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chamber or conduit in which the pressure is to be measured. The other chamber of the manometer is a
typically (although not necessarily) evacuated. It is a pressure reference chamber. Plates are located
on the manometer housing and on the diaphragm. These plates have a capacitance that canbe
measured. When the process gas enters the first chamber, it exerts a pressure against the diaphragm

5 and causes the diaphragm to move. The capacitive plate connected to the diaphragm is consequently
oved toward the plate connected to the menometer housing, changing the capacitance between the
plates. The change in capacitance corresponds to the increase in pressure and can beusedasa

measurement of the préssure.
Capacitance manometers typically operate by measuring the change in electrical capacitance
0 that results from the relative movement of the sensing electrodes. The change in capacitance can be
measured using various different types of electrical interfaces, such as balanced diode bridge
interfaces, guarded secondary transformer-based bridge interfaces, and matched reference capacitor
bridge interfaces. These intérfaces measure changes in capacitance, using cirouitry coupled to the
capacitive plates of the manometer in order to determine changes in thejr capacitance and

] corresponding changes in the measured parameter,




I nterfaces, guarded secondary transfornmer based bridge 9 Rbehbacmss and

mat ched reference capacitor bridge interfaces. These interfaces neasure
changes in capacitance, using circuitry coupled to the capacitive plates
of the manoneter in order to deternife changes in their capacitance and 5
correspondi ng changes in the nmeasured paraneter. Novenber 2006, -2 One of
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analog sensor signal to a digital sensor signal; and a digital controller configured to receive the digital

sensor signal, process the signal and provide an output signal indicating a measured parameter

corresponding to the senisor signal, wherein the controller utilizes a kernel module which is configured

to perform iterations of a control loop, wherein the control loop comprises execution of all of a set of

high priority tasks and execution of one or more low priority tasks.

In accordance with a second aspect of the invention, there is provided a method for digitally

controlling a sensor system comprising: receiving an analog sensor signal; converting the analog sensor

signal to a digital sensor signal; processing the signal to provide an output signal indicating a measured

parameter corresponding to the sensor signal; and performing iterations of a control loop in a kernel

module, wherein the control loop comprises execution of all of a set of high priority tasks and -

execution of one or more low priority tasks.
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controller. The digital engine of the controller can discretely nonitor
system vari abl es and seanlessly present the data to the tool controller
and/ or the enbedded di agnostics port. System 'variables may include but are
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bal ancing resistor manually installed during assenbly, all calibration

adj ustnents are




made digitally by an automated calibration stand. Al caléemaéd 2006
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While the invention is subject to various modifications and alternative forms, specific
embodiments thereof are shown by way of example in the drawings and the accompanying detailed
description. It should be understood, however, that the drawings and detailed description are not
intended to limit the invention to the particular embodiment which is described. This disclosure is

- instead intended to cover afl modifications, equivalents and alternatives falling within the scope of the

“w

present invention as defined by the appended claims.

DETAILED DESCRIPTION
A preferred embodiment of the invention is described below. It should be noted that this and

0 any other embodiments described below are exemplary and are intended to be illustrative of the
invention rather than limiting.

Broadly speaking, the invention comprises systems and methods for digitally cantrolling
sensors. The various embodiments of the invention may substantially reduce or eliminate the
disadvantages and issues associated with prior art systems and methods for operating sensors.

5 In one embodiment, a digital controller for a capacitance diaphragm gauge is embedded in a
digital signal processor (DSP). The controlier reqeivés digitized input from a sensor AFE via a
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a PC, notebook computer, PDA. or calibration stand. The gauges may also include embedded

diagnostics to facilitate resolution of tool or gauge problems. Such features may reduce the cost of

ownership by allowing tool or sensor issues to be quickly identified and resolved.

0 Conventional analog gavges are calibrated by adjusting a number of potentiometers through a
process that is primarily one of manual calibration. The present systems and methods, however, may
provide for automatic calibration (e.g., by an automated calibration stand). In one embodiment, an
embedded digital engine enables automated calibration and testing, which lowers the cost of
manufacturing and reduces variability from device to device. No potentiometers are required, in

5 contrast to the prior art. Since calibration is done digita]l& and automatipally, there is much less
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Pressure Acquisition. In this embodiment, a signal from the sensor (e.g., capacitance
diaphragm gauge) 10 is converted to a voltage by the Analog Front End (AFE) 30. The AFE signal is
5 then amplified by a programmable gain amplifier 40 and zero adjusted by a zero offset module 50.
Both programmable gain amplifier 40 and zero offset module 50 are controlled by the embedded
controller, DSP 110. The amplified and offsct analog signal is then converted to a digital signal by
analog-to-digital converter (ADC) 60. ADC 60 then commumicates the digital signal to the processor
upon command from the embedded control code.
0 : Programmable gain amplifier 40 and zero offset module 50 are used to modify the signal
' generated by AFE 30 because sensor outputs can vary significantly from one sensor to another. The
signal is therefore automatically adjusted to appropriate levels prior to digitization. These components
replace the potentiometers used in prior art systems for gain and offset adjustments. By eliminating
. the potentiometers, which are susceptible to incorrect adjustment and which typically have high

5  temperature coefficients, gauge performance is improved.
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. that the accuracy of the adjustment is typically substantially greater than can be obtained by manual
adjustment of a potentiometer.) The zero adjust procedure may be invoked manually (e.g., by a user

- pressing a button) or it may be initiated in response to a signal from the tool port, the diagnostics port,

contact closure, or even the controller itself.

0 Tn one embodiment, the controller incorporates a lock out feature relating to the zero adjust
procednfe. Adjustment of the zero offset should only be performed when the appropriate conditions
exist. If one of these conditions is not met, error may be introduced into the subsequent
smeasurements. in one embodiment, the following conditions should be met before a zero adjust
procedure is performed: the inlet pressure should be below the zero adjust timit of the gauge; the

(] sensor should be at the set point temperafure; the ambient temperature pf the electronics should be
within a predetermined range; an overpressure signal should not be asserted; and no fault conditions
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3 Digital Comnunications Ports. As noted above, the controller can provide the processed digital

signal to a number of ports for use by various other devices. For instance, the controller may have 2
CAN interface for sending data to CAN transceiver 101, which can then send the data to a DeviceNet
network. The controller likewise has a pressure output port coupled to DAC 70, which can provide an
analog signal (corresponding to the digital signal) to external analog devices. Still further, the

0  controller can send the data via 2 UART (universal asynchronous receiver/transmitter) to an R§232/

- 485 diagnostics port 100. Diagnostics port 100 is independent and is available to enable automatic
calibration, testiné, and troubleshooting features of the controller. This port enables the coniroller to
provide diagnostic data via a serial link to a PC, laptop, PDA, calibration stand or the like (105). The
diagnostics port may also enable remote diagnostics if it is interfaced with'an appropriate web gerver

5 device,




performance of the sensor, although it is generally | essNévembertdses ef f ect of
sensor tenperature. The <controller is therefore coupled to an anbi ent

t enperat ur, 140. The controller receives anbient ure
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tasst e to erformed, while the controller nodule actually
per f or pecurappeletepmaipadion STEIeBE®. As noted above, the kernel in this
enbodi ment Sﬁi‘ceﬁ@&n&ﬂ&bﬂdﬁiﬁdﬂ&@ﬂbﬂée:hlbcﬁfmenakhsed:ataebsqdﬂmmwcp@@bur ces to the

i ndi vidual tasks of cont ol.l er ul LdspRkimdour pose of
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cont r olif e ﬁm@uﬁnela&gwﬂwmo@emtgyéﬁls pmgurp @E@ﬂﬂ wern deleypd, (e PresSREacaRol The ker nel
s 'd es Isgs?e%ldwgu?d ch%ef}%e 95 cf‘a%gsﬁllﬁysta@ﬁfa{aggd +rould produce potentially emoneous
control data. The kernel therefore allocates processor resources to the Jower priority tasks in such a
way as not to delay or interrupt the high priority pressure calculation tasks.
The kernel is paced by a timer which periodically generates interrupts that trigger the high
priority pressure calculation tasks. Each interrupt triggers a new iteration of a control flow that
0 iﬁcludes execution of all of the high priority tasks and, in this embodiment, one of the lower priority
tasks, Bach high priority task completes execution prior to the next timer interrupt. The remainder of

the time before the next interrupt can be used for the lower priority tasks.
Tn one embodiment, the high priority tasks include: reading the AFE output from the analog-to-
digital converter; calculating the linearized pressure oufput; writing the linearized pressure value to
5 the DAC(s); servicing CAN buffers; and servicing serial port buffers.
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EEPROM?180. Referring to FIGURE 2, a flow diagramillustrating the
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reset eve r.n aII pcates resodrces f ilon of the
DSP, @ﬁ%@%ﬁ%@%@ﬁ% 19 457 llsSI5)""Ine an I egr neFt ér%éé'? %@elf Af ter
initi alemberhmem dépisted gthgfigutegthe tower mmmdsksrtepmsre'tsming S@k@@%ﬁ%@ﬁ(ﬂ@op 200,

Wi oh_GaNils CANIRASY égdﬂ),gérfoﬁhﬁgre,,lga&rm@wm%&%n 5296 BedrrRinghbAR Of this |oop

Is executed’in resp Sl fromtimer ensurrq{sthjat the | oop
is  ex é@%ﬂ"é@“@n""aﬁ%&n@é‘ﬂ ¢rEpFRiag zero and OVBTPrGSS'JIe checks (245);

] controlling status LEDs {246); and contro]]mg EEPROM and elapsed-time timers (247). The lower
" priority task to be executed in a given iteration of the loop is selected based upon a task counter that is

incremented upon completion of the lower priority task in each loop (see step 250). Consequently, the

‘lower priority tasks of steps 240-247 are executed sequentially, one per iteration of loop 200. Put

another way, each low priority task is serviced every "N" timer iterations, where "N" is the number of
0 tosksin the tasklist.

I this embodiment, the timer 210-that controls the initiation of each iteration of loop 200 is a
set to allow sufficient time for completion of afl of the high priority tasks and any one of the lower
priority tasks (as well as the incrementing of the task counter). In other embodiments, it may be
desirable to shorten the timer cycle o provide more frequent updates of the sensor output reading

5 generated by the controller. In this instance, there may not be sufficient time to complete the selected
Tower priority task. Provisions may therefore be mads in the design to allow for incomplete execution




Step 220 conprises the tasks that are involved in the pyNoessHePoef sensor
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it 6: ati ﬁboga‘iblé ﬁa%c{r']e% m%,e ﬁnt&bﬁ oﬂﬁ@ﬁﬂé_r@é@&?n;&dt%%?@&f@loﬁé@ pﬁ&@ﬁ@Af : £X6 czflg nt L ol Iher
system t herefore has_the sa erigdi ci as tiner 10. er e hig
priori t?Fq”ﬁ’gi??dﬁ‘fasg’?]@bte’?'i??g&‘@%ﬁ%rqtgefm,OHBW%#‘T&FH%SS wer priority tasks

- i s isel ect eUsihgthsteafe! ddfol Idop stowo in FIGERE 2f eactidsskicomddicbaiorerhdriest tinegur e as a
separ at - . ' e ISR o i gure, the

| ower prﬁfeﬁ'ﬁa f/él%g@ﬁ%%%&gnn%a# 8%%%%"?&5?’%%%&%" nmes g’{étg‘gég a?%ﬁ%?ai servi ci ng CAN
nes s agekinegrizg1dnd oyt thapherpesivesip e Patisshipenetiqyamae whilhalgomaryicing plbethesr ni ng

heat er gpdihdtons Bifisonirdl MGk e@McliteRprioBRESodiphtattonhlFdsurfed 44 Yic pid@bse @f M Ng zero
and over pressure checkséél 45): 5 co}g{erﬁ]LI in staﬁlus LE?DS (246); and
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task ineach I'oop _ . nseque ower prirority tasks
of st epshownip FIGURE § dhe staistyredeidesesiferthetomayiihyeferense taghe figureer at i on of | oop 200.

Put  anot heg, chBmbo@ett, thO¥WnRliePhbdule shwdfe ik ProSShMbLitE a®Se! (1 shdiid Hel NMET

iterations, where "N' 1s the nunber of 0O .tasks in the task |i In this
enbodi rRstRd that PRty s usedhste TS OAgRLE Bﬂ°§ra'flr~Pétﬂf°ﬁ?ftSicﬁﬁtgHﬁd @Fa‘ﬁﬁ@ﬁ%%]?er ation of
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Al ter natg? ?Pgﬁjﬁ zerp ?Hsﬁwgg%’?wnﬁgmﬁ ?glg?sﬁﬂeth(?g?rraﬁs @Hﬁ‘{feﬁﬁrdat e the sensor
out put r eadCondyolirk mbdvde 300 irtchudésladeater bentrblkr sodulsiiftimeis configurad/to rigeivpossi bl e to
1 necrea ega?f{% Qﬁfﬁéﬁ?meB&a%Fenﬁd%fxﬁéﬁogéﬁ% ﬁ&ﬁe&eﬁc@%ﬂ%ﬁ&%ﬁid"e | over

priority S can e conpl eted a single iteration o e loop. Ot her
vari at insepssspecfhis ditaste dpferginssdietprdhe tepsneragire of senRas L is|appreptiaiesnd ogdipstdlkown in
FI GURE 12mpRaat iftneSiary Ot ity @isvoR € fepirielly BB miltipf heating components

corresponding to different zones of sensor 10. Heater set point and tuning values are stored in the

EEPROM and are restored on power-up.
Zero adjust module 330 is configured to initiate the zero offset adjustment procedure in

response to a signal reccived from the zero button. Zero adjust module 330 automatically determines
0 the drift of the sensor and/or analog front end so that it can be corrected. In other words, zero adjust

1nodule 330 determines the adjustment necessary to cause the sensor signal digitized by the analog-to-

digital converter fo be zero when the pressure is effectively zero (i.e., below a minimum resolvable

pressure.) This information can then be sent to a zero offset control module, which in turn causes the

actual adjustment of the zero offset hardware module. The adjustment is stored in the EEPRPOM and
5 is restored on power up. - ' -




I nterrupt occurs. This sequential process ensures that @ Nevegmagmosont rol
systemis able to read, |I|inearize, and output chanber pressure in a

preci sel yr"gﬁﬁi’ﬁ%ﬁ manner while also servicing all ot heﬁ?,]é(g%‘ﬁgg%gunct i ons.

Thi s cont ow effectively prioritjzes conputational for the
purpose of maxi m zi ng gauge accuracy and performance, while still

provi di ng anGhbdi@Behoteld Bat, in@AS emtfolittehtOdetRddiuMRsbahIe 330A%ofpBialed A0GbuebOVE, the
control ler ul e executes the tasﬁg of the enbhed eﬁl1 control ].er as
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nodul e ifer which dhwradiustmEtt GldRE pperliegecsted) atfnot iaeti Is oil@swrds ischuiombiiienni t h

referen ; ' . .ﬁ{gtg@ | . l.er. modul e sof tware
i's p’rog%gsrfe?rgdﬂd SP%P %ﬂrgééﬁfgﬁsao?ﬁ(mg%oul_ g{)dez%%aﬁo}é%ﬁ%tﬁg%&é%%ff%r e"as used here
ref érs eebediment arg thatfheymesayre ot thssengerds helosr amaeibtenpined dueskrld hasasarhe DSP 5 to

per f or MgnpdRftanR1RAe4iRE Kotpoh) thelafibiem tedipaffird o2 tHe BRiHOASs S Rfulipar e, firmare
and hard-caoded instructi ga[r&EFg The controller nodqule is configured to

recei ve PEATH PO FPER2IME nqions A Rreseii {p heoEdE: ¢ he AFE and the
anal og- t o- dE§PR@M noainle 824 ie tonfigiiea] tc mmiap@iht sicragend tdiin e EEPR@ei ves cont r ol

nput TR0 66 @%@@@ﬁg@%@@%@gﬁ grﬁﬁl{él\z%og&% LEO LB g1 L1 ate the

automat'c re-zeroing : _The™ no rovicdes out put data
in Ohi s zephdiet valee. cenfiepiationda histripal diagnestii dgtesaafl heatst eonBdvoioDud eenesk t er  and
the di agRRAsin6Ed dbovd, the BRedzitibn Afsnts hPSe dPuie@by GhirdRkdtle BEPHE 6 contr ol
out put to %Bﬁ nﬁ{?%ggﬁero of fset and pgal n conponents, as well as the

heat er Se%g ifFé’ €56 Ponstesi3 Are Wipd WrPTeseTa Asaraaitpnmedile 040 conyretihe

cont r ol herlineadigitreSdighal tockived Sort thd balpgii@digh) conPeriRt M a lihe@Rpressdt sl dat a from
t enper agur enso led to.sensaor. 1 He [ ntroller .nodule 310
processEehgtct‘g’ﬁ;B“c"sou%%tm{%m%i %1 IPRIRRAY, o\a\fiets Oe“?dlfeﬁggig%ﬂ%%g'gﬁprgssgf SE¥sor 10 is
apppopr predusedippreseralitjeerizatinmedge 34mpe hateds ks frécenatiwsementureThi s may i nvol ve
separ at gpbefsRitinmdlik 38 dldkd p L&e&?&%&ﬁ@es%ﬁﬂﬂ&%&ﬁemﬁ&&? responding to

di fferent zones of sensor 10. Heater set point and tuning values are stored

in the EEPREItEREessresignalds eaipedind frgperaintrsompeasairdgitisap Be septdeittPe 330 i s

ConfiQU£;@€bpﬁﬂ§:bl[ﬂﬂnit?ﬂﬁlﬂestfﬁena?ﬁ[bﬁdiﬁéﬂt,&ﬁﬁseﬂﬁzﬁul@hﬁ?ﬂﬁatﬂﬂ@&ﬁﬂﬂ&d ﬁugmeaet)esponse to

a signal_r.eceived from.t er ut .. Zero adj ust ule .

aut omat "84t ‘fof/’h%]’gf & ﬁ?nﬁ]gls"ugﬁt ﬁQAﬁPP‘% &q’ﬂﬂh "faﬁge %‘Jﬁ%ﬁ‘k‘@%ﬁ/“éﬁ“&%%f og front end

so ¥hat ndtworklamn dodbedded disgnogids and nalibtalier madoled3( thatds cnfmifed $d contod outeut 330

determ Yall ar. | digitized by
E3edicdifea gl?én?défgf'ﬁdﬁoaﬁ@g;&%g@%{; %na.[gyg c&ﬂ&%ﬂ?\:ﬁ%éﬂﬁe ﬁﬁ BRAEL conkiglfd to

t he anal 0g-t o- tal c Zero when the pressure Is

ef f ect | 48 ‘})OEQP*GO&‘F@&W,I‘%@P]GE\F%Wﬁehi mum resol vabl e pressure.) This

i nf or mat Lomﬁﬁﬂddd:a%@ra@&smﬁrﬁoﬁnﬁ&ﬂ@Sﬂfeﬁﬁﬁ c&xﬁﬂ%fc%on'ﬁ&%@n@lg Y\hi C?hi n turn
causes the . act ustnent, of the zero offset hardware ule. The

adj ust rgAtrolesm ‘f“%raé@a’* ?ﬁ‘%ef'ﬁgél’maé ratign Tt?dt"é%]f(g geogiel r up. 9

No & b ether2f0 erfod A ENck 0@ macédursS Tkih i BB digitd dignal dalaland internal controller data and
then communicate this information to a user. It should be noted that the particular diagnostics

performed may vary from one embodiment to another, so no specific procedures will be discussed
bere. The programming of particular procedures is believed to be within the abilities of a person of
ordinary skill in the art of the invention. The diagnostics may produce indications of fault conditions,
0 which may in turn be communicated to a user, used to drive LED indicators, used for other diagnostic
procedures and so on. In one embodiment, the fault conditions are recorded in a historical database for
later analysis.
The calibration performed by embedded diagnostics and calibration module 370 also utilizes
communications from an external device, i.¢., a calibration stind, The module is configured to receive
5 data downloaded from the calibration stand, such as calibration constants or other data descn’biﬁg the
multivariable response function utijjzed in the automatic calibration procedures. This information can




It should be noted that, in one enbodi ment, zero adj ust9 Noguber 280
I ncorporates a .lock out feature. This prevents zero offset adjustnent if

t he appro nditions for the adjustnment (those for h the
R B89 o Pertbfted "Fre

adj ust nment properly executed) %re not met.
automatic zero offset adjustnent pr(1;> edure is | ocked out. The specific

condi ti SH‘E pressure at

t he seng%rﬁbus@{l) Fg%%ﬁ%ﬁﬁ?%@ﬁ% ﬁ?u ﬁ’gﬁlls%g%ﬁ)%l ea?]lg%%mﬁ'?tgnperature i's
at the dEFICIBE, LB50pErRtratueged %W@ms%@@ftae%wﬁhwwmam @EEIONiCS i s

w thin @ffsdpﬁa@@b@&@hmuﬁgd,obaﬁg@m@adnﬂﬂpda{aault conditions are present in the
control |l er. EEPROV nfl ured to rrana age of data
in the EEPR&\?Fnl(eesleg’gﬁpﬂF#ﬁ%ggﬁs QB‘F ° B 5P SHREER ?F’B‘S’E"%ﬁ@y menory). The
EEPROM mordnols ¢hesiiffoat efthgmalog sengbr s@aak emmbolied juadude 308 kndibdes acsmndrlggmcca:tmb n dat a,

hi st ori [ ' %gmggﬁg n Eﬂg data. As
‘not ed a%g)\l:}uelgﬁtﬁ%ﬁ‘?l%gog??g%??ﬂ const%nts a%g@%&%o ut eglg%;a[ %ontrol | er
modul e 3enersiseal fpwdhe aagles feut gnd. 'lfhﬁé“mst @%B@W@tl%\’hltt%bfwf@ﬂ%ed by

pr ess:Jr Qotlhéiﬂﬁﬁbft&@iﬂaﬁ@-ﬁﬁ&ﬁt&l@am%ﬁ& tha@am ﬁeréaﬂﬁndéb@@adﬁdsﬁ@ﬁésl & gitized

si gna m_t e to rt i near pressure
si gnal ngn\%ﬁ%angﬂ{eﬁ ﬁl" UGHPt ?‘g‘ta‘g%%%?ﬁ 3&9 8%%’?‘%' udesgfoyul d be

not &d t kedpréshee inprtemdulptbatsseonguesd gnehse ab oprpedwmeadndiyonpn thsaulog fibatnear i zat i on
modul e 340 may have to be processed by tenperature conpensation nodule 350
in order to correct for changes in anbient tenperature. Once the pressure
signal is |waﬁ9&@@eéww@fﬁs vetiondesuivetabe, there arg saviopsaligrastivet o t he

appr opr eabdinuis st ardRElA B8 scopd bf &R BreSPARRE For R8RS ohDMMLARe | NCl ude a tool
controll er podul e 360, that |s c nfigured to congol out t to.,a CAN port

(whi ch FESPImEnRRYcomprise p ST SiSM A2 FiRg A R A0 40! ?‘V\B‘r‘*@“ daeloe tortiialied
di apnos tomestennd acligitalleoetolla@)as desctite® abd vé) Thﬂaa;tstem?.nagmfuﬂmtﬁee&ramc ontrol output

{0 st o oRARR! Athed ALOBIGS TRQL ool el 3 8208l O BOONE L o

nodul e 'S con ut g| 7 €%%- anal 0og
conver t mpdule, Eﬂ%@f@é&@#’&gﬂmom{s gamEEi’&lQM)r tamnmmcammmr@, giftetiomabl es

communi g%g@@s,li@mg%ﬂm}@eomﬁ%ﬂgﬁhle&‘{l h&dul e and an external device such as
a calibration stand or a PC. The contro ler can !5 therefore perform

di agnost i ¢ Pheceaadiments aprgmprse mgthedst Hor exapmgleque iismativesabodpat nal control | er
dﬁtm aﬂébmphEEEInﬂﬂzﬁmfbﬂl dp@ﬁfrﬁnﬁdﬁeﬁ:aﬁjﬂi@?ﬁﬁﬂtsﬁﬁbﬁo@nﬂuﬂ@ﬂe follotwing ls@ps: d 36 not ed

that t rticul ar diagn er f or. vary from one i ment to
anot hergcte%"ELln aomg)ﬁ R omlgang %PPThg‘g}g) a"“? %t&“ olgaupepor a’ﬁ%nggrogramn’ ng
of part ¢counand ﬁpnecmhowom,lsmmgmemobﬁsetmhxhnfthetinbtmdssdm tigme of a person
of ordg Qiawre%wlgme Rerd Sﬁ*sc@sighaz%m&ﬂaqm &Q@@G&@h@%ﬁ@&ﬁgﬂy produce

i ndi cati1 ons’ of condi tions, ; nich 'may 1n't Icated to a

user, UZEREE WSVMWSWQW@%%WQW siepp piipdiestingfhoweqess ot pr ocedur es
andsSO @ilure btheRf aﬂfﬁh@ﬁérﬁﬁﬂ,tperfirﬂﬂlgﬁﬁlﬁ&e(ﬁ&ﬂﬂlyﬁf;ﬁéﬂ&eﬁﬁﬁdE&ﬁﬁfi)ﬁl@e| n a
hi storlcq t,gata {] g% an sis. The calibration perforned by
embedded* & ‘6??8% tBePf&‘ie A 6 "fodul e 370 al so utilizes -

Yet another alternative embodiment may comprise a method for calibrating a sensor such as a

capacitance diaphragm gauge. The steps of this method may comprise: measuring the actual pressure

_ at the sensor inlet; sensing a series of system variables associated with the capacitance diaphragm

. 30 - gauge (e'.g., unprocessed input pressure signal, ambient temperature signal, sensor temperature signals

or overpressure signal); controlling another series of system variables associated with the capacitance
diaphragm gauge (e.g., sensor gain amplifier value or zero offset value); modeling the pressure with a
regression technique to produce a multivariable response fimction describing the gauge pressure in
terms of the system variables; and inputting the multivariable response function into an ermnbedded

35 control system to enable the output of a pressure signal. |




comuni cations froman external device, i.e., a calibratNormbereaeds The
nodul e is configured to receive ;5 data downl oaded from.the calibration
stand, su i bration constants or other data describi t he
nultivarié%?gﬁwggkonse function uti[&gpd in the automatF “@gﬁgﬁ?btion
procedures. This information can 9 Novenber 2006 WO 03/102527

T U80S 10 Shdvenehald 3n s WEEm A A1 bl SLERARRUFAPRLES Such as Lhe
unprocessed sensor signal, the anbient terperature, sensor tenperature and
t he overdpiBledgpeve it Frared tq sgecifigienbedimants. Thers bemilies agdadveringer. sidpwy  of f set

har dwar elefiiitsbraimnitaiond Baethdy cQidé théth BRcuk Bt bect@b Aore blon&iAtkd BR ns186H: f r om FI GURE
3 that, in a ditiq@ to thg zZer set cont ul e mhigF 5 controls the
Y P 3 %

0.0Lf rol nog )
of f set SP™IYE 25 A6 'STHS r??ﬁ%%&?”@ﬁ#?ﬁﬁW?ﬂPfﬁﬁL Pg A5H%d Pretdfes a sensor
gai ré condrmoteomprirels/] sompiizing," nalyibiber eaiatioms igrcbt) erepitmdedaobEibtpregdbn har dwar e
modul e LBk ARPY ki Bdind REBRAA0im A0S Mhich kBRI AL A1GARA Q0 front end
This allows the Trost appropriate S|gnal'}eve to be provide to the input
of the &WEFHEegdartisle enaprasing etcemprissn list eff elemantp flges fas inclyde onlyshede zer o adj ust
val ues @leRentSbu@ingFinbladIaRRNvheaH Hot 3% ReskP Bt @ Shharbnt RN aiMbs préee3l 1 Ol | er
nmodul e 30%‘?%g%fionalngincludes an 10 overpressure input nodule that is
conf i guf€d® &S 8PP ™ 8ver pressure condition in the analog front end. In
addi@t i on t oWhilethe piverit imemtion hed betrhdesarihadewithi reflreste separtivaler eadbadiments, her e are
var i ous silisth BidelstoSa e RASERALD i il dlloll LDCorEORERE ddde Present
di scl osure. For exaggme, one alternative e Q.IHER. may conprise a sensor -
syst em Harfedte thesesmhewiments Manyivatizigns; merificationd, additions ard ivprovemenlis épitheal 15

conver t ghboaihin® dskobel above R0 bésablb. 8f is cRBmPREE (a6l ARRYRS, mbiikSatsist €M nmay
i nclude oth ar dwar e &ggﬁ@g nts, al.one or in_conbination, These

er
conponef °ﬁ%ﬁ?g PPRIP TGRS a8 ZHhig Fie fong o the inventiopias, dntadledyaifiip thedglioming o zero
of f et niwichsl e, a nenory (e.g., an EEPROM), commrunication ports, calibration
stands, PCs, PDAs, networks, or other external equipnent. OQher enbodinments
may conpri se nethods. For exanple, one alternative enbodi nent A conprises a
met hod for performng a zero adjustnent. This nethod includes the follow ng
steps: detecting a zero adjust command (e.g., froma user pushbutton
switch, a contact closure, or a digital conmand from a conmuni cation
ports); sensing the zero offset value of the inlet pressure signal;
digitally renoving the zero offset signal fromthe |inearized pressure
out put signal; and updating the zero adjust status variable. This nethod
may further include the steps of indicating the success or !5 failure of
the zero adjust operation, performng the procedure only if predeterm ned
conditions are net (otherw se |ocking out the procedure), and so on. Yet
another alternative enbodi mrent may conprise a method for calibrating a
sensor such as a '




capaci tance di aphragm gauge. The steps of this nethod maWoeoiher 2006:
nmeasuring the actual pressure at the sensor inlet; sensing a series of
system var{c,’@lt}'l3 sociated with the capacitance di aphragm SO gauge (e.g.,
unpr ocesse |n|ﬁoﬁgﬁgr essure signal, anjient tenperature |§W£§P?’,/I%§]énsor
tenperature signals or overpressure signal); controlling another series of
system vari abl es associated with thg gRraci tance di aphragm gauge (e.g.,
sensor gain aggjjaier val ue or zero offsSet value); nodeling the pressure
with a tegr yf’@(’ifﬂﬁ\l"ldd?i‘é“t%“eﬁ}‘i?a’ﬂﬁ%ngé mul tivariabl e response function
descri bi ng t hesegaige pressure in ternms of the systemvariables; and

inputting th j iabl e r onse function intg . an enbedded 15 control
systemto en%@%%%%ﬁ%ﬁ%ﬂeoﬁﬁﬁe pr §‘§ ore a’éqocﬁﬁéﬂ".egﬁ’m‘é"rﬁ'}&m EEEHT WO

03/ 192527 PCT/ USO3ien$911 -13 The benefits and advantages which may be
provi ded by tahendtipAS 8ital cdh¥&RE bonfieR@ME i | igiith regard to
speci fi c enbodi rrer%?s.@_{Th se benefits a‘r:ld %ea%?g%%ggggﬁgﬂg%yﬁgél enents or
limtations that AES'E8RAE@4 hemto occur or to become nmore pronounced are

not to be coniigitalieatrotier canfiptived ioGetkive the GidiAl Glsor Afnat HHERY hakighPAhur es of any

or all of the clalns: sed herein, the 5 ter ‘conpri ses, "
"conprising, " or E@d%ﬁ"é‘ a2 |H a dﬁcgﬁﬂsgatnﬁe&?mécgp?mﬁ CprFFeRmeag oy sphsor
intetpreted as negnrabxbires the conjrollerwiilivds algmehmodele eiieh tssoffiguted Wipedérinons whi ch
fol I ow those ter MRerafdacata dbrel Yop, Rherdlh A€ Eiol I@tc%g&lses%&écl ﬁcln%f alPdga2PPArat us
that conprises a |list of elenments does not I1nclu only those® Efement s but
may i nclude ot her SEPEVRBRPIRatks and srecution of ppegr mgredew priskibrieshs. to t he cl ai med
process, nethod, article, or apparatus. 111 Wile the present invention

has been descyibed with reference.t.o partjcular enmbodi nents, it should be
under stg'od t%%w?‘ﬁné\g%%%%&w&%ea @m}'{g’f‘ i3 panlpenfpding digitalsigaal scope of t he
i nvént i orpcessoriJOSE) and wiieteirtthe DSR ib esledératimitie sopsot.s. Many vari ati ons,

nodi fications, additions and inprovenents to the enbodinments described
above are possible. It is contenplated that these variations,

modi fi cadti ondhe sysierapidain & wrwinthastikoeatmller is mplempitedin a nidreconiplipandf  t he

i nvent | eMeréi titQikictbdoatblét & bihttdddd e hoschyi ng 15 claims. 9 Novenber 2006 WO
03/ 102527 PCT/US03/16911 -14 CLAIMs 1. Adigitally controlled sensor
system conprising: a sensor;

0 4, The system of claim 1, wherein the sensor comprises a capacitance diaphragm gauge.
5. The system of claim 1, wherein each iteration of the control loop is performed at a periodic
~ time.

'5 6. The system of claim 1, wherein the high priority tasks comprise at least one or more of the
group consisting of: reading the digital sensor signal from the analog-to-digital converter; calculating
a linearized pressure value from the digital sensor signal; writing the linearized pressure value to a
digital-to-analog converter; and conveying the linearized pressure value to one or more port buffers.

0 7 The system of claim 1, wherein the low priority tasks comprise at least one or more of the
group consisting of: processing communication messages received from a diagnostics port; processing
control area network messages; performing ambient temperature compensation; performing a closed
loop heater algorithm; servicing temperature LEDs; menitoring overpressure and zero adjust inputs;
servicing status LEDs and switches; servicing an EEPROM,; performing an automatic analog scaling

5  procedure; performing an automatic zero adjust procedure; and performing an embedded diagnbstic
procedure. ' '




an anal og front end nodul e coupled to the sensor and coafNvgubecd2one produce
an anal og sensor 5 signal; an anal og-to-digital converter configured to
convert t sensor signal to a digital sensor sj : a digital
controll elrwggﬂﬁ)ilz‘%gr ed to receive the.digital sensor si ghgﬂ%dp”flggggss t he
signal and provide an output signal "Tndicating a neasured paraneter
~corresponding to the sensor .0 signal, wherein the controller utilizes a
kernel nodule which is configured to performiterations of a control |oop,
wher ei n 8 he dBhPrien of i Lowherin bedisiekwatrlicrincosfisugd to prcfogn ansasfomgtic hi gh

priorit yalitagiss prasedurexecut i on of one or nore low priority tasks. 2. The
systemof claiml1l, wherein the digital controller is inplenmented in a
digital signal .5 processor (DSP) and wherein the DSP is enbedded in the
- sensor. 93. THke wyign efvlaph 8olimran the digilabeogirollet ihenfigugidttatonpotet sabf er i s

i mpl eme i tmt's%a&ﬁ%l : rel he m crocontroller is
enbedde%h?ﬁau?ﬂfaﬁssensor. :%H%eh%%ﬁgéﬁlégﬁq&ggb%e%i m 1, wherein the sensor
conpri ses a capacitance di aphragm gauge. 5. The systemof claim1, wherein
each itaoati Uhe ®iterh HR12689) wherkin kR ARsith SorBeNd: HcoRFuRd oot B6licgor time. :5 6.

The syst f claiml wherein the high priority tasks conprise at |east
one or ﬁ@ﬁ’]éa%%wfl%%m“@’?%ﬁﬁgﬁﬂ?gipg’ﬁ ‘of . reading the digital sensor signal

fromthe anal og-to-digital converter; calculating a linearized pressure

val ue fpm t ﬁ%&&&&@iﬁ@,ﬁa@m%%@'ﬁ%ﬂ%ﬁ&k@%ﬁ%}@%{gg{%ﬁg&&%s&w essure value

toa digita -anal og éonverter; conve nearized pressure
val ue t &alirreionsongiagisdn ppnevolstilefmsmery. 0 7. The system of claim 1, wherein the
|l ow priority tasks conprise at |east one or nore of the group consisting

of : processi [ nj caliQn pnessages received from a di agnostics port;
pr ocessﬁ%g ﬂ%ﬁ?’ﬁ?‘g‘l‘%ﬁkﬁé’ﬁ” WBF‘P@@@@S"&‘Q@ ?‘“d’@?‘?%*"ﬁf"rﬁ"f et Btper at ur e
comsens adlibetion eredus uying galiratibiodeedmpdred fo thakdislicostoljarfiontwdaligaion sad1 g
tenperature LEDs; nonitoring overpressure and zero adjust inputs;
servicing status LEDs and sw tches; servicing an EEPROM perform ng an
aut onat +% anBiegystasreficlaingl, svhgreindedfiigitel: conteotlér dycaifisgred te petfomramtabiomatésr 0 adj ust
pr ocedut®s adhReR@EdkQr M Ng an enbedded di agnostic procedure. 9 Novenber
2006 WD 03/102527 PCT/US03/16911 -15 8. The systemof claim1l, wherein
the digital controller is configured to performan automatic calibration
provedul4. STH.syslnrofsliile wieteircthadigiaboontdlieriedonfigunel t6lpifotrathe egahatol | er is

config u%gladriu%t p‘%&@BHé i reas‘po%gé to %]; indication from a user,
15, The system of claim13, wherein the digital controller is configured to perform the automatic

zero adjust procedure in response to an electronic indication received via 2 network connection.

'5 16. The system of claim13, wherein the digital controller is configured to provide control data to
' ~ an-analog zero adjust module, whereil_l the control data is génerated by the automatic zero adjust

procedure.

- 17. The system of claim13, wherein the digital coniroller is configured to lock out the automatic
i0 zero adjust procedure unless a predetermined set of conditions is met.

18.  The system of claim17, wherein the predetermined sef of conditions include one or more of
the group consisting of: inlet pressure being below a detection limit of the sensor; the sensor and its
electronics being at a set point temperature; ambient temperature being within a predetermined range;

i5 an overpressure signal not being asserted; and no fault conditions existing within the sensor or '
confroller, '




calibration.constants upon which linearization cal cul at ¢ 8iogenee2dsgased. 10.
The system of clainB, wherein the digital controller is configured to
conpute t calibration constants using a regression procedure. .0
11. The 59§92%¥3 “clain®, wherein thegedigital controIIeF%Fgm%ﬁﬁPFgured to
archive the set of «calibration constants in a non-volatile nmenory. 12. The
systemof claim@8, wherein the digital controller is configured to perform
the automatic .5 calibration procedure using calibration data inported to
t he digilfal dnwten pieteimdopherrinths digilebsopgiienis gonfisurcd faperfppponeps et of cl ai m
1, wher einBeddbtidiskhéitié poced@Bd.rol [ er is configured to performan automatic
zero adjust procedure. :0 14. The system of clainl3, wherein the digital
controller is configured to performthe automatic zero adjust procedure in
resgons@0t o e systein cladaimlf, Wheven the digital confrbller i benfigyred toprovide al iadicnliGy ofwher ei n
the di gi,tea o6RiRtoh QdrboRk bl Tre GRIr nBH Bifledafn cﬁ@a&sas AUt omatic zero adj ust
procedure 1 n response to an electronic I ndication received via a network
connection. !5 16. The systemof claim 3, wherein the digital controller is
configuped t ThdySath SR1GATH FWhdreiflAAb dighdD conBbllefl brPigurédio Qrofidd dbfdctedRt | €,
wherein the control data is generated by the automatic zero adjust
proceduf& . The systemof claim 3, wherein the digital controller is
confoi gured to | ock out the automatic ;0 zero adjust procedure unless a
pr edet epyi ne ﬁﬁ%mﬁ (e | 8o . .l al. , Wherein
t he pregglerﬁ¥n Sé?ﬁg?ﬂg%%%?ﬁ?%%%ﬁﬁ%gfﬁgés%ﬁ%@%ﬁiﬁ%@%ﬁ%@&&?ﬁ%ﬁ%{oup
consi st Fsgtingrirqnifheene g weg gmbedpul dingnastq rogpedireg éa diagnesc porlvi t of t he sensor,
the sensor and its electronics being at a set point tenperature; anbient
tenperature heing within a.predeterm ned range; .5 an overpressure signal
not'bei%g as@@ ,°é#%?h@mﬁﬁﬁ%? %%?WP&H%@%E%W%W%F qWWéche sensor or
contsr ol Hisgnost®s plotvenber 2006 - WO 03/ 102527 PCT/ US03/ 16911 -16 19. The
systemof claiml1l, wherein the digital controller is configured to perform
one or nore enbedded di agnostic procedures. 5 20. The systemof claim9,
wher ei n24-he Hhiegyatant of slain23 owhersin intsnelsinh stgred mdbetdigilplcontralfer ingecdspible toat i on of  a
faul t copgdhdiu@meslet ected by the one or nore enbedded di agnostic procedures.
21. The systemof claim 9, wherein the digital controller is configured to
archive detected fault conditions.

0 25. The system of claim 1, wherein the digital controller is configured to linearize the digital

sensor signal.

26. The system of claim25, wherein the digital controller is configured to linearize the digital

sensor signal using linearization expressions based on values stored in a non-volatile memory.

'S
27. The system of claim26, wher¢in the non-volatile memory is an EEPROM.
28.  The system of claim 1, wherein the digital controller is configured to temperature compensate
the digital sensor signal. '

30

29. . Amethod for digitally controlling a sensor system comprising:

receiving an analog sensor signal;

converting the analog sensor signal to a digital sensor signal;

processing the signal to provide an oufput signal indicating a measured parameter
315 ' corresponding to the sensor signal; and '




0 22. The systemof claim1, wherein the digital controdNeveniberzoafi gured
to transmt diagnostic data resulting fromthe one or nore enbedded

di agnosti ¢ rocedures to a diagnostic port. 23. The systemof claim

wher ei n th‘g Y% controller furt hﬁz conpri ses a dedi BaT/UN3161Y; agnost i cs
port. 24. The system of clain23, wheréin internal data stored in the

digital cont r% rﬁnﬁ'i &ﬁgﬁﬁ%&m&l&ﬁ)?a%ﬁmﬂe g’ﬁéﬂﬂ&ﬁ% c?nﬁ% 1 'cm;mr? ystem of

claim1l, wherei n Igltal contro IS configure ear zethe
digital sensor sF’@?PEIPDOfZ‘@°fﬂ?é°f§‘}@tP§Pﬁtbfﬂ51‘éﬁlai°ﬁ@Sﬁ0nwﬁ@mnm@ﬂmv di gital
controller is configiyiggls.to |inearize the digital sensor signal using
| i neari zati on expressions based on values stored in a non-vol atile nenory.
:5 27. The system of clai n26, wherein the non-volatile nenory is an EEPROM
28. SThe ¥yst dhe méthal cdiriaiml?, whinenehamdting isdinglemented ondigitl digml precesenf i gured to
terrperat@rsp)aﬁg) ﬁL§SPIsQSbéHd&i15 L segqsor signal. 30 29. A nethod for
digitally controlling a sensor system conprising: receiving an anal og
sensor signal; converting the anal og sensor signal to a digital sensor

signal ; faroc qmlagodtohamﬁmm&eﬁ%ﬁ@bﬁ%ﬁ%&%mm@o&ﬁ}m m:}ﬂg&iﬁgg ﬁb
e sensor sSsigna an ve er

nmeasur e rarret rr.esponding to t
2006 %%(5‘3?%%%"" -17 perfornming iterations of a control
|l oo in a ker neI m)dul e, wherein the control |oop conprises execution of

~all of gyset f exeqution of one or e Iow
priority tasksém@l’oggfaik Mﬁ} gﬁg'?mglpgo‘i%%v%m?resf%d“ﬁmga #o

i npl enedisghregmeateedi gi t al signal processor (DSP) and wherein the DSP S

enbedded |n the sensor. 31. The nethod of clainR9, wherein the nmethod is

I mpl ene m.crqcontroller and wherein the mcrocontroller is

enbeddegg #ﬂ@?@ﬂgsﬁawawﬁﬁeﬁ@nﬁ%&%weahawofﬂﬁw et loRpdtpr i si ng

pr oduci @mddhmensor signal using a capacitance

34. The method of claim 29, wherein the high priority tasks comprise at least one or more of the

group consisting of: reading the digital sensor signal from the analog-to-digital converter; calculating

a linearized pressure value from the digital sensor signal; writing the linearized pressure value to 2
20 digital-to-analog convetter; and conveying the linearized pressure value to one or more port buffers.

35, The method of claim 29, wherein the low priority tasks comprise at least one or more of the
group consisting of: processing communication messages received from a diagnostics port; processing
control area network messages; performing ambient temperature compensation; performing a closed

15 loop heater algonithm; servicing temperature LEDs; monitoring overpressure and zero adjust inputs;
| servicing status LEDs and switches; servicing an EEPROM,; performing an automatic analog scaling
procedure; performing an automatic zero adjust procedure; and performing an embedded diagnostic
procedure.

30 36.  The method of claim29, further comprising performing an antomatic calibration procedure.

37.  The method of claim36, wherein performing the automatic calibration procedure comprises
computing a set of calibration constants upon which linearization caloulations are based.

35 . 38.  Themethod of claim36, wherein computing the set of calibration constants is performéd _
using a regression procedure. |




di aphragm gauge. 33. The nethod of claim 29, further coappvesibegzoperfor m ng
each iteration of the control loop at a t5 periodic tinme. 34. The net hod
of claim in the high priority tasks conprise at | east one or nore
of the 95‘388%2%@ sting of: reading,ghe digital sensor PEF@’%‘E}WIFom t he
anal og-to-digital converter; calculating a linearized pressure value from
the digital sensor signal; witing the linearized pressure value to a 10
digital -to-apal og co ve,rtgr' and cqonveying the linearized pressure value to
one or mire gEE elpig36, fyher cppprisingapbyIng fhesptaf Fllbration spRstams B a0 | ow
priorit wohdlskemagnpri se at | east one or nore of the group consisting of.
processi ng conmuni cati on nessages received froma diagnostics port;
processing control area network nessages; perform ng anbi ent tenperature
conpensd@0i onTheyuethadrofipigp36, furtherceniprisng podpming dteaptomptiyoalibration prowedwe ci ng

t enper atydinLoatibiiafon 4R RhicPed Adn QVAbRE@IAKL. € and zero adj ust inputs;
servicing status LEDs ‘and swi tches; servicing an EEPROM perform ng an
automati c anal og scaling procedure; perform ng an automatic zero adj ust
procedurde; amkk palidd@f clkifg9,datherddmahikitg peifaaibg si hutomafit eediktroceire36. The

met hod of cl ain29, further conprising performng an automatic calibration
procedure. 37. The nethod of clainB6, wherein perform ng the autonmatic

cal itr att?on Phregestibd oécldiow b firtheromprising gontoliinp arsanglogferaaljustmodtle on const ant s
upon Whi,e e dhrle i M@Ltag&mqﬁhﬁmammac%ﬁd plequiy 38. The method of

cl ai ”B6, wherein conputing the set of calibration constants is perforned
using a regression procedure. 9 Novenber 2006 WD 03/102527 PCT/ US03/ 16911
- 18 39. 4The TRidrawdof claimai, fiBder chifrishg locRiOFH (S bitBmak e@b ¥djRgprbdtaurs et  of
calibr atmiﬂon con?ctl%nt S' nﬁca 10on-. volatile nmenory. 5 40. The nethod of

cl ai m36 U PIRES 3?&5)“%' "8 ¥ 8F i ng the automatic calibration procedure
usitdg calibration data inported froma calibration stand. 41. The nethod of

clai MmOy, f Uriﬂl‘%ﬁeﬂﬁ@ﬁ?&l&hﬁhﬂ%&&?ﬁ@?ﬁh&&mﬁl@d S QBRlofis HEH loRéjJr%}e dgrocedure.

.0 42. The nmethod of claimil, f er conprising controlling an anal og zero

adj ust HSEPIRCOTSERE PR S PreEeSrins bslovtrerete adir diritof the ppsarntile seRFeIRiREi ¢ zer o

?ﬂl ust . w&fﬁﬂiﬁf@mpé}:&ura p;'EhéﬁieHﬂéxﬂiéﬁdu@J of‘ﬂle%}e%nics Béﬁgtvg&tin a%@é_ﬂ%ﬂzﬁd eﬁ?ank?Ckl ng out
e.automatic zero st procedure _unless a predeternined set o

condi t | ShEPEsiERsEnalgbtne Hieeerh A bt conflons SStng MR SBHE Oy edet er mi ned

setof cardileri ons i ncl ude one or nore of ‘

45.  The method of claim29, further comprising performing one or more embedded diagnostic

procedures.

15 46.  The method of claim45, further comprising providing an indication of a fault condition
detected by the one or more embedded diagnostic procedures.

47, The method of claim45, further comprising archiving detected fault conditions.

0 48. The method of claim29, further comprising transmitting diagnostic data resuliing from the
one or more embedded diagnostic procedures to a diagnostic port.

.49, Themethod of claim29, further comprising linearizing the digital sensor signal.

35 50.  Themethod of claim49, wherein the digital sensor signal is linearized using linearization
expressions based on values stored in a non-volatile memory. '




the group consisting of. inlet pressure being bel ow a zeNovemtheuzaosl i mt of
the sensor; the sensor being at a set point tenperature; anbient

t enper at urgQf,d5 €l ectronics being within a predeternm 8I ;o an
overpressdﬁg §%gn§] not being assertgg: and no fault coﬁ%& ﬁgﬁ@géxisting
Wi thin the sensor or !0 controller. 45. The nethod of clainR9, further
conprising perform ng one or nore enbedded di agnostic procedures. 15 46.

The method of  cl aj nd5,. further, conprisin rovj di i ndi cation of a

faul t céﬁditFﬁﬁm“h@fgéﬁﬂg&BQQ?ﬂgwgﬁ%” ?mﬁﬁggﬂ%ﬁﬁ%@@3§ i agnostic
procedures. 47. The nmethod of claim5, further conprising archiving

det ected,fau i ol : of [ . conpri sing
transm 'S %‘i ng ll'%el %%ﬁo%so # %lg&g%tﬁgé‘?rggﬁg%ﬁﬁp?%%cﬁg%n%%? a H‘? %en%%b edded

di agnossigealpr ocedures to a diagnostic port. 49. The nethod of clai nR9,
further conprising linearizing the digital sensor signal. 35 50. The nethod
of claim9, wherein the digital sensor signal is linearized using

| i neari zati on expressions based on values stored in a non-volatile nenory.
----- - -- -- --- 9 Novenber 2006 WO 03/102527 PCT/US03/16911 -19- 51. The
met hod of clainSO, wherein the non-volatile nenory is an EEPROM 52. The
nmet hod of clainR9, further conprising tenperature conpensating the digital
sensor 5 signal




