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Introduction

The load cell electronicameasurehe millivolt level signalsproducedby straingagetype load cellsandamplify thesesignalsinto a 0-5V
range.

Goals

Amplify low levelsignalfrom straingageload cell andtransmitit overseverafeetof cableto PC-basedataacquisitioncard.
Accuracysufficientto avoiddegradingoverallsignalquality .

Smalloverallpackageo facilitatemountingnearloadcell

Minimize constructiortime, while achievingmoderatecost.

Specs

Primarily through—holeomponentso facilitate vectorboardconstruction

Fourwire interface(Power,Gnd,andSignalout, SignalGnd)

Wide supplyrange atleast12-24v (Try for 10V allowing dischargedtarbatteries.)
Currentmodeoutputfor easyinterfacingoverlong cableruns
Overallaccuracysufficientfor 12 bits of precision

Power Supply Section (PS)

PS Goals

Simplicity / Reliability

Wide inputvoltagerange

Accuracysufficientto maintainoverallaccuracy
Adequateheatdissipation

Low cost

PS Design notes

The basicideais to usean ordinary 3 terminalregulator possiblya low drop—outype,andservoit with an opamp.Theregulatorbuysa
thermally protected,power capabledevice. The opampcircuit improvesthe accuracyof the regulator,since 3 terminal typesare not
sufficiently accurate.

PS Issues

Bandwidthcouldberolled off with a capacitoratthe adj. Terminalif requiredfor stability (notlikely).

To allow operationat 12 Volts, the bridge voltagecould be loweredto 8.75V. The bridge noiseis thusincreasedbut 10V operationis
relatively easyto achieve This appeardo bea simplejumperchangesosomedesignflexibility is retained.
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m Instrumentation Amplifier (I1A)

= |A Goals

Singleopamppackage

Low partscount

12 bit accuracyovermoderateange
Low cost

= |A Design notes

Our load cell is a very standardunit. The nominalbridge resistancas 350 Ohms.The sensitivityis 3mV/V full scale,andthe recom
mendedmaximumexcitationis 10V. Typical errorsareon order0.1%,whichis consistentvith a 12 bit accuracyspecification.

Rejectecamplifiers:

LT1168_0500_Mag.pdf- Middle thirdsrule

an87.pdf— p.69hasnice ECGapplication

LT1167_0598 Mag.pdt Noiseanalysisrepetition,alsointerestingon ESD protection(supersededn182f.pdf?)

LTC1100(12%)choppersinglesupply,18V
LT1167 (6%) notsinglesupply
LT1789(6%)noDIPs

INA122

= |A Issues

The mainissueis with singlesupplyoperation.Swingingthe outputneargroundintroduceddistortion. To avoidthis an LM10 or similar
is addedto provide an approximatelyl/2V output offset to move the zero point away from ground. This is a compromisebetween
dynamicrangeandzeroaccuracy.

Connector(s)

m CM1 Amphenol PT02A10-6P

Amphenolcircularbayonetock receptaclavith solderpins

10 shellsizenumber

6 numberof pins

?2?7?A currentrating/ pin

???VAC/DC voltagerating

?2??VAC withstandingvoltage,1 minute

?2?2?7n4) contactresistancéMax (initial, afterenvironmentatesting)
?2?7?7M) insulationresistance

23.825mm  flangesize(square)

21mm depth

Aluminum shell,olive drab,cadmiumplated.
Thisis theconnectoiinstalledon theloadcell we have
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m CF1  Amphenol PTO6E10-6S(SR)(DigiKey PTO6E10-6S(SR)-N[29.97%ea)

Amphenolcircularbayonetock plug with soldersockets

10 shellsizenumber

6 numberof sockets

?2?7?A currentrating/ socket

???VAC/DC voltagerating

?2??VAC withstandingvoltage,1 minute

?2?2?7n4) contactresistancéax (initial, afterenvironmentatesting)
2??7M) insulationresistance

Aluminum shell,olive drab,cadmiumplated.
This is thematingconnectorfor CM1. Boy, it sureis expensive.

m CN2 7?77

6 numberof contacts
No ideawhatto do here.Maybejust solderto the boardwithouta connector?

m CN3 7?77

2 numberof contacts
Not clearwhatto do here.If weusel2V, i suggestnderson'powerpole“connectorsPossiblyhangthemoutonashortpig—tail?

mCN4 7?77

2 numberof contactqpossiblywith addedshield)
2 signalconnectoffor twistedpair or shieldedwire. Maybesomeaudioconnector???
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Integrated Circuit(s)

m Ul Burr-Brown ( Now TI) INA125P, Instrumentation Amp w/Precision Reference
(DigiKey INA125P-ND5.15%ea)

Texaslnst. INA125P
DIP-16 package
(2.7,,36)V supplyvoltage

(, 460,525uA supplycurrent@ 5V (Vs dependenspecselowtakenat 5V)

(-40,85)C T_Ambientrange

OpAmp

=(, 75,500uV initial input offsetvoltage

+(,0.25,2)uVIC tempcoof input offsetvoltage

(, 3,20uVvIV supplyvoltagecoefficientfor input offsetvoltage
(100,114,)dB CMRR @ G=100,Vs=5V

(-1.2-0.8)V positiveoutputswingfrom the positiverail
(0.3,0.15,)vV negativeoutputswingfrom the negativerail
(, 10,25)nA inputbiascurrent

+(, 60,)pA/°C tempcoof inputbiascurrent
%(,0.5,2.5)nA input offsetcurrent

+(,0.5,)pA/°C tempcoof offsetcurrent

38nV /vVHz voltagenoise

0.8Vp—p 1/f voltagenoise0.1-1Hz

56fA /VHz currentnoise@ 1kHz

170fA /vHz currentnoise@ 10Hz

5pAp-p 1/f currentnoise0.1-1Hz

+(,0.05,0.5)%
+(25,100)ppm/T

Gainerror@ G=100
tempcoof Gain

%(,0.001,0.01)%FS non-linearity@ G=100

4.5kHz BW @ G=100

375us 0.01%settlingtime for 10V outputstep(x15V supplies)
5us overloadrecovery

Reference

%(,0.15,0.5)%

+(, 18,35)ppm/C
%(, 20,50)ppm/V
(, 3, 75)ppm/mA

initial accuracy

tempcoof reference
supplyvoltagecoefficientfor referencevoltage
load currentcoefficientfor referencevoltage

(1,25,1,)V dropoutvoltage

1.25V nominalbandgaproltage
+0.5% bandgagpnitial accuracy
+18ppm/C tempcoof bandgaproltage

(* VRMS*)V4KkTRB /. {B-Hz, k »1.380662**-23 , T 25 +273.15 } /. R- 350

2. 40063 x10°9 +/Hz

For the load cell (seeSG100below) it wasdeterminedhatthe initial off setis lessthan35Q:V, the DC error overthe FSrangeis less
than45:V, andthe DC errortempcois lessthan1.5.V/°C . Additionally, sincethe bridgeresistancas about350) the Johnsomoisein

the bridgecanbe calculatecat 25C asaround2.4nv/ VHz .
For a 350 sourceimpedancethe femto—Ampcurrentnoiseis negligible. The amplifier noise dominatesthe Johnsonnoise from the

source.The bandwidthcanbe limited by 2.2k resistorgo, say,a breakfrequencyof 200Hz (reconsidethis) with only a couplepercent
increasen overallnoise(provethis (donebelow)).
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(*+ V_RMStotal noise *)/4k TRB+ ((38*-9 )2 + (170*-15 %R)2) B /.
{B>Hz, k »1.380662*"-23 , T-25+273.15 } /. R>350 +2%2.2*3 //N

3.90239x10°8 +/Hz

The total noiseassumingwo 2.2k} resistors(metalfilm of course)is 39 nV/\/ Hz which is a noiseincreaseof 2.6%, which for our
purposess probablynegligible.

250 % 39*"-9 /100 /30*"—3 // N

0. 00325

Assuminga bandwidtharound100Hz,the rms noiseexpressedn poundsis about0.003Lbs. Thisis negligiblefor our purposesin fact
the bandwidthcould be raisedto 1kHz with no extremepenaltyin extra noise (and possibly shouldbe, what is the bandwidthof the
sensor?)Careshouldbetakennotto createfrequencyaliasingdueto alow samplerate.

The 1/f noiseis about0.8:Vp—pfrom specsthis is around0.007Lbs. Still respectablyow for us. The 2.2kQ) metalfilm resistorsshould
notaddunacceptabléo the 1/f noise.(Worstcaseabout0.4uV, betterresistordn this classareoften10 timesbetter.)

It appearghe AC noiseof theINA125Pis acceptablenowto moveonto the DC noise.

The typical offsetis 75uV, but the maxis 50QuV. | don’t know if i trust the statisticsfrom the load cell people,i'm willing to call it
25QuV, makingthetotal maxinputreferredoffset60Q:V. The outputoffsetis thenabout100mV. Sincethe outputswingis only downto
300mV (worstcase) a very reasonabléand convenientpffset pointis 0.4V. This shouldgive enoughheadroonto bring the real output
zeropointwell into thelinearrange.

All the DC errorsourcesiueto theinstrumentatiommpappeato becomparabler lessthanthe sensoitself, sothatshouldwork.
Thereferencelsolooksok assumingverunit off theregulatedLOV supply.
Lookslike the INA125P will work.
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m U2 Linear LT1635CN8, Micropower RR OpAmp w/Reference (improved LM10)
(DigiKey LT1635CN8-ND 3.50%ea)

LinearTech. LT1635CN8

DIP-8 package

(1.2,,20)V supplyvoltage

(, 150,260uA supplycurrent@ 5V (Vs dependenspecdelowtakenat 5V)
(-40,85)C T_Ambientrange

OpAmp

+(,0.5,1.8)mV initial input offsetvoltage

+(,3, 7)uVIC tempcoof input offsetvoltage

(85,97,)dB CMRR @ G=100,Vs=5V

(90,97,)dB PSRR

(-0.35-0.2)V positiveoutputswingfrom the positiverail sourcingsmA
(, 125,250)mV negativeoutputswingfrom the negativerail sinking5mA
(, 2.5,5.5)nA inputbiascurrent

+(,0.2,0.6)nA input offsetcurrent

50nV /vVHz voltagenoise

1uVp-p 1/f voltagenoise0.1-1Hz

50fA /Hz currentnoise@ 1kHz

(45,200,)V/ImV largesignalGainw/RL=1k

(20,40,)mA shortcircuit current(eithersupply)

175kHz GBW product

45VIims slewrate

Reference

(189,200,211)mV  referenceroltage

+(,30,100)ppm/C  tempcoof reference

(,5,15)nA biascurrentinto pin 8

%(,20,100)ppm/V  supplyvoltagecoefficientfor referencevoltage

(, 200,500)ppm/mA load currentcoefficientfor referencevoltage[0—1]mA

All thatis donewith U2 is the generatiorof a ~1/2V referenceThis referencds appliedto the outputoffsetof U1, thusraisingthe zero
pointinto theguaranteedinearrangeof U1’s output.

The DC andAC noiseof this amplifier is not of greatconcernbecauséts signalis addedafterthe 1stgain stage(G~150)sothe 1ststage
amplifier dominateghe overallnoise.

TheLT1635is animprovedLM10, probablya genuineLM10 would work hereaswell.

m U3 National LP2954AIT, 5.0V Micro Power Low Drop Out Voltage Regulator (DigiKey
LP2954AIT-ND 4.30%ea)

NationalSemiconductor LP2954AIT

TO-220-3 package

(5.5,,30)V supplyvoltage

(,1.1,2.5)mA groundpin current@ 50mA output
(-40,125)C T_Junctiorrange

(4.975,,5.025)V initial outputvoltage

(, 20,100)ppm tempcoof outputvoltage

(, 0.03,0.20)% supplyvoltagecoefficientfor outputvoltage

(,0.04,0.16)% load currentcoefficientfor outputvoltage[1, 250]mA (pulsed)

(, 240,420)mV dropoutvoltage

(, 380,530)mA shortcircuit currentlimit

(, 80,)uVRMS outputvoltagenoisel0Hz-100kHz(0.1uF feedback33uF output)

U3 is usedhereas a superpower transistorwith thermaland short circuit protection.Sincethe minimum regulatedvoltageis 5V, the
circuit will alwaysstart.
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Capacitors(s)

mCl 2.2uF, 50V, tantalum, radial, Kemet T350E225K050AS (DigiKey 399-1447-ND
0.93%ea)

Kemet T350E225K050AS

2.2uF nominalcapacitance

+10% tolerance

50V WV DC

3.50 ESR@ 100kHz,25°C

0.9uA leakage@ 25°C

5% dissipatiorfactor @ 120Hz,25°C

tantalum  dielectric

(5.5x8.9)mm casesize(DxH)

2.54mm leadspacing

???C operatingemperatureange

For long leadlengths,a 1uF input capacitoris recommendedor U3. Largervalueswithin reasonare "better". Probablya 35V rating is
adequate.

m C2 33uF, 16V, tantalum, radial, Kemet T350H336K016AS (DigiKey 399-1406—-ND
1.81%ea)

Kemet T350H336K016AS

33uF nominalcapacitance

+10% tolerance

16V WV DC

1.60 ESR@ 100kHz,25°C

4uA leakage@ 25°C

6% dissipatiorfactor @ 120Hz,25°C

tantalum dielectric
(7.6x10.2)mmcasesize(DxH)

2.54mm leadspacing

???C operatingeemperatureange

Requiredoutputcapacitorfor U3. 1QuF is adequatdor stability, but noisevoltageis slightly decreasedly usingalargervalue.

m C3,C4,C5  0.1uF, 50V, X7R, axial, BC A104K15X7RF5TAA (DigiKey 1109PHCT-ND
3.44$/10)

BC A104K15X7RF5TAA
0.1uF nominalcapacitance
+10% tolerance

50V WV DC

X7R dielectric

(2.54x3.81)mmcasesize(DxL)
(-55,125)C  operatingemperatur@gange

BypasscapacitorsC3 reduceoutputnoisefrom U3.

m C6 2x0.1uF, see C3

Changedo 0.2uF, justusetwo bypassapacitorsn parallel.

Kemet C430154K5R5CA7200
0.15uF nominalcapacitance
+10% tolerance
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50V WV DC

X7R dielectric
(3.81x7.371)mmcasesize(DxL)
(-55,125)C operatingemperatureange

C6 setsthe 3dB input bandwidthof the instrumentatioramplifier. Sincethe bandwidthof the transduceremainsunknown,we guessti
mate 100Hzis a goodchoice.Due to the natureof cascadedilters, arbitrarily set200Hz asthe bandwidthto the initial filter. The series
inputresistancéncludesR5 andR6

Solve [f =1/ (27 RC), CI[1, 1] /. {f - 200, R-»2%22*3 +350} //
EngineeringForm

C-167.532x10°°

0.154F is closeenough

f=1/(Q2nRC) /. {C>015*-6 , R>2%2.2*3 +350}

f ==223. 375

Really 0.2uF is probablyfine, andsaveduyinganothercap.

f=1/(2nxRC) /. {C502*-6 , R>2%22*3 +350}

f ==167. 532

Let'sjustdothat.

Resistors(s)

m R1, R2 any 5% axial lead resistor 1/10W or more

R1 andR2 combinewith C1 to filter input noisefrom the powersupply.To allow operationat 10V the voltagedrop acrossR1+R2must
be keptsmall.U3’s drop out voltageis under1/2V so

R1+R2< (Vs - (Vexcite +Vdrop)) /ls
/. Is - Vexcite /350 +20*-3 /. {Vs - 10, Vexcite - 8.75, Vdrop - 0.5}

Rl + R2 < 16. 6667

For conveniencesetR1=R2=7.%) .

Note thattherecanbe up to a 1/2V drop acrossR1. This meansf the acquisitionboardis referredto the negativesupplytherewould be
of order1/2V error. This is way too much.R2 could be eliminated but thatis equivalento assuminghatthereis no drop throughouthe
whole groundloop. The only accuratevay to dealwith this problemis to makea differential measurementf the signalat the acquisitor
board.In thatcaseR2 is helpful in thatit allows a single supply opampto makethe measuremerty raisingthe commonmodevoltage
abovethegroundrail.

The powerdissipatiorassuminggOmAis
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P>1I2Ry/. {I->0.05, R-» 7.5} // EngineeringForm (» Watts «)

P 18.75x10°3

m R3 1kQ, Any 5% or better film resistor in axial package (DigiKey 1.00KXBK-ND
0.54%/5)

Yageo 1.00KXBK-ND

1.00k0 nominalresistance
250V WV DC
(2.3x6.5)mm casesize(DxL)
+1% tolerance

+100ppm temp.co.
(-65,+150)C operatingemperatureange
metalfilm

R3 isolatesthe DC voltagesettingopampin U1 from the "ground"” pin on U3. The pins could be connectedlirectly, but R3 is beneficial
in thatit isolatesghe AC feedbackrom C3to thegroundpin. It alsomakesthe designerfeel’ better.

Solve [f =1/ (27 RC), RI[1, 1] /. {f -» 1000, C- 0.1**~6 1} // EngineeringForm

R- 1.59155 x 103

The maximumgroundcurrentfrom U3 is 2.5mA, the voltagedropacrosR3is

R*25*-3 /. %(* Volts x)

3.97887

Thisis abit much(10V -5V -4V = 1V outputfrom U1). CutR3to 1k, Ul risesto 2.5V, which shouldbefine evenat8.75V.

m R4 3480, 1% or better metal film resistor in axial package (DigiKey 348XBK-ND
0.54%/5)

Yageo 348XBK-ND

3480 nominalresistance
250V WV DC
(2.3x6.5)mm casesize(DxL)
+1% tolerance

+100ppm temp.co.
(-65,+150)C operatingemperatureange
metalfilm

(Repeathe calculationgelowfor areducedexcitationvoltage.)
Nominal excitationvoltage

1.24 »7

8. 68

Targetgain (usingnominal3mV/V outputspec)
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5-0.454
3*-3 *%

174.578

Solve [%:= 4 + 60*"3 /R4, R4][1, 1]

R4 - 351. 746

3480 is anavailablevalue.In theorya 348} 1% anda 3.0Q2 5% couldbe usedin serieshbutthatseemsinnecessary.

This haschangedseeabove.

This is the gain settingresistorfor the instrumentatioramplifier. The nominalinput rangeis 30mV. Theintentionaloffsetis 0.454Vand
the maximumoutputvoltagetargetis 5V, thereforehe gaintargetis

5 -0.454
30*"-3

151. 533

Thegainformulafor Ulis G=4+ 60k/ R4, R4is then

Solve [%:=: 4 + 60*3 /R4, R4I[L, 1]

R4 - 406. 688

DigiKey has100ppm/T 1% resistorswhich shouldbe adequateA 402} unitis available theresultinggainis

G-»>4+60"3 /R4/. R4-»402 // N

G- 153. 254

This shouldbe plentycloseenough.

m R5, R6 2.2kQ, Any 5% or better metal film resistor in axial package (DigiKey 2.21KXBK-
ND 0.54%/5)

Yageo2.21KXBK-ND

2.21K) nominalresistance
250V WV DC
(2.3x6.5)mm casesize(DxL)
+1% tolerance

+100ppm  temp.co.
(-65,+150)C operatingemperaturgange
metalfilm

Mostly theseresistorsare part of a bandwidthlimiting circuit for the input amplifier. They also increasethe robustnes®f the inputs
during staticdischargeThe highestusablevalueis seteitherby the amplifier biascurrentsor the Johnsomoisein theresistor.The bias
currentsaresmall,soJohnsomoisedominates2.2k is ok, seethe calculationdor U1.
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m R7 14.0kQ2, Any 1% or better metal film resistor in axial package (DigiKey
14.0KXBK-ND 0.54%/5)

Yageol4.0KXBK-ND

14.0k nominalresistance
250V WV DC
(2.3x6.5)mm casesize(DxL)
+1% tolerance

+100ppm  temp.co.
(-65,+150)C operatingemperaturgange
metalfilm

R7 andR8togetherdetermineheintentionaloffsetvoltageappliedto the outputsignal. The valueshouldbe about1/2V to assurahatthe
worst caseinput offset error doesnot drive the outputbelow the negativerangeof the outputamplifier (about0.3V without pull down).
Somewhatrbitrarily, limit the+250Lbs. rangeof theloadcell to [+250,-25]Lbs. andmapthis to 0-5V.ThetargetoffsetVoltageis

5%25/ (250 +25) // N (% Volts *)

0. 454545

Thenominalreferencé/oltageis 0.2V, the desiredratio of resistances

Solve [%==0.2 (1+r), r][l, 17

r -»1.27273

In standardraluesthisratiois closelyapproachedby 14.0k/ 11.0k. Usingslightly lessuselessesistorsijt couldbe 12.7k/ 10.0k.

m R8 11.0kQ, Any 1% or better metal film resistor in axial package (DigiKey
11.0KXBK-ND 0.54%/5)

Yageoll.0KXBK-ND

11.0k nominalresistance
250V WV DC
(2.3x6.5)mm casesize(DxL)
+1% tolerance

+100ppm  temp.co.
(-65,+150)C operatingemperaturgange
metalfilm

SeeR7
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Miscellaneous

m SG100 Transducer Techniques, LPU-250Tension or Compression Load Cell

Transducef echniqued PU-25(QSeehttp://www.transducertechniques.com/LPU-Load-Cell.cfm)
+1112N Full Scale(FS)capacity

150% Allowable overload

30mvIv output@ FS(compressiomr tension???)
3500 nominalbridgeresistance

10v maximumexcitationvoltage

+0.1%FS non-linearity

+0.1%FS hysteresis

+0.05%FS non-repeatability

+90ppm/T  Temperatureoefficientof outputcomparedo load
+1%FS outputzeropositionvariation(xcorrect???)
+18ppm/T  Temperatureoefficientof zeropointcomparedo FS
(+15,70)C  operatingemperatureange

(-5090)C storageemperaturgange

76.2mm puck (case)iameter
25.4mm puckthickness
2?79 devicemass

Whatis the maximumvariationin zeropoint? Assumingthatthe specificationgeferto the maximumvalue,it is 1% of full scale Assum
ing semi—normascalingthis is about1% of 5V or 50mV. If the INA125 is used,the outputlimit is around+300mV to ground,so the
effective zero point shouldbe around350mV to compensatdor variationsin the bridge output. More offset will needto be addedto
allow for instrumentatioramperrors.

What is the estimatedaccuracyof the sensor?Assumethat the figures given (suchas +0.1%FS)refer to 95% confidenceintervalsand
Gaussiandistributions,then the estimatedstandarddeviationis 1/2 the given error (£0.1%FSimplies oo = 0.05%). Therefore,further
assumingndependenerrors,the total error standarddeviationis approximatelythe RMS sumof the non-linearityhysteresisand non—
repeatabilitydeviations.

\/ 0.05 \2 [0.025 \2
2 (1o0) * (i0-)
100 100

0. 00075

This works out to about0.075%standarddeviation,or 0.15%FSin termsof the assume®5% confidenceinterval. In practicethereare
probablyregionsof theinputto outputrelationthatarelessaccuratéhanthis,andmanythataremoreaccurate.

The temperaturespecificationfor zeropoint drift indicates<18ppm/T comparedo FS. For examplejf the FS outputis 30mV, the drift
per<C shouldbelessthan1/2uV/°C .

The outputtempcois givenas90ppmrelativeto load. As statedthis sounddike a gainerror.For examplethe FS outputcould changeup
to 2.7uV/°C.

Sincethebridgeresistancés about35Q , thepowerdissipatedn thebridgeat 10V is about285mW.

P->V2 /R/. {V-10, R>350} // N

P - 0. 285714

The thermalresistancef the bridge elementis unspecified put might be 10’s of degreeger Watt. Heatingin the bridgewill shift the
outputparametergsoutlined.If we assumen order10°C risetheinducedvoltageerrorsarearound3QuV.
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The DC errorsare likewise around0.15%FSor 45V at 10V plus the initial zero offset, which is lessthan30QuV. This putsthe total
(maximum)initial erroratabout35Q:V, andthe errorcoefficientis aboutl.5:V/°C (bareknuckleestimate)lt is thereforehopedthatthe
instrumentatioramplifier for this systemhasaninitial errornot muchworsethan10Q:V, andatempcocomparabléo 1uV/°C .



