METHOD AND APPARATUS FOR OPERATI NG A COVPUTER BUS USI NG SELECTABLE CLOCK
FREQUECI ES FI ELD OF THE | NVENTI ON The present invention pertains to the
field of computer systems. Specifically, the present invention pertaas, &2
the timng of information 5 transfer in conputer systenms with a bus
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SUMVARY OF THEhdstMpefTpk#tals is limited by parameters established by the particular

15 bus and used by the bus controller. Some of the peripherals coupled to the

bus are able to operate using shorter bus cycle lengths. Other peripherals
require a longer cycle length. One such computer is the IBM/AT personal
computer sold by IBM Corp. The bus architecture used by the IBM/AT
computer is called the ISA bus. (18M is a Ryi*_eﬁd trade mark).

20 One way for these computer systems to impm\-/’e performance is 10
shorten all the bus cycles on the bus to take advantage of the greater bus

bandwidth. However, peripherals that do not support the shorter bus

Pt

cycles would be incompatible and therefore inoperable with the computer

system. One way to avoid this incompatibility is to support two separate

25 buses, one bus that executes shorter bus cycles, another that executes

longer bus cycles. This solution, however requires additional and
redundant hardware, thereby increasing the overall cost of the system.

A single bus controller is needed which supports different bus cycle

lengths, yet maintains compatibility with all peripherals without the need

30 for additional and redundant hardware.



The present invention provides a neans and nethod for dynam cally adjusting
the speed of the bus for a conputer system The dynam c speed bus system
decreases the length of the bus cycle 5 accesses required for fast

peri pherals; B i S dNWEN ger) length”biis cycles for slower

i phe¥als. B i dj dynani. d bus - bility, b tibilit
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of the pr ezen;deivi‘beient 'l?jftmiﬁydbv;bmmddntm dem:keghe %ﬁcbydﬂslenlg)laande?ode
section and 2). a cl.,oc epnerati on sectiogn.. The decode section identifies
(by decoding_ tREreatiAE dbe Slak bdiessiniante s CoRRAIER GRS SSBLRLS I8 hose
faster peri phejg %Bﬁhc&rsgng%ﬂPhérlais%m Edh ﬁkypb&%mf%nﬁxpieﬁgm g decode

seg¢tion signals the clock generation section to supply a higher clock
frequency. Th&ynpleghthe citcyitky of thgupresept inventippidrives thel busf gantroller withat i on of
the cycl e 4z | f ast rj tal whs..Sel d - The clock
generat i on1 55 e\gﬁ g‘rgrﬁs"g\nle ¥°c‘ﬁ"2’s°_q§%“2ﬁ8€‘ge)‘lr}.’§°¥ | ng}h?tr‘ea%ﬁg :"fg {)afgé? Fe" l}}es:ra(l:%n roller
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frequencies. This transition is free of glitches or other erroneous pulses.

)

Any devices on the bus which reference a bus clock will operate
20 'correctly as the reference clocks out of the bus are always méimaine_d at
the standard fixed frequency. _ _ |
| The dynamic speed bus circ'uitry of the present invention is divided
~into two logic sections: 1) a decode section a}nd 2) a clock genération
section. The decode section identifies (by decoding the address, or
command, etc. during the access) those faster peripherals that are
compatible with shorter bus cycles. The 'deco'd'é section signals the clock
generation section to supply a higher clock fr_equency. The higher élock
frequency is supplied only for the duration of the cycle in which the faster
peripheral is selected. | .
30 . The clock generation section switches the operating frequcnéy of
the bus controller higher when the decode section selects it. When not
selected, the clock generation section, will supply the bus controller with a

normal (low) operating frequency. Any timing reference present on the
-2 -



external bus will be generated by the clock generator and be naintained at
the bus default regardl ess of the decode selection. If required, any
signals to the bus which violate bus specifications when operating in a

hi gher bus speed can be gated, disabled, or screened 5 for the durati.on
that the hi gif&teraplebug Mlg bepgangrited byithe clodk generatarcand beasaiofaindde pr éelent

i nvention ca > ' t . sypehy anous cand asynchronous buses. There
isnolimt [héqﬁ%ggﬁh%glrt ’o?g)’m."g%g?n%ﬂ%?? ee?ﬁ&_%ﬂ'c?ﬂ‘es whi ch can be applied to
the bus control | elf iequired, ariy signaly 36 eire biDwBiShEr oRES®idk Rpk &N c&fonsHE '
DRAW NGS Figure 1 s an illystration of.the typical priaor art conputer
system bus ar' UM aRrafine "lﬂ_%‘gﬁer bus spee eambe galsd, disabledy af sermensd a pri or
art bus arhifoeteldiation fht INOhBRBAG R Ati e i Qiedtbd ferent speed

peri pheral devices. Fi %e '3 is&an iﬁug{gr 'tIOI!l %)e"?%&e dynam c speed bus
architecture of thbegeehniqees af dhe ipresentinyention ¢an be appliedttoabothn of the
decode conpo ~the - J.nyertion, Figure 5.is an illustration
of the cl ock%_gg%he@é?%gp Q‘fgéﬁlgﬂ%)orgégselﬁpg}%n%ﬁﬁ 6o g{'@ﬁ%“&a“‘m‘?ﬂs‘f#m es a
stat e di agr arhighdr busefreqprenaieis ovhich eak by applied e e bad eomirélieiTh dnyvent i on.
25 Fi %Jre 6b illustrates a state machine timng diagramof the clock
generator of 2HE RNt invention. Figure 7 illustrates a tining diagram
of the degpde bl ock of the present invention. -3 - DETAI LED DESCRI PTI ON

OF THE PREFERRED EMBQODI MENT - = :
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an illustration of the typiéal prior art é@mputer system ‘\J
bus architecture. _
15 ' Figufe 2 is an iinustra_tion:of a prior aft bus "a'rchite.cture using two
| sepéra_te busses for different spée'd periphéral d'evice.'s.' - :
| Figure 3 is an il_luStratioh of the dynémic- speed bus architectﬁre of
the present invention, " - | |
- Figure 4 is an illustration of the decode coniponent of the present
20 inventidn. o | -
Figure 5 is an illustration of the clock generator of the presént
invention. | o
Figure 6a illustrates a state diag_rélm of the operaiidn clock
generator of the present invention. '
25 ~ Figure 6b illustrates a state machine timing diagram of the clock
generator of the present :inveﬁtiqn.
~ Figure 7 illustrates a timing diagram of the decode block of the
present invention. ' | -



The present |nvent|or1 provides a neans and nethod for dynamically adjusti ng
t he speed of the bus for a conputer system In the 5 follow ng
description, numerous speC|f|c detalls are set forth in order to provide a
"t hor ough ,under I AT ’-- rent to
one Wi t ¥ or di n&rs Lmmanimc - BOLIMER feed not be
used to practice the present |nvent|on I n ot her. |nstances wel | - known
structures, circuits, and bus protocols have not been shown in 10 detail
in order not to unnB®sRESENY iBMeRtioR PrRYidessinmeanseard omethed efoling to
Figure 1, aty I eS Shown.
A system bus 18%?’?"%% H%dlhﬁotgpg mm%%ﬁhﬁgof%for tlo#ﬁ%él’l Heral
‘devi ces 1045ar éolttmuinigedhscnpum ﬂnmerbﬁ@spﬂeﬁc pleemhl ardeset farsh ifMardaylm ncl ude

t ted d- 15 i d d
ori nter dr i ver ETOWR ALBErHEH vndegsuriting oTARE Seventioh; Haperrr d HillPer ange o

i nput/ out put OlppARhi 8 oﬂ@‘&biﬁ?%rdlﬁﬁﬁl §Milll imthePdrk QhatdihlesE SPBUTiBdetaifit €m al so
provi des a bus controller 102 for managi ng comruni cati on etmeen devi ces on

the bus 103. Angedawtderuseddio pragties the present: invenfienc dosothgr imstancesPU) 100
S Coup! ed 10, RnANGyP RO bt 18 bu pRAGSILHadE Bor BN o i

operatlon of the conmput er Sys e seguence O access requests bei ng
made of bustocordetadl ineardéﬂﬁotftorumemsanlycobpane pireprekentanveraionl 04. Processor

100 can al so be a %(rm rect %SAccess controller) or any other device
or circuit that dri Bog ‘Syglgé‘ée 3 typical, prigs, ft jmplewentatian, of 2 i s 25

i ntended to COVBinpules Ssydidif! isdQKoGAS ANGySieht Ubhs - 1@Jslscgaémbhe'ro.cl ock
101 is provided to synchroni ze the operation of bus controller 102. In the
conput er syst efeaIMMigEing infogpatjorsnLepipherabderises d04carscsoupled 1o the pi cal |y
provi ded. Peri ghy r d r Fpanalall o]
faster than the rlgic:?uegééyl %altl)(geél% o ﬁgg?ﬁgfjg%ﬁﬁfg%&%%g evencat%hgou'gh a

particul ar ﬁevwm:um;:atm abgplby edmrﬁca);demts, rprister adrivegs estorage . médiat her
bus controller cl

sl owest peri phaf Oh‘ﬁ% Tol%eé'gﬂ‘zrtead‘?'\?\? 5"1‘ 'Omggé‘r‘bgﬂé%%yg{&g# od E‘e“r’l ég’?&é ne

“The typical prior art computer system also provides a bus controller 102

for managing communication between devices on the bus 103. A

processor (for example, a central proc_éssing unit, CPU) 100 is coupled to

20 the bus controller 102, Processor 100 controls the operation of the

computer system and the sequence of access requests being made of bus

controller 102 for access to peripheral devices 104, Processor 100 can

also be a DMA (Direct Memory Access controller) or any. other device

W or circuit that drives bus cycles. Use of the word brocessor herein is

25 intended to cover these other devices and circuits. Bus controlier clock
101 is provided to synchronize the operation of bus controller 102.

In the computer system of Figure 1, only one bus controller clock

. 101 is typically provided. Peripheral devices 104 and processor 100 can

communicate no faster than the frequency of bus controller clock 101

30 even though a particular dévice may be capable of operating at a faster

_rate; Further, bus controller clock 101 must be set to a frequency no

higher than the slowest peripheral device used with the computer system.
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Thus, the conputer systemof Figure 1 nust sacrifice the speed of faster
peri pheral devices in order to nmaintain conpatibility with sl ower devices.
A prior art inprovenent to the conputer systemof Figure 1 is illustrated
in Figure 2. R fer-ring to Figure a conputer systemhaving 5 two

2
separat e buss&Busdhe SAEMPYILT sgge@h‘bﬂ/\ﬁ!g“%éﬁnﬂﬂs‘aﬁ‘d cey theotnegd EH@RAY bust _
controller 10ge rﬁ%@vie@@ﬁhoﬂaﬁﬁt&ﬂ:‘&iﬁtﬁh'c%h:&]xeﬁil@;g?d&?o@&sd@i rrespondi ng

bus controller clock 106 and 108, respectiv _ peri pheral devices 112
(i.e.. those capalA grisk aspdmprovement thi theccompier systemf ofedfignei kdy are
coupl ed to bug, 111, .wile s| ri.pheral. devjces 110 10 (i.e. .those
operating onl a]uzf ra?egvx}élrhgﬁge Q'Y\%gﬁr?ﬁ)%zﬁ?ﬁ%lfr&%’ %F‘E“B‘b‘ﬁb Is%sdé?‘oﬁ%'dgg 109. In
the conput 6r eyeiseparatt Yusshsr092%anddl Hiaiseshoodr. Back bay hasd doerebpordinge i s
achieved by explaoiting the_speed of faster peripheral_ devices; however, the

redundant har BWicontrelier 109 and LG Eachibusheontsplar: E95 apdi b drasH gure 2
substanti al | y.} : 180 RR¥S 166 ankD 1081 af¢ al |
system Refer F‘.’ﬁgﬁ@ﬁ% tblli_}? gﬁ@g}oéwac%%f %??ea(? ae rlrgg-'d ?ﬁsé’%thlg??f %ﬁgy nam c
speed bus arcpetipheral devides 12 (pecthose cipablnof operating a4 highembesiclogk shown, a
single bus 203 L OXI r n{ cat.l ' [ R wee ystem
conponent s. - PLEARTRIEY 4 SrbBea 3B PULEC AR, sbwd BN IR, BERNEST)S

Per'i pher al1odei.€ ahostOéperaming) dnlybatt lower Busaiocks frequdneidsplaes abupleditces. A bus
controller 200 is_included for rranag{gng ? muni ¢ati on bef,ween devi,ces on
the bus 203. Py KE¥sdp Hgocompuist, syetem of higuis, s, gmateropifigientyapda

comuni cati on pkifemadQ iPaciHieou’ l')iyneﬂ)lgﬂ'ir% l@tg:r §5&&S of.%%téplﬂe?f phetf2CK

generator 201°is 25 coupled to bds contr 00 via line 214. The bus .
control | er cl dekicgsinbowever, 2 reduridast handware fequirgdntor implegpent abk si gnalig)

by bus. cont r o PEPUIEF SUREeTIcR BUE: 2 SRPE I Liege b SRreand PREDE “devi ce.
coupl ed t asbugizZ@F thPoscraldBgstethock signal generated by bus-controller clock
30 generator 201 is used by a fast peripheral device coupled to bus 203.
The internal  ar chi Refetringenay to Fiswert Aopretared grRodimgat at Bie dyramis
described bel gyecBus Architdctdre st the préshif fhventiomis illustrated. As shown, a
single bus 203 is provided for communicaﬁng information between system
comporients. Peripheral devices 204 are coupled to the bus 203.
20 Peripheral devices 204 include both fast and slow peripheral devices. A
bus controller 200 is included for managing communication between
devices on the bus 203. Processor 100 is coupled to fh_e_ bus controller
200 via communication l_iné 210.. '
| - As shown in Figure 3, a bus controller clock generator 201 is
25 coupled to bus controller 200 via line 214. The bus controller clock
. generator 201 includes means for generating clock signals of at-least two
different clock frequencies."A first clock signal generated by bus
controller clock generator 2_01 is used by a slow peripheral device coupled
to bus 203. A second clock signal generated by bus controller clock
30 generator 201 is used by a fast peripheral device coupled to bus 203. The
internal architecture of bus controller clock generator 201 is described
below and illustrated in Figure 5.



Referring again to Figure 3, a preferred enbodi nent of the present

i nvention includes a bus request’ decode conponent (decode bl ock) 202.
Decode bl ock 202 is coupled to bus controller clock-generator 201 via |line
213. Deg;de bl ock 202 is al $6 coupled to processor.3100 via |line 212. Line 5

212 is split from | iRedersing againctonijeurs Bya peefptred embodimpmt of{he Prgsenti gnal s

supplied to bus; L Ol ' Y b _ ode
b1 ook 200, Thes HveRtion indihact 1 ph rRfBCE 35kide CothynenctdiBpa Bldch) 48R0 0
bl ock 202 recei Desodeuslockc 282 &s congledstobusraomtrpHercaeclogerktfion01 ivireliGd 2.

Decode bl ock 202, S~I€ Si for determ ning the cl.oc ), .frequency
cor r espondi ng tgliaﬁg%qpﬁgg’?ﬂcgﬁogc’ééisg ?Oél(ﬁ’ﬁﬁ?s{;" ‘ff&‘ﬁﬁfs?fy r%'éég’seg%l]izddr.‘e Once
-the appropriat e2b2iss splivdiorh ling 220d¥adifig 16 bRE controltr 2DAE The Qainedigndlot i fi es

bus controller cl ock generator 201 of the sel ected frequengg, thergby
causi ng bus 203SYRplisdde-bus eantrolige 200 by processor (0 aresupphied gp A6€0992 al so

enabl es or di Sagio%ﬁ %H?ﬁé&g{gfg:na&%vill% 3&3}@% itﬁ%ﬁf%%ﬁei?ﬁéﬂ@.m decode bl ock

202 i s described below an ustrated I n ure erring now to Figure
4, several signals decode blocke202aeceivps bus acchkss oetpebts dfodm Fo8cessar 10de 212
from processor 100. Sg S Si s are provided to.hus contraller 200.
Addr ebs |1 me. 08 1e 213 BecHOEHISUCREL Beoriibls for gl sEON flocko1” s
used by progq@ssgjeqhlficy -%drﬂﬁBBh_i}iﬁt k¢ Repamitala acéuss Clegifest mhehbyhe
processor 100 desires to establish comunication. In the preferred

enbodi ment of t Rrogessasel0.i Quem theo apprapsiate bus raloekd fregueray. i salegiaskses are
associated with i 1 AdE | deyi ry € d .range
AOCOOO- BFFFF (| ndgg‘gehgiﬁc e%@fnﬁoﬁﬁgéﬁlruess S*é*ﬁ‘%@* ’og@Fﬁe%g’%J&g’r yz.%q| pF e _
processor 100 aselestedSrequeRcnr dietebgatausing bud 203 nangerad@d@ Bewrlock

circuitry in the video peripheral device responds whep.the address is
presented on thgreﬂﬁ§“%03ﬁeﬁ)g@%6§%°‘? A02 s rﬁ?.agkécﬁfs Fabﬁaﬁﬂa&séwa&
particul ar Reri p&@ERingd Yk Coeratich w'degga@\wbdknzéms Qelerited bARWRRAENt

i nvention, decode bloCk 202 'uses 30 address |line 401 to deterni ne which
peri pheral devi Hiusprateddn Figusefessed by processor 100. In this way, a bus

clock frequency can pge ?@gﬁéﬁ&@‘i‘-‘igﬂé*h,es%&ai’ﬁrgkm%@br&?dé&ﬁs inglft 1gecode

bl ock 202 sel ects the co
decode block 202 via line 212 from processor 100. These same signals

are provided to bus controller 200. Address line 401 is an input to decode

20 block 202. Address line 401 -is used by processor 100 to identify the

peripheral device with which the processor 100 desires to establish

communication. In the preferred embodiment of the present invention,

pre-determined ranges of addresses are associated with particular

| k/ : peripheral devices. For example, address range A0000-BFFFF (in
25 hexidecimal) corresponds to video memory. If the processor 100 accesses -

a memory location in the range A0000-BFFFF, circuitry in the video

peripheral device responds when the address is presented on the bus 203.

Methods for mapping processor addresses to particular peripheral devices

are well known in the art. In the present invention, decode block 202 uses

30 address line 401 to determine which peripheral device is being accessed

by processor 100. In this way, a bus clock frequency can be associated

with each peripheral device. The decode block 202 selects the correct

bus clock frequency based on the address presented on address line 401
-6 -



bus cl ock frequency based on the address presented on address |line 401 -6-
by processor 100. In addition, a bus clock ffiequency may be based on a
conbi nati on of the address on address |ines 401 and command signals on

| i nes 402. These command signals are described next. Another signal -
provi ded on by peocesserilf0q Iprasidisions 2 busrlegkifrequansly raay bebasgsd erdssor w

command sig i dent.i fies i ) in. 1,0 .Lhe .
peri pher al (r}'g)\l'/‘? %}ggtluggﬁ{q%l Aea(?%?%/%ﬁ h@%ﬁ?@g%ﬁﬁ?%@d%ﬁﬂﬂ%&?n@? ogllccess :

i dentified dinesctf2arThdse roméfihdi sigraldsrerdesaibedrexd, nmenory. wite,

I nput/ out put device read, and i pput/QutQut .device wite, daja access, and
command access. Aot sinel prrudedion i A1 it Brecessonsesimand SgHE of | er 200

is a techyi g, gﬁbéeskapk?&nhﬁnﬁ%gﬁlt402%;€96ﬁe§h&c Eyé__%ogf Heeys heffpgtsSSor
command |ine 40Z to determne the type of access Ing nade to a particular
peripheral deedcto theypdtipbeial device identified byahraddress lina40d| dypestofequency can

be associated w th, each.type of access de .t qQ a peripheral device. Sone
t ypes of accaé:§§ssnﬁl‘7n?iglﬁﬂi¥'£c?@§?"?i_ 4 ftgfigclug&%&gpgp ﬁféﬁl RTARY accesses.
This is truewfikginfu/outpie deQite ros, iapd dipuit/odot devicdoedesdita agcdde/ | pher al

device can be optim zed by assi] gni ng a 'bﬁs cl ock frequency to . each type of
access. The ¥itSOBRRRE acsess. sEhe s Phdhess command YeBriR Py Bfency based
on the cogmegy, VoER £ _ 116 o Ah0; . PO 9. r exanpl e,
an address may tﬁd’éﬁgo 'p{rgeés)gehc?lg%nwgﬂcli r_g‘swgl ﬁ ﬁ‘éé %19?3(2% P%gnzgdg vi deo
peri pheral deses quocassoieewningad lmsot(R. tosdetbrminei the dypreof @ecdss beingabl e of

operating in fas i.e. | hihgher bhus .cl r y) for sone
t ypes of accrgg g?q_h@gggfugértpw&%?a&%%%g ng@g‘ﬁﬁ%tlgecg‘ﬁérés%ﬁ&ﬂﬁgwrammry r ead
or nmenory wa bas Q¥sdkefreqiereyndanrtil agociatedhwithciach type of aeoéssamadentrol )
access. The 25 access type is specified by the command on command |ine -
402. Thus, f'&r2Reripheral fevice. Romsgbynss AfiacsHss BRYLIEANITS lessHimeuto cycle via

line 21348f ¢dippletd hﬁ% Oiet BEGRsGOAMS isOTe @Vén FHL fhe. 42 @pgﬁgﬁ%r)aﬁ” pher al

device is addr egsed, menory access cycle is specifi era_ a data
cycle i s spedévicadicaess Wi & petiphexplpdevinet candet opsimized iblyl assighingt hbusart t hat

ot her clock frequency to each type of access. The decode block 202 selects the

“correct bus clock frequency based dn the command presented on

command line. 402 by processor 100 For example, an address may be

20 presented on address line 401 identifying a video peripheral device as

- described above. Such a video device 1s capable of operating in a fast

mode (i.e. using a higher bus clock frequency) for some types of access.

- These fast mode access types can occui?_durihg memory read or memory
write cycles in combination with a data (ie. not 2 control). access. The \..J

25 - - access type is specified by the command on command line 402. Thus, for

this example, decode block 202 enables a fast bus cycle via line 213 if the

following three conditions are true:  1) a fast peripheral device is

addressed, 2) memory access cycle is specified, and 3) a data cycle is

. specified. It will be appareni to thosé -skilled ‘in the art- that other

30 combinations of address and command ‘signals may be used to trigger a

particular clock frequency. o
Two other signals are provided as input to decode block 202. A

processor start cycle signal 403 is pse,d to indicate when a bus cycle has
-7 - '



30 conbinations of address and conmand signals may be used to trigger a
particul ar clock frequency. Two otiher “sirgnal'§izare provided as input to
decode bl ock 202. A processor start ‘cycle signal 403 is used to indicate
when a bus cycle has -7 - en initiated t he processor 100. \Wen the

1as. __be by { :

start dytle sitgRIinitizted by 4be precassory H)Q.q Wherbtheastateyelm signal 492 hed on
address |ine : d TR § ' el : r.Ra £ dof e ncy is -
output to buséhg%%rttﬁll Y@r c| gﬁ%ﬁﬂ dé@ﬁ‘e?%t?obre %‘."L‘R{/&l)gﬁl laﬁg’%ﬁ?%sﬁgptll glmgfter
recei vi ng t he commasd lined402aihe cyroper bugreykcled G@qudiey lisioutmontor bhs er cycl e
conpl ete signal 404 is.agserted by,hus.cantrgller 200 en an.access to a
peri pheral de\ﬁ°8ér°ﬁ§§ %%3%88%%10&7&@. ‘“Pnﬁge %'qan%orﬁ¥ Qfé%qmﬁﬁwd'é%g@% bl ock -
202 to sw tach dshértdiistaftydicte kighal803.yThe biis: tontrollet' ¢lle Completé sl ) cl ock
after a faster cycle has been conpleted. A tinming diagram of the sequencing

of 10 these AQnis gssested| by dus gangroller 209 wherr anpagqess itaga peripheraki gure 5,
t he internal all : ' . s . 20404

T ustrat od. QISe B84 b6 BomBitfed: it Yarhl i hEEK pEOR ok 0t fo ) o,
cl ock gener at awikdDthesbusbeydlerfiequemiycbhckstoca aomyd] €i.es slowea) olockpdreat i ng at
a frequency typjcall i ce as fast ag the 15 .fastes} bus cycle in a
particul ar sysz{) Eﬂerl%’4%{?&‘%“&%%&?%?”3&%#Fll?cfgqﬁgﬂcéf‘%f’ r 220
provi des ajeonhbs$igddddiillustrRed b F 7. The base cl ock. generator signal
501 is illustrated In Figure 6b. Referring again to Figure 5 a d}/narric

speed cl ock gener aféferring now 1q Figyre 8¢ tha internal aychitacure pEbus epwelegener at or
221 receives the.¢ _ : ksl ) hAE ;A4 ai cl ock
frequency sel eJ(E:lt8 F%%@%g’rﬁgarl g@n I$ﬁ1§t§&§f1@ %E}Q%%gﬁgo ‘Jb?gglgg%gép%sll&ﬁg

ci Kcui try wi t hélock geaenators226e Bask adéckygereratoo 220 28 behimplesentddogk a
.frequency is redu eef%'sl%)iéaa val ue, correspondi ng tq the frequency selection

speci fied by cf! EQPesiing: At TEQUFRSY tHRCRE R dWicR3as Fetficed base
_ clock freaiencasiest Bub Riycld %5Ralli’iéﬁla?%fe%.| BY t1é0Pret8rrbd enBddime§ vari ous
frequencies are selected wth the decodé bl ock 202 sel ection signal, the
cl ock signal obaseutloek generator 220 provides a constant 48Mhz. clock signal. The
base clock generator signal 501 is illustrated in Figure 6b.
Referring again to Figure 5, a dynamic speed clock generator 221 is
illustrated. The dynamic speed clock generator 221 receives the constant
20 base clock signal on line 224 and the clock frequency selection signal on
line 213 from decode block 202. Using circuitry within dynamic speed
clock generator 221, the base clock frequency is reduced by a value
‘corresponding to the freqﬁency selection specified by clock frequency
s selection signal on line 213. The reduced base clock frequency is output to
25 bus controller 200 on line 214. As various frequencies are selected with
the decode block 202 selection signal, the clock signal output to bus
controller 200 changes frequency in résponse to the selection made by
decode block 202; thus, clock generator 221 is a dynamic clock frequency
generation device. In an alternative embodiment, various clock
30 frequencies may be generited using a phase lock lobp of one clock "
frequency based on another.
The transition from one clock frequency to another must be glitch-

“free. A glitch is defined herein as an active clock state of shorter duration
-8 - '



controller 200 changes frequency in response to the selection nade by
decode bl ock 202; thus, clock generator 221 is a dynam c cl ock frequency
generation device. 1In an alternative enbodi nent, various clock 30
frequencies may be generated using a phase | ock | oop of one clock freguency
based on anot #an. thetshortesinealidi aptive rcdeskostatecfas a givea iysteny Inwrderotoher Wwlist
be glitch- fr. B gl bt ghe | 'g'ﬁ : by AC L LEey ik ate of -
shorter durat Flgor‘{ l&Sg-gM&h?%itn 'dé&gﬁld?? gé;s% ﬁv@??'ﬁ%ﬁﬁe\%\eﬁ sé?%gﬁ&sh ate for a
gi ven syst em ad illustrated in Figmre6i de a glitch-free transition, the present

I nvention uses a e.machine as_illustrated in Eigure 6.. Referring to
Figure 6a, a stat ?%%"E{b‘?gaﬁq BYTR 6% 7 St {iagfaphof %e ffﬁ?\‘ﬂm"cwé‘bg’ed cl ock
generat or 821dyfiamid pbéicsbk lgenéfacod ol efs” elusrRadli IE he Oprefdifedr esent
invention, three states are provided to generate two different clock
frequenci es: ¢mbediment ef JbrR Biesent) invemsion, dherek statefe aee qravidedate

I npl enment ed ugj Ty aY1.C RLD), . 1, SWC I.C are wel |
known to thosgélgé}a%rﬁ{érzggy slﬁ#ﬁc*%@gggﬁ P’lé SHQ' CI&*A&Q:? Ztae&%t (601) , a
val ue of 1 i sclouckpTheseosthies atoimpleniented 6§ingra- progeandrhdbleJogicedévicont i nues
for one conpl se. cl ock cycl i.e. the tipge duratigp. fromone rising
edge of the bgélgngla%’fk %W&ﬁ%?yet%a! %@0‘%){? nﬂ%Pﬁéf-‘ﬁBﬁé)M&" P& onpl eti on
of State ¥g the Stg{ QaRBCENT, @ivalteB BisCoutpitad Buk icBRFoll& F0adiLlide (602) . At
State 2, the state machine outputs a value 15 of.0 to bus controller 200
on line 214. 214¢ Stage J| eantinyns foruene complaie basgrglaskecysles -6 ithedimg cl e. At
the conpletio . St . fr YR ' ., Q0| 213 is
tested "1t naubtion 80, o e SaeATINY bR CLk Rhehl 8o Al e %10 %606
of the state edgé) nkt itlre Compictionaof StatekbntHeastate enaShirtecof Fifnrec6d val ue Qfy
0 is again out put. t o bu cqatrg&l er §00 n 20 line 214. The effect of -
these state t FARSHIONY I S{ate LLO02)k £ Statengithe siate, machine Qwpyts & YaldGuces t he

signal 503si | by tatbad -doﬂtrEil&U%gO @ 11k 1214, Shie 3t als8 BMEIMUBE f6f ohdre :

preferred enbodi nent, signal 5 achi eves a frequency one half (1/2) that

of the base creewpletduss clack sk Aste. completion of ftater Bthe frequency
selection signal on line 213 is tested. If the decode block 202 is requesting

a fast clock signal, path 606 of the state machine in Figure 6a is taken
back to State 1 where a value of 0 is again output to bus controller 200 on
20 line 214. The effect of these state traﬁéi_tions whiic a fast clock signal is
selected produces the signal 502' illustrated in Figure 6b. Using the state
machine of the preferred embodiment, signal 502 achieves a frequency
_one half (1/2) that of the base clock signal fféquancy 501. In the preferred
embodiment, the frequency of signal 502 is 24 Mhz. ' . )
25 ‘Referring again to Figure 6a, path 607 is taken from State 2 when -
the decode block 202 has not requested a fast clock signal (or when a
normal or slow clock has been requested). In this case, the state machine
of Figure 6a transitions to State 3 :(603). At State 3, é value of 0 is output
to bus controller 200 on line 214 for one complete base clock cycle. At
30 the completion of this cycle, path 608 is taken unconditionally back to
state 1 where a valu_é of 0 is again output to bus controller 200 on line 214
for another complete base :cl__ock cycle. The effect of these state

transitions while a slow (or not fast) clock signal is selected produces the
. 29,



enbodi nent, the frequency of signal 502 is 24 Ivhlz. 25 Ref erring
again to Figure 6a, path 607 is taken from State 2 when the decode bl ock
202 has not requested a fast clock signal (or when a normal or slow clock
has been requesgg _-sdsrmhmaie&%ﬁs%aré%st&t &dmpm_?%uﬁi 6bi Gighdl 583 is
transi tdons to ate 3 (603). At ate 3, a value of" O is output to bus
control | er 200 assent¢chforrome base glosk ceyels end nemsasseitest Kor o haspiclack t he
conpl etion of thjs.Cuclis. sfidt] ' KQl ofalers AMel i 1o state 1
where a val ue o cgesl’)sA g‘%&ﬁﬁaggfgg&"? gsg"ﬁlégé\gg%&g | -e'?'ldf?)%l’ é))r(?dpiél%g b%%df for
anot her conpl et eloblasignal 60k, Thes,ahe Tast d‘ﬁél‘eetglmt 50D gredwdedt by [dyaamid i ons
while a slow (or ngt fast) clock sjgnal is sel ected produces, | si gnal
'503 il ust raff.edsﬂgﬁglgﬂ‘{fgr&g“%.mf IsisAnmian® Yerth | e%pcxiogﬁina?fsﬁgf) Whapssert ed
for one base clgeie 1020 Q3 SEndiBdy ¢ § v G} A
rising edge of .s%&%ﬁé gé’g ggﬁpgeg\ﬁﬁﬁtm ?“de ‘tr’liﬁg,i ér??@d?é%%ﬁa&f‘?f ock
signal 501. Thu$03 pheduced bycdymamisispeed ckER ganetaloed2byis dysignalcwith speed

cl ock generator_ 221 is a si. Wi.th f requency one fo(l/ t hat of the
base clock i gnispausaey ot Fifd ) tnafiof el GikE Efok gt 301 Ukimgabe Sl 503
produced by dynaacRing RéfetheCprefdrrdir efibotitient? tHesk Sdyhadiie NAbckVifidguanéy equency
one third (1/3) that of the base clock signal 501. Using the state_ machine
of the pref &0 r etransitions opcur withpuke glitch-0n ether spuwious dwpnsisey sigoal. It wilki t i ons
occur w thout ajgli r el: | QLS i ' : i e
apparent to thots’% agtﬁ&gﬁltgta l|mr)1§2,'t kéﬁgcﬁd P#*a?ﬁ gtlgdglsatd ?gfr?gﬁi %? %tk e’g“rrgémaggegdded to
t he state nmachi tetliel state marhing illostFated ire Fégure 6adn dedertto providedelditiislial i onal

cl ock frequencies pther than. the divide-by-t 50 r _dj.vide-by-three
(503 si onal o1 fogEriFeugneleh offed s aiiat b5 e hak o by biree 1
generator 221 p(suBychignas GNIAEE] P Fapue! 66X ThugNde dyhansiepspeed élock he
frequency selection nade b decode bl ock_202. The clock signal with the

t he
sel ected fr&fueleneralor 2gpsrodures @ dynamig speed clack signaliip respanse 12 thyy s
controller 200 h@gﬁﬂzﬂc isEie@ﬁ n’ia'ﬂ@ b?ﬁﬁ@%ﬁc&c% !519%9@@ opri ate peri.pheral
0 pfied to bus

devi ce using the ck signal sup controller 200 via line
214. For an access tTheacloektsigraliwiterthe sdtectask freghencycisesuppliad tre bosnpl et ed

in a shorter anggr'ﬁtro_lgr_iﬂbrﬁa i?lgrk_lgf)ﬁ%ls %Lx?trcl)lflerazoo_mgn initiates the access to

the appropriate peripheral device using the clock signal supplied to bus

20 controller 200 via line 214. For an access to a fast peripheral device, the

| access can be completed in a shorter amount of time than possible if a

notmal_- (i.e. sl.ow) c_l.ock cycle was used. Once the access to a peripheral

device is comp_leted,. bus controller 200 asserts the bus controller cycle

' coxﬁpletg signal 404. This signal ié feceived by decode block 202. Once

25 decode block 202 _receivés the bus controller cycle complete signal 404,

| d’ec_od_é bloek 202 de-selects a fast clock cycle via line 213. Slow clock

signal 503 is then provided to bus controller 200, until another fast elock
acc_éss is signalled by decode block 202. | |

'Partiét_llar peripheral devices in some computer systems require the

30 presence of a constaﬁt clock signal on bus 203. These systems may not

| | pberate properly if thé dynamic speed cldc_k generator of the present

: _invention'mo_diﬁes the frequency of the clock supplied to bus controller

200. In order to accommodate these peripheral devices, a constant
- 10 - '



normal (i.e. slow) cl ock cycle was used. Once. the access to a peripheral
device is conpleted, bus controller 200 asserts the bus controller cycle
conpl ete signal 404. This signal is received by decode bl ock 202. Once 25
decode bl ock 202 receiyes the . bus .controller,cygle conplete signal 404,
decode bl ock fespepey s‘?x:%r(?l’ge a‘lf’égt‘s c‘ﬁ&% kaé’be'?@ \EWab'I’? %’"‘S’fg].ers‘%(?a‘cl owk
signal 503 I gehBRloP20Y! IRt réfePiifteCEIOLk Ols! BénetBied P! tirclgt RAMiAast cl ock
access is signalled bg decode bl ock 202. Particul ar peripheral devices in
some conput ercomponent 222 grhick uspe tiepclogk signal ©f ghe base elock gergraok si gnal
on bus 203. SE. _ By A1t ‘ ppoper Ly | f - |.Ci. Speed
cl ock gener apgg a%}cfﬁotgﬁp"@gg%ym _ 302@&]??%5%‘%8??%%%&[3%3?? g’ég%@&%kof t he
clock supis i ggntratdiu22@ ofd liné 225. RMéthodsnfoprgénerating ac comsimttafreqidnes e

peri pheral deyices, a constant - 10 - fr ea%ency -reference clock is also
provi ded by e lw_h;thm manney 3gs wsdh Eﬂawgégw a#hé[heef"té’iﬁ&nalétpé[( &k s
gener at ed by r USPS e clock signal o
t he base cl occ%h{ e?l%rta%%zﬂs;c?galaegcagggpggibsourcei.aq&)errpohent 222 is therefore
coupl ed to base clmetm® cogypuerasysteniyGigrials present2@b thevbuh ooy vinlatgener at i ng

a constant frequency. clpock in this, manner, are well known.in the art. The
cl ock output B 'eé%%%(ﬁ u§2geq|€ca§t Ir}g?ﬂ W camPRieT SYSISR 'é $BR2Y| ne 215.
In some c@TPUirelprésehit Bfthe Hug ke the Bu8Ms opbrating 40 Shigh¥r ¥ioekapeed.

pre-established bus specifications for the conputer systemif the signals
10 are presdft ofdert e presenthihee bus specificatiopp frami hging violateshethec| ock

SPe o o B SAE phAEP R WhE R Focdd A 1 o0, e
progress. TheprogessntThenpeesenoninpention groeides ucircyitrfyo fors seeseming ar "
G ol 0 DU S Syt ORI bt ol QB et gt op 81 e bus, To
"5 C{EST TR ey HhcpRmirtd 5 geagon Soslegigerioimcy (o
vi ol at e bus signal screening logic 240 is coupled to decode block 202 and directly to
bus 203 via line 242. o
For a particular bus s__ys‘tem,f signals that would violate bus
specifications in high’ speed bus opérziiion. are idéntifiéd-. Cireuitry for
20 disabling these .si'gnal's is i'ncli;déd in séréenihg l'ogic“2_40-; During Op'eratidn
of the computer system, decode block 202 determines whether high speed
or low speed bus oberatibn i§feg1’1-ired' as des_c'rib:ed:_"abdvé. If high speed
bus operation is required, deéd_dé block 202 enables screening logic 240
by a signal on line 241. In réspbnsé to the enable signal,.SC}eéning logic U
25 240 disables the préviously detEﬁnined bus signals via line 242. S'ignals
“are screened by holding a particuler signal in a high state, low state, or tri-
state depending upon the logic of the particular signal. The state in which
signals are held is assured to be a valid state for the signél while the bus
operates "using a higher speed c_loek.._l;)uri_n_g nofmaIfOr lower speed bus
30 operations, decode block 202 disable_s s(:r'éening' lpgic 240 by a-si'g'nal on
line 241, When 'Idisabled-, screeﬁihg 'lqgi_c 240 does hot affect any signals
appearing on bus 203. In this m-anher,_'lj‘im-s. speci'ﬁcaitiphs are m_pt -d_uring all

phases of dynamic speed bus op.er_aﬁdn.
- 11 -



speci fications in-high speed bus operat| on are identified. Circuitry for 20
di sabling these signals is i ncl uded in screening | ogic 240. During
operation of the conputer system decode bl ock 202 determnm nes whet her high
speed or. | ow speed bus operation is required as described above. If high
speed Bus operation |s_Le.q.Lu_Lad.,_dacgde block 202 enables screeni ng | ogic
240 by a signal on e I rgeni ng

| ogic 25 240 disab es taﬁé}nré{/}i %%S%Poadﬁ'e‘f“se@ﬁél% qgll“glnaéhtgpg uvslﬁgﬂlfl%ﬁe 242.
Signal s are scrdgamaitatly dﬁﬂmﬁngghaspeedtmfwbmpsueglydtemrbm ibidigeicsedt e, | ow
state, or tri- stat e upon t of the particul ar si naI The
state in which si gn&‘g ‘Eﬁbqﬂéqﬂ"g@‘%&ﬁﬂéﬁ%{g’ 9%!?5'8“ 4p A Rarfigy

- signal whil g t ReHyatmERS istuld bt Be ohiiaéred s%rmﬂeal Fedther D4t isnlimived mal or
| ower speed bus 30 operations, decode bl ock 202 di sabl es screening |ogic
240 by a si gnalonbnbyuthmamnded/\nlmnm sabl ed, screening |ogic 240 does not

af fect any signals appearing on bus 203. In this manner, bus specifications
are nmet during all phases of dynam c speed bus operation. - 11 - -Thus, a
dynam c speed bus control neans and nethod useful for dynam cally adjusting
the speed of a conputer systembus is di scl osed. Although this invention
has been shown in relation to a particular 5 enbodinent, it should not be
considered so limted. Rather, it is limted only by t he appended cl ai ms. -
12 - 111111211 121121 1221121 21122171 121111 * CL M S * -13- CLAIMS 1.

In a conputer system having a bus, peripheral devices coupled to said bus,
and a processor coupled to :

k._/"
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said bus for accessing said peripheral devices, said peripheral devices
including at |east one slow peripheral deV|ce and at |east one fast
peri pheral device, an apparatus for operating said bus using selectable
cl ock frequencies, said apparatus conprising: a bus controller coupl ed-to
said bus, said bus controller including control logic, for decodi ng ang

executing bus access requests nade by said pro In HJ to said
peri pheral devices, said bus controller coupl egmﬂ“l I“ mmaml) and said
bus; a clock generator for generating clock sigrfal § ot at l®east two
different frequencies, a first clockl3tgnal for timng accesses to said

sl ow peripheral device, a second clock signal for timng accesses to said
fast peripheral device, said ChhKMSgenerator including a state machine
for switching between said first clock signal and said second cl ock signal
said state machine receiving a frequency sel ection signal, said state

machi ne denerati A§ sai & .| s¥atemghaving t parkus; omenjiptexalh t hree

tates i f | £6180Busi, 9RMa 1 N0pFaLESsEr' EPUPile a slow
s fevicds| (RAUAKY €6 £8140Bu He Seg%nd E8s8r " & gi‘ﬁ q‘b%

| ock d .stat chi atin a
rans (1 BAEHg PR obfF t ACLERIOE | PAL3; Bo3T LOREHR) SREItPEn SAMN

i ndi cat eperipheradt fdevac'ésst thotudingi d atockigeser atarie collegl to said
bus ContP8£k§ﬁerQ§C°QSvH%%'c b&r %Ieiggg% on Off%%gg10|OCkI&ﬂ%ggessorsald

decode recei daccess reques
sai d de@SHéce | og@inc @mnaniﬁug;sﬁnnif¢mqueh¢ygse55¢ﬂ|obu5|gmslng

izrreSpOQéléﬁthBl§aEQJ@ﬁ5f¥é&ﬁ€héf¥%¥*§a1&ahﬂprSEﬂE ER%bT icAHYy £d to i

a bus controller coupled to said bus, said bus QJ

controller including control logic, for decoding and
executing bus access regquests made by said processor for
access to said peripheral devices, said bus controller
coupled to said processor and said bus;

a clock generator for generating clock signals
of at least two different frequencies, a first clock
signal for timing accesses to said slow peripheral-
device, a second clock signal for timing accesses to
said fast peripheral device, said clock genefatdr
including a state machine for switching between said
first clock signal and said second clock signal, said
state machine receiving a frequency selection signal,
said state machine generating said first clock signal by 1,)
transitioning through three states if said frequency
selection signal indicates a request for a slow clock,
said state machine generating said second élock signal
by transitioning through two states if said frequency
selection signal indicates a request for a fast clock,
said clock generator coupled to said bus controller;

decode 1logic for selecting one of said clock

. signals, said decode 1logic receiving a bus access
request from said processor, said decode 1logic
generating said frequency selection signal corresponding
to said bus access request, said decode logic coﬁpled to



sai d processor and sald cl ock, generator. 2. The appérafﬁ§“5§“CIained

in Gaim1l wherein said clock generator further includes :ﬁmﬂ

generating a reference clock signal on said bus, said nea ””mm m""'m,
a reference clock signal coupled to said bus. 3. The appdrat-usMass =«
claimed™n Caim?2 wherein said decode | ogi ¢ selects one of said clock

signal s based on an address provided by said processor. 4. The
apparatus as clainmed in dai-m3 including neans for..disabling a portion of
n said bus while said bus =i d4operating with said second clock

signals o

signal. 5.

coupl ed t
wth said
one sl ow

of the ac

In a conputer system having a bus, peripheral devices

o said bus, and a processor coupled to sald bus for conmuni cati ng

539 REICESIRN | ’RY, SAAJ RO IHENAT YR ces i ncl udi ng at | east

peripheral device and at |least one fast peripheral devi ce,

t f t db el bj Koo o f ,
Cubetanti ATy adhib APRUEROE BBCEIRIRPRL R CAH ch M PECHRRIE 3 Lo 7

cdmmingemedatornfarther includes means- for generating a
reference clock signal on said bus, said means for

_generating a reference clock signal coupled to said bus.

G

3. The apparatus as claimed in Claim 2 wherein said
decode logic selects one of said clock signals based on
an address provided by said processor.

4, The apparatus as claimed in Claim 3 including.

means for disabling a portion of signals on said bus
while said bus is operating with said@ second clock
signal.

5. In a computer system having a bus, peripheral

devices coupled to said bus, and a processor coupled to

said bus for communicating with said péripheral devices,

said peripheral devices including at 1least one slow

peripheral device and at least one fast peripheral
device, an apparatus for operating said bus using
selectable clock frequencies, substantially as
hereinbefore described with refefence to Figures 3 to 7
of the accompanying drawings.




