UNI FI ED ANALOG | MPUT FRONT END APPARATUS AND METHOD
BACKGROUND OF THE | NVENTI ON [ 0001] The present

wonvanssanm rel ates generally t o the front endpeyaiSeivs/ 035483
In particular, the present invention relates to a

uni fied anal og i nput front end apparatus and net hod.

[ 0002] Many specialized circuits exist to neasure

specific types of signals. The diversity of these
circuits makes it difficult to plan exactly what
quantities and which types should be included in a

par t UNIFIEDANAL-OG INEPUITs FROMSh &NB APPARATUS AND
for an application that requires re use on different

types of platfornms, such afMIETHODerent types of
aircraft. [0003] Accordingly, it is desirable to have

a unified anal og input front end that can be utilized

for different types of applications and on different

types of pl atforBﬁ.C@WI(ﬁmD(ﬁFTﬂEEllNWNTIQN[0004]

One aspect of the invention relates to an anal og i nput

f en T nak Lhaput front end dncl uydes a

ST YT oo BsBE LB neieh ela o eRBR Ot i Fraft end systems.
CRNY&ricelar, The pféddnt v ehtiBnd@ldtes 18O uhfiét ¥R8lo@nput front

anal og i nput signal, such as a differential anal 0og
| emdieppatatas andmiephad.i des a gain value to the anal og

t | [z t put i n-adj usted anal
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t Whad guangities Snddwhith tgpesghbufd BBdhclkuaédriard particular
anal Og-tOdl_?l tal conversion on the gain-adjusted

aapplisgtionput hisiig especiadlyathe gaseifpuan appligatian thatreduires re-
that is,jndicative qof .the anal og,input signal. [0005] .
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si gnal’, I ch 1ncludes receiving, by a configurable
gendhtlsdtacan behailiaedifog differentstygresl of dpplications and on different

types of platforms.

SUMMARY OF THE INVENTION

[0004] One aspect of the invention relates to an analog input front end.
The analog input front end includes a configurable gain stage and an
analog-to-digital converter. The configurable gain stage receives an V
analog input signal, such as a differential analog input signal, and provides
a gain value to the analog input signal so as to output a gain-adjusted
analog signal within a particular voltage range compatible with the input
range of the Analog to Digital Converter. The analog-to-digital converter

receives the gain-adjusted analog input signal and performs analog-to-



met hod al so includes providing, by the configurable
gain stage, a gain value to the analog input signal so
wa0dem3eadb put a gai n- adj ust ed anal og i nput si grair/uShes/035483
is within a particular voltage range between a maxi num
and a m ni mum val ue. The nethod further includes
receiving, by an anal og-to-digital converter, the
gjital @@hveistsh anahegpainmadjusted eaalag NPt igoal.1$Ras to output
configurabl e gain stage. The nethod sti%l.f rfher
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ngkéﬁ!"#é‘S%@%‘%?ﬁgﬁa%er aspeigfEt of the_inventi oE
tStaving, byca sonfighiabile gairestzgen the agalogninrRyt $I98RLIdbe

tive differential i anal _ _
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W'J Qghé‘l_bi 98 iviktisiha pafticutar voltagemng e dgdneen a maximum
iTteréential input signal stage that includes.a third
@i & heihirham vajueheThié mathpdJlethgh iclyd e§SECE MRy %Y] an
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ﬁ%gmﬁ? dib{; frREedHal¢d-to-aigital siogvaltest aalog-te-digital onversion
nd tour i

h swi t ches bei ng provi ded on_the neqgati .
corf thes gairi—adijustqd.lan@,lpgriapugpug@gﬁ §08S 19+ PWIR aq g?’,fﬁtal signal

bei ng provi ded t ween, t h ttiye and negative

dhet &y Bxlicative ﬂggl?e 9[‘8‘%’1 ﬁ‘gggé‘e&sda‘f'and the sixth switch

2@' pr Qi dpd th&! ¥§SEE o fathRURJentibr nélestes doda sonfigusable
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BBt Al LAl s amuaregerarena anpifer. T

did g Frabiebaini £8g6 a0 inclades a negiative raifferential input signal
stage that includes a third resistor having the first resistance value, a
fourth resistor having the second resistance value, and a second

operational amplifier. The configurable gain stage further includes first
through sixth switches, the first and second switches being provided on
the positive differential input signal stage, the third and fourth switches
being provided on the negative differential input signal stage, the fifth
switch being provided between the positive and negative differential input
signal stages, and the sixth switch being provided between a ground
potential and at least one of the positive and negative differential input
signal stages. The configurable gain stage is capable of operating in a

first mode of operation providing a gain value greater than unity to an
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operation provide a gain value greater than zero but

| ess than unity t o the input differential signal pair
wpQOBHBIcMet anot her aspect of the invention relP@ras2005035483

a calibration circuit for a gain stage and

anal og-to-digital converter unit. The calibration

circuit includes an operational anplifier, a

L flied 111 2 15kl GRAY & §ondambeeiaft aperatiddqiroviding a unity
g‘#%j\}icgt%yg%ﬁv\eé% he'oper_at ional anplifier and tghe :

dati Valuet 1o- tresinpgt difffierentiet signalpaif agpd ?e’ﬁhéf%e'ﬁ'e S Aft
connected t o the digital -to-apalo I d,.a
seratian praide & 9aneBIue grerot et Tty spf e uffity to the
connection t Q. in stage and the
A?I%Wto‘gi}teég'aﬁ'adist'éﬁac%ﬁ'lvert er unit. The calibration
‘“{Eb@%t et aRBfH WspRct of theimiemitivrarelatieal toea calibpation

the gain stage and the ‘anal og-to-digital converter

Wicuitt fov sbgainestage lemd analpgdetdigita! ANVERIFTdNt-o |
operating nodes of .the gain_st fhe 4o e 1 s
iAo tPgt s udssn e atond Gufbtlieri® digitalto-analag
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1le! fiYitaotHshAbhasbrilester] pniottagandfercocensaitsernected to the
draw ngs. It should be understood, howeyer, hé\ﬂat LhR an
deipaal-edanalegraguviester Angd %p&ﬁ?kﬁ%%i‘é’ﬁﬁ%&&t PI
i ndi cating preferred enbodi
LA L B L5 PO f abdlggRecsgi converter
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i
st e present invention nmay be nade vvithouf_'
dgsATsthee ahtainet drealspitoidigital eosyel tea it Hobe dethitNBR a

i ncludes all such nodificatjons. BRI

Teiederevines Vaben Jpr pHoRStaNNg Iy %%ﬁggﬁsaﬁﬂa% the
her eaf ter ,.be d ibed with reference to the

aR ﬂ%ﬁﬂiﬁ'ﬂﬁal i’&m’éﬁgeg: wherein |ike nunmerals depict

| g0l ©MeP fedtified QAAGIdVENtAges df the Rrasent inyemtos| will

diagramillustrating an overall topology o uni fi.ed .
g s oo iarmd et refe R GRS LB iR bt

egggcqlipr{?onnt agcfi aU&Ser%‘ﬁ%Pﬁd Sﬂéwings. it should be understood,

however, that the detailed description and spécific examples, while
indicating preferred embodiments of the present invention, are given by
way of illustration and not limitation. Many modifications and changes
within the scope of the present invention may be made without departing

from the spirit thereof, and the invention includes all such modifications.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The exemplary embodiments will hereafter be described with

reference to the accompanying drawings, wherein like numerals depict

like elements, and:



[001 1] Figure 2 is acircuit |level diagram

illustrating the configurable gain stage portion of
woheossvdsped anal og i nput front end, w th actuaCT/US2005/035483

resi stance val ues and capacitance val ues provided in a

preferred configuration of the first enbodi nent; [001

2]l Fiqure. 3 is,a circuit | [ di ' '

ool Figvent B 8 el Ghofht At B it dttopoloay
."(}Drdgh E@%&éhal%' GHPGt frdnt eAdCAddotting &Y 8lfirst agibadiment of the
i ASR I ng tﬁe onfigurable gain stage operating in
UAVENtiga N node; [0014] Figure 5 is a circuit |evel

diagramillustrating the confi gurabiﬁ ai. n tage .

g{@a‘fu:j nFigurepdis aioisuijdemelndagramd Sj?atr‘-'i‘!ba?ee gnfigurable
' il i - di_qi

0 Geas orten o 1R oY pBRe A PR it 4ri \iitn actual

F%Sgsg%ﬁég vaRIs SHY 8hp Mitdcel Vitubs préviaaladianpreferred

gure 7 1s a block diagramillustrating the
esdrefigurbtiontsf we filse esylsadimeatcording to the first
enbodi ment; [0017] Figure 8 is a bl.ock di.agram . bi
i 1007621 atFigiread dsPigHcatt ISMehﬁlﬁar%uﬁv%ﬁafﬂnitﬁe SAPfigepble
anal og i nput fron rding to a second
e%Bo‘%ﬁﬂﬁtoP&rat('%iq ﬁ&gﬂ%‘?@ﬁ'q rﬁ%@g’[ 0018] Figure 9 is a

cidgtalt my&le Aigdrcaui level diagrarg ilbstratihg hacbofigurable
unit according to a preferred configuration of the
sgsinnstagetopdiratimg in DAMAIGEEDNDEBER| PTI ON OF THE

PREFERRED EMBODI MENTS [.0019] .Jn the, fol | ow :
AT (Rigrer sis rrareyt Byebdiagrayppairafith ie sonfioyrable
speci f.i taid f ot hjeOrder t o provide a
BB Roughe dRiEh e M PSR Qi mbBeET 1eT Lent Fon. 11

(0015E FihGeN6 i¢ @ bloek skidrardiliustratiagaan andlogewetigital
that the exenplary enbodi nents may be practi ce% .
viomearten thasecanoee ufilizediacgending jto aoPIRleITEA SoRfigyEation of the

s{_r uct ubea. anq_devi ceare shown in diagramformin
oHERLePBOFRG T t at e description of the exenplary

emr‘arﬁiéure 7 is a block diagram illustrating the error effects on the
system according to the first embodiment;
[0017] Figure 8 is a block diagram illustrating a calibration unit coupled
to a unified analog input front end, according to a second embodiment of
the invention; and
[0018] Figure 9 is a circuit level diagram illustrating the calibration unit

according to a preferred configuration of the second embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] In the following description, for the purposes of explanation,
numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be evident to one skilled in
the art, however, that the exemplary embodiments may be practiced

without these specific details. In other instances, structures and device
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[ 00201 Referring nowto Figure 1, an overall topol ogy

of a unified analog input front end according to a
woi2omtosgabodi ment of the invention is shown. TRET/US2005/035483

uni fied analog input front end is a high-performance

yet very general purpose anal og signal processing and

conversion circuit for data acquisjitjon. It is
ARfshayvan diagrappfgrm mre“@'sf tﬂ%‘:ﬂﬁaﬁ escriPtion ks
whi ch n . ified analog input front end to
p%%?%ﬁéﬁgfé)%@&%ﬁ%i tal (A-to-D) conversion on input

1S, Redehirsnéiv foeFigare a| api @rerhl topologyfua ahified
of full-scale ranges. In the preferred enbodi nent,

tarealeg amput frohtend acceydipadeiafiestf embodisagnt ehthgeigvention is

S o b P T vor
oHS, BT 100 e oS sz ot sty dove

T&@mﬁkfbhedna%bﬁﬁgum irf FeiMtirae byl wagagfadigitabéommands
performng signal processing and conversion for analo
i whith canset she mnﬂn@! analgg inpwt fropit &gl tor periegn analog-to-

frequency. 1n the preferred enbodi men h s .
Attal UkpriliooiagBioh.s I sGu0Rels Blth ab iferenyil ianale, in
n??{)gLPrgli bf tf@ll-@Eéﬂe%ﬁbéf.d Ih kRE YPeferrddPembbolirient, there are
particular purpose, aS known to one of ordinary skill

i fwélve (312) possible fall-sadlearahgesyefrant @ 018 128 Voltsikezy.200

[0022] The unified anal og input f t is desi dt
FMolss o1 4 difterentiallinRWCHIRAPAR L touEe: Sihesdliscale ranges

AR Py Ry oo BTTAPIbRE ERddnke f agogrdance

t gt afe plesent imveritRw.gned conponents, such as ones

manuf act ured by Maxi mIntegrated Products, Inc., and

bi002 Pha, THenunifjedoasiloginpytsiroatraadiissapable afeerforming

e belkathing B SSRreRSrat Ao SeSTSRobR FORBT. p to

B e g et e e  age

13 deterhinedt fedquénali iscH@D dz, but of course it may be set to any
desired frequency to suit a particular purpose, as known to one of
ordinary skill in the art (e.g., a value between 50 Hz and 10 kHz).
[0022] The unified analog input front is designed to have a 14 bit
resolution and an accuracy of better than 1% full scale. This is
accomplished with a carefully developed and very flexible topology and by
the use of custom designed components, such as ones manufactured by
Maxim Integrated Products, Inc., and by Alpha, Inc.
[0023] A first embodiment of the invention will be described with
reference to Figure 1, which shows an overall circuit that makes up the
unified analog inpﬁt front end. The unified analog input front end 100
includes a configurable gain stage 110 constructed of discrete

components, and an analog-to-digital converter 120. In the preferred
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conponents, and an anal og-to-digital converter 120. In
t he preferredenbodi nent, the analog-to-digital

woamsastad 120 is a Maxl 338 A/ D converter manetaaswosmd3s4s3
by Maxi mIntegrated Products, Inc., but one of
ordinary skill in the art wll recognize that other
types of converters may be utilized for the
ambadimentdithye aablogotesdigital canversesr 1 281is ¢ Mad 338 AR
anal og i nput front .end, 100 ile r LR i & hy
soserior reautaggasciDhMarn Bt Bi PR, o, bl b€ of
di sc aher gl N | ] et s bidbnvanedrs ma
oqrag‘%?‘?%%ggl oﬁ‘e,r&?ﬂls%g@n{/egregé? gr{th ﬁgto ' mayﬂy?g utilized y
Vid Brifzetidr ¢ anadggoidigival dorvertes i Gipodiah nf the uaified
enbodi nent of the present invenfion nmgy 0 macy not
Fenstos inputaA ot end .00, 00bile remaKVRG YIEHIBthe FCOPe of the
enbodi, nen

SISt S 5BLE reS1408 P il of
2@%‘ M%;J 358 Ihh@loth QY sESF ARD cBh{?ﬁlitldﬁﬁtH‘aQ Uhay 4k utilized

arate garn settings (actually scal e settings
f @ithtd'@n#idd) andlogtihpuehronhand & cording tozar amboskimest of the
ranges for the unified anal Qg i nput front end 100.
[Desent Refeationrgay Orengyinet hayspuchne i 2 the

fi bl ' i ncl . fi i
"UA4ln" I ke Plothrad IRphaing i o Tarfighidsie et sEig¥ 110
PERUR]e fHrBE(3) 8bpsthte BaRtSattihgspahdithe dralog-tdrdigital
resi stance value of R a third resistor R3 with

) a
r @sriveresTCE20 giraeides famy (4) sépasatecapincsatpaciagiually ofull scale
capaci tance val

e of C afirst.Z |
f $4tEings JerF 4he ML, g%wﬁ?‘?’?é‘éﬂ“la[‘ﬁ? 3% ?%uﬁ ﬁ‘%ggﬂ}'gt’ng?&f°’ the

W t. [ e3] fool9R, a fifth resistor RS

V\ﬁ"?'ﬁea Ef‘neaﬁii@r}@?réa ﬁ@d ngO]F-Q, a sixth resistor R6 with

ajo ISt FEerriY teFigurd R, and se Figurec2ypthe configtrapler gain
capaci tance value of C, a second Zener. diode 52, a*nﬂ%ﬁ R
sstagedl bR éncludes al firstpesisias R UyVithhadgsistaqRua ue P

uni fi ed anal og i nput .front o, i 1%t ki

1beigac pirtainiien (et ¥ sfihe (FiceRr BF Wit 3 PGS value

\Sﬂﬁf hg% tPifrd :%gfé'tBF R3SWithcd r&sibtanad valse s ITRs i firdt capacitor C1
er

y the disposition of the switches S 1 - 56 .
deiier aicapacttaece aaluiecell Gr adirsh Zeaer dingleoP 1 pdirst operational
Cgrrr]lfpiliﬂg: ?Jql,ea ?oauir{h ?(tasafgt%r R4 with a resistance value of 19R, a fifth
resistor R5 with a resistance value of R, a sixth resistor R6 with a
resistance value of 7R, a second capacitor C2 with a capacitance value of
C, a second Zener diode D2, and a second operational amplifier U2. Also
included in the unified analog input front end 100 is a first switch 81, a
second switch S2, a third switch S3, a fourth switch S4, a fifth switch
S5 and a sixth switch S6, whereby the disposition of the switches S1 -
S6 determines the particular gain setting of the configurable gain stage
110.

- [0028]1 In Figure 1, a positive differential input signal (of a differential

input signal pair) is input to the first resistor R1, and a negative
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110 . [0026] In Figure 1, a positive differentia

input signal (of a differential input signal pair) is
wonpsto3te4d the first resistor RL , and a PCT/US2005/035483

negativedifferential input signal (of the differentia

i nput signal pair) is input to the fourth resistor R4,

wher eby the unified analog@input front end, 100 | s

cditfergatialdnpyt sianal tehthexdifiesential ipRYY SIGRG} P@Ebl@dap% to the

tp the diff i al i :
RS PR A P e 30 and 00l enc 100 i
gg%ﬁ%&t%ﬁe@ A?ét‘én%‘iﬁe?ﬁ”cﬁéﬁal' VHIGE cor@B8pbading Tt @ifferential

D converter's 120 i nput signal range and
t nplut signal. damage the A/ D converter 120, b) to anplify

| i i
10028l AT TheopnEswiabIa goin Hagech 1q SSRGS TeRLag T ghoses: 2)
i pput, i dance/l o ' ir .
b0 Pleeo TR %ﬁgﬁgff%&é’ﬁf%ég LEYBHA ARG A T EphPErSF PB0 input
: d &N D d¢drevertd? T20VE lif
15‘8’%{ t)d(‘%]d&%ghttﬁ?gg dia}?ggr’ enl?a ggi n confi urat?/orngfg;npl Y

t bmaticiigmajsvabich lgss than she inpLo sigralgengeraidhe MpP gapverter
of digitally controll swi t che

R3 280 ANHE). rSTip S8 DY A ImReepgpdow outpulimpShancs
T O TOTRERAr SotrBel JUARD mal Xk BReABRRCESY IO YeIdHDg, low

PRt iMpRdancd arbunt 1 BRsOBimM dethea focanvérter 020
accuracy. [0029] OpAnps U 1 and U2 are preferably hi ?h .
p[@@28] orThe twekidifecent; ain congigusatians of ghe ggefigurable gain

oper at j opal [ if] . Ca [

0853 | 503 R FREE S A g6 shRies o
ar_es§ N Uded3ShdPR4t-O RY & sl feRbh, fdiétors @Ostiif-packaged in
oscillation protection to the OpAnps U 1 and U2, while

kﬁﬂl@bﬁgsmdlﬂraahibcgiesesuiddfy Alphd, dnc pdR ghe ipretarredhepbodiment,
Create we above a predeterpned.frequency r o
C Roch & be redSERARNIUMESt BrLo L SAdPERR TR b Bt QP2 %

range (for signals input to the unified anal og i nput
f PG ""‘S.?Md 100) is D.C. (0 Hz) to 500 Hz, which is the

[0029] OpAmps U1 and U2 are preferably high precision, low bias
current, low offset voltage operational amplifiers. Capacitors C1 and C2
are 10 pF capacitors in the preferred embodiment, whereby they are
included so as to provide some filtering and oscillation protection to the
OpAmps U1 and U2, while keeping the high end of the low-pass filter
they create well above a predetermined frequency range. In the preferred
embodiment, the predetermined fréquency range (for signals input to the
unified analog input front end 100) is D.C. (O Hz) fo 500 Hz, which is the
range of signals the unified analog inpuf front end 100 is designed to
measure. Zener Diodes D1 and D2 are used to protect the OpAmps U1
and U2 and the switches S1 — S6 from voltages beyond their rails,

whereby the Zener Diodes D1 and D2 are configured as back-to-back

diodes (for bipolar signals).



range of signals the unified analog input front end

100 is designed to neasure. Zener Diodes D 1 and D2
wanesedot o protect the OpAnps U 1 and U2 andPCiais2005/035483
switches S 1 - S6 fromvoltages beyond their rails,
whereby the Zener Diodes D 1 and D2 are configured as

back-to-back di_of f bi pol ' | . L. .
50300 Pt & dsustarethecbiosgy of tn EopbHvras gainstage
991y wl'?eg'nes%%t?:hgggtg aﬁ%ﬁ&ﬂ Fno%e?ltv&i?r'i‘ H?ddiﬁ"bf@.@%a whereby

with a galn ereby actual resiStance an
C dGaltraBistan@d HAS capacithove values greshewreth a preferred

i mpl ementati on of the configurable gain stage 110 .
Thmgleroertasioroptthe Ponfigurabigan SiRgs W iﬁ%\@mmode of
whBeEgor fmpsed yuer B e gBiieena S 1BE: 504798, « 200
. : . . . . h

It Mmﬁt{t%ggfz DHerbBy tHAL F%P%ﬁ giﬁ?fé r'zlaﬂﬁgtzils Eo@a%%bd“%d)a A0V

enudtf on node, swt , and are

cligs@drangei thait 3 suithblehior dhfetr tosah tA/DesIn( B2 aB8naalion mode,
S5) are open. In Figure 3, the switches S

1 - S6 are
r spyitchas 84, B¢ aw Shsara elesed, whilg allg; hecpther fwvitches (S2,

SUEGCHER T —
88’5{ 50U RREN 88, RoSlepdsehtGhe rhARddmIdh-fddistanBéd ®f ¢the Maxim

ation, the configurable gain stage 110 functions
aMax4665 ayeitches theat, anehesesbin theeprgfermedimplesmentation of the
configurable gain sta %1 10is: G (R + Rsi) I (R +
R@onflas'ra)blefaﬂmtsﬁ%genéa. ‘leg) ( 1) G- = (Rd + Rs4 + -

RyBbay (R il rlodS ¢ brldtadod /e Mﬁgé{gﬁg))}a deith 8983

i's case, ere is'no gai'n provi e op-anps

UkuAslohk as\iheskbye didden| whegebgribpsgain odtheramifiguralsie gain
R3 and R6 are dependant only on the bias current of

t Istagentdiisng i nputs t o the op anps U 1 and U2.
comut &8 sl SRub e 7t B o R 1o p R 1eb® m
G+ = (Rs + Rss + Rss) / (R+ + Rs + Rss + Rss) (for pos. leg) (2)

[0032] In this case, there is no gain provided by the op-amps U1 and
U2, whereby the voltage drops across resistors R3 and R6 are dependant
only on the bias current of the inverting inputs to the op amps U1 and
u2.
[0033] So, the gain of a differential signal is computed as:

G = Voutditt / Vindiff (3)
= G+V+ - GV- [ Vinift (4)
= G+(Vinem + Vingitt/2) — G-(Vinem — Vinditt/ 2) [Vinditt - (B)
= Vinagtt (G+ + G)/2 + Vinem(G+ - G-} / Vinaist (6)
G =(G+ +G)/2 + K(G+-G) - (7)

where K = Vinem/Vinagitt, the ratio of input common mode to input

differential.



=G+ V+ - GV-/ Vindiff (4 =G+ (Vincm+

Vindiff/2) - G(Vinecm- Vindiff/2) /Vindiff (5) =
woRiBsc4G + + G)/2 + Vincn(G + - G) [/ Vi ndpPCT/USB)0saB35483

=(G+t+G)/ 2+ K(G - G) (7) where K =

Vi ncWi ndi ff, the ratio of input comon node t o input

differential .[0034] In an ideal case, in the preferred

en00B#Irenin aRkideal Rase, mmaretwre@mbmmerszm R4 =

f%Ealﬁl lgg%WIBt g; Sae?'—?éinlgié G glﬁfvm%n r@gbsa %s) 8fe zecéo for a

[0035% Gain Error is introduced by the tol erance of

§1 stors (0.02% tol erance for the resistors used

in the prefgrredsesbadiqpené)5md %4)%@5050@@ of the (8)
switches (3 - 5 Wfor the Max 4665 sw tches used

t HOOBS5R e (aird Eenvb dslinteodycedrby Fhedoleranse ﬁ?th%metm? {0.02%

?gg[gk;gnég ?&ﬁr&%ﬁ%@%ﬁ%ﬁ? rr&gﬁggﬁg rrgdﬁ%@ﬁg{iﬁﬁénﬂ and the
?3? st %?ecﬁgﬁ@eegﬁ} L %rﬁnltdrathell\ﬁgﬁ 4865 %Gﬁtcfﬁe%&lsed in

error proportlona t o the common

rrqplg gretérredembbdif@ngle CPruin tEﬂuaitron[m,Sﬁﬂ)owmnt nam bmeleen that
m ni mum gai ns for each leg are conputed as:

( 3RBErAGr eard oecB) efthepas mrpgut;gpf an.averags. Q[gonrcgm;ncg) to

= 0. 050033666 (9) .G+ M N =
mggr@posmvé %gfﬁgat&@ di 3@%@9%@ 4t$1§%7g§el'(rn) or
/
g o St LA it scon
(&aaa$ 52 + 6 15723.1 2 + 3 ) = 0.049985401 ( 12 )
[ 0037] case where the signal ,is e
m[@pﬁﬁjut Ma)gmq;g@rg( RMEum gains for eac \f'r Pegyare computed as:

G.wax = (32406.48 + 5 + 5)/ (615476.88 _+ 32406.48 + 5 + 5)

= 0.050033666 (9)
Geun = (32393.52+ 3 + 3) /(32393.562_+ 615723.12 + 3 + 3)

~ 0.049989798 N | (10)
Guax = (32406.48 + 5) / (615476.88 _+ 32406.48 + 5)

= 0.050026335 | (11)
G = (32393.52+ 3)/(32393.562 _+ 615723.12 + 3)

= 0.049985401 (12)

[0037] In a case where the signal is evenly distributed across ground
(Viem = K = 0), the largest error would correspond to the pair of gains

above which have the greatest absolute average difference from 0.05.

Thus,
= (Gsmax + Gmax) / 2 = 0.050030001 (13)

For a Gain Error of 0.060001 %.

[0038] The largest error is dependent on the largest average error of the
two legs for K < 0.5 (the point at which the negative leg is grounded).

For K > 0.5, the maximum error % is computed as:

9-



(Mincm= K = 0), the largest error would correspond t

o the pair of gains above which have the greatest
wahswlot@ao aver age di fference from 0.05. Thus, ECFUS2005/035483

(GtMAX + G MAX) / 2 = 0.050030001 (1 3 ) For a Gain

Error of 0.060001 % . [0038] The largest error is

?Ie S&gﬁg%?nﬂhgeb(ﬁ ge§t ameraggférﬂgg&a f_wté)%ewglo%gs (14)
IR s’ S ot TRV 00 9hggcoms

KiiitiniyPpactoCoMidinrhBn Ghode, 198sed dpén thé RPNt s, the error

error 1's proportional t o common node, and becones a
| buidgien gefing useddsy offsabin thelconfiauwble gain stagepktQ apd error

f.th t b db ffset h
26&%@%%& & 'gé:?%%gf’ﬁgtépq#geandye?ro?efi IgBrteseof t he
~16aBTY CFdil gurag oY 1o M%ﬁﬁ@%f.gnﬁam@@etm%ge11o

he“con e gain s 110 e unity gan

( fitRe TnHy gaE(GaiRi s Imdﬁ)d@f ’Obsrmbdemfl@esa‘tmrahﬂ suitable
when the input signal voltage range is in a proper
r avigen ttbe inpplsignabvaliage rangeiis ithePsoRemiagge; fRpipput to an

| /D twnife 35ch REREERERdar ety R RsHnge by i

| BBl tll?lefhlé m&ud, agR 92V RQreSistér R2CRE2r@ not switched in as
anpl |F| cation around the operati onal arrpl ifiers U1l

aetther .a Yehage dindder DCﬂJa)tcreriteFargphﬁcatldTaarc(Bnd theannena@onal
gain error. The main conpone err n.the G

1amlifiers Wiand 2. cHrAge teaﬁ'r@m’fsop ot hﬁm@s of and no

h
o PBLBFRR  DREmaRHdrhbShen bt Brrof i 'S, 101! A8l is due to
Rfcal@itfe 88feftKYY g% fiplits dRtheRSperationsll dmplifiérseUt, uz and

of fset voltage of the operational rrgl ifiers U 1,
| the hvoltagef émp@dtr@yo@'maﬁ@nproasr@eoﬁé &8 kBrrgpistors’ R1 R4, and

S B B ek S b B B b U perational

| BliiflersU1AU2. O ﬁEeTpmfe?reﬂ'AemBﬁaﬁﬁeﬁia%ﬁe operational
amplifiers are OP4177ARU operational amplifiers, which have the
following properties: Vos = +120 uV, laeas = £ 2 nA, lorrser = + 2 nA,
worst case,

-40°C < Ta < 125°C. Thus, the offset error in the preferred

embodiment is:

Vos + Vrseis.6 + VR226.6 : (15)
= Vos + (laas + lorrser) *615.6K + (leias + lorrser) *226.8K (16)
= 2.647 mV

for one leg of the circuit. As the errors can be positive of negative, the
absolute worst case would occur when one leg’s error is opposite the
other leg’s error, giving a total error of 2.647 mV + 2.647 mV = 5.294
mVY. On a + 10V full-scale range of the A/D 120, this would correspond
to a 0.05294% error. On the smallest full-scale A/D range likely to be
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-40 0C < T A< 12 5" C Thus, the offse [
preferred enbodi nent is: VOS + VR615.6 +t Vgr2r28.r6l? tlhg
WO 2606%0%649 (|1 BIAS + | OFFSET) *61 5 .6 K + (| Bl ASTAIS2005/035483
| OFFSET) *226.8K (1 6 ) = 2.647 nV for one leg of the
circuit. As the errors can be positive of negative

t he absol ute worst case woul d occur when one leg's

§seAlini theqPRSTeriedl émbodiment, ed 254 itbis, wauld pgrrgspond to a
total error of 2.647 nV + 2.647 nV = 5.294 nV. On a
my2tiblersmnl e range of the A/D 120, this woul d

A2l AL Pt e

|§21§ gé?frf ed 1 "bPFiism?l’&He oflopdriitioh hi sisefullwdhen the input
424% error. [0041] Figure 5 shows

t\hﬂtég@ angles wbmalalsmchtaget Q.80 Zip¥riaprh gang\e,twbeg;gynthat
vr:Eae (gain > 1) . This node orszogséatl en is E{)! le §

" Iﬁll’lijlllmltgrrnﬂmaewexag@d%ﬁ@@ et darde 36 spinable for
Sapihieahs 8 A8 30 o e fRthe AP e ol i
'(?cﬂ#ﬂea é f\?nﬁ ﬁ@tﬂ@@olﬂa@etlblwfméd thtdugmegelatma!;an‘mhfler

erential is coupled to ViN, and
vgh t\aae ric duihf e3wiktchh83ug lelagasth, S0 '@i\?&lt ﬁr\%‘f" ?'ﬁ@PfL’Jei'smr R5

ShocitamaltpaYor. [Enieh:d it Aot 45 olElt tghiviep fg o

is clos
oeReBLE, i SodbAnlr B3 et sy agprlinolfr U2

eWH Hafif L2(296.8 GaBIZ 4p28284+=32. 4) effegt. aperagiona] gmplifier

ect, operational anplifi U2
RO 20and aesistbessRE mgp%a@tlr a5 ﬁgb%ﬁigﬂ&%{'g’ttﬁ{%s?@é’éjﬂgs Instead

bei ng referenced,t

rgf bpm@jqreac%l}p g m#cﬁhlﬁg%éllﬁéwls'rﬁf Enbéd to Vout which

g wgaloct) i el*ﬂlggnéih&ﬁbf‘ a8hievirice Bki gain glaﬂferelrmalrgam is more
nt o common node voltage than if both |e

t E@eﬁé?ﬂfdfgdbahhengmodesvdmeltU@ Kwthdeas ohthe con?lgblrable

foll ow the approach of =
gain stage 1 1%phad gains ofrbe t% follcc))w %he approach of the G = 0.05

attenuation mode.
[0042] As it is, the ideal gains for the configurable gain stage in the
gain mode are:

Vour- = Vin

Vour+ = Vi + (Vin+ - Vour) * 8

(17)
(18)

or Gorr = Voutdott / Vinaitt = Vour+ = Vour-/ Vin+ - Vin-

= 8 (Vin+ - Vin) / (Vin+ - Vin) = 8 (19)
[0043] Errorin the cohfigurable gain} stage 110.is caused by bias
currents and offset voltages in the operational amplifiers U1, U2, which

cause offset errors similar to those discussed for the Gain = 1 operation

mode. Error in the configurable gain stage 110 is also caused by

resistance ratio errors due to the tolerances of resistors R5 and R6, and

-11-



?g: etnﬁati onf node. bI[0042] As it is, the ideal gains
e configurable gain stage in the gain node are:
woRWE03%4YI N + (VIN + - VOUT) * 8 ( 18) O GCDPEF/US2005/035483
Voutdoff / Vindiff =V qUT+ - VoUT- /| VINW - VINN = 8
(MN+ - VIN) / (MN+ - VIN) =8 ( 19) [0043]
Error in the configurable gain stage 110 i s, caused b
hhaSirite resigtanea dabfess of swmla@ﬁe§3| and R4 d’kﬁ@?%ttﬁﬁ?fﬁt%auy

anplifiers UL, U2, whi
aocnass closedsaoheR, BhoT A PrC Rt f AT D e,

Ehbgéﬂil B?tff]eegllg &ﬁg\%%ﬂt ?g?@@gggﬁégrétﬁe@aﬁ) stage 110 is

LAbSARANE 88 iRftheaSaiRtLr 9 &@@6&6 rre\nd:emset inhthef pegitive leg
resi stance val ues of swtches S3 and
tdfetieatdrtfigurpblecyaingtagec ! d9ediffors b@ﬁegse arf the 32 k& resistor

creates a gain er 4,

R opwiebeddr By e o3 St SoTpbG IRSaY), Whercby
:rgegq}agg, Gai % %ﬁ ‘%ﬁt%vééY tHY 3 &P tedistdrRG R0l thiev226.8

urable gain stage 1 10 differs
W?éé‘i&o‘?fRG hwa&, dink\&/ ess etror dRé tiosthisvicooradatian (ppdded to
swtches S3, S4 and S5 being clos by, ne atlve
‘tcﬁ\grcgngugsisvmnthabépv@@l'ﬁ Etzsbplﬂwt@’smf] &:,X
esi, st dé@n

ererensRgt fathei - addisLrogselin i ot fen’ ha*a“‘é" o

o the y/nput ,“BIAg _|S Ll g1 slievkded 108 *0226.8 k@ (lsias + lorrseT) .
reference it h(ﬁ I nput. The expression for offset

i s, tBQMQ@Hm@.@. k8 + \3&444«2» BIAS + | OFFSET)*61 5.6 kw (20)
+"1/° 8 * 226.8 | CQ| BIAS + | OFFSET) . . . .). . (32.4
kW (226 8. W\fn‘dz 4 kW (20) =1 .92 nV [0045] In the

VQ@@ ng a: %ﬁfﬁ%aéﬁ@e"@é%'ﬁw'eeﬁolﬁﬁtlég%ftth@ two operational

i'ers b e oriented so

t 5‘:% dheﬁs PASiU2 Veolle Héndiented rseg!zlna't\;thelmgslhw izQQ gnd the
be in opposite directions, resultin al
negatlve leg offsets would be in opposite dlrectlong resu tlng ln a total

offset of their sum: Vos = 2.647 mV + 1.92mV = 4.567 mV, as

referenced to the input.

[0046] Including error terms, the DC gain equation is:

= (Rs Reerar + Rs ® Rserrar) / {Rsa +Rsz +Rs + Rserror) (21)
= (226.8 kQ = 0.45 kQ + 32.4 kQ + 0.0065 kQ) /
(5@ + 32.4 kQ + 5Q + 0.0065 kQ) (22)

The lowest gain would occur with resistor R6 at the negative end of its

tolerance, with resistor RS at the positive end of its tolerance, and with

both switches at 5@, which results in:
GLow = (226755 + 32406.5) /] (5 + 5 +32406.5)

= 7.9974 | (23)
for a gain error of -0.005 26.
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offset of their sum Vos = 2.647 nmV + 1 .92 =

nv, as referenced t o the input. [0046] I?]cl % ng4. >0
wenomr3ta@yns, the DC gain equation is: G = (R BCTRS2005/035483

brror Ri Rbrror) / (Rs4 + Rs3 + R5 Rdbrror) ( 21

) = (226.8 kW 0.45 kW+ 32.4 kW 0.0065 kW / (5W+

32.4 kW+ 5W+ 0.0065 kW (22) The | owest gain would

ooy aW‘f‘H% Fighest ghinRRoald bbeumight iesistenRGatiths positive

nce, Wth resistor R5 at the posjti '
r0d of Ascimlerandoyinith Das#Stos RS ehEne EOSHY VI AT FaciEnce

ancooiith pat) Sworchesal 7ere, Db eptaro s BRI M.

hi g_he t gai | C ' ] B6
poSi téU‘@ge'hgzgg%ﬂt%sq-t g??rg \gﬁﬁgf (ﬁ?%sﬂ)si stcﬁ?oggﬁ)at t he 24

ﬂ:ﬁ%ghi\ﬁe §BF 0p10.002800! erance, and with both switches

at z ro?O) resi stance, which results inh: GH.GH =

(CO48Y5 Ph&aBesssion/ wilbaeestusy to tgﬁo‘gi%@%ﬁb%?' Gonverter

ain error_of 0.00280 0048 ' ' '

3 iheh e o LB oo
ms_par i £ ' :

e e e rer

266U RS 4-bit diffeh@@malA Channeertetoghe preferred
differential A-D converter |

?neMCOg:]Mi ont, Eb?pngmsf Qfﬂi'tﬂ')ﬂis:'ﬁg'ribhéi?%’ﬁf"?e’w ?‘%l%ogar}ife hat any
t Do el
bepaof model ohAP eonditeh h’*f%gi‘ﬁf“%e@hg“ﬁﬁ}’??“’SEBW““'"

Lt | g inth .
SRR AR oSpEAse rentom o era o attas o
¢hé WEGOBALD Gonventeral 20§ ditraskzanhald cioyit égﬂpﬁ“@d"s all

Bbutahannels iode FEARY SISO BB Koo erRed il Geluence by
SeLEE1d B 8 bbb 2Rin Uiyl 5 1 TPl erent ed as @

[0049] A range selection circuit 620, which is implemented as a
programmable gate array in the preferred embodiment, allows the A-D

converter 120 to be configured for a plurality of different ranges on a

channel-by-channel basis by 'way of digital commands (signals DO, D1)

input to the A-D Converter 120. In the preferred embodiment, the

different ranges correspond to: +1 oV, =5V, £2.5V, +1.26V. One of

ordinary skill in the art will recognize that the number of possible ranges,

and the actual values of those ranges, may be different from the ones

discussed atbove with respect to the preferred embodiment, while
remaining within the spirft and scope of the invention.

[0050] As.shown in Figure 6, the A-D Converter 120 also includes a
differential multiplexer 630 (4x differential multiplexer in the preferred
embodiment) and an N-bit differential A-D Converter stage 640 (where N
= 14 in the preferred embodiment). The 4x differential multiplexer 630

of the A-D Converter 120 of the preferred embodiment is capable of

-13-



programmabl e gate array in the preferred enbodi nent,

allows the A-D converter 120t o be configured for a
wohoweaksdsy of di fferent ranges on a channel - bypchansmms/035483

basis by way of digital commands (signals DO, DD inpu

t

o the A-D Converter 120. In the preferred .

enbodi ment, the different ranges correspond to: 10V,
BMeived Vip tolfcl\(4) Saparite diffeneatipl ikiuts attherfang time, and

toouanuHher seasentl Ko dBe Ahyeenbsiay’ DR RErERL

f

romthe ones, discusse idh respect t o the
SPQV@W%t%ﬁo%'&ftﬁgﬁ%‘g"san%ﬁgyslg%e}'ni ng within the

iﬁbfsﬁl a@ﬁoﬁ%ﬂ@&ﬁ%tibﬁ@ foMIRNALD TCor\aR ] 120 ascondinghto the
rgure 6, the

A-D Converter 120 al so i ncludes a

Préfeprerntindodirabnt pf eheinvestiopsaredprovideshby ghe manufacturer
I'tipl inth f di meat i .
e goran o oS rep et FrSgY th TSR, s Mot it

th referred er i. t [ f : E
oA St BT ol drech ] Seatist 20, Erors

four

RIaef @% B sHEPHE BRABr bSfseapabre (@f 83 independentupf input and

4) separate differential inputs at .the :aﬁljgoffset

tterperatutel op gaint puors: tesrars stepeRdeat Lpop IBPYH
Co t t 4Q, f i OR: e
(@sra) sumdopths A Genveeee] POt ding.fh fhebfisAed

t

{8 e AT SR P& nvbARoRGE Gadan L 91 LISB pcOET12%6 full scale.

e invention are provided by the

P! AR BiTeF sGivRfdrntheas-BCbnvertend 2Qheeensteg @ 1Det preferred

(

S

o Ax | tS). | Qg! ud
rgstdsm:r;mogghsé g’tsvlgggllgnldg ae?q}q@r)% %)SéoLg r%elll %r PP scale.
E . b | L fi it f .
rr Sci ﬂlf ‘gﬁ@%ﬁ &%;(%gﬂgﬁ?edgw%Fro‘r?ﬁB%ﬂ aééd)jpﬁbﬁle low value

€ nd tenperature) or gal n

ot Sfﬁiﬁé&&iﬁeéﬂﬁ%ﬁng@m aUgslibratienicircuith eTloé Ppsexiomsr or
or e

um -D Converter 120 according t ot

he )
pdietassiod ofndhediardigurablet gain istges i1@n5¢'§'e¥\dﬁﬁl oyergstimates

LSB = 0.1 22% full scale., The %%iqrhea?%r [ifRd P,rutjqﬁ/hen

Athe effaotpf biasiogreRtSoPRthe ope

e

erre

g%g@gagﬁéf oﬁge\t gﬁo} Ryt fited St8@43br maddd8f bplratidn) of the

sCta
configurable gain stage 110 (also, offset calculation was neglected

entirely for the Gain = 1 state). Bias and offset current sizes used in the
previous calculations were taken from “Max" specification values from a
datasheet for the OP4177 operational amplifiers utilized in the preferred
embodiment, and it is assuméd that matching between any two gates
{even in the same package) is a random distributio‘n from —Mlax to +Max.
This is a simplistic approach that does not'take into account the actual
temperature behavior of the OP41 77 operational amplifiers.

[0053] As such, the offset voltages for the configurable gain stage 110

may be calculated as:

G = 0.05 mode:
Vos = 2Vosopamp + (1 /(1/6156.6K + 1/32.4K)HIsiasa + lorra) (26)
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[0052] It is desirable t o keep the gain error

acceptabl e | ow val ue. To do th!os rqui res thg utseoo?na
woabissad4pon circuit. The previous discussion BETiUS2005/035483

configurable gain stage 1 10 sonewhat overestimates

the effect of bias currents on the operational

anplifiers U1l, U2 when calculating offset error for

ghe 4hhggestates (or nodes of operation) of the

configurable gain stage 1 10 (also, offset calculatio

was negh e t2bsenis +@ Np.BKllsndae +corm) =+ ﬂ%‘iéi‘é‘y% B gl (27)

and of fset current sizes used in the previous .

\%rcﬁl @fﬂ@hs vvgre taken from "Max" specification

ue ro at a h i

anpl i S’ioér'é %??SFT"?e%W'P Wrgm%r g-f iegra?% d‘|7 e:fy‘r%gg Flrrxrjsgtn?- fm’?ﬁg

it ispsalap@2hal 2B6@)i RO ISt vR20.8tlynsawb Igeles

(even I n the sanme package) is a random di stribution

from {3R){(3@.4VMax22618)s is a sinplistic approach that

does not take | :
eatel Gponots Do A BHisPRTPRAGH Ut thERFHEkI Bypo of
@tspggae?@afgm@gfég elseli Ko} ApRFatioial taheplfentilgLy €a| endavhere

e calculated as: G = 0.05 node: Vos =
I@%Fgéoaﬁaﬁm 4rk thel mbxiriiinbegpected difa‘g_rmgep(ingf%@r%SH

D) (26)005/035483 G = 1 : =

é@.rﬁsiqd;?mmnin@gs@urrerﬁ@% Paionrand }/@W ?’“”e“
I e, YOS, 7 Pann.: et .6: 1.5,

Tohe 1A Srirshent PR PiTeie e OB 0 hal GrERE

2207 PR dshdP amlFRR) (32, 4)/ (32,4 + 226.8) (29)

e Vosopanp is the specified offset voltage of the
gggm;]_ul :;Nc:lcbthalgty;, tbp eftaatormitag@sATEri er s usgd for
rational anp ifiers Uil and where | Bl ASD and
Lﬁ;[)d@rv.e Q’f@{@hrmﬁ . §XBBAE%%%J2"anferences in current
rin e | m 0 be z
the ma inu?h currergntr\y({gu 6:8268mV ¢ zero (0) and
G =28 -> Vos = 0.6930 mV

[00556] With gain and offset errors existing for both the configurable

(28)

gain stage 110 and for the A-D Converter 120 of the unified analog input
front end 100, a block diagram can be constructed to show the error
effects on the entire system, and Figure 7 is such a block diagram. The
gain of the A-D Converter 120 is shown an one (unity), as the block
diagram envisions the circuit mapping an input voltage range to a selected
A-D range. Internal to the A-D Converter 120, the range selection
programmable gate array is set to an appropriate gain to map the selected
range to an internal converter range of the A-D Converter 120, with some
error included in the A-D Converter 120 as denoted by Ger. However,
since the A-D Converter errors are specified mostly in LSBs and in dB,
which make the figures themselves scalable to the selected range, it is
convenient to express the ideal A-D Converter gain as One (1), and the

ideal output for a full scale input (FSw) as ADCwax, which corresponds to
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t o be the datasheet "typical" specification val ue

(0.5, 0.2 nAfor the 4 17 7 operational anplifier).
wpQoBABIAecor di ngly, the offset voltages are : PGrASen08/535483

- >Vos =0.4203 nfW G=1 - > Vos =0.8298 niv G= 8 >

Vos = 0.6930 nmV [0055] Wth gain and offset errors

existing for both the configurable gain stage 1 10 and

e rﬁ Roggﬁé%?%r ivefA rahgéherhugi, the@qaatibndor tipt

fron a bl oc di agram can be constructed t o

Sb@mbir’fmj errory effeteciss on the entire system and

Figure 7 is such a block di m . The of o t

((j:onver {RSn 1o GEPaFIdhGwAERA At %éﬁﬁm .4@)‘%52”%2 ocﬁ%‘P

i agram eny, ns,the circuit mapping an input voltage
range fq a’*@@@é“@ ted A-D range. Internal t g the A-D g (29)
Conver terafd@fux FhpSkrAdige sel ection programmebl e gate

array is set t o an appropriate gaint o map the
SPBaaired=r 409e* FSerrom/ ARGwmal converter range of the (30

A-D Co
m&ei‘éfﬁ%uﬁé%é“w?a%ﬁ&ﬁéﬁé%raai;é‘sé T bl Ry ectnd
AR NI EEQEHI P20, SnEPEGIding by IOLIX. | BMdBADTI is the

figures thenselves scalable t o

t Rfeaf elieSESE ihpODfesponsearebisvenmiatito RSid* CGhifems @ simplified
i deal A-D Converter gain as One ( 1), and the ideal
oekprassia far FSskdorzdsil e i nput (FSIN) as ADCMAX, whi ch

correspond v
Thasvorng éséé% ﬁéﬁ'&‘ﬁ ARG SO FIE. | .
(FSI N ‘((&E? E Céﬁ%ﬁ‘ﬁ%#@m) ++ (ADCO:F%
~<) (29) = ADCMAX + FSERRCR
FSF:?RORY?GS&Q *OCGSEERRORDCM@MG(&@:T [ 08§ 8prrsh, ADCorr
ull scale error er cent b
subt r adxPaG= 'f'/’rxbrﬁ @SQ %%n'*'((aé%%Fand){gl vi di ng by (31)

Amxérrgir Qerméa‘%ah,stﬁé‘sroduct of any two error terms is very

small. Considering any error product to be negligible, FSerror% can be

*

approximated as:
FSerrors =~ ({(CGSGerr / CGSGean) + (CGSorr / FSin) + (ADCGerr +

ADCorr)) * 100 (32)
which corresponds to the sum of all of the relative errors in the unified
analog input front end 100, as one might intuitively expect.

[0057] Using Equation (31), Full Scale Error% (FSex %) is tabulated in
Table 1, below, for twelve Gain/Range combinations for the unified analog

input front end 100 of the preferred embodiment.
TABLE | - WORST CASE ERROR CALCULATIONS

CGS TADC [CGSoe(v) |CGS V |ADCoreY |ADC V | FSemn%
FSin GAIN | uax GERR V |. V | GERR V

200 0.05 10 0.0004203 0.00003 0.00122 0.01929 2.1147

100 | 0.05 5 0.0004203 0.00003 | 0.00122 0.01929 2.1149

50 | 0.056 25 0.0004203 0.00003 | 0.00122 0.01929 2.1163
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ideal full scale input response and is equal t o
FSIN*CGSGAIN, a sinplified expression for FSERROR% i s:

wo SRRSO = ((( CGSERR _ CGSCGERR * ADDGERR) / CeS8GBARMF/035483
+ ((CGSOFF + ADCERR * CGSOFF) / FSIN) + ((CGSOFF *

CGSCERR + ADCCGERR * CGSGERR * CGSCFF + ADCOFF *

ADCGERR) / ADCVAX) + ADCGERR -1- ADCOFF) * 10 0 (31

T Thes Er0.05 | erats |an@0e42as | | Q.6008r bRa128f | AR1%2%g 21162

SURICUET R SR B A IR 4007 CONST GET T N GAL2 Ef 1001929 | 2.061
productit o be neglligible ESERRORY tan hg 8

appr 0¥a frat ed_hs:5 FSERROPETR (COSCERR | 1REEEA) §1929 | 20703
[T TSI 235 ([Agdobddsy + | ADCOFF) ) 0.0a8@20| (BMp29 | 2.0872

whi (‘h'r"lrrpcr\'mdc t thao o

err 613 {n 1he| uhed i|ed BR%A%Da |1 nplt £ 1ot aadl 100 ae 21210

one gt 8t fi fovel .000¢a80t | 0.00828] | L&0@2 EfUbe198H | 21769
\ <+ U| ” - i J

1, _ Bg?% V, or itwel ve igl n/ Range g‘nnblwg qudjng??:g @.3466
uniofaTesl [ andl of RApyt 0:9086130e ) 10-98P8 (Jfoamﬂgzp JQlopRg| 25727

gl r.rdsiégg g (B T ONeRsE0 ASE OB ©PIRZL AT0.CI98T b 2.2335
cano pemiiaiiang resqtiped 20V TlisEalRel errors are ZB’S\?Je /1-\5/0
Thbo58PanAstdat bé seemiiiTable &, thages! exvarsrareyabsive< %4 This
some form of calibration has to be performed on th
gnleéGgsdhahm aghieng.a targehacew@cy . <Al eame %’%P%nd

X Gain Error in the conf,iqurabl e..gai

B o3 e PEGEREELAY P LB A8 g fon onc 100.
CRbIPERIA E[}OF%BBOQ& WHih BRRATREHS cohpigueatle gibs stayed 130

as to greatly reduce and/or elinmnate those errors
sassddriteabé Yhe 419681 effoysoerc@ss ADdscaa galibratiprametied and

i nput front end 100_vvithaca|ibrat'\on I I cui ﬂ .
abpretusySbould e dHaNEH SO i BTGt TRAYGRANY/o] Fiminate
fﬂ}rh%§r%¥“9%ﬁ$§§cif§c§'|fnd S4 are al ways open during

[0059] Figure 8 shows a unified analog input front end 100 with a

A

calibration circuit 800, according to a second embodiment of the
invention. Since switches S1 and S4 are always open during calibration,
the only loads on the calibration output will be the 615.6 kQ and 226.8
kQ resistors and the input leakage of the operational amplifiers U1 and
U2. A single channel current draw will be low, and so one calibration
circuit 800 can be utilized to service many input channels, such as the
two channels of the configurable gaih stage 110.

[0060] As shown in Figure 8, the calibration circuit 800 includes an
‘operational amplifier U3, resistors R7, R8, R9, switches S7, S8, S9, a
digital-to-analog con\}erter (DAC) 810, and a voltage reference unit 820
(2.5 V reference in the preferred embodiment).

[0061] Figure 9 shows a more detailed diagram of the calibration circuit
800, with cdmponent types specified for the preferred embodiment. The

voltage reference unit 820 is shown as a type ADR421A. Capacitors C1,
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the only | oads on the calibration output will be the 6
15. 6 kWand 226.8 kWesistors and the input | eakage of
woheooppea4at i onal anplifiers U1l and U2. A si ngPeT/US2005/035483
channel current draw will be Iow, and so one

calibration circuit 800 can be utilized to service

many i nput channels, such as the two channels of the .
qbhaucakire daipledtadse ATIR4A2 DAG6N As +Shbweference yoltage is
8, the calibration circuit_ 800 includes opberaii ona
prpiidedeto at/IN issiis o5 the DR ARs The HACHEL &Shag'as a

3@@@53‘2%}3# rtBRinposs 5! Ketp PEE) DN Y, Lk
e B Bl e ah e & 20D, w1 h

GHERane8ta tymed 177ecRésietbrfR7 is BRownedsar2dh.8 ki resistor,

enbodi ment. The vol t age_r ef Sren,ce unit, 820 is §ho as
aesigper RBra zhopyn gg@agil B kOregistes, and registar RO 15 jhowyn as a

to the ADR421 A, and a + - o
S GG AR o BB G B o gy
igogh ' '  artivilt et ognite thiagthet f
001 Y Ry SR o ocemee ety

shhvieds shopnt in. thEndigupeRass ovell aatpeivalugs 193 the regiskars and

as a type 4 177. Resistor R7.js shown . 8_KW
raafiasiters apdyyaliage ieference ﬂ%o‘ﬂnén%éégﬁég\?%s?'}sét or,
and resist | pe\Wifizedt Whilé Refati
m&%@g é;ﬁr%%é&éﬁ?%gpﬁg ﬂé‘uggﬁg@?ati on ci rcuilt gOO. o
QeRha 1198 dpirrandséédde bf thdinventiowi | | recogni ze t hat

the types of devices shown in the Figur , as. well a
tI0O62]l uBy switching swiicht 29 §P§ﬁoa'19a5'géfa§o%ée QHtpUt can Be
e b7 2B ot TR BRI ' B frgision o
BRI Pyt s vereegars i e e ver
cAdtigste, tamel s pot thisacberacydhge dhe galibetiqn scheme maainly
e s S ot Do B e PgBlsbcan s oniy
| o R FBY e, P ogb B tian pon s
desirable when dealing with ADC'’s (such as ADC 120) that may be set to
several ranges. Also, by finding gain errors near multiple points in the
same ADC range and averaging them, this method avoids being corrupted
by an unrepresentative local gain error caused by nonlinearity in the ADC.
Since Differential Non-Linearity (DNL) is even-symmetric around all major
carriers, a set of calibration points regularly spaced across the scale
should minimize the effect of any one local DNL on an overall gain error
measurement. Additionally, the measure-switch-measure approach to
finding the delta caused by closing switch S9 ensures that any offset
errors in the unified analog input front end 100 or in the calibration circuit

800 are canceled out by the subtraction of one measurement from
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relies. The accuracy of the DAC 810 is not very
inportant, and it is only used t o nove the
woabichsgdsd on poi nt. A noveabl e calibration poi RCTiUS2005/035483
desirabl e when dealing with ADC s (such as ADC 120)
that may be set t o several ranges. Also, by finding
gain errors near nmultiple points in the sameé
amebtineer ais gnethed fochses ABtIRIY esrppiadY bainch g Fissts 6 %&0

t at I I
G R oSt S BB Gt
'\Eﬁ;(%%]neaﬁrrwrym(tﬂ@'-c)alf fatﬁﬂﬁ%é@éﬁ?@héh?n@éw Ghlly ByBj or
rs f ca ation points regularl

a set o spaced

y
afpaesGrddieinser referendkd/ohageninzienatieh &i tlee 6186 4l anh226.8
| ocal DNL on an overall gain error neasurenent

Akgliresisheris) yndmmsmdag@reecgwsﬁemearfgsfaﬁaﬁi sgeand o
| esas e BBRE A RrorE i b 8f B SR RRD 8ot

un|

can@ &lﬁ%d Q%soéffﬁé‘tst &2 Rt g%ahéét‘h QﬁlsCéthUdimﬁﬁoby’vlltbe inherent

e subtraction of one neasurenent
f é@éﬁ?mdlef thé’ hnwmgtdad]brdtmrupemt @ppgeach. eACbiltle’pﬁI)averaglng

and offsets have no effect o n the .agc of the £ d,
gat macialcalibeationpeiph aNaimr Heten gt sy SPeeAn N plggees performe
E t

i {5‘;8'5 @:lt%wahﬁ?\hé: ?ﬂgﬁ{;@%@%@n@%é‘%ﬁl?%@n h'ém éﬁﬁ??ﬁgfﬁéﬂdﬁg% with

181 & kY aith G fBtHeWregBh Ivemtioand noi se di fferences

between the first and second neasurenents. Unfilt eredf
nf0G&4bn Algincalibtation fastomine a gertain ‘Pﬂitbrﬁ'@@'ﬂ iRgiiry; ig found

but its effects are mti at |nth|
t ¥ thﬁt‘f&"@m‘“%\\‘?@f‘léﬂf’ﬂg m)mel’?ﬁ ecry ra[(rv !)Hr? MltCh S9

Sggﬁﬁ,&an Xd heale @VS(@%&E GWiteRED eRiselr at on

swtch S9 can al so be perforned,

in an @CL&E rmglz\zea:ptm gXation of a calibrati on
nmet hod i n accordance with an enbodi nent, of th d, t
. Mabisesi oh Gef acmuiredaat different Pshlartalt'eﬁ ROl Pre a"e’age o

E%é’“}'p?ﬂﬁgté{affé‘%ﬁq%ﬁ*’%”t‘g&?@ i i fonphdg 0o. Error
Pk SSSP pstes tiht ical
abanbdﬂed auteryatiee subtraction X1 — Xa: the error of the reference
voltage and the gain error of the 226.8 k{2 / 615.6 kQ ampilification
around the operational amplifier U3. Gain calibration factor error is
computed as:
Gererr = (((REF -l- REFerr) ((226.8:+0.02%)/(615.6 £0.02%))) / 0.92105) - 1 (33)
[0065] With an ADR421A component used as the voltage reference
unit in the preferred embodiment of the calibration circuit 800, REFerr is
+3 mV, assuming that calibration will take place once, at a temperature
of around 25 °C.
Gererrnt = ((2.503 (226.84536/615.47688))/0.92105) - 1 = 0.16% (34)
Gererro = ((2.497 (226.75464/615.72312))/0.921058) - 1 = -0.16% (35)

So, Ger has an accuracy of +0.16%.
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obtain a calibration point for the unified anal og

input front end 100. Error in this factor is related
wonbos/i39a@9er r or sources that cannot be arit hnetcTalskoos/035483

cancel ed out by the subtraction X i - X2: the error of

the reference voltage and the gain error of the 226.8

Bt o AR YR Ao S e

P%@l WhicHGEEREeF |£ it BRor.* S%EEEBQX"C(I&IZ\%UQ is:
0% /(61 5.6 0OO%) / 0. 92105)) -1 (33) [0065]

V\GchacamﬁeDFGlilA to@pemere (AéGatras)( e Goktrhge (36)
ref erence n the preferred, enbodi ment of the
ca-lhieber ﬁ??to?{mer%%ﬂf‘te@‘é ONERERIS's 3 v, assuni ng
t C ion will take place once, at a
terrpera u:réeg{)f\ around 2 5 0 C CGcFERRH ((2.503 (37)

(820 ndipf/iRg by. thes8Lhilded Berla results Bz 1 6% ( 34)
GCFERRLO = ((2.497 (226.75464/61 5.7231 2)3/0 921 05)

- MouGeBonup3s) Veo|Gam s écﬂ:uﬁ&'@'}ﬂ of 0.1
6% [ 0066] is.the ratio of ideal gain o act ual
gai n, (}/&E ERFEFEF)s t he fact or by whi ch GCF itself

(f‘1°57§;§§1 nSé’ff?E{I‘ec/ang?%n Y@élH@e fhe KEICN #Werror Wf’ﬁ] the

CTUAL.) ( 1 + GCFERR)
Teeroefdfatie aflibrdttoryanethed: oThe erroosnrpmlveds are/ouly thodererrors

G ACTUAL 37) So, multi ng by th | at
CormETOAYh PR gt ke bratia AE kAl ARUKE: Ui Relibration is performed at

E%%C%-'] quL/ %gg&?‘#t%,&lpjer %ﬁ%@ in tﬁ@ ﬁbétlﬁpﬁ@fﬁ%@:e may be

PSTatT On rep aces

g?gr{bréﬂr a5 iMEquatiBas 64'349ran6f#3$1%b§ﬂéJ buatérmpergtifoeblated
The errors involved are only those errors present when

t leerocsilin vt circuit gainl are mtlmchldeldflncfdillel ¢alibration iasd thus

performed, at roomtenper erature errors in

F Rboul beiREERS 1o fr iRy )?r@? 9N YYPed, as in
?6358?”58#\%% rGon PPENFabl Lgcch%m@é'amg %lﬂ&lleaéieﬂwe

rors inin CIrCUI gain are not included in th

C aémipepd tued ramib,trhammum temperature excursion from the callbration
point is only one-half of that range, and temperature related gain error is
based on one-half of the number calculated previously from internal
reference temperature. Specified offset error plus initial internal reference
error is a factor which is replaced by Gcrerr.
[0069] Calibration Error% for different range/gain configurations of the
unified analog input front end 100 is tabulated below in Table 2,
calculated as in Table 1 (CGSorr, CGSGerr and ADCorr values are the same

as those shown in Table 1, and thus are not shown in Table 2.
TABLE Il - WORST CASE CALIBRATED ERROR

FSIN CSG GAIN ADCpax ADC Ggrr FSerre,
200 0.05 10 .004725 0.6556

100 0.05 5 004725 0.6558

50 0.05 25 .004725 0.6562
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shoul d be included in a sumof ADC gain errors. [0068]
Since calibration preferably occurs near the m ddl e of
woOheostoasqaer at ure range, maxi hum tenperature exeqrAises/035483
fromthe calibration point is only one-half of that
range, and tenperature related gain error is based o n
one-hal f of the nunber calculated previously fro
In ernal +_re5€*_rence.06errpe| at ur &25 Spec| 0P&R50f f set | 8P
bl-bs—-A-HgErtergat—referency €110 B 1
phich i s r; llaced Ig)v GCFFRR rgnam | Oppras +.a,(-:\tn0' 9,69342

for differeht|] rangd/gain confi éuratl 40 t he uni bfﬁl\ﬂe_lélU

gratog—Tpyg (fromtend 1§ U 128 abul pt0ed7Asel ow |~¢06284
able 2 callcul ated as iln-Table—3 '*cog.— EasEE

nd ADOOFE25d] ues dre the samiZ8s t hoos S{SQ\Ml nltonrs
T—and tnu&scre noB showj in THbl e 2|.004795 E || |Q@AESr

(\ASB-CAHB%D EB-ERRORB3—ASs——canmsbe SE ne val

ijn Tabl e 25¢ he cal8| bratilon ci r5(‘|1| ﬁgbo@ﬁigam +l®g$26
grror Ta312d unifised angl og iZput {1 ehd 100 £584h
r

hEsd5EveElOfg < 1%|[f0or alZs but |tdwe72s:st 1.1070
ange/ gain canfigurationlfwhereby—that—one—sonty
sI ightly above 1% . [0070] In a third enbodi ment of

LR can b 580 bR vailgs *i’r?er‘égtegzﬂrw&snﬂrat.bhecumeoo

ar e repl ace | ow capacl tance

S'Igﬁ?énsdﬂ@@rrﬁl' 35Pthd DAifiethavaldg nspuuhfraet BAY 1900 db @dles
cl anpi ng range. The cl a di odes, of

t hé\ddépea'lfdﬁdenelmf nal/%efqy‘eall brtthelas éﬁ@gq/gg‘{hggnpguratlon
greater than an acce

uroessrehy Bagenset v eligB FaNe +535° 6 fw esi stors.
:ﬁgﬁ)ﬁ]r eﬁ eHB%cﬁﬁ‘n@ﬁt oF thé Meritiond eefdreingdacketh Figure

ea age may be maintained to an acceptabl e
anpUfe z&mét/dibdes i1 fandrD2 aatepliaced tbyolbw-eapacitance signal

invention, referring back t h
megiode daimpst laet sHovRl Sﬂﬁbgﬁ%égygﬂé*?é 5 Sm:“grna clamping

? i‘f %,tq@ I% te | .gg? %llgr%ﬁcapégg R 3RednVB’embddintétthmal ekperience current

leakage greater than an acceptable amount, causing an undesirable offset

voltage in the 615.6 k2 resistors. However, based on the type of clamp
diodes being used, the current leakage may be maintained to an
acceptable amount.

[0071] In a fourth embodiment of the invention, referring back to Figure
1, the switches may be selected so that they have their own internal
protection diodes, such as a Max 31 3 Quad SPST (Single Pole, Single
Throw) switch, which has its own protection diodes to =12 V. With
such switches used in the configurable gain stage, these internal
protection diodes of the switches alone can provide the overvoltage
protection, and thus there is no need for the zener diodes D1, D2 of the
first embodiment in this instance. Furthermore, in the embodiments

described above, switch S2 does not get closed for any of the gain
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Throw) switch, which has its own protection diodes to

12 V. Wth such switches used in the configurable gain
woebteamd3dihese i nternal protection di odes of theCT/US2005/035483

swi tches al one can provide the overvoltage protection,

and thus there is no need for the zener diodes D 1, D2

of the first enbodinent in this instance. Further rrPre,_

b dbe, el switch S2snay bedeninved, fram thencenfiggadlegein

et closed for any of the i nUS2005/ 0354 , and
gtagadtbiﬂheﬁbwﬁ@a\%ﬁoﬂ'é’nﬂ%gﬂ ?‘Uﬁf’gﬁ% '%8Hfﬁ§gﬁﬁﬁgﬁ?§ gai n

stage t o thereby..|l eav j : e t nfiufdble gain
SPraraHETioD Soiy HURaET Shre pEyimehys P cRERenfauReble o
%@ gi ments of the configurable gain stage. [0072]

n§ ot her changes and nodifications may be made to
(O 7Zes Many othet ichanges hodtmddifieatipng may ketmade to the

spirit thereof. The scope aof these, and. a

b gAY EIRUY SETATERE TAIBCRACP 0] BioTgor paye scope of
exanpl e, ., the confi j tapberded claims.
Thespoviether gl dih Boppki> ShaEntTEnp e apperagt clams
PGS SthAeb i guTRble gaiphstaigeméyp beattilizeddesy prside an
other than A/'Ds that are to receive signals out.put b|¥t
ko eduriceg buditer angdonan tiapiet, signal dypamis BNSG ﬁlﬁﬁg‘@%

those signals in sqne, way. I 1S ‘ :

mercbgnisip o DAt CENEES BB IAATDS tHaE Pl Sty fogedVe sianels
ai t ' f i OHT Oark e €14 tVaretid esg those

?’r‘rb{ﬂustsl?gﬁgéI@b&‘@égg’%o%?geﬁggégai n value to ?HI:? anal og

igp@ﬁgssirggah-,eswas t o output a gain-adjusted anal og

i nput signal that is within a particular voltage range

bet ween a maxi num and a m ni num val ue; and an

anal og-to-digital converter that is configured to

recei ve the gai nadjusted anal og input signal output

fromthe configurable gain stage, and t o perform

anal og-to-digital conversion on the gain-adjusted

anal og input signal, so as t o output a digital signal

that is indicative of the anal og input
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signal. 2. The analog input front end according to
‘Vggalnyl, wherein the configurable gain stage

oamprde@s: a positive differential input si

including a first operational anplifigr; ahgngCTﬂEag&mﬁ&B

negative differential input signal stage including a

second operational anplifier. 3. The anal og i nput

front end according to claim 2, wherein the positive

UERer fpidialinnepus:si gnal stage further conprises: a
first resistor and a first capacitor cqQnnected across

the fit.st opmranaloganpuhfiontiend, MRSy as a first

frequency filter, and wherej h i .
i eantguraacan siage thiy 5"FoMfeibh!g receive an analog

second resj . ; .
iEFgLeanEaicts BRSge ???%ﬂ?*gﬁ%ﬂ‘?‘?éﬁ%%*ﬁﬁ%“ig° = to
igdlar

%Lgsepadgéiﬁ%ﬂﬁaeeeﬂ hihblogy inpait sighiad thatisoyithipatPar
end according to claim3, wherein the. positiv
?df?%mmlbenggﬁnﬁ gralimaim gedi3 iR ”%ﬁ%‘?‘?é@’s‘,‘? a

irst switch and cond | : ; [ i in-
SWit ch%"da%%%'t? ﬁ%ﬁ%‘s%orf\ﬁ%%%%{siﬁt ﬁ%%@g :flg P gédeg(ﬂr%l%“é%me 9aih”

st . - . .
g td ppudtiicm tive f b , and
Ay AGE i g daput it thtonfausblegaisase, on
V%%&*farmfw\alegaﬁd-d'@iwl thevergiomlon W lgaigrqﬁja?tegt %{@09 input

further i : hi : .
e scoer bt asas b s oA 1 38 el

differential gain stage to operate in the attenuati

_ ation
nt88%and the unity gain mode, and in the
gr eat ep- t hadhhiloganpultetnt énd dbeowing 89 dlaipuf, wherein the
front end according to claim4, further
configurable gain stage comprises:

a positive differential input signal stage including a first operational
amplifier; and
a negative differential input signal stage including a second

operational amplifier.
3. The analog input front end according to claim 2, wherein the

positive differential input signal stage further comprises:

a first resistor and a first capacitor connected across the first
operational amplifier and acting as a first frequency filter, and

wherein the negative differential input signal stage further

comprises:
a second resistor and a second capacitor connected across

the second op erational amplifier and acting as a second frequency filter.

4. . The analog input front end according to claim 3, wherein the

positive differential input signal stage further comprises:

a first switch and a second switch capable of being switched

so as to cause the positive differential gain stage to operate in an
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conprising: a fifth switch provi ded between respective

outputs of the positive and negative differential gain
woebteapasIe46. A nmet hod of converting an anal og | ROUMUS2005/035483

signal to a digital signal, conprising: receiving, by

a configurable gain stage, the anal og i nput signal;

provi di ng, by the configurable gain stage, a gai n_t .

val o t nal i nsodE)adnd in agreatartthpotundty gan

Biﬁeﬁgg&gﬂlsr?ggéhﬁa og %ﬁﬁgﬁal ﬁ)at is wthin a

PI6déd;Cahd@r vol tage range between a maxi mum and a

m ni mum val ue; receivin by an .ana -1 0-.dl g

converwherein he Qﬁgﬁu‘éﬁjjcgyleé%mé%dpgb'!t %%ﬁﬁ sg%;%éng her

out put fromthe configurable gain stage; and

SOMRAI$Ag, by the anal og-to-digital converter, X

anal og-t o- d% it wiRAVAREI Hfowrthtdwitghicapatijeuet being switched

anal og i nput signal, so as to output a digital gé%n%e

tdhahs k6 dandéaamne@aﬁf/etdﬁfqnatlabgaw\oaia%i%n%@?fa M The

met hod according to clai.m6,. further [Shidter- -unit

satenyatiammasienand the UG P H1%0Ge ?"ﬁ’oﬁ{eH% '%gﬁer than-unity

attenuation node, a unity gain node, and a
gﬁ%‘ét”@?d?han-unity gain node. 8. The nethod accordjn
to clagm 6, TheahBRYg ippOY frehtgndsatadrdingatd elallmr"an%léﬁ"e'
i nput of the analog-to-digital converter to one of a
F&drhﬁl'iishg:of full -range input settings.US2005/ 035483

9. T

. e net hod accordi t,o.claimd \ ol of the positive
conf i gafi#h eWitahPrvigsadiBRtN R éﬂg}?pﬁ\e’ﬁ?glerih?y of O e P

swW tches.. HPeﬁnF GPHRLges0: setting the plurality
ofn \Meﬁéﬂéﬂgbﬁfé el ﬁig? ON or§0:F settings so as to se(tj. ital
the cogfi gupafiethedioh cairageting amanalpg BPutgnal to a digita

attenuation node, the unity gain node, and the
gsigagbrearhpnsingity gain node. 10 . The nethod

according.to claimeg,.. rqSiA9bGL8] figs analyi idpaysignal;
pass bé‘?fg?'Y'PF’t b?' 8 8$nft' g{r%@%f?égur abPe gai n stage so as
t 0 providing, by the configurable gain stage, a gain value to the analog

input signal so as to output a gain-adjusted analog signal that is within a

particular voltage range between a maximum and a minimum value;

receiving, by an anal og-to-digital converter, the gain-adjusted
analog input signal output from the configurable gain stage; and

performing, by the analog-to-digital converter, analog-to-digital
conversion on the gain-adjusted analog input signal, so as to output a
digital signal that is indicative of the analog input signal.

7. The method according to claim 6, further comprising:

setting the configurable gain stage in one of an attenuation mode, a
unity gain mode, and a greater-than-unity gain mode.

8. The method according to claim 6, further comprising:

setting a full-range input of the analog-to-digital converter 1o one of

a plurality of full-range input settings.
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only allow input signals within a pass band of the

pass band filter to be input t o the configurable gain
wetem®m3oakd. A configurable gain stage, conprisPaGUS2005/035483

positive differential input signal stage that includes

a first resistor having a first resistance value, a

second resistor having a second resistance value: and

g. H rs§ OPeTﬁ’é hitRbdaiBebrdingrto @aidnaZ nedereinethe configurable
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conver ffizst throoghsixthsswiiches, the ﬁrst and second switches being
provided on the positive differential input signal stage, the third and fourth
switches being provided on the negative differential input signal stage,
the fifth switch being provided between the positive and negative
differential input signal stages, and the sixth switch being provided
between a ground potential and at least one of the positive and negative
differential input signal stages,

wherein the configurable gain stage is capable of operating in a first

mode of operation providing a gain value greater than unity to an input

‘ differential signal pair, a second mode of operation providing a unity gain
value to the input differential signal pair, and a third mode of operation

provide a gain value greater than zero but less than unity to the input

differential signal pair.

-25-



10

11

12

13

14

15

16

an inpedance buffer and a dynam c range controller for
signals to be processed by the A/D converter. 14. The

woaondeiogensabl e gai n stage according to clai m 11pctaskieen3s483

conprising: a calibration control unit configured to
control the configurable gain stage such tha? a
maxi mum gai n error of the configurable gain stage is
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less than a predetermlned value for all operating states of the configurable
gain stage.

15. The configurable gain stage according to claim 14, wherein
the calibration control unit comprises:

an operational amplifier;

a resistor ladder circuit connected to the operational amplifier;

a digital-to-analog converter connected to the operational amplifier

and to the resistor ladder;

a switch; and

a voltage reference unit connected to the resistor ladder by way of
the switch, the voltage reference unit also being connected to the digital-

to-analog converter.

16. A calibration circuit for a gain stage and analog-to-digital
converter unit, the calibration circuit comprising:

an operational amplifier; '

a digital-to-analog converter;

a resistor ladder provided between the operatiornal amplifier and the

digital-to-analog converter;
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wherein the calibration circuit is configured to

maintain a total error of the gain stage and the
wenelsmgsdso- di gi tal converter unit to be |ess tRramUs2005/035483

predeterm ned value, for all operating nodes of the

gain stage and trie analog-to-digital converter. 17

The calibration circuit according to claim 16, further

conprising: a_rgesi r QVi i i
A e o X e
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trie resistor has a predeternined resistance val ue
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17. The calibration circuit according to claim 16, further

comprising:
a resistor provided between an input port and an output port of the

operational amplifier.
18. The calibration circuit according to claim. 17, wherein the

resistor has a predetermined resistance value with respect to a plurality of

resistors making up the resistor ladder.

19. The calibration circuit according to claim 16, wherein the
digital-to-analog converter is configured to receive digital data, as
calibration instructions, for the calibration circuit.

20. The calibration circuit according to claim 16, further
comprising:

a switch provided between at least one resistor of the resistor

ladder and the voltage reference unit.
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