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METHOD AND APPARATUS FOR ENHANCING
PERFORMANCE OF A PROCESSOR
Backaround of the Invention

Field of the invention .
The present invention relates to an apparatus and method for optimizing the processing speed of a

microprocessor chip.. .

Description of the Refated Art

A well known maasure of the parformance of a processor chip is the frequsncy at which the processor chip
operates. Processor chips which operate at a higher clock frequency are capable of pmcass}ng more information
in a shorter time than equivalent procassor chips which operate at @ lower clock frequsncy. Thus, it is desirable
to run a procassor chip at the maximum clock frequency which that particular processor chip can operate without
causing the procassor to operate incorrectly due to intem_il delays, thermal destructioni of the processar, or a

'degradation of performance due to thar_mal!y.'nducnd automatic shutdewn.

" In many cases, processor chipé are-‘mplemun_tnd within a computer system to operata at a clock frequency
which is significantly lower than the maximum operational fraquency that the processer can sustain without axhibiting

" the above-mentioned failures or prmctivg shutdown. This may happen for many reasons. For example, 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
catapories are simply settoa lower clock rate in nldnr to conform to the clack raté category for a given computer.
Furthermors, pmassmn chip manufacturers sumatmcs produce an excess of chips which are capable of operating
at or above one pracessing speed class (e.g., 100 Mhz), but due to corporate marketing plans, the manufacturer will
artificially market the processor at a slower speed class, keoping speeds down unti market pressures demand the
ﬁighu 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 @ microprocessor chip, this typically acts to increase
the maximum clock rate at which the muising 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 on 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

~test was carried 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

components is incapable of operating at the higher clock rata.
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Thus, in order to optimize the parformance of an individual piocessing chip, it would be desirable if an
apparatus and method for enhancing the clock rate performance of a processor chip could be implemented by after-
market manufacturers or individual PC owners. '

A method of enhancing the performance of a variable frequency processor chip in a computer system,
wherein the processor chip has a specified maximum voltage level and is powerad by a digitally controlled supply
voltage, comprises the steps of: applying a diital power supply control value to sat the supply voltage to the
specifisd maximum voltage iavei: applying s first digital value to the processor chip to set 8 tlock rate at which the
processor chip operates to an initial frequency; determining if the computenl system opsrates properly when the
processor chip is set at the freﬂuenc'v; and, if the computer system does not npel;ate properly when the processer
chip is set at the initial frequaency, applying different digital values to tha pnicessnr chip to decreass the clock rate
unti a maximum clock rate is found at which the processing chip operates properly. ' if the computer system does
operate properly when the processor chip is set at tha initial fraguency, digital valuss afs appliad to0 inciease the
clock rate until @ maximum clack rate is found at which the computer system operates properiy.

in a preferred embodiment, successive approximation is used to increase or decrease the clock rate.

In anothar preferred embodiment, the method further includes 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.

In a particularly preferred embodimant, the method includes increasad cooling of the procassor. In one
impimemation, a fan or a heat sink could be useil to increase coaling of the procassor,

Under another aspet, the preferred embodiment of the invention is a method of enhancing the performance
nf # variable frequency processor chip, whergin the processor cth is pnwmd 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
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.

In 2 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. | ' |

In yet another preferred amhodimant, the method includes mcmsed cooling of the processor. In 2
patticularly preferred embodiment, the heat sinking or a fan are used to provids increased conhng of the pracessor.
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Brief Description of the Draw'm. g8

Figure 1 is a highly simplified block diagram of a computer system which incorporates the processor

performance enhancement invention,
Figure 2 is a block diagram showing one implamentation of the frequency converter portion of the computer .

system depicted in Figure 1.
Figura 3 is a flow diagram which Mustrates the general methed of increasing the procassor performance

in accordance with the present invention.
D iption of the invention _

Figure T is a highly simplified block diagram of a computer system 100 constructed in accordance with the
teachings of the present invention. it wikl be appreciated by those skilled in the art that the computer system 100
typically includes additional circuitry not shéﬁn in Figure 1 for purposes of clarity in Blustrating the pressnt invention.
The computer system 100 includes a centrat processing unit (CPU} 110 which may, for example, comprise & P8
microprocessor chip, available from INTEL. The CPU or procassor 110 communicates with other svstuhs, such as
memory, inputioutput (/0) units, etc., 120 on the motherboard via a micrapracessor bus 130 and cors logic 135.
The pracessor 110 -alse includes a power supply control register 140 wl_lil:h stores a voitage control valus that is

normally used 1o control the regulation voltage of a CPU power supply 145.
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

microcontrolier. _ _ _
The processor 110 includes an internal frequency converter 160 which penarates 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
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
within a -specified range of sourca voitages as Emited by the chip's manufacturer in orda; to prevent voltage
breakdown. However, as the somm.valtaga incseasas, the lkekhood of thermally induced sem_fu:onduktor breakdown

also increases. Thus, tha“pmam invention takes 'advant'an'a of thermal mnnanunént tcchnique: by thermally
-~ managing the processor temperaturs with system managsment intersupt {SMI) techniques or by inciuding additional

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

when the temperature of the processor 110 exceeds a certain value. The procassor rasumes normal operation once

the processor 110 cools sufficiently.
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it can be seen that, for certain applications, the ha_ltiny or slowing down of the processor 110 due to SMI

may result in the processor 110 actually running at a slower effectivp rate for a higher supply voitage. In these

-applications, a balance must be found so that the processor 110 can run at the optimum aliowabls clock rate for

th_a individual characteristics of ihat chip. Thus, in accordance with one aspect of the present invention, a method
of controlling the source voitage as well as the clock rate supplied to the processor 110 finds the optimum clock
frequency at which the processor 110 is able to operate, Furthermore, In this mannsr, the maximum clock rate for
each individual processor can be utilized without risk of shortening the operating lifs span of the processor 110.
The optimum operating clock rate of the progessor 110 can be determined during power-up under the control

«of the frequency controller 143 using an internal self test of the processor 110. Once this optimum clock rate has

been determined, the processor 110 oparates normally in conjunction with the systam components 120 and 135 on
the motherboard. The prasent invention takes advantage of the variable relationship betwasn the processar 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. _

Figurs 2 is a highly simplified block diagram of the frequency converter 160 which is typically 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 fraquency divided output 202 {equal to the input frequency divided by A,
ﬁhm A is the three-bit scaler input value stored in the first register 210) is provided as a first input 202 to a phase
focked loop 220. ' S '

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.

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
202 and 232 of the phasa fock loop is equal to the input frequency divided by A. It should be noted here that, in
the embodimant where A and B ara three-bit binary counters, A and B will typicaly 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
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
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table. While not necessary for the operation of the frequency converter, the fook-up table is usualy included to
reduce the number of pins required to define the ratio. In the embodiment whers fegistnrs 250, 210 and 240 are
all three bit registers, the 64 possible ratios are reduced to a subset of B ratios. The look-up table entry is typicalty
selected by the value stored in the frequency salact register 250. This register loaded at-resst time via /0 pins
142 on the CPU 110 as shown in Figure 1. '

Figure 3 illustrates the general method of the present invention to set the processor operating clock rate
10 an optimum value. The method initializes as represented within a begin block 300, and, thereafter, uses ona or
more technigues to supplement the cooling of the CPU 110, as represanted within an aétivity block 305. As is wall
known in the art, whenever it is desirable to increase the oparating spesd of a centrai processing unit, increased
heating typiéally results due to the increased activity of the CPU.. Thus, in order to aveid deleterious effects
associated with, for example, thermal breakdown, it is important to suppiement the CPU cooling before increasing
the upergting speed of the CPU 110. in one embodiment, the CPU cooling can be provided for by sdditional fans
or heat sinks,' or by using software thermal minagcment which reduces the operating speed of the CPU %10
whenever a temperature thrashold is exceeded.

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 tha CPU 110 will provide a specification sheat 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
enhanced. _ ) ' )
' 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
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.
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TABLE |
A MICROPROCESSOR PASS | NORMALIZED PERFORMANCE
RATIO CODE DIAGNOSTIC 7 | " SCORE
m) |

] Y 1.0 n
n+1 Y 114 J

n+2 B | | 1.27

n+3 : | Y B &'
h | n+4 ' | N ' - i

_ 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. ' _
Once the performance of the CPU 110 has been characterized at al ratios of the fraquency control 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 performance. For
exampls, out of the exempiary values isted in Table 1, the ratio code N+3, having a normalized performanéa score
of 1.34, corresponds to the frequency control vafus which gives the highast performance score. Thus, the value
_N+3 will be loaded into the frequency select register 250 to defemiina the opiratinu speed of the CPU 110.
. 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
dacision block 330, then _t_he frequency controi ratio valus B set to the value which gives the next highest

- performance score [e.g., the value 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
operation of the CPU 110 so that whonever a failure rate excesds the allowable threshold, the frequency control
value iz adjusted. -
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Although the preferred embodiments of the prasent invention have been described in detail above, it will

be understood to those of ordinary skill in the art that obvious modificitions could be made to the invention without

departing from its spirit or central characteristics. For example, instead of simply controffing the clock rate of the

processor independently from the source voltage, the source voitage supplied to the processor 110 and the processing

frequency could be contrelled in conjunction to determine an optimum tlock rate. Furthermore, a successive

appmiﬁatiun or other means could bs used to manually or automatically sefect the optimum operating speed of the

CPU 110. Thus, the foregoing description could be construed as ilustrativa and not restrictive. The stope of the
present invention should therefore be defined in view of the appended claims.



10

16

35

e ¢ L M s %

WO 97132247 a PCT/US96/10689

WHAT IS CLAIMED IS:

1. A method of enhancing the performance of a variable frequency processor in 2 computer system,
wharein said processor has a specified maximum voltage level and is powered by a digitally controfled supply voltags,
said method comprising the steps of:

applying a digital power inpply controf vaiue to sst said supply voltage 1o said specified maximum

voitage level: .
applying a first digital vake to said processor to set a clock rate at which said pracessor operatas

to an initis] frequency;

determining 'if said coinput_at system operates properly when said processor is sgt at said
trequency; and |
' if said computer system does not operate propériy when said processor is sst at said initial
frequency, applying different digital values to said processor ta decrease said clock rate until a maximum
ciock rate is found at which said processing operatas properly; and, if said computer system does opsrate
properly when said processor is set at said initial'fraqnenci, applying digital values to increase said clock
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
the temperature exceeds a threshold value untit such time as the processor temperature returns to a safe value, 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 processor
is nnwered by a digitally controfled supply voltage, said method comprising the steps of:

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
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
oraparty. ) :

[ _ A method as defined in Claim 5, wherein successive spproximation is used 10 incraase or decreass
said clock rate. | '

7. A method as defined in Ciaim 5, wherein said method further includes the steps of monitoring the
tempesature of the processor and genumipg an interrupt to raduce the operating frequency of the processor when
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the temperatura exceeds a threshold value until such time as the processor temparature returns to a safe valus, at

which time processor is allowed to run at its original clock rate.
8. A method as defined in Claim 5, wherein said method includes increased cooling of the processor.



