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PCT/ US96/ 10689 METHOD AND APPARATUS FOR ENHANCI NG PERFORMANCE OF A
PROCESSOR Background of the Invention Field of the Invention 5

The present invention relates to an apparatus and nethod for optim zing the
processi ng speed of a mcroprocessor chip. Description of the Related Art A

wel | known neaW@%B3#7t he performance of a processor chip is tf cy
at which the processor chip operates. Procegssor chips which operate at a
hi gher cl ock frequency are capabl e of processing nore information 10 in

a shorter tinme than equival ent METHODSANDOAPPARATYS FORENHANCIRGr at e at a | ower

clock frequency. Thus, it is desi rpﬁﬁ);'o kiite oA Fhot¥sSpESSOr chip at the
maxi mum cl ock frequency whi ch t hat ¥' cul-ar processor chip can operate

wi t hout causing the processor to opMmMﬁdMﬂmuy due to internal

del ays, theranie,dq;aﬁ“"ug,fo;, on of the processor, or a degradatlon of
performance due to thernmally induced automatic sh 1t down

.case
- processor Thips ar M et FEsREon delajs (P 2easratis iad, e §V§P'@W’?g‘ dregd oia

cl ock frequenGyichfacessor chithi ch is significantly |ower than the maxi num

oper at i onal frieguenci tgqt !t he processor can sustain w thout exhibiting the
above- nenti on rotective shutdown. This may happen for many
reasons. For exanplAevel bvewemsssere bifte ppiomarssef @ progsksprsiip inithe freqyandy attich the mqggmciuz ed
Into two or t Qﬁfﬁe&pméﬁﬁﬁhﬂ%ﬁpma ﬁ ﬁlﬂﬂrciuﬁsfr‘u?nc?ara @a@aanwcm anorﬁhﬁn

many processor are actua runni ng | gher cl ock
rates thatp thd S!"HFPH&P%F"%I‘WR‘”F we“eﬂmymhl opagate;3t @ '%Wﬁb'ﬁ'yffes@ﬂ% B“'a it ity Jeisable
clock rat e I n wmdem&a»:&mniaqxemamtcha fhahuarafwiich itifat aatmmms&@mp €n BieddR Without
corrput er.

pr oduce an ex susn ‘3{ t"'&“ﬁf’frjg gﬁ' Ff'(g"g'e ?Ig‘ﬁqﬁﬂpe@%o&'&pé s te"'rc&" P btk or @
degradation of performance due to thar_mal!y induced automatic shutdown. :
" In many cases, processor chipé are-‘mplemun_tnd within a computer system to operata at a clock frequency
15 whiéh is significantly lower than the maximum operational fraquency that the processer can sustain withﬁht axhibiting
" the above-mentioned failures or prmctivg shutdown. This may happen for many reasons. For oxample, because
the processor chips are typically categorized into two or thres processing speed categories (e.g., 66 MHz, 100 MHz,
etc.), many procassor chips which are sctually capable of running at higher clock sates than the standard clock rate
categoriss are simply set to a lowsr clock rate in nrdgr_ to conform to the clack rate category for a given computer.
20 Funhermnrﬁ, prncassiﬁg chip manufactorers somstimes produce an excess of chips which are capable of operating
at or above one 'pmc'essing speed class (e.g., llm Mhz), but due to corporate marketing plans, the manufacturer will
amhclally market the processor at a slower speed class, keoping speeds down until market . pressures demand the
higher spesd class. Finally, sometimes processing chips are only tested under low voltage canditions, As is well
known in the art, when a higher source voltage is appliad to a micropracessor chip, this typically acts to increase
25 the maximum clock rate at which the muesing chip is capable of operating. This is because the higher voltage
results in a reduction of the capacitive tiﬁe_ delays throughout the processor circuitry. However, due to thermal
considerations, power supply needs and uitimatély voltage induced semiconductor breakdown, the source valtage is
often kept low or many processing chips.  Thus, Snma processing chips which are capable of running at much higher
tlock rates are sometimes classified within a slower clock rate catsnow due to the circumstances under which the
30 test was carrisd out.

One knowa way of enhmmng the parformanca of a processor is to disable the metherboard clock and to
add & Iuphe_r frequency clock source. Howsver, such an implementation usually requires that all of the system
components an ths motherboard (e.g., the memory, the motherboard bus, the inputjoutput units, etc.} operate at the
increased clock rate. Therefore, such an embodiment cannot be used to improve pérfnnnanu if one of the system

35 components is incapable of operating at the higher clock rata.



at or above one processing speed class (e.g., 100 Miz), but due to
corporate marketing plans, the manufacturer will artificially market the
processor ‘at a slower speed cl ass, keepi ng speeds down until market
pressures demand the higher speed class. Finally, sonetines processing
chips are only tested under |ow voltage conditions. As is well known in the
art, when a hWg@B243urce voltage is applied to a microprocedSdfUSBHiQ689 ¢ hj s
typically acts to increase 25 t he maxigium cl ock rate at which the
processing chip is capable of operating. This is because the higher voltage
results in a reduchisoin odér 1é bptimisscxfeomifirmaned of annimfividal wycessibghohip,UgWeid tbe ddsicable i an
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| mpr-ove goerformance iF one of conponents 1S 1Nnca e of

oper ati néf at POFRESORFHIG Pt 8t the frpquangy; aod, If the cguuuterystemnes not operate properly when the processor
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i mpl 'ement ed logeratefproperly when the processor chip is set at the initial frequency, dipital values are applied to increase the
clock rate until @ maximum clack rate is found at which the computer system operates properiy.
15 in a preferred embodiment, successive approximation is used to increase or decrease the clock rate.

In another preferred embodiment, the method further inckides the steps of monitoring the temperature of
the processor chip and generating an interrupt to reduce the operating frequency of the processor when the.
temperature exceeds a threshold value until such time as the processor tempmtmé returns 10 2 safe value, at which
time processor is allowed to run at its original clock rate. .

20 In a particularly preferred embodimant, the method includes increasad cooling of the procassor. In one
impimemation, a fan or a heat sink could be used to increase coaling of the processor,
. Under another aspect, the preferred embodiment of the invention is a method of enhancing the performance
of & variable frequency processor chip, wherein the processar chifr is pnﬁmd by 2 digitally controlled supply voltage.
The method comprises the steps of: applying a digital power supply control vaiue to the power supply to set the
25 supply voltage td_a voliage level within the opsrating range of the processor chip; applying a first digital fmq_mmy
control valua 1o the processor chip to set a clock rate at which the processor chip operates to an initial frequency;
datermining i the processor chip operates properly at the initial frequency; and applying diffarent digital frequency
_ contro! values to the processor chip to contro! the clock rate in conjunction with the supply voltage 1o determine
a maximum clock rate at which the processing chip operates property. '
30 in a preferred embodiment, successive approximation is used to increase or decrease the clock rate. _
in anather preferred umhn_ﬁ'mnt, the method further inciudes the steps of monitoring the temperature of
the processor chip and generating an interrupt to reduce the operating frequancy of the processor when the
temperature exceeds 8 threshold vaius untif such time as the processor temperature retuzns to a sale value, at which
tima processor is allowed to run at its original clock rate. | ' . |
35 In yet another preferred amhodiment, the method includes increased cooling of the processor. In a
patticularly preferred embodiment, the heat sinking or a fan are used to pmid’a'inmmd f:onﬁng of the pracessor.



mar ket manufacturers or individual PC owners. Summary of the Invention 5
A nmet hod of enhancing the perfornmance of a variable frequency processor
chip in a cornputer system wherein the processor chip has a specified
maxi mum vol tage | evel and is powered by a digitally controlled supply

vol t age, corrprw;."gzg steps of: applying a digital power suppi,&r,ggﬁym,
val ue to set the supply voltage to the specified maxi num vol tage | evel;

applying a first digital value to the procedsor chip to set a clock rate at

whi ch the processor chip operates to ,an injtial frequency; determning if
t he conputer system operates properﬂ?’—?%@ﬂ-—‘l—#é—ﬂ@‘ﬂ& processor chip is set
at the frequency; amgd;,a 1 i attighly Simpkiiod hiotk diprari @i cimpter 3temOyhizh tozporates the pfogessor
when the proce et at the initial frequency, applying different,

di gi tal - val ues” “??fmfnﬁ"m%f’cﬁ%"@g'%vww(}hl p to decrease the ciock rate until a
maxi mum cl ock rat e Figsre urblickaiagrensherting oisdmpmeststwns| thfregency conyeer partien of thespraputery.

| f the congute &&g@,ﬁigﬁ% operate properly when the processor chip is set
at the |n|t|algyf‘a'g ency, digital values are applied to increase the clock

rate until a maxi R I%%#("%&’é' ap whigh flysites the 9&'\?"?! Fethod af BTG the procassos perigrmance

oper at es prope.ﬁh&,m,].ﬁw,mthem,emmenndnn a preferred enbodi nent, successive
approximation is used to increase qr,.decrease. the clock rate I n anot her

preferred enbodi nent, the nethod f : _ ‘steps of nonitoring
t he tenperature of mhelpmmbwwlﬁcpdinnﬂnwmm 18% consviuaediin odordenoe withdhec e
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t he processor I'S powere z Contro supply vo tage.
norma used 1o control the regulation voltuge of a CPU power supply 14

in accnrdanca wm\ one praferrad ambndument of the present mvommn. the lines from the CPU's power
supply controf ragister wluch arg used to control the CPU pawer supply 145 are disconnected and contro! of the CPU
"power supply 145 is provided hy an external contral dmncs such 8s an amay of swnches nr a separate
20 microcontrolier. _ _ _

. The processor 110 includes an internal frequency converter 160 which generates an intemat clock frequency
derived from the clock frequency supplied to the motherboard system components. The frequency converter 160 -
receives a clock input fmm an oscillator 165 via a line 167. ' _

"The frequency converter 150 operates at a frequency determined at reset by latching voitage levels on the
25 pins of the CPU 110 as defined by the manufacturer's CPU Iia_tdware specification. These pins are driven by
multiplexer 141, When reset is not asserted these pins are controlled by the care logic 135. During resst thesa

pins are controlied by frequancy contrpl hardware 143 which can be either switches or hardwired jumpers.

- As is well known to thoss of nrdinari skill in the art, and as discussed briefly above, the maximum clock
rate at which 2 processor is capable of operating is a tunction of the source voitage supplied to the processor 110

30 within a -specified range of source voltages as Emited by the chip’s manufacturer in order to prevent voltage

breakdown. However, as the somm.valtaga incseasas, the lkekhood of thermally induced sem_fu:onduktor breakdown

also increases. Thus, the present invention takes advantage of thermal management techniques by thermally

-~ managing the processor temherawn with system management interrupt {SMI) techniquas or by including additional

. heat sinking, as required by the particular application. SM!I causes the processor to be halted or to be slowed down

35 whan the temperature of the processor 110 exceeds a certain vaive. The processor rasumes normal operstion once
the processor 110 cools sufficiently.



The method conprises the steps of: applying a digital power supply control
val ue to the power supply to set the 25 supply voltage to a voltage

| evel within the operating range of the processor chip; applying a first
digital frequency control value to the processor chip to set a clock rate
at which the g&fcessor chip operates to an initial frequency; determ ning
I f the proces B34 operates properly at the initial frequdfchuUsSs1esse
applying different digital frequency contrgl values to the processor chip
to control the clock rate in conjunction with the supply voltage to

determ ne a maxi MuiedalbeSekn thali cirdain vdancsxianshhﬁaamﬁmmg Bekn 6 theprooda @ AIb e to SMI
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PCT/ US96/ 1068 scription o gure
sinplifid8 bl tgendergrmised thpprepesses 114 tsemﬂpss@mwm thp wetem pmponantsd 20 néws on

Processor - perh@mdiemnedd. SR Eee Wbhtion tako¢ Sd¥intsgdlo! the variabls relationship betwaen the processer clock
treguency and the motherboard clock frequency. Because the processor clock frequency can be varied with respact
to the motherboard nperaxing' frequency, any clock rata may be defined for the processor 110 without affecting the
clock sate of the motherboard system components 120 and 135.

18 Figurs 2 is a highly simplified block di iagram of the frequency converter 160 which is typn:ally included
within the processor 110. As shown in Figure 2, the frequency converter 180 includes a first frequancy divider
eircuit 200, which receives a frequency input'over the fine 167, and a frequency scaler valie from a first three-bit
register 210 via a three-bit bus 212. The frequency divided output 202 {equal to the input frequency divided by A,
where A is the three-bit scaler input valus stond in the first register 210) is prc\ndsd as a first input 202 to a phase

20 {ocked loop 220. '

The output 222 of the phase locked loop 220 is fed back to 2 second input 232 of the phass locked loop
220 via a frequency divider nircu_i1-23ﬂ. The frequency divider circuit 230 divides the frequancy of the output signal
222 of the phasa locked loop 220 by a scaler value equal to a value stored within a second three-bit register 240.
Tﬁc i_llm-bit scaler value is pravided as an input ta the frequency divider 230 via a three-bit bus 242.

25 ' Because the phase locked loop 220 sesks to maintsin equality of the phase and fuquohcy of the signals
applied to ifs first and second inputs, the frequency of the output signal 222 provided by the phase focked lcop 220
is equal to the input frequency of signal 157 times B {where B equals the thres-bit valwa stored in the second
sepister 240) divided by A. As long as the output frequancy 222 provided by the phase locked loop 220 is_ aqual
to the input frequency 167 times B over A, the frequency of the signais applied to both the first and second inputs

30 202 and 232 of the phase lfock loop is aqual to the input frequency divided by A. It should be noted here that, in

~ the embodiment where A and B ars three-bit binary counters, A and B will typically range in value from 1-8 {decimal.
Furthemmore, it should be understood that f,., = fo X 8 and €, = f, + 8. Since there are sight possible values
for both A and B, there are thmfprc 8 x 8 ~ B4 possibls ratios. in this mimm. the processor clock can be sat
10 any ratio definable by the scaler values B and A so that the mothesboard clock frequency is thereby decoupled

35 from the processor clock frequency. The counter control registers 210 and 240 are typically cutput from a look-up

table 260 implemented in hardware within the processor. Register 250 is used 10 select ons entry from the look-up



Figure 2 is a block diagram showi ng one inplenentation of the frequency
converter portion of the conputer 5 system depicted in Figure 1. Figure
3is a flow diagramwhich illustrates the general nethod of increasing the
proocessor performance in accordance with the present invention. Detailed

Descri ption of tg,? ention Figure 1 is a highly sinplified hlagkodiagram
o :

of a conputer E’? 00 constructed in accordance with-the 1

teachings of the present invention. It wllg. be appreciated by those skilled
in the art that the conputer system 100 typically includes additional ,
circuitry not tsloWilei not #ecegsty dor thefomeratigniof he fresencyl convérar, the Jook-up table lisustaliycibdiudeg t4 he
present inventjon. e 0, [0} A | PO '

Gni ¢ (CPU) - 110 ve Rolers? R oy BUSHEA ik 1| el Gndi B 058 706 G2k e
avai | abl e fr orsil th¥ bit regisTersethCi3(gossible jatioy ere eeducad tulalsgbses ohhnaties.cthe losk-upiabimentsy is dupically

syst ens, SUCh s@teel B R vhiue dt6MRUH thertbhunht] selols rdgbeer£80. [ Fhis regibter-is loaked @t @it firkSvia YD pins
not her board via a m croprocessor_ bus 130 and core logic 135. 15 The
processor %10 142 Whe (fU 1 iRasshawn B EES L.suppl y control register 140 which

stores a_vol t age c@igire Dillustradds e gnbralimethsd oNthé prosbit jiveni® € sbrtheQprutistoDbpereting clock rate

egqul at i I . of - |y 145, .1 '
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provi ded by an external control device such as_an array 1 tches or a
separ at e heating; tynically Spsytts dpe) ta the inprgsed ot ofsthr CPYq (Thisn(R jordprete aveid dplgteriays pifpots
frequency convssdatn witf fbr ulaigle thgfdd GréRdoR, itasimportint fo sogplemehtOtRd<CPUIc6uting DEXDRY inEredsing €d

o o ESP MIBR 1 . PR iR P b
via a |ine 16¥r heqthsinky, prebyuusing sottam themsl gwnadeBon eic raducss tha topesatifor pepdi @thy CPU 110
determ ned at wh@asvela dhperadie thibtdd is iRbeidoe |-evel s on the
15 Thereafter, as represented witl_lin an activity block 310, the opmtinj‘ voltage of the CPU 110 is set to
the maximum rated value. That is, typically a manufacturer for the CPU 110 will provide i specification sheet which
indicates the maximum operating voltage value at which the CPU.1310 can operate. Since, as is well understood in
the art, an increase in operating voltage vaiue typically results in increased operating spaed of the CPU 110, by
setting the operating voitage of the CPU 110 to a maximum rated value, the performance-of the CPU 110 can be
20 enhanced. _ a ,
' Dnce the operating voltage of the CPU 110 has been set to the maximum rated value, the CPU performance
at all ratios of the frequency control values are characterized as npmanied within an activity block 315, That is,
for each of the passible values of A and B (see Figure 2), a test is performed to determing first if the CPU 110
passes the self-diagnostic test, and, if so, a performance score is determined for that ratio using standard
25 bench-marking software such as the well known NORTON utility available from SEMANTEC CORPORATION. Table
1 is a table which characterizes the frequency contro! values, designated by a ratic code [ie., the code loaded inte
- the {raquency select register 250 of Figure 2) for an exemplary CPU 110.



25 - pins of the CPU 110 as defined by the manufacturer's CPU hardware
specification. These pins are driven by nultiplexer 141. Wen reset is not
asserted these pins are controlled by the core logic 135. During reset
these pins are controlled by frequency control hardware 143 which can be
either switches or hardwired junpers. As is well known to those of ordinary

skill in the MO9732M4d as di scussed briefly above, the maxi nurRCYB¥/1PePe at
whi ch a processor is capable of operating jgs a function of the source
vol tage supplied to the processor 110 30 within a specified range of

source voltages as limted by the chip's manufacturer in order to prevent
vol t age breakdown. However, as the sourc§, mllt age incrases, the likrlihood
of thermally induced seniconductor break 3 1 _al so increases. Thus, the

present inveny
thermal |y mang
interrupt (S

required by tjhe particul ar application.I cause$ the processor to
halted or to jpe sl owed down 35 when e tenpefature of the procegsor
llo_éxceegs certain value. The processgr resuneg nor mal pperation gnce
the proceSsorf 110 cool & sufficiently. WO 97/ 32247 ' ﬁ

PCT/ US96/ 1068 4- If’cgp be seef that, er certal h applic 4ONS, t he

hal ting or slkmﬁng dol' of the xrocessor 110 due §o SM may result ijp the
processor 11CGF actuall S:,éunnlng it a slomgr efrectigve rate,%@r a highgr
supply voltadge. In th t ~applicqtions, a bal ance Lust be f'dund so thpt the
processor 11Qf can run the op |nun1aI|9mabTe clhpck rate faor the
i ndi vi dual cﬁLracterigf cs of that chip. Thus, in]accordant€ with onk

| aspect of thel present nuweﬁl onf a methog
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_ 1t shouid be noted-that the perfurmanﬁ; of the CPU 110 at sach of the fraquency cantrol satio values could
be provided from the CPU manufacturer’s hardware specification manual ' _
15 Once the performance of the CPU 110 has baen charactesized at all ratios of the frequency controf valuas,
as represented within the activity block 315, the freguency control vgluo which gives the highest performance score
is loaded into the frequency select register 250 ta sat the ratio corresponding to optimum CPU perfannanpe. For
exampls, out of the exempiary values isted in Table 1, the ratio code N+3, having a normalized performance score
of 1.34, corresponds to the frequency control vafus which gives the highast performance score. Thus, the value

20 - N+3 will be loaded into the fraquency sslect register 250 to defemiina the opiratinu speed of the CPU 110.
o Thereafter; a failure log is kept to determine the failure rate of the CPU 110, as represented within an
activity block 325. The failure log is a record of the number of times the CPU 110 performs a processing error in
one embodiment. If it is determined that the fallure rate is above a certain threshoid, as reprasented within 8
decision block 330, then the frequency contrel ratio value B set to the value which gives the next highest
25 - performance score {e.g., the:vahla N+2 in Table 1). After this, the method re-enters the activity block 325 to keep
a new failure log. Onceit is determined that the failurs rate is acceptable, then the CPU 110 remains sat at the
operating speed provided for by the present irequenty control value and the method end is represented within an
end block 340. OF course, it should ba noted thét. although depicted in Figure 3 as a single stap within the method
of the present invention, the keeping of a fuihn log advantagecusly is calculated continuously throughout the
30 operation of the CPU 110 so that whonever a failure rate excesds the allowable threshold, the frequency control

value iz adjusted. -



5 - of controlling the source voltage as well as the clock rate supplied
to the processor 110 finds the optinum clock frequency at which the
processor 110 is able to operate. Furthernore, In this nmanner, the maxi nmum
cl.ock rate for each individual processor can be utilized w thout risk of
shortening the o ‘feratlng life span of the processor 110. The opjli

operating cl ocWeHPEY: "t he processor 110 can be determ ned dugﬁhgggkﬁg?-up
under the control of the frequency controller 143 using an internal self
test of the processor 110. Once this optinmumclock rate has 10 been
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15 aﬁrghmn 6 other maank cogith beyusesl tammnaally oe abtdmarizalli sebict Algproptimum bpelating speed of the
f

requency CO”V‘?.H! ur s W&‘Eﬂ Wuenc beVtorsirizd H%ﬁi%m'nﬂ rds wPrﬁfﬁ:ipi% the

110. As shown converter

frequency divi d@?’“@?‘?"@ﬂl’!‘“@@f@"f"mﬁ% @ﬁ“?'émvfé?ﬁmﬁéﬂﬂa'éncy i nput over the
line 167, and a frequency scaler value froma first -three-bit register 210
via a three-bit bus 212. The frequency divided output 202 (equal to the

i nput frequency divided by A, where Ais.the three-bit scaler input value
stored in the first register 210) is provided as a first input 202 to a
phase 20 | ocked | oop 220. The output 222 of the phase | ocked | oop 220
is fed back-to a second input 232 of the phase | ocked |oop 220 via a
frequency divider circuit 230. The frequency divider circuit 230 divides
the frequency of the output signal 222 of the phase | ocked | oop 220 by a
scal er value equal to a value stored within a second three-bit register
240. The three-bit scaler value is provided as an input to the frequency
divider 230 via a three-bit bus 242. 25 ' Because t he phase

| ocked | oop 220 seeks to maintain equality of the phase and frequency of
the signals



applied to its first and second inputs, the frequency of the output signal
222 provided by the phase | ocked | oop 220" is equal to the input frequency
of sigmal 167 tinmes B (where B equal s ue stored in the
second register 240) divided by A As: “Iﬂj”uﬂmuﬂmunmt frequency 222
provi ded by the ghase | ocked |1 oop 220 i§ equadl t"o fhe*input frequency 167
times B over 8247 equency of the signals applied to bot h BGF: 2"§9F’|‘g‘f’9and
second i nputs 30 202 and 232 of the phgse lock |loop is equal to the

i nput frequency divided by A It should be noted here that, in the
enbodi ment wh@HaT 8 camiblEMBISar e three-bit binary counters, A and B will

nder ot oud that & ry - XmihodH lflng BEbbRints o § il i pocishsf ¥ bl Koy,
are ei ght pos whistinzaid proagsser his@ spekilisd maxisum yolfagBievel and:is powsredcby o figitelly £astreledSusply Soltage 54

possi bl e rati Q@ méhidd Lolibriting' B %2p8 or; t Ne processor clock can be set to any
rati o defi nabl e by t;hebs'ga I er V?i| ues B and A so that the notherboard cl ock

frequency % s thereby de!!’!ﬂi'lﬂl‘éﬁ“b!ﬁ“"’“”’ﬁ‘i“%‘!‘ﬂé‘ﬂ?%ﬂ@@@ﬂ“‘“ﬂﬂ'bt‘ﬁ spegifiad maxipum
The counter contr ooltige@eest ers 210 and 240 are typically output froma

| ook-up table 260 inplenented jn. hardware wthin.t C
250 is used to select o m@ﬁﬁ?{ﬁﬁjghﬁgﬁﬁﬁm&ﬁ?’ ﬁt'g"%%[ W%E?ﬂfmmg"’"m’
PCT/ US96/ 1.0689 -5-totaailnidmwnbﬁ.e not necessary for the operation of the

frequency converter, 2&,},‘,@@#{,% E@E&tﬂ ,\,ﬁ,,,p,ﬁ,l,}?,h} mgrﬂg)‘nﬂﬂﬁﬂrrent uﬁﬁ“ﬁg.} 8

nunber of pins. reqU|re ne e ratio
regi ster s'0250, 210fregyemeysamh are all three bit registers, the 64 possible

[at ! osI iar e rledutceg L 0 tarh Ea!lbﬁnfﬁneﬁiynﬁm dood -yuosptm{m?p&rpwhn W4 ﬁrabkne.seﬂt #t)said itiel
ypically selecte e value stored in the fregu Ct |ster
250. This regist er'ﬁ"é“‘fyt)’w«!‘ﬂd frent @ﬂt"’q‘f’f %"C?'%f”ﬁ“f&%ﬁ"ﬁ% %ﬁ‘"ek mﬂ"?

CPU 110 as s hown i ginci-tatpuar feund at which said processing operates pmpaﬂr and, if said computer system does operate
' properly when said processor is set at said initial frequency, applying digital valses to increase said clock

16 - | rate until a8 maximum clock rate is found at which said computer system operates properly.
2. A mathed as defined in Claim 1, wherein successive approximation is used 1o increasa or dacrease
said clock rate. _ : '
3. Amathod as defined in Claim 1, wherein said method further includes the staps of monitoring the
temperature of the processor and generating an i\tﬁnupt to reduce the operating fraquency of the procassor when
20 the temperature exceeds a threshold value untit such time as the processor temperature returns to 3 safe valus, at
which time processor is alowed to run at its original clack rate. )
4, A method as defined in Claim 1, wherein said method includes increased conlinn of the processor.

5. A methad of anhancmy the performnance of a variable frequency pmcessor wherein said procassor
is nnwered by a digitally controfled supply voltage, said method comprising the steps of:
25 applying a digital powsr supply control value 1o said power supply to set said supply voltage to

a voltage leval within the eperating range of the processor;
" applying a first digital frequency contral value to said prnceiiot to sét a clock rate at which saud
pracessor operates to an initial frequency;
determining if said pi’u:esshr operates properly at said initial fraquency; and
30 applying different digital frequency control values to said procsssor to control said clock rats in
conjunction with said supply voltage in determine a maxim_ﬁm tlock rate at which_said processor operates
properiy. ' | .
[ _ A method as defined in Claim 5, wherein successive spproximation is used 10 incraase or decreass
said clock rate. | '
»B 7. A method as defined in Ciaim 5, wherein said method further includes the steps of monitoring the
temperature of the processor and genumipg an interrupt to raduce the operating frequency of the processor when



Figure 3 illustrates the general nethod of the present invention to set the

processor operating clock rate to an ‘“ﬁ he nethod initializes
as represented within a begin bIock “ ter, uses one or nore

t echni ques to suppl enent the cooling of thetCPU £10, as represented Wi t hin
an activity block 305. As is well known in the art, whenever pEriuse6/10689
desirabl e to iWeOTER4  he operating speed of a central processing unit,

i ncreased 10 heating typically results.edue to the increased activity of
the CPU. Thus, in order to avoid deleterious effects associated with, for
exanpl e, ther rmlmbéraﬁkdwn a thrisholdralieruptib suchuime ag the RroRessHT AATRARRIUNY IRWE t0@ spfp i 8

bef t U 110. | nbodi t,
he CPU ool | AERIlt HeRBFL bl HERSY uilte ik o, or hear ks

addi ti onal by
usi ng sof tware thesmal mmagemmd 'V\HP"EH- W%?@@"f‘ﬂé“aﬂ%ﬂ?cﬁf‘ '6”""15) r}E?"‘é’f&t"“rﬁe
CPU 110 whenever a tenperature threshold is exceeded. 15

Thereafter, as represented within an activity block 310, the operating

vol tage of the CPU 110 is set to the maxi numrated value. That is,
typically a manufacturer for the CPU 110 will provide a specification sheet
whi ch indi cates 't he maxi num operati ng voltage val ue at which the CPU 110
can operate. Since, as is well understood in the art, an increase in
operating voltage value typically results in increased operating speed of
the CPU 110, by setting the operating voltage of the CPU 110 to a maxi num
rated val ue, the performance of the CPU 110 can be 20 enhanced. Once

t he operating voltage of the CPU 110 has been set to the nmaxi numrated

val ue, the CPU perfornmance at all ratios.of the frequency control val ues
are characterized as represented within an activity block 315. That is,
for each of the possible values of ‘A and B (see Figure 2), a test is
performed to determne first if the CPU 110 passes the self-diagnostic
test, and, if so, a performance score is determned for that ratio using
standard 25 bench- mar ki ng software such as the well known NORTON
utility avail abl e from SEMANTEC CORPORATION. Table 1 is a table which
characterizes the frequency control values, designated by a ratio code
[i.e. the code | oaded into '



t he frequency select register 250 of Figure 2) for an exenplary CPU 110.
WD 97/ 32247 '

PCT/ US96/ 10689 TABLE | M CROPROCESSOR PASS NORMALI ZED PERFORMANCE
RATI O CODE DI AGNOSTI C? - SCORE [ Y/ N|
5 .

1.0 n+1 wosmzl Y s PCT[USpI06SY
Y 127 n+3 Y

1.34 n+4 A N 10 | : n+5

N n+6 N It should be noted that the performance

of the CPU 110
provi ded fromt

Once the perfor nﬁ‘nﬁ%o%a

gUengy control ratio values could be
rdware specification manual. 15
vds been characterized at all ratios of
t he frequency c as. @presented within the activity block 315,
the frequency cphigoP Val ue | dves the highest performance score is
| oaded into the frghuency‘select—ngéster 250 to set the ratio ™
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eéxanpl e, out of the exenplary values listed in Table 1, the ratio code N+3,
havi ng a nornali zed performance score of 1.34, corresponds to the frequency
control value which gives the highest performance score. Thus, the value 20
N+3'wi ||l be loaded into the frequency select .register 250 to determne the
operating speed of the CPU 110. Thereafter, a failure log is k

deternine the M¥PP#P4Tate of the CPU 110,pms represented Wth?ﬁ%gfg@s/msss
activity block 325. The failure log is a record of .the nunber of tines the
CPU 110 perfornms a processing error in one enbodinent. If it is determ ned

that the failure rate is ab a certain threshold, as represented within a
deci sion bl ock 330, then the.&requency control ratio value is set to the
val ue which gives the next ighest 25 per f ormance score (e.g., the

value N+2 in Table 1). Afters«his, the nethod re-enters the activity bl ock
325 tb keep a new failurg.lo@ Once it is deternmined that the failure rate
is acceptable, tkgn the %10 remmins set at the operating speed provided
for by the prese® frequelcyAcontrol value and the method and is
represented withiyy an end ck 340. O course, it should be noted that,

al t hough depicted™Sn Figure fingl e step within the nethod of the

present invention, the kEeprmg a flai fure | og advant ageously is
cal cul at ed conti nuousl hr oughopiR t He operation of the CPU 110 so
b8&¢s Jt hg' aftpwabl e threshol d, the frequency

control value is adjus

t hat whenever a failur}t‘2 t.@nexc
PCT/ US96/ 10689 - 7- Al t holic

) adalwbnts of the present

invention have been degcfi n e, itfwill be understood to
t hose of ordinary ski Q n the ajt tHat obvi@ys npdifications could be nmade
‘ .
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departing fromits spirit or central characteristics. For exanple, instead
of sinply controlling the clock rate of the processor independently from

t he source voltage, the source voltage supplied to the processor 110 and

t he processing 5 frequency could be controlled in conjunction to
determ ne an opiigymaedsock rate. Furthernore, a successive apFcprsiRiidabd
or other neans could be used to manually o3fautomatically select the

opti mum operating speed of the CPU 110. Thus, the foregoing description
could be construed as illustrative and-x##2restrictive. The scope of the
present invention should therefore b€ defined in view of the appended

cl ai ns. WO 97/ 32247 _
PCT/ US96/ 10689 WHAT | S CLAI MgD PE q A met hod of enhancing the _
perforimance of a variable frequengy procesges in a conputer system wherein
sai d processor has a specified ma irruﬁtage | evel and is powered by a
digitally controlled suppl ‘ q.l met hod - conprising the steps of: 5
appl yimg a digital power sm%ﬁ? F@I alue to set said supply voltage to
sai d specified maxi mum vol Jage | -.applying a first digital value to

sai d processor to set a cl pck CAQUING whilch said processor operates to an
initial frequency;, determining 1t }sald conputer system operates properly
when said processor is set at said 10 ~F70 frequency; and if said
conput er system does nqot_operate Properl/ly when said processor is set at

said initial SET CPU OPERATING |
VOLTAGE TO MAXIMUM .
RATED VALUE

} o /3/5
CHARACTERIZE CPU PERFORMANCE

AT ALL RATIOS OF FREQUENCY
CONTROL VALUES ° -

1 sz
SET RATIO TO VALUE WHICH
GIVES HIGHEST PERFORMANCE SCORE

l— — /4.525

KEEP FAILURE LOG TO
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. GIVES NEXT HIGHEST
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frequency, applying different digital values to said processor
said clock rate until
processi ng operates properly;
properly when said processor

di gi tal

clock rate is fo

to d C£ea$e-
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a maxi mumclock rate is found at which sg
and,

S set at said initial
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processor 1s allpwed ¥ run at 1ts original clock
@nhmmﬂﬂwﬂéﬁhduﬂas defzhbvlﬁﬁ@@gﬂﬁ 1, wherein said nethod includes

ed cooling of the processor. 5. pobiisii@t hod of enhanci ng the

p@305 Bricoity TRtay 34 | abl e frequency proces Or , ‘Witemesatong adot: PFoECESSOr i S

by amWP"ngI y bUmhrI%K%@%hp«pl yu& Itage sai d met hod conpri sing

bs of : 25 appllying a digital power supply

("D ppBcahto ASTIRESEMRCR, INS.UPEUS); fe2153bn ISai d supply voltage to a voltage

applying a first digital

qﬁnggggpqhoﬁ@Lugm&g,;quﬂaaggﬂﬁggk o set. a clock rate at which said
Opfuni Hils, 092853 (US)/'t i al frequency] deternining if said processor

Lope ql fr guency: and 30
"@A?ﬁﬁﬁﬁxﬁaﬁ&g g&gﬁiua fsen ﬂd&F | values to said processor to
sai dea$ekusi.at e i n conjuncti on wi th said supply voltage to
he.a maxi num clock rate at which sajd processor operates properly.
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(57) Abstract

Anoymumpmeesslngfreqnency(lﬁb)usetforprombueduponthemdmdualoperauonalchmumucsofuchmm
‘The source voltage (145) supplied to the processor is increased, manually or under software control, to the maximum value specified for
the processor. This allows the processor to operate at the maximum possible frequency. The processor clock frequency (160) is varied
with respect to the motherboand clock frequency so that the processor clock can be arbitrasily set to its maximum operational frequency.
Ame&odofamoﬂmﬁmumedwdcmnﬂnethemuhnmdockﬁeqmuwhichmeprocesorwillﬁnmonpropeﬂy In order to
prevent thermally induced semiconductor breakdown, additional heat sinking is performed and/or a thermal management scheme is used.

The supply voltage may also be eonu'onedmcon_mncﬂonmﬂ:ﬂmeclockmtodebrmme&wopumumopaamzﬁequencyandsupply
volugelothepmcesm




6. ° A nethod as defined in Claimb5, wherein successive approximtion is
used to increase or decrease said clock rate. 35 7. A

nmet hod as defined in Claimb5, wherein said nmethod further includes the
steps of nmonitoring the tenperature of the processor and generating an
interrupt to reduce the operating frequency of the processor when WO

97/ 32247

PCT/ US96/ 10689 -9- the tenperature exceeds a threshold value until such
time as the processor tenperature returns to a safe value, at which tine
processor is allowed to run at its original clock rate. 8. A net hod as
defined in Caimb5, wherein said nmethod includes increased cooling of the
processor. ' :
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