WD 2006/ 039649 PCT/ US2005/ 035483 UNI FI ED ANALOG | NPUT FRONT END APPARATUS

AND  METHGR, ND OF THE | NVENTI ON [ 00011 The present invention
rel ates gene%@' | y %o the front end systens. In particulBT/Ue35E3ent

invention relates to a unified analog input front end apparatus and

met hod. [ 00021 Many specialized circuits exist to nmeasure specific types of
signals. The diversity of these circuits nmakes it difficult to plan exactly
what quantities and which types should be included in a particular
application. This is especially the case for an application that requires

i roraft. [ 000T ARy ARAPO G IN PUTERBIT ERDPEARATS ARG, o,

i nput front end that can be utili zew erent types of applications
and on different types of platforns. OF THE I NVENTI ON 100041 One

aspect of the invention relates to an analog input front end. The anal og
I nput front end includes a configurable gain stage and an

anal og-to-digital converteBAJ,bGRc?gN[g@pm yENTIGReE receives an
| f '

anal og i nput signal, such as a d erential anal og input signal, and

provi des a g&(i)n value to the anal og i nput signal so as to output a

gai n- adj ust E300%hal Bhe pregeat inventionaefetesiganersliy ob thg fromngrl spteaid.bl e
with the input range pof the Analog to Digital Converter. The

anal og-t o- dF’bPP’&!“@%M@P%?SGWB&%%&O& relates o ayjritied @naled ibgut frant si gnal
and perfor ”En&%%'p%ga'ﬁﬁ a—,ﬁj WR2:tR0§6/ 039649 PCT/ US2005/ 035483 digital
conversion on the gain-adjusted anal og i nput signal, so as to output a

di gi tal sigi0002hatMany ispabiudizéd Cirfuitdexiabatebsie! spdcfickypd8P51
Anot her aspect of the invention relates to a nethod of converting an
anal og i nputigBplgnal he divergityiafdheseyeincyitemaltes mdiffibedt to plan exactly
what quantities and which types should be included in a particular
application. This is especially the case for an application that requires re-
use on different types of platforms, such as on different types of aircraft.
[0003] Accordingly, it is desirable to have a unified analog input front
- end that can be utilized for different types of applications and on different

types of platforms.

SUMMIARY 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 ~
analog input signal, suph as a differential analog input signal, and provides
a gain value to the analog input signal so as to output a Qain-adjusted
analog signal within a particular voltage' range compatible with the input
range of the Analog to Digital Converter. The analog-to-digital convérter

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




receiving, by a configurable gain stage, the analog input signal. The
nmet hod al so i ncl udes providing, by the configurable gain stage, a gain
val ue to MR2UHY8Y i nput signal so as to output a gai n-BEI/URPEP3EFAI og

i nput signal that 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 gai.n-adjusted.ana Lap i put
from the coh@itajuganyeEsignin g’?%@@‘.“’?ﬂé‘sﬂ ﬂ%ﬂogt'?'{’]v!t%%éﬂérgaia%c%%w :
performng, Qy. . -+.a-di gt al V. i ERfirdl 0- di gi t al

conversi on @ ‘gﬁ\é"ttaﬂg'gggf#\'?%d'}sﬁggigghg%aﬁlggiaﬁﬁlfé 'sr}%?\‘gl ;,ghso as to output a
digital sigpeos]t hahokiser Ashianatdfvhedhvetigoranalbtey tapumethgdaif. [ 00061 Yet
anot her aspect of the invention relates to a configurable gajn stage,

whi ch i ncl wiewestimpsntanaoglitpul signalto a eigital signal, W !ﬁj\e'"tcﬂ-!ﬁes i ncl udes a
first resistor_  having a first resistance valu . i havi ng a
second resireeeivig. by agonfigyrable;galn stags. Poﬁ%ﬁl@%mﬁﬁﬁ?ggﬁ‘rmﬂ
configurabl e i | OGS il ef daihafthys) al t signal
ot aget nat TAGTEE0IHElReq brolitgoy Me REAU L g o vl e, a

fourth resiigé thané Adaldipinrr wighalesi ad tooatmatl aiegainratjastascarrion
operational anplifier. The configurable gain stage further includes first

through siinputsignahthat ishwithin a pastieulae¥eltaoe RRIYRRENE YA JPEITIEE on

the positive differential, in i.gnal " L1 h itch

bei ng.pr oviansta SRR dglier  Chaith fg fr Gt inti08 s bddtiving, b e | s L fes

Swi tch bel %a‘?&@-‘fé—%ﬁﬂtﬁ%&iﬁfé’héhﬂw@@%iri—édj@s@dtﬂarﬁﬁgﬁ inputcsighalranpual i nput
n

si gnal st ages, e sixth swtch being provided between a ground
potential apgmpthd emsfigurablegainhstagesi Thesmethad ssyhfustbeyinaledesht i al i nput

Bl o e B 40,5 295 o e SRR BLRE i eich, 2
70 2000 0250 R SARATLEEATE e el sbsica i agna sccont
si gnal pai rens206 irliédvivel of RHE abklog input signal.

[0006] Yet another aspect of the invention relates to a configurable

gain stage, which includes a positive differential input signal stage that

includes a first resistor having a first resistance value, a second resistor

having a second resistance value, and a first operational amplifier. The

configurable gain stage also includes a negative differential 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 inptjt

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 less than unity to the
I nput differential signal pair [0007] Yet another aspect of the invention
rel ates tYO02%PI¢H%tion circuit for a gain stage and DA EGIEBE3Hi83i t al
converter unit. The <calibration circuit includes an operational anplifier,
a digital-to-analog converter, a resistor |adder provided between the
operational anplifier and the digital-to-anal og converter, .a vol tags

ref erence unpat differentialdsigoak pair, alsgeend masie,phPperation Rovading,g up!

I it f i t ches t hat i d . ontof f ! - gai t
Bnd Che andiadh Vel iRttt sidtial Bair, SRAY il ke bfC 7 1 51 20°

conf i gured Oc%pgqrgﬁ{)ﬂ@%\\'?/igr@tée 95?\' véiﬁé?j’rgé’tfer %h&n z8f) Bublaagahanduhlty to the

anal og-t o- unit to be less than a predeterm ned val ue,

for all opqr,g{,{ AEféredasl signhhgeaigai n stage and the analog-to-digital
converter. [0008] Oher features and advant ages of the prﬁa?gﬁ)l nvention

wi |l becori@0fiHar et anotheroaspeskafitha inventigh gslates, tnd Cf Bwi ng
O e B R SSa R A oBS M iR, i upderstooo

I
however, Spécitic exanples, while

i ndi cating d : ' REoRsESABlfien \edigitaRtoadraalggven by
way of ill ués)a[“?)g I%ﬁ@gﬁgﬁﬁﬂ?lﬁlﬁ%ﬁﬁéeﬁn' oI\/tany E{gcilir?i cavtgi ons and_ changes

within the ssinretar! atrasisporekadder provdded batwagn ibe repgsatipnal oamplidies @ndg
fromthe spirit thereof, and the invention i ?cl udes | such e@ﬁ%fthgations.
BRI EF DESCRineTdigitabro-anelopromnventst| 80diageHeTerennp Uit caiaaret i 45 1 |
hereafter be described wth f 3 ' HAJS,

wher el n | | BORaRET angogasHerte i B PR, BF sRARHE N BRoRIE e

PCT/ US2005/ 35¢880nh Qi t&tiseigainlsiagedarti tiisiahalbgvetdigitabcamviertarst r at i ng

an overall topology of a unified analog input front end accordifntci_.to a
first enbodimentThe caltbratiom\cincuitds configured to maintain a total error of the

gain stage and the analog-to-digital converter unit to be less than a
predetermined value, for all operating modes of the gain stage and the
analog-to-digital converter.

[0008] Other features and advantages of the present invention will
become apparent to those skilled in the art from the following detailed
description and accompényirig drawings. It s,hould'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:




[0011] Figure 2 is a circuit level diagramillustrating the configurable
gai n stageq%)rt i on of the unified analog input front end, w th actual

resi st anc¥ A2WPULY64d capacitance val ues provided in a PICETERPIP35483
configuration of the first enbodinment; [0012] Figure 3 is a circuit |evel
diagramillustrating the configurable gain stage operating in attenuation

mode; [ 0013jody@pr Gt=i§u}e$1 3s G siraliit 1vaY BlagihmOillastratihg Shf dldralt téplogy

configurable ~gain stage operating in unity gain node; [0014] Figure 5 is a
circuit |evef adirifiedranaldgistpatfront ¢rtaccoifding tatl irst gmbodimege ogﬁbleat i ng
in positive gain node; [0015] Figure 6 is a block diagramillustrating an
anal og-t o- dinyiendPn; converter that can be utilized according to a preferred

configurati t fipst e ' " 641, Ed [ di agram
contauratt i guid 53k SPAH (Bl iBAPiyElaHRG e chnfgltatis o o0
embodi ment ; 8£ﬂ0§t?a}a;eﬁicﬁﬁbﬁ & ihe dnifika Fhafb AEHRIT frohiisid Alvithtacauslal i br at i on
unit couple to nified anal og input front end, according to a second
enmbodi nent pdsistahee ivahesd and capaditiidel 8alues qrovided; ip aprafegedt | evel

diagramillustrating the calibratjon unit according to a preferred
confi gur at i eeniigurationsettheifiestiRmbadiAent; DETAI LED DESCRI PTI ON OF THE

D O M gutod 18 difeit feyEPbltbRPiNAEaETihg the onfiglrddle PUrposes

of expl ana ous 'spec S are set i n Order

provide "a Qgp,r%ga opEiaahg iR adteriatibntmedey esent invention. It will be
evident to Oone skilled in the art, however, that the exenplary enbodi nents

may be pracl0@E3] \Figaceud is aeciccuiptaviel diagramillustrating gha gonfigyfahlees,
structures and device -4 .WD,2006/ 039649 PCT/ US2005/ 035483 are shown in
di agr am f or GRINBIBEEAPBLAG IR UL FAIRLRRACI i on of the exenplary

embodi ment S[0014]1 Figure 5 is a circuit level diagram illustrating the configurable
gain stage operating in positive gain mode;
[0015] Figure 6 is a block diagram illustrating an analog-to-digital
converter that can be utilized accordinQ to a preferred configuration of the
first embodiment;
[0016] Figure 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 orde-r 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 now to Figure 1, an overall topology of a unified analog
I nput front end according to a first enbodi nent of the invention is shown.

The uni fi 9@ AR388% nput front end is a hi gh- perf or manc®CJAIS2005(0§5483ener al

pur pose anal og signal processing and conversion circuit for data
acquisition. It is configurable in real-tinme by way of digital commands

whi ch can sgfg %ﬁt?erlhfdiS AR in Pdr 1d g{&;nﬁ?@d%&@@iéﬁmwal 0g-to-

digital (A-to-D) conversron on I nput sign suc ferenti al

si gnal s, | nexempldtyambeydiaferitsl | -scal e ranges. In the preferred enbodi nent,
there are twelve (12) possible full-scale ranges, from_ 0.3125 Volts to
200 Vol ts [9Q2Q] JiReferring naw thpiagureilyan oyeral topplogy@fsa unifiader

full- I b i bl e. f i fied | ' .ont.
_rr;de isEaagcé&agﬁigpmrpﬁ’%teﬁgselsflrcé’@iﬁ‘goﬁr‘)n%éﬁ% % %°F§ﬁ§&€gfrﬂ@otﬁ§{r4‘f'§ﬁt 'gﬁgﬁog

t i £ O] : ; (
:‘(r)”rouanalr ggt?}ﬁ{)\&{ﬂ :Tg%gﬁ?%r gﬁ?‘%@%ﬁﬁgp rtﬁgt @Hg??dgggﬁmw{ rs1I ?Ee

preferred egéwstahpatposenanalpg siteiat processing @gdesunversiob @ircHit, fobdataf cour se
it may be set to any desired frequency'to suit a particul ar purpose, as
known to onecaMisitiondi Wds woskiourahle in realtime hy tg'.ay%fwrtalecwm@% 50 Hz and

Fesol i on WhET A3 580 the e aRflon Hb Mot enelic Ba ppfodiy 2 14 P11
acconpl i shegigifal (AR009Y 86mdrsicheysimsLRdsianslsy SUkh hseditfelentiapRiragy, ind by

s
t he use of custom designed conmponents, such as ones manufactured by. Mxim
| nt egr at ed #@pharatitys pf Fulk-scalarrdnggs.Allphtbe preterredberdodiment, sheeniedi ment  of

o et 1 eSSl nab o Emor QS Ao A e " Shove o
O St VBl R P T andf i 3 cpas! bR cHR Argise 120
In the prefgrayese pobsitle AtaH LARRGMSNARET /ihF20oh03hdaARade in accordance

with the present invention. '

[0021]1 The unified analog input front end is capable of performing

signal processing and conversion for analog input signals from D.C. up to

a predetermined frequency. In the preferred embodiment, the

predetermined frequency is 500 Hz, 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

accorﬁplished with a caref_ully developed and very flexible topology and by

the use of custom designed components, such és ones manufactured by.

Maxim Integrated Products, Inc., and by A'Ipha, 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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enbodi nent, the analog-to-digital converter 120 is a Maxi 338 A/D
converter nanufactured by Maxi mIntegrated Products, Inc., but one of
ordinary WRi2006/¢3464%he art will recognize that other typ@CTAiS2e5/00%83ers may
be utilized for the anal og-to-digital converter 120 portion of the unified
anal og i nput front end 100, while remaining withi-n the scope of the

t ﬂé:%fx:gés%?w?gé%?@éﬁeim“' lng 8-S BORYRBEA 2 ReR M) 8 AP e i th
1T anal og.1n i :
i nvention ncé‘ipv@?t?ﬁfgghﬂfgqﬁ{/ege gﬂé\ﬁﬁﬁﬂ{ Fe"gt@grr eed ?’Sﬁg‘g‘f‘gﬂ&fﬂgugf’g?g r egr esent

enbodi ment , o/dfearG kil fHERO A @7l FecdighBR thi otheotiptssoft toreerieds nsaypar at e
gain settings, and the analog-to-digital converter 120 provides four (4)

Sﬁpar gtehgatbmusiﬁzed forsthenanalagtte:digital cenvarter 120 portien o the weIfD) 1o
thereby have 3 x 4 = 12 full - | e .t anges. f.or the. i fi I i

fropft endbllmloipm{‘?]ffRB? epd 'tWhﬂFég?'@'Tngﬁ%'tﬁ'g #&?Irog% ' Ce)g ' nput

confi gurabl.e j. iengl fol dis ' Wi dti si stance
el e of - 19RVEROR; TP Gartitle (1 ke o disbuss R fiin Bla Hldtich oFS iR &
resi stance gl Max P38 aAadidthedtyms 6t AYD Bdnwetters thatsnay drecatilizeidue of 7R,
a first capacitor C1 wth a capacitance value of C a first Zenesr diode
D1, a firstwithea anifiathanalagpgnpet lontendzageanding to.an smiodiment PE tée
resistance value of 19R a fifth resi,stor RS w resi stance val ue of R
a sixth resPrépRt RysRtion May.agnay NEhays ﬂééb? f%%,uq%' second capacitor C2

with a cap Ce_]}é?h%%r@fﬁrrse? eﬁab%%gﬁeﬁt,&%%rmg@ﬂsbl@ aifBtage $¢0ond

oper ati onal “anplifier i ncluded in the unified anal og i nput front
fend éLgO i jst@r?fvisdfst t!ﬁ?g;(e)p] s&parate gaircsetdingsi vod tB2, analegrtedigitalt ch S3, a
ourth switc , a fifth swtch S5 and a sixth swtgh S6 eby the
di sposi t i oncariverter t39 mrauidesfour &) sRpaAtAlR AR § nﬁﬁﬁ?ﬁ’t&@f'&\rﬂ@@{?%ﬁget ting

o e AR NN R By SORT A" BN pbmitafiges torthe
to the firsgnifiedisidlg HputeféntlenddLo0.ve
[0025] Referring to Figure 1 and to Figure 2, the configurable gain
stage 110 includes a first resistor R1 with a resistance value of 19R (R
being a predetermined value), a second resistor R2 with a resistance value
of R, a third resistor R3 with a resistance value of 7R, a first capacitor C1
with a capacitance Qalue of C, a first Zener diode D1, a first operational
amplifier U1, a fourth resistor R4 with a resistance value of 19R, a fifth
resistor R6 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 S1, a
second switch S2, a third switch S3, a fourth switch S$4, 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] In Figure 1, a positive differential input signal (of a differential

input signal pair) is input to the first resistor R1, and a negative

-6~




-6 WD 2006/ 039649 PCT/ US2005/ 035483 differential input signal (of the
differential input signal pair) is input to the fourth resistor R4,

wher eby t W® 198¢/439¢Q anal og i nput front end 100 is confi @ETEIS2005/08W82r i ne a
digital value corresponding to the differential input signal. [0027] The
configurable gain stage 110 serves three basic purposes: a) to attenuate

and Chat cob i @TRL@PLS ST tehive Ao eRBE ingt siuriaf bl end k8o, 070"
uhi ch 1 ess Gain BSstdimid, Wiidhahy RE 9Rifkld amoé\/u%@pﬂ&ﬁfbﬁa 10@2% and c) to

serve as a high input inpedance/low output | npedance buffer for signal

sour ces whi ebnfigurdietatemmihead digitahealuel ariespbpdingnto thepdiffereptialance
(around 15K Chm) of the A/D converter 120. [0028] The three different gain
confi gur at i imtarignale configurable gain stage 110 are sel ectable by way of

digitally c anal t ches z . .
preferably f@éfla o?@‘%ﬁgf'ﬁ&yﬁ&gé%sﬁge 1]1&%89}%]55{%%&% Qﬁlrposgg %{ze

Al pha, Inc. ¢} 3{cRGatd Férgé ATRPHIcARIE be\/%ﬂthh@fAﬂj‘eoh@éﬂtéﬁ'QﬁZUi treet a
19:1: 32 reS|stance rati h 0.02% accuracy. [0029] OpAnps Ul and U2 are
preferably bigyal paregs shdnhat couki damage rtherA/D tawertdrst20ybl tagmplify

oper ati onal arrpllflers Capacitors Cl and are 10 cito in th
preferred efBwdisigmals whishdsgs tth%? ta? é“p‘m‘trﬁfg'ﬂﬂééngﬁ Oistﬁfao&&a GQMér%g%)Pre ©

filtering a {
klaepi nlg tgheq%O rs??‘g Adatt&gé}ﬁg ﬁ%ogﬁc’) Hg)%da@ey créé%lpe weH% ve a
predet er m nsdfffef PSUSIHRYI SGNERs wﬁldrhmaprw ertéﬁaateamdhmahuvenyaow

predet erm ned frequency range (for signals input to the wunified anal og
i nput front irgnd uxm)danee[()alcour(ct)w{t()obm)mdh \/Drppayerter 4188. range of

R ST R R R I T

switches Slggaqa61{6Ue \SRldAg6R By YRR of Bfitallydntrolled analog switches S1
~ S6. R1 - R3 and R4 - R6 are preferably resistors custom-packaged in
threes, such as ones sold by Alpha, Inc. In fhe preferred embodiment,
each of the resistor packs meet a 19:1:32 resistance ratio with 0.02%
accuracy.
[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 rangé (for signals input to the
unified analog input front end 100) is D.C. (0 Hz) fo 500 Hz, which is the
range of signals the unified analog inpu;c frontend 100 is désigned 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).




whereby the Zener Diodes D1 and D2 are configured as back-to-back diodes
(for bipolar signals). -7 WO 2006/ 039649 PCT/ US2005/ 035483 [00301 Figure 3
i 11 ustrat ¥ 006401 ogy of the configurable gain stage PCIIGB20M5@3548%i t ched
to attenuation node, with a gain of 0.05, whereby actual resistance and
capaci tance val ues are shown in a preferred inplenentation of the

confi gur abl | t he

i nput vol tag ra ge ;%g'e”&%l&% ?Eésj%% élggggﬁ\}ﬂg %ﬂ@éﬁg dévr\/r‘1ere y that

l'arge input 1p0aghés sQ\ﬂ{der@Sﬁﬂatt@naatlén @odé,NRith 4 gaiacoft 05, wharebyabl e for
input to an A/D. In the attenuation node, switches S1, S4 and S6 are

cl osed, whi lactupl resistahee @ndecapasitapne /a8, aresshawn is3) prefesreshen.

Fi 3, th tches S1.-. S6 t ed t
epr esent 1 BV ‘éﬁﬁ%of@@%gpﬁhser o BB hpEenT | Qe AUB R Phnes that are

used in the &H&Bﬁéﬁ‘?&' 5&7@@&%@.9 L&fvslfgeggufé}g ol 9 %ugﬁ'a%l%f‘ﬂédlo

[00311 In thi's nD e con e gain stage

functions asyan aﬁ*% deéréav thwﬁrgbynpthlermer‘isQa‘olltabeectwbl guraAbl e gain
stage 110 is: + Rsi) (R + R + Rsi) (for the neg. leg) (1) G+

(Rs + Rs4 + imgey ranqeRmat lszsuatahlmfo'r iRpEY t¢ BOrAfds In ml@g)atqe@}latwoaegdm nthis
Vol tage dr o e S8 8 o loten W AL EHRERINT IR R b as
e st A, 0 ey sy ripat,
G + V + - Gby 50 Msistahte$, 4o repr&dnt thenmaxivhanhi ri-&istanGe (0fi therMaxim
Vindift/2) Iy Qgélléfﬁs(sSv)v:tcht\a{s Ecll'(Ijalatf gre( L(135+ed lcﬁ} zhe preferrgg |mplementa)tlon o r}‘d| (e
configurable gain stage 110. .
[0031] In this mode of operation, the configurable gain stage 110
functions as a voltage divider, whereby the gain of the configurable gain
stage 110 is:
= (Rz + Rs1) / (R1 + Rz + Rs1) (for the neg. leg) (1)
= (Rs + Rss + Rse) / (R4« + Rs + Rss + Rse) (for pos. leg) (2)
[0032] In this case, there is no gain provided by the op-amps U1 and
U2, whereby the voitage 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 = Voutdits / Vindiff « (3)
= G+V+ - G.V- / Vindift - (4)
= G+(Vinom + Vina/2) — G-(Vinem — Vinaet/2) Ve B
_ = Vinitt (G+ + GI/2 + Viom(G+ - G) / Vinar (6)
G=(G+ +G})/2 + K(G+-G) . “(7)

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

~ differential.




G=(G+G) / 2+ K(G - G) (7)) where K=VincmVindiff, the ratio of
| nput common node to input differential. -8 WO 2006/ 039649

PCT/ US200%800884833649[ 0034] 'In an ideal case, in the prePETASA0SM4BWSE nent
RlL=R4 = 6156 W R2 =R5 =232.4 W and all switch resistances are zero,
for a gainof: G=Gt =G = 32.4/ (615.6 + 32.4) = 0.05000 (8) [0035]

Gain Error is introduced by the tol erance of, the resistaqs .020/
tol erance fdPOB4d r bupBtided qased in the peet ﬁF’@F’eﬁmgﬁd ?{?er%% ﬁdo t he

t h
or of or e oAb T2 B Eqdart S Al Sulth (SRtortls aRFRorpatr b 1

Error can O?g.‘lﬁ @i ther as a result of an average error common to both the
positive and negative differential legs (in the first term) or mismatched
error proportionds £dGihe @ornBR.40d616 io 32.¢H = (he5986bnd  t er m(8) 0036]

(N:gs;:% Z‘?dag‘p&?mémggzé Brop oirasiucelty she SSGFBEn ok g et RGeS *°
+ + 9
L 32406, 45 tolerghes fon e esiors LBed T tnd Byeferst ol Bhgithel ) 7 M

(32393 52+ ?rés/stérﬁ.?eggﬁt@swﬁc@\b?@& BOQHop)the MaR4BB5H 4(0Atchks)useddn37] In a
case where the signal is evenly distributed across ground é:ﬁl)ncm = K = 0),

t he | ar gest therprefewed dnﬁu&mpb)ndFtthﬁwathr#'bfa@fa‘lmét capdigese) thathave
t he great estG absol ute aver Peltﬁl fference, from 0. 05,

ain Error can occu er as a result of an average e-I;Por common to
both the positive and negative differential legs (in the first term) or
mismatched error proportipnal to the common mode ratio K (in the second
term).
[0036] Maximum and minimum gains for each leg are computed as:

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

= 0.050033666 (9)
Gaun = (32393.62+ 3 + 3)/(32393.52 _+ 615723.12 + 3 + 3)

= 0.049989798 N | (10)
Ganx = (32406.48 + 5) / (615476.88 _+ 32406.48 + 5) -

= 0.050026335 ' (11)
Gmn = (32393.52+ 3)/(32393.52 _+ 615723.12 + 3)

= 0.049985401 (12)

[0037]1 In a case where the signal is evenly distributed across ground
(Vinem = K = 0), the largest error would correspond to the pair of gains

above which have the greatest absolute average difference from 0.05.

Thus,
= (G+max + 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-




G=(GMAXX + GMAX) / 2 = 0.050030001 (13) For a Gain Error of 0.060001 %
[ 0038] The largest error is dependent on the | argest average error of the
two | egs YWéOr2006/@39649. 5 (t he poi nt at which the negative [P€g/us2005roasussied) .
For K> 0.5, the maximumerror %is conputed as: -9 WD 2006/ 039649

PCT/ US2005/ 035483 GERRMAX% = (GFMAX + G MAX)/2 - 0.05 + K(G+rMAx +

and bitones SR G rab ST s O RGeB DRSS i SRe, c o

the error hoo@s] bEd)%rrsed [Embp@f'ﬁ&%l tolcdmdiOriddal Al Ibecapids &t age 110
and error figures of the A/D converter 120. [00401 Fi gure 4 shows the

t opol ogy of linhiéingofeatgr oélwommanmetiegbaded dponrthelpercenttof the erréGain = 1)

node. Thi s node of qperation i? sui.tapl e when the input siﬁ al vol tage

range is i nPAqaedReingdsgd by ofisesin the cenfigrrable gain fiagee! B0 mngrerraput

| npedance/ | ' | IndS needed. In this node, the 32.4 kQ
Sy PRGN 20 |

resistor R2 Iin“dsS either a voltage divider or to

create anpl i{bpaa]i oFiqireU&hbles BREtcHdIoglof tABRIoNTigFsblé/hafnstdde 1iHence

the circuit of Figure 4 has G= 1 and no gain error. The nmain conponent of

the error imntthe ukity gairot@ains=dlikmage.| ¢hisamodewfreperstian is buitableut s of
the volta dr op create

the operational applifiers Ul, U2, and e t he
ey oobt he. StBer HRB)NpUE Bl yolkaae fANge i in 3 RIORSIEPOBIEr IIRALIAEh R6, as

wel |l as the : | . £ I'n the
preferred eﬁgj?ﬁn‘gnwe?ﬁ%e%' ié'r'gp ﬁg%ﬁé&é%%wéﬁgma?ﬁ ed égg}fgzﬂﬁ o'ger ational
anplifiers, ndeded. havthis heodé,otHeo321p kRrrepistdr R2, RB0srenotlstiVitdhed i AS = 2

nA, 1OFFSET = 2 nA,_ worst case, -40 C < TA < 125 C Thus, the offset
error in theithesfacyelage ijdar pefe createvayoplificatiars apundskeeperationnl

amplifiers U1 and U2. Hence the circuit of Figure 4 has G = 1 and no
gain error. The main component of the error in the G = 1 mode is due to
leakage currents at the inputs of the operational amplifiers U1, U2, and
the voltage drops they create across the 615.6 kQ resistors R1, R4, and
226.8 kQ resistors R3, R6, as well as the offset voltage of the operational
amplifiers U1, U2. In the preferred embodiment, the operational
amplifiers are OP4177ARU operational amplifiers, which have the
following properties: Vos = 120 uV, lsias = + 2 nA, lorrser = £ 2 nA,
worst case,

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

embodiment is:

Vos + Vrsis.6 + VR226.6 : (15)
= Vos + (lsas + lorrser) ¥*615.6K + (Isias + lorrser) ¥226.8K (16)
=2.647mV

for oﬁe 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
mY. On a =10V full-scale range of the A/D 120, this would correspond
to a 0.056294% error. On the smallest full-scale A/D range likely to be
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= Vos + (IBIAS + | OFFSET) * 615.6K + (IBIAS + | OFFSET) * 226.8K (16) =
2.647 nmV for one leg of the circuit. As the errors can be positive of
negat i ve, WOR806/3B&l8| ut e wor st case woul d occur when one PCE({IS2005/08%983 i s
opposite the other leg's error, giving a total error of 2.647 nV + 2.647
nv =5.294 mv. Ona 1 OV full-scale range of the A/D 120, this would
correspond to a 0.05294% error. On the smallest full-scale AlD,rrange
likely to hesedlit the poeRroshentbauimens2g0b2835 481 VVL%%CPHGFPI%"CE)F%PGI’ red
enbodi nent, -h 1.25V, this would correspond to a 0.424%error. [00411
Figure 5 sHOWL4RETEBRf i gurabl e gain stage 110 operating in the gain node

(gain > 1) g@ﬁﬁ@fﬁ@i@%fﬁf&ﬂ’y% EonfigiRhble ﬁ%té§e1i1mouperaﬂnbtiagher ange

is small, nput range,” whereby that small input range is
expanded t Ogain rRe8Y (&aimit> MANOThishatodesofsaperatibe is eisefulnwhen the iMUTAI D 120.
In this node, the negative side of the differential is C?lu%lPEd'}taﬁ VI N-,

and the vol veltage mrigé fiesoull rausligas ao@r3k 2% YalnPaLFRNGe.WhetgpY, no gain.

Switch S3 is c|osed, that the,|l ' ' ' t
Vout ! S tomekine rgab i SrbBBurto Aol tEbRhe Far byutigter o
thereby f or{g@p fgrgrg; 'j\'L'SQ_ z“?ﬁqgﬁﬁ&)ecﬁéﬁé, QRaIneyEmivieidigs of2he différettiahis

(226.8 + 32. operational anplifier U2 and
resistors As,@lédR6 \#at, &sd ahbaaiitagedis-buffenedi thipugtppperational ABRUEET of

bei f dt d, thi i fi ' f d { oz i ch
e oqual £ 0 with EnGiatnot Switess SSORIRTH T theapv4 reRr ar iy 8! ¢
Tore (ol er ANt S8y PRI, To0S Vel 88 Litad, bo RhAeke Bssiglor Htgont | gurabl e

gai n stage ¢ %@ I"ow t he approach of the G = 0.05
at t enuat i on Jmgs, RBD0AR thé¥ebyt fdrfn ahhanpliféer argand offevationa aroplifieylddbl e

gain stage lrvr:tht g(:in g.]jl (r.'lzzngge+a%(32:.4;/%£-.4:=vé.l\l_ln(e%f7e)ct, operational amplifier
U2 and resistors R5 and R6 act as a basic non-inverting amplifier. Instead
of being referenced to ground, this amplifier is referenced to Vout, which
is equal to VVin-. This method of achieving 8x gain differential gain is more
tolerant of common mode voltage than if both legs of the configurable
gain stage 1 10 had gains of 8, to follow the approach of the G = 0.05
attenuation mode.
[0042] As itis, the ideal gains for the configurable gain stage in the

gain mode are:

Vour- = V- (17)
Vours+ = Vv + (Vins - Vour) * 8 7 (18)

or Gorr = Voutdoft / Vinaitt = Vours - Vour-/ Vin+ = Vin-
= 8 (Vin+ - Vin) / (Vin+ - Vin) = 8. (19)

‘[0043] Error in the cohfigurable gain‘ stage 1 10.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 configurab‘le gain stage 110 is also caused by

resistance ratio errors due to the tolerances of resistors R5 and R6, and
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VOUTt = VIN + (VIN+ - VOUT-) 8 (18) or GDIFF = Voutdoff | Vindiff = VOUT+
- VOUT- | VINN - VIN8 (VIN* - VINN) | (MIN+ - VINN) = 8. 9) [00431 Error
in the coMO90¢/e¥994 gain stage 110 is caused by bias cROTEFR280540518df f set
voltages in the operational anplifiers Ul, U2, which cause offset errors
simlar to those discussed for the Gain = 1 operation node. Error in the

configurable gain stage 110 is al so caused resi stance ratiQq. ors due
to the tol ethgniinite 6¢S|$¥?31°§tYﬁ|%e$€53fa$W'tRE?s angsr‘l'ffrva‘fﬁéis‘ﬁfk‘%%%g{’

PCT/ US2005/ 035483 he finkt esms f S s S3 and S$S4, when
t heor et i cal F§FN%ER iC:lu eégs‘e'l'tc‘}@%% %\Ilf!/icﬁlcﬁegc,:wgﬁﬁg?%\/\ﬂ@éﬁhérg%at es a gain

error. [00 f sedfrdt hthe\REhtive 1&¢ Of ahetdohfigunableuyaihistagmil A Osisage 110
is the sa4n@0£]i nq?he G'ain = 1 case, 2.647 nV. Ofset in the ;(),ositive | eg
i

of the confingusarhk asgiai thesGaipe=1T0cds¢ 214 hoeus@ffset imthepositivg}edesi st or
R5 is switched in (by switches S3, a S5 bei ng cl.gse
negative cuektha corfigyiable gainiiage ﬁﬁ%gﬁtprﬁgofcpggmf?}fle%z-g)ﬁ@?? %%gtﬁra 8.

k5] resistor R6. Also. . Si hai ' ivPRerebyadded to
the output Hanarata LSRRI 83 SHabd ST bSEeiRsaal weiedveC
reference itodnd8uirBRtlls sgitthétResn hersd.dr kpirésistori BS tamehthec2@6t&®d as:
VCS + (IBIAS ™ | OFFSET) * 615.6 kSl * 1 /8 * 226.8 k 1(1BlI AS + ([OFESET)

... (32. 4R a¢dierH. B6 k Fs03sinc ec 81 e(rpo)due=to Hiisgonningtion s afded iPst
possi bl e case, the polarities of, the twa gperati . LI.iers Ul, U2
woul d be orthepeiputdathert I'?et°p5‘§?t"i“?/'ét'l"%aﬁ%‘\@ ‘B‘??g%'%%g;qq ée'hlet[e)g of fsets
woul d be in It I+ EGL LGNS | ' eb@is thehf 6ehpated &si r sum
Vos = 2. 647"%%%%%5'gigr'%bgiﬁéﬁge;mnf/?“g;sé&%& gbr'g?fcfed to the inBute. [ 0046]

I ncl udi ng error Ve s (lshiier Mersga) 6 EotkRoh 1/8:* 226.8 hs(lers e esrsen) RS-
RSerror) / (Rs4 + Rs3 + R5 R5error) s3)21) (20)

.. .(32.4 k0/(226.8 kQ+ 32.4k

= 1.92 mV
[0045] In the worst possible case, the polarities of the two operational
amplifiers U1, U2 would be oriented so that the positive leg and the
negative leg offsets would be in opposite directions, resulting in a total
offset of their sum: Vos = 2.647 mV + 1.92 mV = 4.667 mV, as
referenced to the input.
[0046] Including error terms, the DC gain equation is:

G = (Rs = Reerar + Rs % Rserror) / (Rs4 +Rsz +Rs =+ Rserror) (21)
= (226.8 kQ + 0.45 k@ + 32.4 k2 = 0.0065 kQ) /
(5@ + 32.4 kQ + 52 + 0.0065 k) (22)

The lowest gain would occur with resistor R6 at the negative end of its
tolerance, with resistor R5 at the positive end of its tolerance, and with
both switches at 52, which resuits in:
Glow = (226755 + 32406.5) / (6 + 5 +32406.5)
= 7.9974 , (23)
for a gain error of -0.005 26. | '
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_(226.8 kU 0.45 kO + 32.4 k52 0.0065 k52) / (50 + 32.4 kO + +

kO (22) The |owest gain would occur with Zesi gtor R6 at tﬁe nggati\?éoggg
of its W00 th resistor RS at the positive endPefl/USersisddss ance
and with both switches at 552, which results in: GLON= (226755 + 32406. 5)
[ (5 + 5 + 32406.5) = 7.9974 (23) for a gain error of -0.005 26. -12 V\D
2006/ 039649 PCUUS2005/ 035483 [00471 The hi ghest gain woul d occu.r wth

resi stor Ripgd71t hermobighese gatmevaild iocsut wlith easistonRBAtESi RIBHVERS at t he

negative end of its tolerance, and wth both .

(r) eg 6 Z t8 Snc(:(zazr)ld\,{mif dts tadexdncs, iwith misqrﬁé( ab 6’891933%&%3%8%%% /tzs(e@?égkg) =

: for a gain error of 0O = i [ Wil
Curnro {ramiailbgt ey s B R e o
uni fi ed anal og [yt {poieANY. WYBORE) / B83898BK aimoe2a0e  (24)

nal og-to-Digita nverter 120 corresponds to an ACGO 4-Channel, 14-bit
di fferenti gdr AgBircerreenf®.0028he preferred enbodinent, but one of

ordinary skill in th t will '

tC(r)\ QVS; '; g; nt[ﬂ@-'l&b ;jfh&e id%ﬂl,s\gm W:ré"eg‘g%g{qzﬁ'ﬁ ﬁbhﬁet&ﬁt'%oqt'#g"bsig{t?ﬁggk?ﬁégébg of
Lnve ) oS AEQ

120. A trad Qpam&ﬁbf)@’mslr@uir '?Ofg[%%%(g\ghgﬁgsmﬁ garﬁgﬁtannel sd?'([)) ﬁng:%id

si mul t aneoy ABOVEEEHE Aridlo§eeHDigiesl Gynverter N@Ccbtreskonds i
circuitry. Fl(%igé{dA range sel ection c?‘(rtcui t 620, wr% chis " I &nﬁém&s;gna
pr ogr ammab|AC @@t 4-Chiarmel,i h4tbitdiffereatialod-12 6BHYEHERLIN tgn|e| Hﬁi‘l}?ﬁ A-D

Coannel by sk o Sipeard At el Sk et ey o1 @

I nput to t Qy?péb‘ bP n%’@glec;i{ﬂ[D jt.%%veH%rmﬁy Béthﬁi"zé@,dv@ﬁib@démahﬁ:S\gtvhﬁhin g
the spirit and scope of the present invention. Figure 6 shows details of
the ACGO A-D Converter 120. A track-and-hold circuit 610 allows all
four channels to be sampled simultaneously and converted in sequence by
a single block of conversion circuitry.
[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: =10V, +5V, £2.5V, £1.25V. 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 a'bove with respect to the preferred embodiment, while
remaining within the spiri;c and scope of thé invention.
[0050] As.shown in Figure 6, the A-D Converter 120 also includes a
differential multiple*er 630 (4x differential multiplexer in the preferred
embodiment) and an N-bit différential 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
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different ranges correspond to: 1 OV, 5V, 2.5V, 1.25V. One of ordinary
skill in the art will recognize that the nunber of possible ranges and
the act uaWOAPe/&R649f t hose ranges, may be different f I OIPCHIVIES 20056035483

di scussed above with respect to the preferred enbodi ment, while remaining
within the spirit and scope of the invention. [00501 As shown -in Figure 6
the A-D Converter 120 al so includes a dlfferentlal tiplexer 630 (4x

di ff erent i abceivkediyp tx éour H)tmam@@ffﬁé@tl@msrﬁnﬁe %ﬁfgea Mg, sind

differential A-D Converter sta 69 ( I gfgrred

e][rb?ﬂl ment ]Zto quuﬁfﬁ%%?;;f?%‘ﬁa ‘S i@l’w&%‘%r Sg?é%]ﬁéBA? B converter 120
0 e preferr 8A18 1(8.aCanalli8 Wlues 13 WO 2006/ 039649

PCT/ USZOOS/C(%%%gﬂ recel ( gto fodﬁ (4) separate differential inputs at
the same tijge513ndErrop s@@biﬁd:ht'bherfbselqelé’ﬁﬂ @ohyerter 120 acqprdmgxémttbe st age

640, for conversion to digital (e.g., 14-bit) va 00511 E
speci fi cat ipreferfexd en‘rlmdh‘lbnt:@ﬁ\tbﬁ'g@\r’er!tﬂ]" QEQ:BF‘%WQ‘@‘& 5&! tlh%é“a&”é?r Wgﬁ

gggo?gng% lelﬂ% | nveciﬂ | onpaoﬁ{grow Wpsﬁééé{l%grgd% {El can 'iflcérMaBl‘tQ”) as
| ncluding %E@{dﬁ'\éﬁ @ﬁbpse sidéhip alf SRS ¢¥f theha- D\ﬂarﬁéﬁb&rﬁm lEt(BorsEr rors

can be cl assi as elther offset errors (errors independent of input and
t enper at ur darPbe gﬁas"snf@éd as sither odfset abemadenormpdﬁpengatﬂ) of ThRubAENdet

error sumfor the A-D Converter 120 accordi to the .‘erredf odi nment
of the i nvmnﬁfatwebqueslaln grrons (gregys-dep Hhep 'QB hed f§§ﬂ)\ error

sumfortheADCo My i odi nent of th
i nvention €T %’qﬁ‘ém & 8“%@0?‘9%%%% uﬁ(??&r aqof&{ﬁ‘f Bgégtzarlr%%? S d25| (r)abl ee
to keep theTrﬂEbBIrﬁér'itoéf trfe MventiOANs YUl kow: 7alL8B =TO. bl212%nfellrse:qtﬁres t he
use of a calibration circuit. The previous discussign of %%nfl ur abl e

gai n stage '[li@gamrembasunvﬁrreﬂfla &onvernter k2Q according 3Q t n the
operatfonal applifier s, Ul (2 hen GHFYL e Bl LoFloA %0t Gbaldle three

[0052] It is desirable to keep the gain error to an acceptable low value.

To do this requires the use of a calibration circuit. The previous
discussion of the configurable gain stage 110 somewhat overestimates
the effect of bias currents on the operational amplifiers U1, U2 when
calculating offset error for the three states (or modes of operation) of the
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 distribution from —Max to +Max.
This is a simplistic approach that does not-take into account the actual
temperature behavior of the OP4177 operational amplifiers.

[0053] As such, the offset voltages for the configurable gain stage 110
may be calculated asﬁ |

G = 0.05 mode:
Vos = 2Vosopamp + (1 /(1/615.6K + 1/32.4K))(lsiasa + lorra) (26)
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configurable gain stage 110 (also, offset calculation was neglected
entirely for the Gain = 1 state). Bias and offset current sizes used in the
previ ous W&I2004/e30649ns were taken from "Max" specificati ®CTARWSHIF4BDM a

dat asheet for the. OP4177 operational anplifiers utilized in the preferred
enbodi nent, and it is assuned that matchi ng between any two gates (even in
t he same package) is a randomdistribution from-Mx to +Max. This is a

si nplistic@ppriog@det hat does not take into account the actual tenperature

. behavi or of the OP4177 operational anplifier As sugh,,t f

_ : f
vol t ages for thdosonf?Yermb & R H1dleage ﬁi%FA?nﬁgé)zg%iﬁV‘%ﬁa 054! a@%g :Set
0. 05 node: \Q\SOS@; 2Vpsopanp + (1 / (1/615.6K + 1 /32.4K)) (I BI ASA + | oFFe)
(26) -14 =2 649 PCT/ US2005/ 035483 G = 1 node: Vos = 2Vosopanp +

615. 6K(| BI ASA +\} QFE€)\/ds. 226 4861 Bl6MGRats LORFQ) £232.4(Gam & . Vos =
2\Vosopanp + 615.6R(] B,XsSA‘%%’ ! O:FA)G?%? 33, 4(| B%sjﬁ +2Té]:|é?3) Evgggis) ??32.4 4

226.8) + 1 /8 * (226.8((3BBASA22618FFAS/] 32226/8(8mes + 5a) 8) (28) wh
Vosopanp is the specified offset voltage of the particul ar %yée 2) ore
operational anpl(BRi#¥B32:4ett 28P-Bperational anmplifiers UL, U2, anzizﬁ)er e

| Bl ASA and | OFFA are the mexi Wbl & c&aﬁ—t-'
consi deri ngVh#& ﬁ‘i‘i‘aﬁ‘.hm %r%%%éggs%%g%g?%)&aﬁ% thelb%ai:tm%@gurrent to
be the dat i n%ﬁti??%lyeﬁhﬁﬁ’f‘iérswl for Gjerationall amplifiers, U0, P2pantlovherse 4177

P ot 0o iteCEo. T oxb ot RSN TES s — 0. 6630
considering the minimum current to be Zero (0) and the maximum current
to be the datasheet “typical” specification value (0.5, 0.2 nA for the
4177 operational amplifier).

[0054] Accordingly, the offset voltages are :

G = 0.06 -> Vos = 0.4203 mV

G =1 -> Vos = 0.8298 mV

G=28 -> Vos = 0.6930 mV
[0055] With gain and offset errors existing for both the configurable
gain stage 110 and for the A-D Converter 120 of the unified analog inpu-t
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, itis
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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[ 00551 Wth gain and offset errors existing for both the configurable gain
stage 110 and for the A-D Converter 120 of the unified anal og input front
end 100, womoozdssedagram can be constructed to show t he pemrruseoos@sssext s 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 todeAiRuPQuRIE B alglent ARgeaMtus; ehe@quationfooghanabl e gat e
array is set to an appropriate gain to map the selected range to an

i nt ernal coogmbired eaogeeffecthis:A- D Converter 120, with some error

i ncluded in the A-D Converter 0 as d ted b . Ho r since the
A-D Converter er ffopm hr@%‘?fé’égéiééﬂ‘“nﬁs&&%%'ﬂ —L'éli‘g%g(?ﬁf”‘f n%,émx\)\hi ch nmake
the figures the | v | abl e to the selected range, it is conyement to
express the idegr?ﬁmﬁg@?ter gain as One (1), and the ideal output for

a full scale i npw ASLA) +apSARSAVAX, which corresponds to -15 WO
2006/ 039649 PCTI US2005/ 035483 the maxi mum val ue for a given range@éhus,
the equati oFStmerdt ke 1000hFiSemdr éARER%ef fects is: (FSIN + CGSOFF) (\S&HGERR +

CGSGAIN) _+ (ADCOFF% * ADCMAX) (1 + A RR). (,29) . A

FSERRORY = 100561 Fi9 90%&%&7&}? R%@?“%@Sé%‘f‘ %%}WMQ%@EEm

per cent age be : | i MxA .Egiiidd ADCwAR)is thad
di vi di ng byﬁm&%{%%mﬁ%?d?ﬁgl | deal ?UC?)PQ scal e input_ _rsesponse
and i s equajddap FHiBLEISGSEM Nesporsienanid fs eqlial driTSeTG@8ednora SISHIFEED, i s:

FSERROR% = (( ( OGSERR CGSGERR * ADDGERR) / OGSGGAIN) + ((CGSOFF + ADCERR *
CGSOFF) / F8kpyessioqn oefFemons GBSGERR + ADCGERR * CGSGERR * CGSOFF + ADCOFF

T ADCERR) F/SEFQ(I):I)R%VQX ?((C-:FGéeDRg?EBBSEEQ«DQ%EbG*ERR}9%é§é)s;\m) +
{{CGSor+ + ADCerr * CGSorr) / FSm) +
((CGSorr * CGSGerr + ADCGerr * CGSGern * CGSorr + ADCorr *
ADCGerr) / ADCmax) + ADCGerr + ADCor) * 100 (31)

If the error terms are small, the product of any two error terms is very

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

approximated as:

FSerrors =~ ((CGSGernr / CGSGGAlN) + (CGSorr / FSN) + (ADCGerr +
ADCor)) * 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% (FSer %) 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 [ADC [GGSor(V) JCGS VY [ADCorrV [ADC Y | FSemn% .
FSin | GAN | GERRV |.  V|GERRV

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 | 0.06 2.5 0.0004203 0.00003 | 0.00122 | 0.01929 | 2.1 1 53
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If the error terns are smal |,

smal | .

~Consi dering any error
appr oxi mawexk0as039648ERRORYs '
(ADCGERR + ADCoFF)) * 100 (32)

the product of any two error terns is very
product to be negligible,

FSERROR% can be

((CGSGERR / CGSGGAIN) + ( CCROEfUs20058B3dp3 +
whi ch corresponds to the sum of all

of

t he

relative errors in the unified analog input front end 100, as one m ght

intuitively expect . [ 0057] Using Equation (31), Full Scale Frror9 (ESEN %

i ?‘] ]'Eabgl at efj in25Tablos 1, 1.2l 0v0.0006703t e DPEOGEi| nP-AB1RZe | CDHPATRAaL i2H82% dr the
uni fi ed anat-eg—krptt—FHonisenthgdatogs [TTTE gbT e1]€ € nf . BLH -
WORST CASH ERROR CAL UL ATL OGNS (AT Mo N2 o i R
580'1829@\' N MAx GBRR ¥ V|GERR |v 0099829704 10 %. 0Qo ﬁgﬁ?go. 00B52% 0 W

. 2. ETA7T 5340 G0% y 0[7973". 000 01

0.05 2.5 0 nnrlm'%f nqnnr n?yn 01 009%784929(02 9 OO.mQ_Q?g. 9‘!‘\9@?2% 1%08‘7.2,,50
PCT Us2005) 035488 | 28 0]02% boBBados § 0odoi e 50 e b 0 s 10
% égog. (230(3 1857 08127 0100 1P 20@EB1 §- 0%05265 [00001R22$70.619%90p 289 d1929
. . —ogquo g I7 : NV 14U 1

5 0 0015 b oPaTB |2 Bard B hooesst et g R e ad
2.1769 0.523.825 0. 8004935 0 ST, doP#95% (189872 4881%%31 A°E% |5

. , 0 @042 o 7 0.00536G2 y

0.00122 0.01929 2 2335 1+ fam oot e —estH LB.OTZE -.5231\,&2.989?8ﬁﬁ e0526
[00581 As cawowemeisatons resyhigad! zlwf@ﬁsgﬂ'ﬁel errors are above 1 % This neans

that to achijgpest t AlsUfin BeeeAdy Table 1] cHanseherrérs aneodbove 1%. This

means that to achieve a target accuracy of <1%, some form of

calibration has to be performed on the unified analog input front end 100.

ADC Gain Error and 8x Gain Error in the configurable gain stage 110

appear to be the largest error sources, and so a calibration method and

apparatus should be designed so as to greatly reduce and/or eliminate

those errors specifically.

[0059]

calibration circuit 800, according to a second embodiment of the

Figure 8 shows a unified analog input front end 100 with a

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 gain 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 converter (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 cémponent types specified for the preferred embodiment. The

voltage reference unit 820 is shown as a type ADR421A. Capacitors C1,
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calibration has to be performed on the unified analog input front end 100.
ADC Gain Error and 8x Gain Error in the configurable gain stage 110 appear
to be t hewbawgrsbeder ror sources, and so a calibration nmetchadesdssseppar at us
shoul d be designed so as to greatly reduce and/or elimnate those errors
specifically. [00591 Figure 8 shows a unified analog input front end 100
with a calibration circuit 800, according to a second enbodi nent of the

i nvention. ¢3 aed SBidrehrfupid wdh%mezwmyd mﬁeﬁNdeféragceatbltbgatiBon,
the only loads on the calibration outRut wi | % é kS2 and 226. 8
kO r esi st orppowuided: teeai\VipLinput st 4he AP ﬁﬁé"‘op'@hﬁt %%1 PN 35 81 and

U2. A single rept .draw wll e: 6a ration
circuit SOM%ggg%P%g'z‘é{ 'ctrbngé'ﬁfi&taﬁéﬁl[é):gﬂd ’ﬂg %lrﬁ ts"'lllj'gh as the
tvo channel k) t iy €8 (T ARGY SHuls S tRAPoddtiohBPSMplier i | n Fi gure
8, the cali rat ‘on circurt 800 Includes an. " operational anplifier U3,

resi stors Rhovit® asROtypse\dl GiTesREFistG8R7 mshawndasgat%ZG.tSOkﬁrtasley)rconverter

(DAC) 810, and a voltage reference unit 820 V. reference in the
preferred gmbistomBati S?‘PGG'MF@ br@ kB repisiRr é‘“ﬁ’o"reé‘saﬁ'f EPI@ ei'lﬂ‘%@raérr?of t he

| i brat f d
erbod ment 3ok sepistian el GRed AfbostigBRE of RS calibfatiql R, o7 21 ¢
Capaci tors HJOV\QraﬂQa QRAGAXNBGH \W5A 0850 §1i2¢ 3Rat fhid WﬁbsCBf are coupl ed

to the ADR421 A, and reference voltage Is provided to a VIN. input
of the ADRARVides mthMﬁmangaresBom vasll as tmadiqubﬁtbe resisters apdt s

digital data on its DI.N dataln sel ect
i ngut s. TheapgeHars GHQIV 198 'ﬁf%re"es qrgts g’?ﬁ) 'Qétﬁapf'gﬁéé'4i g Resi s% or R7
I's shown a%%ngp%gr A &a?ér%gro’thef 9§lh§§%aﬁ§e'§tlli‘2@@"\’nhﬂ§ rémiting k1Z

resistor, hown as a 4 kO resistor in the preferred
enbodi ment WithiMthe abirierarid scops 6 the m»&@@lonme of ordinary skill in the

art will recogni ze that the types of
[0062] By switching switch S9 open and closed, the output can be
changed by 2.5 *(-226.8/615.6) = -0.92105 V. Due to the precision of
the resistors and the accuracy of the 2.5 V reference, this delta is very
accurate, and it is on this accuracy that the calibration scheme mainly
relies. The accuracy of the DAC 810 is not very important, and it is only
used to move the calibration point. A moveable calibration point.is
desirable when dealing with ADC's (subh 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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devices shown in the Figure 9, as well as the values for the resistors and
capacitors and voltage reference units shown in that figure, are

exenpl ar ywoaneb/osb@veby ot her val ues may be utilized whi lPeTruso®isoB3ag3 Wit hin
the spirit and scope of the invention. [00621 By switching switch S9 open
and cl osed, the output can be changed by 2.5 *(-226.8/615.6) = -0.92105 V.
Due to the precision of the resistors and the accu

racy, of the 2.5V
ref erence, ahothedel Thisirsethodyfocuses omn gainafeer Qnlysa fsets béﬁ%t"‘é’cy t hat
the calibratjon schene nainl relies. T fLdilg Bfta I S not
very i npor t §HECt QRdt etacfcé"%‘ﬁ‘?lﬁf tﬁ%&ﬁ’"{ &2 r\?gsﬁ ﬁ{éﬁ%ﬁ"ﬂb&?%{ﬁon pcl)?trjt?tQi A\
noveabl e cajd i I Nl Sar ' L AsureRRnt fkalged\bialy ADC s (such as
ADC 120) th q(%n%{/ gEe}r@‘ejﬂtnntilw()e' éashebsgt?g{ﬁﬁanges. RI so, ltJJy fi ngi ng gain errors
near nul ti piraceatadysin the feferesmeeydlixge, anigenaiobl intee £3i5:6 kfhend 226.8 net hod

avoi ds being corrupted by an unrepresentative |ocal in error caused by
nonl i near i t kQirasishersppad nagse diffesences betvgen iy -flfﬁhégaisp(jm@@)NL) is

: tri d, al |, mmj j WirDF Bk Ut
Fequl arly spieastrapRots LpErieRdy poRe b AR oL BRI 20 RIAY T2
| ocal DNL R dfhiBietalitdBHBCRY A mitlGaeHTiAAR emBddiméntiy the infisrent

nmeasur e- Sw asure approach to finding the delta caused by cl osing
switch S9 esgeragingd béthamyovinhgsmlibratioro peintrappreachi Adsitienaliaygragip& front

Subt  act | onabeaheaRbERHIARRE IRk Stode i IVGR) SaveIoeise i BYEEATESs 40
anot her. This ﬁ%i{}?ﬁac@@%ﬁﬁﬁﬂgaﬁgﬁﬁ" & i&{?ﬂbr&mn\/me%ﬁ&dmaée&@ahe&amnﬁ

effect on tHe? ration constant being cal cul at ed.

[0063] Errognidmbdaintatt ¢ e presentiveniont. i s caused only by inaccuracy
in the reference voltage, msmatch in the 615.6 kO and 226.8 . kO rgsistors,
and noi se dIG064EkncAgaie cabkertioncfacterfor-mgedaerlibratian pomidsfoun

L e e Dot ol S Bbbnhl oS, Jbalisd P b itk st 15
open, and X2 = measured value with switch S9 closed:
Ger = 0.92105 / (X1 — X2)
Values of Geracquired at different calibration points are then averaged, to
obtain a calibration point for the unified analog input front end 100. Error
in this factor is related only to error sources that cannot be arithmetically
canceled out by the subtraction X1 — X2: the error of the reference
voltage and the gain error of the 226.8 ki} / 615.6 kQ amplification
around the operational amplifier U3. Gain calibration factor error is
computed as:
Geren = (((REF + REFemn) ((226.820.02%)/(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.
Gerenrin = ((2.503 (226.84536/615.47688))/0.92105) - 1 = 0.16% (34)
Gererrio = ((2.497 (226.76464/616.72312))/0.92105) - 1 = -0.16% (35)

So, Ger has an accuracy of £0.16%.
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averagi ng of the noving calibration point approach. Additional averaging
at each calibration point and/or state of swtch S9 can al so be perforned,
in an al tWOrtaed/a3e64@onf i gurati on of a calibrati on net hod Por/iEmeasnssBEe W t h
an enbodi ment of the present invention. [00641 A gain calibration factor
for a certain calibration point is found by the follow ng equation, where

Xi = measur uensy ] = W t h

Swi tch oo cRaQ8Rl\Cal B G Elo T TegP Balhy R B)R aif PR OB IS "

di fferent cahétordy wmidlo Get fsalfastin@ircty ESH 0@ adtaal @4lugiis: a cal i bration
point for the unified analog input front end 100. Error in this factor is

rel at ed onl @Gersner roGaEdir deScehat =cliGetvisl lati Gl i cal |y  cancel@86) out
.. the error of the reference voltage and the gain

by the subtcactign X - X2 ]

error of thM%ﬂk@ thesgaingerey ORAYPUL i on  around the operati onal
anplifier @iy, Lhration factor error is conputed as: GCFERRys
(((REF + REuﬁléﬁ’zR) ‘?E%‘%Jf‘gg.oz%/(am 60.02%)) / 0.92105) - 1 (33)RR?3665]
Wth an ADRSY] riukiphying &yt thes edicatated Goeadrisagesules mence unit in the
preferred enbodi nent of the calibration circuit 800, REFERR is 3 nV,
assuning that caMosBaracon it M {Ghasup/Greauadride+ Gereep)t enperature  of around

25 C. GCFERRHI :_(\%2.20_"735(2@1226 84536/ 615. 47688)) /0. 92105) - 1 = 0.16% (34)
GCFERRLO = ( (2. 497 A% b A b 15, 72312))/0.92105) - 1 = -0.16% (35) So,

GoF has an a66YRCYSS! ideffEHt, calbrifor PAkEsD &0 AT P 0R5 Wi# 8 [ 0066]
f 1 deal and ERROR

GCF is the ratio of 1 gain to actual gailn, Is the factor
by whi ch GCerrior ol thei calibnatiom oneth®d, The eamrsiirivohed¢diare enlyablea€Talrdrs= GCF

(L ;utGCiF R et when & ézp{gkprqt%;ggﬁzallg/sggcu-{ge 1 ELT6dh i herfimed L O On
room temperature, temperature errors in the calibration reference may be
ignored, as in Equations #34 and #35 above, but temperature related
errors in input circuit gain are not included in the calibration and thus
should be included in a sum of ADC gain errors.

[0068] Since calibration preferably occurs near the middle of the
temperature range, maximum temperature excursion from the calibration -
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 Gecrerr.

[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 2.5 .004725 0.6562
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So,

i gnor ed,

aj

mul tiplying by the cal cul ated GCFACTUAL results in:
(GACTUAL/ GACTUAL) (1 + CGCFERR)
cal i br at iI\¥0 20e0138@8s t he ADC gain error with the
nmet hod. The errors involved are only those errors
calibration actually occurs.

tenperature, tenperature errors in the calibration re

pr esent

If calibration is perforned at
ferenc

5 1N Equat 12811

s #30.08nd #3

5 abd¥8 but

Q0&ASer at ur ¢

37651 gt ed er

Vout GCFACTUAL =
= VIN (1 + GCFEFF) [0067] So,

in effect,

er r or PET/USherswad48br at i on

when t he
room

in input ci
be i ncl ude
preferably

t enper at ur ¢

range, and

nunber

cal (
of f set errq

ettt ydariigq
in a sum of

e oty T TCI
ADC gain-el

ded 1 the ¢
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val ues are

Table 2. TA
GERR FSERR%
2.5 .004725
. 004725 0.6

oo
ol LI\\.

ons_of tqne

nYall P L |
091 T oTat

unified anal

o ERror % |
o0 _i.npbut frgd

QGoavRy T er ent

nt_.and 100
oo

onaa@e/ gai n

bl e 2, 0-3H5¢

ulate® as i

Tabl €91 ( CEIYFES

CGSGER

aa gsg.gl.l:b‘al. U F

TE SapH56285

in Hasl e 1,

Thosa Show

DATED... RO

Q4@28 hus ar

T _CASE_CALLlL
OO W T

VAT D LIN\INUINN

=] Bl
FSHNCSGGAr

d.498@ shown |in
NADCVEXADC

200 0.05 10 .004725 0.6556 100 0.05 5 .004725 0.6558 50 0.05
0\%!938%&aB@QUﬂ?@%ﬁlﬁaﬁéﬂ?cwcﬁﬁt 8005 1. 25

Ay e 550 10,99

5 0.6034 515 .004725 0.6117

lessens the error for the unified analog mput front end 100 to an

acceptable level of <1% for all but the last range/gain configuration

rors
ul d

hat

Hf i ed

(whereby that one is only slightly above 1 %).

[0070] In a third embodiment of the invention, referring back to Figure
1, the zener diodes D1 and D2 are replaced by low-capacitance signal
diode clamps (not shown), such as BAV 99 diodes with =12 V clamping
range. The clamp diodes of the third embodiment may experience current

leakage greater than an acceptable amount, causing an undesirable offset

voltage in the 615.6 kQ 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 313 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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2.5 1 2.5 .004725 0.6284 1.25 1 1.25 .004725 0.6618 1.25 8 10 .004725
0.7169 0.625 8 5 .004725 0.7726 0.3125 8 2.5 .004725 0.8841 0.15625 8

1. 25 . 004WER006/0B9F9 As can be seen by the val ues in TabIRETAJS20(56435483
calibration circuit 800 |essens the error for the unified anal og i nput
front end 100 to an acceptable level of <1 %for all but the |ast

range/ gain configuration (whereby that one is only slightly above 1 %.
[0070] In mokliesdaadmnj'smithQm&me?Y%ffoﬂéF%? CPRYIHEER® 88" Fi gure 1,

the zener diodes Dl an are repla by, | . i e .Signal  di ode
cl anps (noﬁ'@ﬁ&vﬁ?)",hes’ﬁgbf[féé"%wﬁ\é5V8ﬁ§g3¥‘x¥/ﬁht%£ﬁﬁ%%a%'t%:r?'gfnlgfng range. The
clanp diod Ry IdPEthe BB aRdAB G el d@ifigurbiblakgain
greater th§§f§$ﬁ%@§@ﬁf2ﬁ?‘f§ﬁ%h, cgusi ng an undesirable offset voltage
in the 61545ke. resi stors. However, based on the type of clanp diodes

bei ng used, the current | eakage may be maintained to an _acceptabl e anount.
[00711 | n 4002k h Mapydothentc g@ﬁ@ﬂ%ﬂﬁ@ﬁ'ﬁi?@ﬁ'?“ﬁé?‘éYra%@a@&?%ﬂ% Fi gure

1, the switch be_.sel ect ed, 50 L hat + bei i
ot of 6ct | on PARSES IGEIRHOR VBN 08Ra tie HORILN il Bibfegh TSRO )
swi t ch, ‘“’“‘tﬁgs%aéré& 3 BEnBRALE il Beclhislappirent tbnv hidpendad iclaimis ches

used in the configurable galh stage, these internal protectiqn di odes of
the swit chqer akampleathe contidardtie gairestagetmgy beputilizad 1ROV aPhus t her e
is no need for the zener diodes D1, D2 of }ae first errb\la)glis%ga inthis
i nstance. fupedanes buffer andiopapdaPHEAGDal HRRYUPIGENSGAVESTIEM ch 52 does
not get closed,for any of. .t I < édelve Sigmals3 5483
nodes, and @?cm%ﬂr%f mpgjggfdg%o%té%r%ﬁ?{?ﬁéqﬁgﬁ?%ﬁfgbl e aifdrii{

output by the configurable gain stage, and that are to process those

signals in some way.

-22-




stage to thereby |l eave only five (5) switches in an alternative
configuration of the first (or other) enbodi nents of the configurable gain
stage. [00721 Many ot her changes and nodifications nay be nade to the
present invention without departing fromthe spirit thereof. The scope of

t hese andfﬁ%Q@@ changes wi || becone apparent fromthe appended clains. For
exanpl e, ﬁfigurable gain stage may be utilized to provide an

i npedance jbuf f %Mﬁgﬁn@ﬁﬁl&ﬁ%@??ﬁgﬁh& nam c range adj ustnment mechani sm

for other “devices ot "to receive signals output by

the confi gur abheopfigirabl@gein gk thakis erfidRePtPReEIVe aRAFRloSINGAR! S i n sone

way. -22 CLAIMS: 1. An analog it nput front end, conprising: a configurable

gai n st ageignahand to pwvidyagem value o tioanalog topat signahsnuas tosowput a gaid- t o

provide a gain value to the apal og i nput sigpal so.,as to output a gain-

adj ust ed adlis Inpug sienal it 1§ wilhin ap iculpvoliage sangFdItwgen fange

bet ween a ' - 1. 14 \Y e; and an anal og-to-digital converter
ma&?@h&ﬁ’@@&%ﬁuﬁhﬂf Vit 'ahd! e

that is con ure 0 recerve adj ust ed anal og i nput signal output
from the confi gHraRloR-©RdRItEl éstiserRPehdtqs csﬁﬁ%&w@ﬂéée%ﬁle-g%w tal
conversion on the gain-adjusted anal og i nput Signal, so as t0 output a

di gi tal sadpatedtammiog mpubdignal owtpuo fronhtheacumfigurable ghinsstageland taher ei n t he
configurable gain stage conprises:, a positive differential input signal

st age i ncPedpHg aa\akqg-%rdwgf e@nVEPN oRnihE igain-pdjusted analpggnpntsigaak serenti al

povi ti ve e 19 SPERE il S R dF R b BalogipPhrsie®il, {1 " 1

resistor and awersh tﬁ@ggﬂé &rab&oggggﬁgaﬁgy&ﬁ@rs; he first operational

anplifier and acting as rst f , and
a positive differential input signal stage including a first operational

amplifier; and

a negative differential input signal stage including a second operational
amplifier;

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

operational amplifier and acting as a second frequency filter.

2. The analog input front end according to claim 1, 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 attenuation mode, a unity gain
mode, and in a greater-than-unity gain mode; and

wherein the negative differential input signal stage further comprises:

a third switch and a fourth switch capable of being switched so as to

cause the negative differential gain stage to operate in the attenuation mode and
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wherein the negative differential input signal stage further conprises: a
second resistor and a second capacitor connected across the second
operational anplifier and acting as a second frequency filter. 2. The
anal og input front end according to claim1, wherein the positive

di fferentjal j.nput. sigpal stage furth conprises; first swtch and a
second sm#@éﬂ“@ﬁ%ggﬁgggﬁagéﬁﬁﬁkégﬁ?%ﬂﬁﬁmgygﬁggpglggﬁge the positive
differential gain stage to operate in an attenuation node, a unity gain
node, and in a greater-than-unity gain node; and wherein the negative

di fferent3al iThetnalogiaputshagendiadcoeding eoplaimes fusthéthedrdpdsingch and a
fourth switch capabl e of being switched so as to cause the negative

di fferential gaifiithsvigeh provigast between anmutputiafithe firsropesationah amphigier he
unity gain de, ..and..in the greater-than-unity in node. 3..The anal og
out e ot i sibirten Beoi hes and a it oc Bt RectPGoeitional n "o ¢ oh
provi ded i rational anplifier of the
positive F’P@ggﬂfggl gﬁﬁegpgggﬁ%%hé§%8?§%Ut of the second operati onal
anplifier of the negative differential gain stage. 4. A configurable gain
stage, conprising: a positive differential input signal stage that includes
a first résistArcandiguraple gain stage, comiprisamg:e val ue, a second resistor having
a second resistance value, and a first operational anmplifier; and a
negative diffef BASHYF %aﬁlfffafm%li BRYI sighalydaghthat ineludesa et esistar hadngt or

having th I, I St ' c | ue fQurth resist.or .havin he ond
r e\s/: s'? ancg ﬁfr%/tar%%{aﬁgélgﬁlg@gg é%‘%&lﬁgﬁ 3@5@?}?X§ﬂg %ﬁ?ﬁo?lfii r8§1,5%3ﬁ%1 %fl#"lﬁ 5 ?‘&fﬁr ough
si xth sw fidh@peratidfal ahplifisR@ndecond switches being provided on the
positive differential input signal stage, the third and fourth swtches

bei ng provi deanegativeadifiegattial énpslit fsigrad staiga thatripneludes gtlaikd sd¢sager the fifth
swtch being provided between the positive and negative differential input
si gnal sthajang thgtirst resdstance valye, a furtheresistorrhaving therecore resistaimesund

ntial_an I n f i tiv nd n Y i fferential input
giogﬁaf ! St Bg’ a%tdas?eac%}ld%p%rﬁlorfapgmpﬁ%%r;tande and negative differentia P

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,

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.

5. The configurable gain stage according to claim 4, wherein the configurable
gain stage includes means for providing an impedance buffer for signals to be
processed by another device coupled at an output end of the configurable gain

stage.
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wherein the configurable gain stage is capable of operating in a first node
of operation providing a gain value greater than unity to an input
differential signal pair, a second node of operation providing a unity
gain value to the input differential signal pair, and a third node of
operation provide a gain value greater than zero but |less than unity to
the input differential signal pair. 5. The configurable gain stage

accor di Nt 0 CITRE BoftfigWABIEkini e CARGIINE 35 LRimOR L ANRe B gdRBIdTEans

for providing an inpedance for sig processed By anot her
devi ce cogpinestagd isaoupledrotaneAD ebnidreers anhdiGi bath en dbsdarfdedadfer 48d6. The
configurabl e gain stage according to claim4, wherein the configurable

gai n st agd dysagdeipangs cogtraHenfay signaleta be pracessedtbyathebdh camvértasedance
buffer and a dynamic range controller for signals to be processed by the
Al D converter. 7. The configurable gain stage according to claim4, further

conprising: a [ j s j i QA .I.he.
confi gur agl e gg;ﬁh c?{mg ggﬁ%&gﬂhtsﬁzgetﬁgc%@ﬁ%%g%g@%,éfﬁgg‘?ﬂ"%cirﬂﬁ ’H%lﬂg'o nfi gurabl e
gain stage is heakbfafieR cantrdl aARICONIEARY tedlonfrol file _@Hﬁg?l?@dlé fifstag@t es of
the configurable gain stage. 8. The configurable gain stage according to
claim 7, sieriahamexinwbi gaiatéroor ofdheconfigumble gainstageds lesarthapar at i onal
anplifier; resi.stor |adder_ circuit connected tqQ the _ operational
amplifier Pf@ﬁ&ﬁf@}l@%ﬁo valye foralh gpergtingstates ebihsconfigurable Baingyegeat i onal
anplifier and to the resistor |adder; a switch; and a voltage reference
unit connected to the resistor |adder by way of the swtch, the voltage

[ eferenceguni t The $onfgnAB)CEIAYARLABdINE ¢t AIhY, wildemIAL AlibGABKeT L e’
9. Acalibration circuit for a gain stage and analog-to-digital converter
unit, theomtadlilmit¢omprisdst cui t conprising: an operational anplifier;

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.

9. 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 operational amplifier and the digital-
to-analog converter;

a voltage reference unit connected to the digital-to-analog converter; and

a plurality of switches that provide an on/off connection to the gain stage

and the analog-to-digital converter unit,
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a digital-to-anal og converter; a resistor |adder provided between the
operational anplifier and the digital- to-anal og converter; a voltage
reference unit connected to the digital-to-analog converter; and a
plurality of switches that provide an on/off connection to the gain stage
and the anal ogzdR:4Gi : r < yni <Ip I b

circuit is con?&iﬁﬂg%aériggh% gélﬁl%‘ia ﬂ%‘gicﬁ%glt? %tb g’ilﬁéri r g?g%qﬁl%émgé(glgﬂn&géﬁ%%ﬁgnd t he
anal og- t oggingitigd aredtheairatdg-tordigitad cofvéres it @ belesy @A agsreidefnined! ue,

for all operating nodes of the gain stage and the anal og-to-digital

conver t er valuepforeleoperaiing atades of ithe gain stagecardi thg aneloghtakdigiial f ur t her

conpri si ng: a resistor provided between an input port and an output port of
the operSPREAWE- anplifier. 11. The calibration circuit according to claim
10, wherein the resistor has a predeterm ned resistance value with respect
to a plurality of resistors nmaking up the resistor |adder. 12. The
calibratigp, Ci 'Iﬁ@!chliﬁfd@fé)hcﬂiﬂﬂitt&cﬁhﬁhg?tc? clamaj,%ﬁhéfn&rﬁ?%éi g! -to-anal og
converter is configured to receive digital data, as ca ration
instructions, aawesistoepravddedbetvweran ani inpui port had ahlvaitmalposr afthen circuit
according to claim9, further conprising: a switch provi ded between at

| east oneOp&gtionglargplitiete resistor | adder and the voltage reference unit.
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11.  The calibration circuit according to claim 10, wherein the resistor has a
predetermined resistance value with respect to a plurality of resistors making up

the resistor ladder.

12.  The calibration circuit according to claim 9, wherein the digital-to-analog
converter is configured to receive digital data, as calibration instructions, for the

calibration circuit.
13.  The calibration circuit according to claim 9, further comprising:

a switch provided between at least one resistor of the resistor ladder and

the voltage reference unit.
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