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APPARATUS FOR CALI BRATI NG ANALOG SENSOR MEASURENMVENT FI ELD OF THE |
The preseNYODHIPSHt i on pertains to the field of anal og sensRITEUSINEAISO

particularly, this invention pertains t el | ' anal og
Censor - meas MEHERD e B AR EBRER EAip AR o o SRR o " Der Tor m
a variety of functions wthi rFeLsOIWEINVENRDRN) | ncl udi ng sensi ng vol t age

| evel s and tenperatures. Voltage sensors may neasure supply voltages or

ot her vol tage Fb&/piesent iventipiagraias tohplieldiof agalegsensore iereaiatictlagynsor s may
measure the_t eratur. t NBY, re anbi ent
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accuracy of any neasurenent BAGKERAUND SETIEE INNERSON desi gners use el aborate
and costly circuits to ensure the accuracy of sensor measurenments. However)
vari ations in ORAOCESENIPEERAYACHY™ A Yaray oHUNGIORS WHBINASAMPSLT s¥ittMead t o
i naccur at . tvd j nst
| nacour at DoEEH Rl b BvERAPlc BBl vABkO S mi rRa L e ¢ hat
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per f or med; PR gevictE 5t é851%4 again 1n order to ensure oper device
behavi or . dBAkds cdh Faatslinaguanerepslts weritgsehidrsmare Pat igRALSAL i ons on devi ces
that do not pass testing serve to increase the cost of producing accurate
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i ncl udes generating an anal 0g sensor neasurenment result) r Ba Ing at | east
two val uedetites patffrimascealoesinatdall withinsperfitatipng] cheideeice sreitheradiscatdetiiong a
calibrated resul.t ysing the anal og sensor nmeasurenent result .and the val ues
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and in Whpé&dérmed, the device must be tested again in order to ensure proper device behavior.

Both discarding and performing trimming operations on devices that do not pass

testing serve to increase the cost of producing accurate sensing devices.

SUMMARY OF THE INVENTION

A method for calibrating analog sensor measurements within a computer
system is discloscd.' The method includes generating an analog sensor measurement
result, reading at least two values that define a curve from a memory device, and
. calculating a calibrated result using the analog sensor measurement result and the values
that define the curve.
Other features and advantages of the present invention will be apparent from the

accompanying drawings and from the detailed description that follows below.
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Firgure 1 shows a flow diagram of one enbodi ment of a method for calijpyapp UiIcY
anal og sgpsQsdapasurenments. Figure 2 depicts a graph of apktigyoidasdo 1S
defined by two sensor neasurenent data points. Figure 3 is a block diagram
of one.enfodirent._of  a, conpuie G@temincl uding a non-volatile nmenory

: ES—CtH-ve—tet on storage |locations. Figure 4 is a
bl ock di agr am Pe ianentioARAdLRRY bPfwad of atdniplabidiiot dievitatien irDRE Alghfbof
DESCRI PTI ON One enbodi nent of a nethod for calibrating anal og sensor
neasur emefegciompanyiag degwinss on iwhiFhd ke apfareaers dediede simiks plemgBscanddul t t hat
IS not calyim%at ed agai nst an absolute scale such as centigrade in the case
of a tenperature neasurenent. The potentially inaccurate anal og sensor
measur ement r eEighre li showsh flbwaliagehni 6f chie ealdddimine o€ Alechold Yorpmtibating ng a
cal culation involving two values stored in a non-volatile nmenory. The
val ues st BH3RB SRS SNBSS ati | e menory define a line) with one val ue
representing ag; t i i an
i ntercept. Th?lgg@?ﬁqeg{cltsgr%féﬂ Jggr@(e)?ﬁ%&edggé%fgyl@%&gsérﬁ)géag%gﬁtgﬁmy = nmFx +
b where ypoiepsresents a calibrated result, mrepresents the slope, x

represents the_anal o nsqQr nmeasurenent ..resul and b represents the
intercept. It 5igutg? 1?ﬁ?Eﬁggggmuﬁngégggqmiﬁ%ofz{ggm%ﬁys?%)rg1 ?Lﬁjtb‘fﬁ:%

accur at e §eNsAkt IFBRMILIBRMHeShd N Bes il eaRBlididditak€ 1dc@ding. unit (ALU)
resources. It .is a further intended advantage of the enbodinent to

el i mi nate the Figew 4isp block dirgram efivar egbedimsny ofesaiibention devieeler to produce
accept ably accurate measurenent f)ﬁ?ﬂlﬁ-‘ﬁ EJSER_' ot her intended advant age
of the enbodi nent to reduce the cos-ts—op-pro- g sensor devices by

el i mi nating t heni@abodiMent @0 ineshodifécdalibriading flldg Resdrmdgakihr@memensor devi ces
to produce acceptably calibrated results. Further, it i s an_ intended
advant agein§iudengenertiBg MR SeNSPRIGRWIAMHAL Fesib Hrakisgrot sAlibEaed 2aiAsEds t hat
nmust be dj r ' i j C as a result
o a dovi 0Re Sl Reh i B A PR R PR B D
addi t i onapotemiatip Gexdcarade anilegensdr nidasuremtradesuitris cdlibratediocm absolputserte syst em

manuf act urer' need to match conponents when gssenbl i system hoards. 2
2 3 APR 2_5!)36!?@@1 UpETIvVORYE 130 _°FF‘Q[ﬁdé“£"§H6\f£“%éF PRaRRer am of
one emo%ﬁﬁﬁst&&fﬁutﬂ?h&@@oﬁtﬁé nﬁﬁ!ohbée%bQgin@“@itﬂgnéﬁﬂééfc{:{&?é}ﬁm gments. At

step 1 10, an anal og sensor neasurement result 1s generated. The anal og
sensor neslepe efitbatingand thactherdalug remegseting aw inteneeps U enexdulasionas vol t age
nmeasurenent . Qther types pof nmeasurengnts. are al so possible. step 120,
Val ues. t nEOrEES Aot BE BB ePBTLAE Hrohh FhREy st el GHIGEs ¢ ha
define a fikepRsdatsahetIape, X réfpiehs e antlopRensaP fhehdbth&ifRPdsuiddnd@s t hat define
a line. The slope and iIntercept values are determ ned during a conputer
syst em maffifaetitieigeiseRc 895 an ntpnfetadvartagaefitheembedingnbiodsedise at | east
two refer r : . he
referenc egér}ggaéiér%g%grw ééﬁggg&gg%# aﬁ? Sgg&: g:g%ﬁé%lfd;i%g: &“;‘EE?QF‘SQ ?éségﬁcé{' qg} i E:ah as
cent i gr adéurther inteadedsivambgd efnfpesnatiodirenreadimmaenhsneclifor tHaiming agsog
nmeasurements aye, used éo detgrm’ ne g}g e%uation for aline tk&?t will allow
iy

pot ent i al FEPSPTEYEET TG IR BPSYERFLR §‘é‘ﬁ§oF’°ﬁ%‘_§’§E"r"éﬁ’éH{‘% ¥ be converted
into cali BtouterchRRaYHGINRIRE §fm€‘EhBQMQQnEtB‘?e&}éEY&do§ts'9??frdd99i‘ﬂgs or ef erably
being a line) other curve types are possible. At step 130, a calibrated
resul t i sdevages by aliméhatisg thg ne¢rbfon cestly girewitng caquired upréorsagsor devides tand t he

val ues that .define the curve, discussed ahove, the curve is preferably a
line defi R@S“W%Péﬁb&b%ﬁ‘ﬁ%‘da’ﬁ&?‘ﬁt Ep (1§15 3fitnded a gantase b dur i ng t he
nmanuf act UgmBbEHiMERES $&iuby the ALmBEFbNEnddr defidéd thhtRudt Bk AiRRAEd AEARUREM™®ENLS. N

the case of a line) the calculation is perforned according to the equation
y = n¥x +menyfaetu@nganddpstiog @racesstapa restitiobe dewde’s &adlure to produsprdequately t he

sl ope) x represents the _anal.og sensor asur e t result) and,b represents
ther ht or SR BRGR 115 of PR SRERRE0 FERTHET &G crbitimehs BJekRoor

measur emegdmplaéraysiom thmutheiudtisi@edtol thiteh Ediaporead wiRknSRshbliag SRMGET t
potentially 1 naccurate sensor neasurenents into calibrated nmeasurenents.

For this @@éﬁ’ﬁal e) the two data points shown in the graph represent anbient
tenperatures within a conputer chassis. Each tenperature neasurenent is
taken by first bringing the anmbient tenperature within a conputer chassis
to a known, calibrated tenperature. Fo& each calibrated tenperature, a
sensor measurenent is then perfornmed. The calibrated tenperatures and the
correspondi ng sensor neasurenent results formthe data points. The exanple
of Figure 2 shows calibrated tenperatures of 15C and 25C. The anal og sensor
measurenents taken at each of these tenperatures are 10C and 200)
respectively. The line defined by the two data points has the equation y =

o o, M o o




WO 00/ 39535 .PCT/ US99/ 30350 |inear fashion over the range of tenperatdi 48R &3
i nterest, anl%/ anal og sensor neasurenent can be cali brat edﬁi‘rﬁ@%&i& he

" equation Y&Fine to calculate the calibrated result. Fi gure I's a
bl ock di agram of one enbodi ment of a conputer system 300 including a
non-vol ati | e mEire ] dowisedl@6diagrhmtofione ¢mbkskimentrof @ rakshodhior caibraingr age

| ocations 362 and 364. The sy m al so_includes rOC 310) a main
menory 3267488 §V§?rexﬂﬁslg§m€m&eé‘# §8p ggg)an g %%gssngqré?c%%e g{i/)tl %’?@50) and a
sensor 35@enethed. PTRCLSRG seisBEMBAlAfenitit MEY inbIWEE b GerhR@atGretfiedsureAerord1l2. The
sensor 350 is intended to represent a broad range of_ sensor devices)

i ncl udi ng,volege messuremant; E¥her dypes efipesaremeats aFfialdoPesafle- sensors. The sensor
"350 typically el vol t age and
converts the a?:‘g%%gq\zlg'p&@@ oggd%i?lé:d? gﬁg%%prgédsfg%%gﬁ %ﬁ&fy\ﬁ??gﬁ E‘Z% be read by
.the procesaes thiOdefihb e cpive pefaably ptesentSinpe and intérbept ivalues wat define st ored i n
the curve defjpition storage | ocations 362 and 364. For this exanple

enbodi mentine lﬁgc $IAPCANTRIFTS té’laB‘F%EfcidﬁtcPﬂ’é“’%g‘t‘W HATIHSEHBt or age

| ocat i ons 3BAfRMLNS BbcsCDRNAPIN HARIRARRE Pritesy, ANBasR Rl Afferbdte 88M8PL t hat
defines a line) as discussed above in connection with figures 1 and 2. Once
t he procegsesurbmenits erc@esfennedh dhelreghnfrom ¢y refesenca megsuromenthareanal og sensor
measurenent _and,the infgrmation, stored in the.curve def|niti st or age
Toeat] one BEBRs oy TR EhetbRES rdreldd? i K S AR g To e
equat i on yméasutEents bTheYaRIGCY meLEER&IN Fe Bsedab dbeahine aveqetibe fenRtlineesul t, m
represents the slope, x represents the digital representation of the anal og
sensor nedbairdlaliey peaetiallyivaseurale An-SyaTe ARAQEICaEQs tMEATHEMERS thbeat ed resul t
may be praqyj I our ces)
or may bec&\sétl %?lgﬁgrﬁ%wﬁ)éa%‘;ﬁtng&n%%h& @%PL@L{QE%gggyssﬁgﬁgﬁlgéééér?@% 40) or

t he non- vdenigiallme@Aercurvdeytes ercobsibler | ater retrieval. Figure 4 is a block
di agram of one enbodinent of a calibration device 400. The calibration

devi ce 400 i nctAidiee 1at 3ajibrared desyitts ealeudaied “54‘13)‘)’"3&"‘1‘:‘% AP PHRUEMFR LIt 420)
and two c [eVab t4 4

definiti O#E%?l Oaﬁgéﬂgr\{a%dggﬁagé]égfngg% Agﬁ‘geaﬁsga%ru Sé%%graa 3’/ﬁ]§%(‘)lfv-emgplgr%%ogy 2zlind an

i nt ercept lineatfimkdfbyraeslapeland ey inkgcapesehicihard deteowined duringthe atanafactring fi gures
1 through 3. 'FI'nge in ut/outgut circuit 410 recei veﬁb@n uncal i.brat ed sensor
measur enem°% YfQﬁ@’HP‘&gf‘h AR T ARSI REN o L 5250 2dRtd t ry 420,
or alter nghickRlivn fsQefodhed 25 ding € iheRfuatibl§ Cak& Y tAlvhQB yGépredehds ipe 420

recei ves the uncalibrated nmeasurenent and the information stored in the
curve def icalibraied resuliym gepresenta thesinped 8 oeprasents 116 aanlas serspomaasueedienul at i ons
accordi ng t 4 R WO 00/ 39535 PCT/ US99/ 30350 equation y =
ntx + b) ] ngéléi]‘?H%B?cgcsngsntﬁglné&g%%i brated result) mrepresents the slope) x
represents t he Figrea? ilhsaitedhnsxasiplecsfawd hndoglsenssranedsenieat dakepaintope. The

calibrated result, maﬁ/ be out p¢1t via the input/output circuit 410) or may be
stored to d5Maingqdige thapeaghedised igrcopygrpotertially ipgpurateisensenMepUERTGH devi ce

Q0 is pr r j P%fg" i = YO liat i ' as a
flash el eg{“r%ic?gc}rf{t;{i g{r% g%a e?%rpggﬁkg%p\éarﬂ?atg o(;edrﬂ l;} n%tﬁé@%&ﬁ%@éﬂéﬁ‘ash
EEPROM) . A¢presenadmbiedtyempehauesivithinat computhe chassismBgctbempeyatieeent ed in a
system | ogi c _devi cegegr as_a discrete device. Al though the above exanpl e
enbodi mentBEASHERERLS @e PYrskPrisging the ampirpLie BRI HARINAFIMRNTT nes) it is
al so possichhRiskOa RAOWE cHfkraES RFRIRtarska! For dOR cAMfLH RnfePRuk S, &aldbrate a
sensor result can then include calculations to determne a slope and

i nt er cept .mdagyrement)is then perfarined. Phe eilibrated tempsrtueepmdi thasorfespondingves ot her
than lines. Mre than Lwo cg.r ve d?gif niti on_FvaI ueslan .cur ehdefi nition
storage | GEBT BREULEMFHESHEIGT fiefiai ppintio The XM HEPGSShows, + he
foregoi ng camsieted idniferMited HE1°OUARLE A TRSarRRBReARSP bRt Bkéedier ence to
specific exenplary enbodi nents thereof. It will) however, be evident that
vari ous meag¢lf ofdbese tampesatares iwarl OUS amhi90°Gs raspabtivelye The dinevid¢ fived by dhesptavot | ng
fromthe ?{aoader %ﬁi{;it and scg%e* of r%he i nvention as set forth in the
appended @RS Rasdheequation Y3 {50hX g et AgRIessnis)2 BB SEPSuEy he
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at least two non-volatile nenory |ocations that store val ues that dkPiMRB 2003
l'ine,’ "‘"‘%Sioﬁ/:s%é%? first menory |ocation stores a slope of ddigudobBgs@nd the
second nmenory [0Cation stores an intercept of the line; an input to receive
a sensqor neasurenment val ue; argd a cal culfstion circujt to calculate a

cal i br at ed"FRFFRTHURNGE thedaRgeo! FMRSFRrReOl/AElrss 2hHRIGSFRRETERRTRE and t he

sensor NeagipEoRBlardPh esing«!aee@anoﬁ Bethe Bhé B Al@thid B eMitRiBdfeshis Pr oduced
according to the formil a y=ntx

x+b, wherein mrepresents the slope, b
represents t heFigured tepblockdingpmes ent embdrément if 0 gompwisoiysema3r enent

result, and,y,.represents the cal.ibr result. 2. . us of claim
1, wherei hncih?:dé“gdg“?‘g&glf‘ ’&e\%ﬂ‘i\%g?/vdfc?fq%ﬂgmr‘r‘é#%#cf/ cﬁ’%%é?@%ﬁgrpgérgagcel ectrically
erasabl e pcagodmERkRng 368 AThO8sien TR i8Ehdes a procedsos B 50, @MMhaik tiglohySi NY:  an
i nput/output circuit; a calculation circuit coupled to the i ngeut/out put

circuit; R0 asystemdogiashvieoPi, iaII@Sﬁ%Imgyd¢‘é@?@i4iooﬁldmﬂ%9f§§%o'ﬁ non-vol atile -
menory | ogatLon coialed {mlthtngg fégfecg}dg?é.@’#ﬁ.rfﬁé ﬁtepsr%)‘gﬁgg g'i{ﬁﬁﬁ&% b

i rst
non-vol at Fl & nenory Fotai T on-s gof  a € second

non- vol at rdpeeseRidrvad BiBaE bDEnSdrde @desaincluaing! BRRbt Whitéd®, {eimperatde anbhe system
of claim3, further conprising a sensor coupled to the input/output
circuit. YR#agswensef of claim 4, wherein the calculation circuit calcul ates

acalibrated rGauldy st bR SLne sSLAGAvL LE ol } SRR kPl ati | e memory

| ocation, the intercep non vol atrle nenory | ocation,
and data reksgeraad coyverisehsmakgrvalud to T Bigitalspresancdtion) whioh Gin bshreaddiyn t he
giggglsﬁt ! gﬂ: ;gzrlocrc%golr%lg.o 'Fhe Iprso%gssgr flrooafs%srggc{s'thc6info$'r%ht'i6\6nY§técx inﬁ'hégbreg g~ <$# <
definition storage locations 362 and 364. For this example embodiment, the information
stored in the curve definition storage locations 362 and 364 preferably represents a slope
and an intercept that defines a line, as discussed above in connection with figures | and
2.
Once the processor has received the digital representation of the analog sensor
measurement and the information stored in the curve definition storage locations 362 and
364, the ALU 312 performs calculations according to the equation y = m*x + b, where y
represents a calibrated measurement result, m represents the slope, x represents the
digital representation of the analog sensor measurement, and b represents the intercept.
The calibrated result may be provided to the system logic 330 for use by other system
resources, or may be stored to the main memory 320, the mass storage device 340, or the
non-volatile memory device 360 for later retrieval.
Figure 4 is a block diagram of one embodiment of a calibration device 400. The
calibration device 400 includes an input/output circuit 410, a calculation circuit 420, and
two curve definition storage locations 430 and 440. The curve definition storage
locations 430 and 440 preferably store a slope and an intercept that define a line, as
described above in connection with figures 1 through 3. The input/output circuit 410
receives an uncalibrated sensor measurement and forward the measurement to the
calculation circuitry 420, or alternatively to a storage location. The calculation circuitry
420 receives the uncalibrated measurement and the information stored in the curve

definition storage locations 430 and 440 and performs calculations according to the
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Although the above example embodiments discuss storing slopes and intercepts
that define linés, it is also possible to store measurement data. The calculations to
calibrate a sensor result can then include calculations to determine a slope and intercept.
Further, it is also possible to use equations for curves other than lines. More than two
i curve definition values and curve definition storage locations can be used to define more
complex curves.
In the foregoing specification the invention has been described with reference to
specific exemplary embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereto without departing from the broader spirit

and scope of the invention as set forth in the appended claims. The specification and

drawings are, accordingly, to be regarded in an illustrative rather than a restrictive sense.
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produced accordmg to the formula y—m*x+b wherem m represents the slope, b represents the

intercept, X represents the analog sensor measurement result, and y represents the calibrated

result.

2. The apparatus of claim 1, wherein the at least two non-volatile memory locations are

electrically erasable programmable read only memory cells.

3. A system, comprising:

an input/output circuit;

a calculation circuit coupled to the input/output circuit; and

a first non-volatile memory location and a second non-volatile memory location coupled
to the calculation circuit, wherein the first non-volatile memory location stores a slope of a line

and the second non-volatile memory location stores an intercept of the line.

4, The system of claim 3, further comprising a sensor coupled to the input/output circuit.

5. The system of claim 4, wherein the calculation circuit calculates a calibrated result using
the slope stored in the first non-volatile memory location, the intercept stored in the second non-

volatile memory location, and data measured by the sensor.

6. The system of claim 3, wherein the calculation circuit comprises a processor.



