0
i ncl 48i ng $e&INYf ar 28ECeSIPrAgisatdvahtr atabADVlugargsponds by
maintaining wait signal s150 in the de-asserted state,
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.
1s 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.
3s 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
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5 steps conprising: Upon conpletion of the step of carrying out a first r/0O
operation on said selected one of the first and second nenori es,

i nmedi at el roceed~.ng with the next internal |/~ apexation to sald third
menory w S4t6e 10 addition of a wait state. 11. The metMI@B#2Ctai m 10
wherein if an external read operation gubsequent to said internal z/0
operation is directed to said selected one of the first and second 15
menories, then proceeding said internal |/O operation inmediately with said

external epgdrogewaliitoRtiatesai arrsid @Im@%ﬂftﬂ@epaeg%hﬂtw éhoat the
addition of .a wait state. 20 12. The nethod of claim 10 erew |f an
ort

external PURGSINENS: PRTeY, RERATY ACHRP iR hathe/ ﬁpngP‘a\
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conpl eti on, of saldlnternal I/Oo ration lacing th nputin vice in
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assod at eacwiesls d& dosdiher tsahereewtgrnd B. mgmonr s ophenessungidegvi ce

coMPr | NGie oty SR dIPWo ot 98 Cadddlle AG2AnE0UREEbY (e system

bus, the loglic havin east a rirst internal nenor a) and a first
out put o: m&n\‘qrﬁst‘“ﬁw g MOEYy sEakefirst signal having a first logic

state during a read%&‘éﬁ‘réﬁ@e*ﬁoaﬂléét ef nap anarrerya@.@.dme graend | ogic
state ot herw se;

'\( st, a fl\r,\gt eéternal menory %G‘é)@ couphed to the
syst em pudiemory (9'3% TPl t’&?’émc":Yr‘&UPFe( eR5¢ V& second
out g of @p&mwut sugmlecﬁ‘sa‘ﬁ%ocmupbed"txna henh8ginemo¥i0.13252), whexeby
the logic wait, . state Jin resﬁgonse o t he aecond S|h%nal bei ng

assert ed xtlé"-'r PR Conbt b BERPEYi ¥RP9 07 IARSFTESa FeYGnt i ng circuit
(202, 204ugimgsta kihpoedqeabh tor (;0x01(1220)Assamd furttilved dliaput of a

third signAledilar)s AU Cfodfc! IfoVRAL BEBhCpELGEURe! " wher eby the

wait state circuit asserts de-asserts the se in response to
10 the t hidFospi Q)é?‘hbaa§§@?FeHaaﬁdSBétas§B¥1¥>€§ ofn@®natfe¥ENS - (140,
142)14 or Sdr(l:llaﬂgia?c&'ﬂI@éttyaQﬁeWaEt fsiat Qoyakggi, Oﬁ?lé)ftﬁﬁ_lr@ wait state
val ues Correv'[;)ondél ? st ext na , renor % fhe external bus
control ciTRARY %’}gas et L1H FHEQTS fi Fdmingnie (?13"})“%?3 a function of
the state c\uﬁerm&mrtb MEMDAI f@ileﬁ)a;l bigeacoeati bpeviataion e, 204, 200
initiatin 0 guenge._L.Q ar (o] t s 09i ng
fromthe %‘@g(? Fgé*ggg%gtgﬁ g Fﬁgdsgg’%%g%ﬁghl gg"%l ggéfle' %%ﬁa&corrpa I son
circuit (2200r heeadgoperatsipnenfromc ¥EMOad fl‘bet readataperstniong 43.th142) to
recepye a peuEClfdo P08 @f-b?@ed%'t PR cH %ékbe% 3 S GRsKL i felta coupl ed

to receive a count oufput fromthé counter: conpari son circuit
de- assert i Fyn¥he ?ﬂ??ﬁsm gRhe WRdte ADd Fisads W%&@%a‘l’lt‘? H¥Mogi ¢ (110,
152) i ncl ughwgleef dprblitowbpdis.of Thusowadh Ji/gnadperaltlihn i dehLiaitang

consecutive.r ope ions to the sate nenory, the fourth output coupled
to the extangsgf)ug %g?‘it F“ano%ryx@&ctes

During time period tl1l, MEMl1 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 t1’ 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 s160 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 C, and D,
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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 1/0 operations involving different
memories.

The data float wait state approach of the
invention can be applied to architectures having multiple
types 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
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two internal memories 114A and 114B. As can be seen, the
same potential for bus conflicts exists with internal bus
116 in the architecture of Fig. 7 as exists with external
bus 120. The principles set forth in the foregoing
5 discussions of Figs. 3 - 6 could be readily adapted by
persons of ordinary skill in the art to a multiple
internal memory architecture, such as shown in Fig. 7.
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% first memory (130);
10 associating a second wait state value to the
second memory (132);
carrying out a first I/0 operation on a
selected one of the memories;
making a determination as to whether to place
15 the computing device in a wait state, said determination
being based on a sequence of 1/0 operations being
performed on the memories;
placing the computing device in a wait state
for a period of time proportional to the wait state value
20 associated with the selected memory when the
determination is affirmative;
refraining from placing the computing device in
a wait state when the determination is negative; and
performing a next I/0 operation with the other
£5 of the first and second memories.

2, The method of claim 1 wherein the step of carrying
out a first I/0 operation on the selected one of the
menories is preceded by a step of writing to said

30 selected one of the memories, followed immediately by the
step of reading without the addition of a wait state.
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15 6. The method of claim 1 wherein the first and second
memories are internal memories.

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

wait state values are based on & characteristic of

20 respective output circuitry of the first and second
memorles.
8. The method of claim 7 wherein the first and second

wailt state values are further based on the frequency of a
25 clock used by the computing device.

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 operatiaon.
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Upon completion of the step of carrying out a
first I/0 operation on said selected one of the first and
second menories, immediately proceeding with the next
internal I/0 operation to saild third memory without the

10 addition of a wait state.

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
15 memories, then proceeding said internal I/0 operation
immediately with said external read operaticon to said

selected one of the memories without the addition of a
wailit state.

20 12. The method of claim 10 wherein if an external read
operation subsequent to said internal 1I/0 operation is
directed to the other of said selected one af the
memories, then upon completion of said internal I/O
operation, placing the computing device in a wailt state

25 for a period of time proportional to the wait state value
associated with said selected memory.

13. A microprocassing device cbmprising:
a system bus (120);
30 logic (110, 152) coupled to the system bus, the
logic having at least a first internal memory (114a) and
a first output of a first signal (sl08), the first signal
having a first logic state during a read operation with
an external memory and a second logic state otherwise;

35 at least a first exterral memory (130) coupled to the
system bus;
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"1oq&ﬁnh§(gn|ngmgngg(9u5(ggmaF&l(plrgg1;o(170) having a counting
circuit (202, 204, 206), a comparison circuit (220), and
a third output of a third signal (s152) coupled to the
wait state circuit (160) whereby the wait state circuit
asserts and de-asserts the second signal in response to
10 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
corresponding to said first external memory (130):
the external bus control circuit (170) asserting the
15 third signal (sl52) as a function of the state of the
first signal (sl108):
the counting circuit (202, 204, 206) initiating
a counting sequence in response to the first signal
changing from the first logic state to the second logic
20 state;
the comparison circuit (220) having a first
input coupled to the data means (140, 142) to receive a
selected one of the wait state values and a second input
coupled to receive a count output from the counter;
25 the comparison circuit de-asserting the third signal when
its inputs become equal; the logic (110, 152} including 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
30 (170), the external bus control circuit further asserting
the third signal as a function of the state of the fourth
signal.



10! x| &$10%& ()- Normal " "Headi ng 13]c" "Headi ng 23]c" "Headi ng 33]c? 0 JUN2003
."Headi ng 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c"
"Headi'ng 93] c"A "Default Paragraph Font

*Rl R) 019AHQYS$ai %q: yzN1" &QB: p?qFT\ dkyabcdef ghi j kl mrc9" " $' P, - 346T;

%<?DcEHKI NOSTW , M cSd-1i 3l , 0% u{zV|} hepgrstuvwyz{|}~6Ti nes New
RomanAri al Couri er New'h Root EntryWrdDocunent M

" #$UR' ()*+,-./0123456789: ;

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

14. The microprocessor device of claim 13 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

5 generated memory address,

15. The computing device of claim 13 further including
programming means (180} for selectively loading wait
state numbers into the data means (140, 142).



