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ABSTRACT

Respiratory muscles training is necessary for patients who are recovering from

surgery or who have been suffering from Chronic obstructive pulmonary disease (COPD.)

The therapeutic device forces the patient to inhale and exhale through several filtration

levels. The device was designed to be capable to measure the flow rate of the internal

air. The flow sensing is based on the fast switching semiconductor diode. The air flow

rate is used as recovering indication.
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n(p-n junction)" IslemefintiszepuliBidnnsoulvaiiuannarsisfnieia n WU msAsia
wila p withy SaFendlefilansilsdaniieiin n ualviaCathode) uatilsiliiansfsiimin p 41
uelun(Anode) usdmmdefismevonssuaaunddlaaumsiunseuadidnasauiu seuiudn
nsruaauinglvanntiseluanisasieininin p Widhualnaviearsisinivia n e
faadpaviniy

2.6.1 AMANBUZIONIZVBINITHUAUATUTIAY

noinssuvaslalaawuumininitluiessensiiianudnumsionzyInsEaLaz uT IRy
(Current-voltage characteristic) W3giianiansm 1V EU%ENﬂmLé’uTﬁagnr'imuﬂmn'isqzﬁw

o ) ' . . . = !
midwuUsEgRuaasan ms(Depletion region %39 Depletion layer) maq’lu'mﬂma O-n

JU# 214 namuanenuanTRionizvesnssuauarusiuTetTesde p-n vaslalen




2.6.2 aums*uast'lﬂ'lamawﬁﬁ(Schottky diode equation)
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¢ e a | e o =
aunisveslaloavensinlugauafiviengueslalen nanfsaunisiiuansfiansngn

ANWNZIANIZYDINTELALAL IS IAULD 170

1=Ig (eVo/mV1) — |

| A nszuanivanulalen
= a o dl e ) [ 4
s Ao nszuadusdiovinsludanau(Reverse bias)
= s J 1
Vp AB usaunnnaseulalen

< 1 i L P 14
Vr AD ANPUANANDDULLBNIINAINTOU

(2.12)

n A9 mmﬂsmauammm(ldeahty factor) wsammﬂsvﬂammmw(Quahty factor) 38
FuUseavan1sdanu(Emission coefficient) mummﬂsvnauqmuﬂmumagw1 fe2

LY

R

wirfiu 118 (muum n mm%qna"h

°uuaQﬂun'i.,mumsmamuanamwmuﬂmﬂumim At 'luwmeﬂ'immmswwmmm

mm’mmaf?fnaaumaam%’mmwmau(Thermat voltage) Vs nmﬂsvmm 25 85 mv i
gaunadl 300 K -umJuqmmumegumms ummna'ummmmmnamuaqqunauS] 18 970

qmﬁ:

- ' P o P a i )
k fig Armenwesluasesuiul(Boltzmann’s constant) AAWYINNAY 1.3806503x10
- a e o‘ta‘ 1
T Al gruugiiduysaifisesso p-n

q fie Uszquesdianmseu drwviiu 1.602176487x10" C

(2.13)

=23 J K«-l
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auntsvedlalenveminlugauafiniengueslalentuiinuiannnisonsauuigiuyes
- d 1 1] L]
nszvunsamsnseualnilulalentiiosanauwlwiaindunisasssiu, Nsuns wagnns
JAUTouUdnATI(Thermal recombination-generation) uanINUGIFUTwgIUINTZUARIN
o al & 3 3 % Y ) )
55U 1BnASI(Recombination-generation :  R-Gluwnvasawmeluiiveddglag W
1 ¥ ° o ol v ) o -
mnuALInaunsveslalentenin fBIAIUINKNAYEINTEUIUNTIINEITBINUAITHINAELLD
[ o Y oo
nszuadiounduuazlvinou(Photon)iyelviinR-G

2.6.3 AuAuNIuYadlalan

L

Weldaunisyenvinlalen Aranusudyyiuvuisanipeslaleagiuisatndhin
mawmnuqmﬂgummm(o pomt)wnsvualuaaﬂsuLLam'sq(lo)l,aa.,Luiamulﬂmumgﬁmgummm
(Vo) u.'smsumuwmmwmarg:ymmmman(go)mmwu uuaaﬂiuﬂwﬁﬂumuLLa"Lwﬁ'aﬁ”Lwa'lu
lﬂTaﬂmnﬂmfo1nm'iL1JauumJaeLan-]-umLtiamumnﬂiamlﬂiaﬂmsmmmmumnﬂsaulm‘lamuu
flaauns

N e b Il
B 1l ol v (2.14)

n'mJi.,mzummmmmnmiaqmm'ms.,ua"l,uaa(lo)uumnwawmm’lwmmﬂsmau
(Factor)maqmuwavtaalmamaumwawmummmn 1IﬂUmsmummuummnnmaau,uuimu
qediAnei Lwn,usmuamummﬂ’mmwmau(Thermat voLtage) Vp =26 mV wamwnu 300 K
(27 psrnadod) muu = uu.uﬂuumﬂ'uu mnamwmwmwmawmaqmn woilallgiudrau

mumuﬁ’ﬁymmwmman(ro)mL'Uumunau-uaammmma"mmm‘umman AAUFIUMIY
é(:gtmmmmLan'lwuaanulwﬁwnﬁvuaaau Ltmu'uuaanulﬂﬁ'lﬂml,am3amwuu feauns |

ry = X (2.15)

2.6.4 anuinuUszyvasialon

Usgglnihazihwinszualuinlg amgns

Q=IQTF +Q_l (ilé)
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T fio nafisredeuiily dauusn Ae Usseiledeuiiiiulaleaudaifinnszuallvariny
lalen daufiaes Ao Ussyifuasauagiisessio p-n Jeflquuanuagadrefuffiuniudiie i
Frmilnihiifiusrgnssdnutu vssgdugninifiuilalesedoudussduiinnasen Tnglsidilais
nszualniitlvariiu maveeaanfivussguedlalen Comldanaunis

0 Q . lo 5
= 4+ — = =
D dVQ dVQI Vg Vi T 47 C_] (2,17)
e
S10]
Cy= ﬂa ennafiuvsegiisesds p-n TnsyszqludiuusniGonda dranufiuusequns

(Diffusion capaatance) mssRedeatiunsywaiiuninsisessevadlalon
2.6.5 nsHuRINAU

frahevonsludanswesialoanuvansisini sgfanselvalwihilvadeundulugas
ivavnmz"fuf] 0'1":qﬂﬂitﬁﬂvé’o‘lﬂmmmﬂaqﬁ’unsuLLalwaaTauné’U'lﬁLﬁuﬁ unseanseuaiiie
nadounduiiuldiduanas Nan'smumnﬁwuuamansmumanﬂ'r:a'mm(vatchmg)ﬁaan‘s.,u.a
figauasami3mnn(di/dt fie1 100 A/ps vi3eannndu) mwLLuuawamawwumnaU(Reverse
recovery time  : “tleglutaiardiuunluviuni ensee (ndoutuUsEIRuFndu(Reverse
recovery charge : Qetllugwmilueseudoanainlalon Tuseoziaaszringiudilalonss
aansavianiluiisvnansetuld wihlummadusiwansenuiianudidglunmsfosanemy
qtynﬁamnmwamuaammﬂlﬂiaﬂ"l.mfluaﬂuﬁm ataslsfianndninisunds(Slew ratepye
nivuaiwﬁwuqutmmn(dr/dt 1@ 10 A/ps waauaﬂmmu) waﬂsm‘uuaaaq‘Lummwﬂaaﬂna
Seazas3le lunastdmulalesdaulng3slifinansenuidfgunnin nadiinszualwadoundy
atjwé’uwé’utﬁaﬂisqlwﬁwﬁgﬂLﬁuazauﬂaaﬂwms:.Lé’qwﬁﬂiﬂﬁﬂ‘sdﬂ*nu"l,u‘i?umaumsﬁuﬁwm
landmiusnfindyanaiadPulse)iulneany

2.6.6 lalanlunnegauad(ideal diode)

lalonlugaumii(ideal diode) fidnwaiswilouaindfiarursathnseualnasinuldluiievmg
\en mmamuvmmai(Battery)'lmUuuuduaamq(Forward bias) 'Lﬁiamvuhﬂmauaunua'm*uw
Yn(Close switchm3elalandmsas(Short circuitnszual3slvarinlolonld uithretauunnes

1
!
|
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wuludandu lelenssiSsuivatiouadndilnOpen switchwm3ailna393(Open Circuit) il
nsgualwviriugug

2.6.7 lalealuneujjin

a wua = > - ' f v o a [ '
Inlealumaufjif(Practical diode) finsunsnszatvesmivedutiseiuinusessioay
o 4 s 5 v | a a a e - as = A
Frunuvils daiudveludansdliiulaloaluneujufnasinussdiuaiiou(Ge > 0.3V uag Si 2
- v ) - - a Y - - e e °
0.7V) Feiuussulvirfdreiionisludanss sunvesussiuaiioudaumusngayineu
farudusenusesuaiioudnegnaniien “ussiulunisila(Turn-on Voltage ; V)"

nscﬁiué’ané’u Liwswiw%nmﬂaamn’mz'\w‘umUﬂ%’ﬂqﬁu wangaiinnezdation
uwiniumamaamaaammwuq Lwiﬁe'faﬁni"uas""ﬂwaaa’fﬁ'\muvzﬁa Sunin nszuadalva
(Leakage current) Luammvsaﬂulwﬁwumaq ﬂ‘S“LLE‘I'iﬂWﬂ‘\]”LWN%H%NQQQﬂﬁIﬂIBﬂUWﬂ?"LLﬁ
meuum i“ﬂ‘UﬂiyLLﬁVl‘QCﬂu 3A91 “PIzuadusatoundu(Reverse saturation current ; g
wsesulnihitgail Gendn “ussduisnane(Breakdown voltage)” LLa.,n'mimuluaaaa-uuwm
qmqaamﬁlm’iamﬂulm 1538 “Ussrunananefiues(Zener breakdown voltage ; V,)”
wsssiuludandugeniny, auinauSausnTiseusevedlalen awa’tﬁim’l}amaamam@m
1 usediulnihiigaiisnGonda “usaduimansenuaud(Avalance breakdown voltage)” dathu
mahlalenligudddiunisludamsavindu

2.6.8 uaniznuvesgungii(Temperature effects)

PINNSVRRBINUIINTELAL U B ARsuRLiR IR DU 2 wimﬂ‘]ﬂ%y’aﬁqqumﬁu%yu 10
srwadua voasudlvuilen |, By 1 vie 2 lulaswend 71 25 ssmuwaidea Wil 100
pernwadeayiian |, dutudy 100 I.uiﬂmauﬂ seunszualinvunadaudulgmdanis
LUﬂN%’iLuaamnlﬂsum'ﬂuaanau TN | adimlndfgemue Lmnaumnmmlﬂmmu
wuqmuamwnuﬂmmu

2.7 NOBENSEWINAINTOY

i a4 - @ i ' a a
MsEEmAINToU Ao MIARDLUTITBINEINUEBININANLLANAYDIgNYE @W15Ein
mstnewanufouldivediafimuanswegamailviniuy dnvagvesnmsmemauiou i 3
Useiav A

1. n1siAuseu(Conduction)

2. AsWIANSBU(Convection)
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3. MSWESIAAI U5 aU(Radiation)
- g [ Y
gelunfiagnanduaniznisniAusau

2.7.1 nswiAusou

|
o i ! [ | al o vl
mMImAMNTBU(Convection) lumstewaruiouliswinnisindaufivesveslnaniui
Ingueuds 1wu msuandsuauiouluvie

USTANNUBINITWIAINS DU

1. wuudas¥(Free convection) ¥38MTNIAINTBULUVETINYIA(Natural convection) Ag
< o [ |- =l YY) v A @ W a
matpdeuiivesruoussinsiivesduazveslua Insiivedvagnidulfindeuiilududaty

fhveswasdalaenalnnieuen wu Wiaau wie wwiesguin

2. wuulsRu(Force convection) Aentsiadeuiivasnnnuioussninfiavevesuduasves
Tvia Ineilaizinalnlnqivinliveslvaedeud uivesluaiegindivinvewendionandoudls
Tnoussaeefvosvedlvaios useassiiinainauansuesaImyTeesiva e
Rinruusnnsvesgamgiluduvesvestvatu

NAIUUBINITWIAINTBU ENUITOAIUIRIN
q=hA(T,- T,) (2.18)

=
e i
ar -{ 2 s o e ar  as U @
h = dulsz@nsmanipnuieu(Heat transfer coefficientiaduiaszninasivaiuing

(W/m>°C)

A

P v . A 2
A = Wuniveinandusanureslua (m°)

b

ady ' o & a [
Ty = gmginseundn(vewaslva vianuRIveveUTl) (K)

ad g ' & & a [
T, = gugiinunin(vesaslva visonuiIv01veula) (K)
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|
2.8 N159IA9ASINTS Iavesvasiva

ar - ﬂ’ 1 1 1 l
#nsIn1sivalVolume flow-rate ; Q) Aa u'imm'uawmlmam’lwamumw?mqn?ﬂwa
= ' & a W - ' X o v oas v 2
Taqlunilimiena wiedntevilsiReveslvafilvarunuimidaluuuadain(a) fmemnida
r -t < [ | -
Aa(V) Feaunsananalensauniseelul

Q=VA %2.19)

o <N 4" ] 1] el 1 J
snnalvaMass flow-rate) Avsnavesvaslvadalvaniuvievietoimsivalaglunis
MBI |

m = pQ = pVA (2.20)

wqwg%aa‘lwaaumﬁuusuaa(BemouLh s Principle) vedlvaindeutiasdsmmsutagnia
mwsulumesivatiegds |

T 2ol A

d ' 3 al 1
U 2.15 uamsaslviafilvasiuvisuasfuussng ‘

Lua'nm"l.watﬂaaum%flunmwmawmmﬂuiﬂwamamu uwumiwmsm'luwﬂakauiq
wmsmwaa’tuaa’mtanq’luwa mmaauﬁ‘lﬂquma Weorumvesieilvuindnas muamﬁﬁﬂ
#1 2.11 Wweslvaiivaredudrandouiildssosms d, m'lwnadwa’[wamuuumaaw’tm
szeen d, Inefiduvesluadionlalle maﬂawaq‘luamﬂaauwagmsluwamu'uuuavm}mwa
AN INTEUVBIAUNUIRYY ‘
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III] - m2
PA1d) = pArd,
Ayd; = Aydy (2.21)

o = e | 4 o = & v v
L')a']ﬂ’ﬂ@ﬁlﬁﬂlﬂUﬂ']iLﬂaE)u‘ﬂllﬂ'u"ﬂ']ﬂu Wauan(tumsaunIsn 2.21 wﬂaﬂﬂ‘lﬂ\?"ﬂzlﬂ

Aivl = A2V2 (2.22)

' ] I < 3 . . o a1 v |
aunsftlfionditaunisuiseiusiedieaEquation of continuity) ussduiviesuans,
[ L & 0 YV a o -
LI UNDATIUUU LLazLﬁ\ﬂUHQ'}Q Ltiﬂﬂﬂﬁuﬂﬁlgﬂqi’ﬁtﬂﬂﬁquLugﬁfﬂqﬂ'ﬂﬂﬂwa "{I']ﬂ'ﬂq%‘{]?.la'ﬁ']u
a s ﬂ‘s A b 4 d 1 d (] -~ U 1 s
AUNENTU ~3']UV|‘3‘V]3Jﬂ‘lﬂ{ﬂﬂﬂ'lﬂﬂ'ﬁLﬂﬁﬂuﬂ“l]@ﬂ?}ﬂﬂlwaﬁ?uLgﬂ‘] Wﬂqﬂqiwgﬂqsmqﬂﬁﬁﬂ’]WﬂﬂUﬂ'ﬁ

Wasuuwlamdnusativesnaiinaeui
F\D;-F,D, -mg(hy -h;) = %mv% - %mv% (2.23)
NULINUDIATUAURAZAIINAUNUY
PiAd) - PyAsd, - pAydig(hy - hy) = %PAzdz"% - ';'PAldIV% (2:24)

o = 1 ol o i i L ] ar ] @ S [ J\Lvni | |
manmms‘*ﬂaﬂwamuwmaauﬁiuwamumanwamuuuumLmnu dun1TNLALIBNANAUNIT

wusyad tufe

P+ pgh + %pvz = dmai (2|25)
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N138aNLUU

3.1 nsidenldeugunsnl

3.1.1 lalen

denldlaloniues 1N4148  ulaleaiimiiiiadeudduied iesanidulalen
lassasnusuinnddroudiunalganani(Silicon epitaxial planar diode) Tuguuuuvaismall
signal diode FadlnauaniAsregiimuzen wu Smauannsalunisaindldedrasnda(Fast
switching) ansansuauawsianuiiiinnulias annsoviauldlunssuasg deumuniuse
gamgiigs Tvwmdnmangdmiumseanuuuruman

3.1.2 NIUTaMDS

donldnsudamesivesBCs59 iWunsudiawmessiia pnp epitaxial silicon u29959878
' = - Py P 1 ; v i3 L% el
nasing LawIndinuaudanmngay Ao annsaldaulaluussdun Tonszualiios finns
' v ) a - |
movavewensldnuiamsias muzdmiumsldnulnnsainiuaziwsveis awnioan
Y
dygrausuniunainduls

3.1.3 24939878 BUAAZINUATY

donldhasranueiiNa12g \nsvereduangumindy fauaudRiuvansausiieg
low offset voltage, low drift, low input bias current, high CMR, input protection, low
quiescent current. wngdmIuMTHUlugULUUANY WU Thermocouple amplifier, RTD
sensor amplifier, Medical instrumentation @sfinuagaanlunisiauldan Tngamunsausu
mdmsnsuengldiaud 1-10,000 Wi

3.2 N1529NLUUINT

wea - ' v & av v o %) o o @ - v

MnauantRveuasasisdnnduieonielanladmualitae  idnluseadanly

.t v o v o L | a a M e

gunsalrneg Twresiivunzan weldinmshnuvensesiululdediivsednsam waglidl
o ° - e J
Uamlunsyinau Taeviinsiiansuneal
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3.2.1 24933 Simple wind meter

Hhnssvenenadaiivimifaanismevaussveslalendiiimiiatiouduiees ?ﬁ,}sﬁﬁh
wssduanaseslalonfiudeulunugumgiivesilalen Faldsunansenumnanmismaideu
vaslalanfueinia ué’av’i’mﬁm?amﬁauu‘iaﬁ'u'iw'i'iw*maaLaﬂma%(Couecto!mlm
yswdaneseaesi Tmﬂuaﬂmaé’wéﬂé‘lugﬂﬂmnwLtalﬂﬁ'lv'ﬂwae\iwuswiwv!ﬂaaLammi@%’wza

GION |

5 L 73 4 a4 i v
denldsasveneranismensulanesBCss9 dddnszualniindes wasmnzaudunsly
nulwnsaing leglvinadnseenuiluzunuunszualniieinguA)

3.2.2 29433 Current shunt monitor

Wwiesiimihiliailougunsaiianszudlntiti(Current meter) lngendanisTausasiulvin
| ' | w el 1 o & v oo w
PANATBUAIA I IUNIUR G, TRAWNNY Farspynsuagiuluan(Load) witiAussdulni
sananandurndeunduliegluguvenseudlviin

donldaeassamued  INA128  Fulureessandniagy & Overvoltage protection
) v & & o ar 2 ¢ & A w ¢
dygraumadwidsstn wazswnzdmsunsidulugunsaliniesietananisunme

3.3 juheasild

3.3.1 2493 Simple wind meter

Ve
| SIMPLE WIND METER

1
100-200 § Bue *

¥ 1na148

;Mﬁ 3.1 2935 Simple wind meter




A = Yo w v A = e ¥ ' 1.9 ¢ 9 o
nmsiiiuenasiasu Bdmsums Isanwensanyuiniv hieuanaliillslse Temidmmad

[} = gﬁ_aydgyashv & Q) -5 G A el S &8 A o S
-“lmm‘:mlmmﬁu aﬂmwmﬂwﬂﬂuﬂmmam L!ﬁ&G]ENE]Nﬂﬂﬂ\iﬁﬂﬂlﬂﬂl@ﬂﬁﬁnﬂﬂi\iﬂllﬂ"ﬁu']"lﬂsl%
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N1SNARBIULATNANISNARDY |

4.1 nsveaaadanlansudamasiual BC558 v BC559

4.1.1 nQUszasduain1maaes

WeynnsnevaussvemIdmnediues BC558 uaz BC559 Tureas simple wind meter
ms'd'n 4.1 TmamstﬁaauwuL'aa'i(Sensor)LUuiUuuumqﬂu 3 ‘i‘ULL'U‘U

b |
b 4 3 ode [N4148 |

Diods IN4143 108

b 4

Dioda IN#148

Dioce 183143

1—'{ Besis

e

GND

31.]‘7'! 4.1 2933 Simple wind meter alunismeaaes

4.1.2 msnnaauuulild Compensation

R, = 10KQ , Vi, = 358 V| Tay, = 28.1°C ’



| '
A15197 4.1 uanwwansaasadlelilld Compensation

28

BC558 BC559
lo Min lo ave lo Max lo mMin l, ave lo max
(UA) (uA) (UA) (uA) (uA) (uA)
Short 340.5 340.3 |
R (10KQ) 0.27 0.28 0.29 1.25 1.34 141
ohm
DiodeWuan 1.45 2.26 3.03 1.43 3.02 5.59
(sensor)
4.1.3 nsnaasauuuld Compensation
Ry = 10KQ , Vin = 3.58 V , Tipy = 28.1 °C
a51971 4.2 wansran1smeaeiield Compensation
BC558 BC559
lo Min lo Avg lo Max lo Min lo Ave lo Max
(uA) (uA) (uA) (UA) (uA) (UA)
Short 342.8 342.1
R (10KQ) 0.57 0.83 1.05 0.21 0.33 0.68
ohm !
DiodeWuadn | = 1.16 2,07 2.86 0.36 0.45 125 |
(sensor)

4.1.3 @yunan1ivaaey

PNNINABINUIITEWIN BC558 waw BC559 i1 Output AlnatAeeiu laidnasd
L. & a s ar = " ﬂi - i
naasuvlavislildlalen(Diode)iilusmeuwuigdu(Compensation) usiiloNasail

‘ﬁﬂi
ALan

5 v = a ¢ ' = - ' I
(Diode)Wuainiudnduiwas(Sensor) wuin BC559 fimauanesuinnia BC558 lunisvaaas
wuuld Compensation Javilvidenly BC559 wazidenliraasuuuil Compensation



4.2 9892939510819 Diodewuatndusensor

4.2.1 IQUILAIAYRINITNARDY

29

d . . a - o ar :
LWBVINTINBUAUBITBINAT Simple wind meter fuguygil laevin1snaast 2 wuudiail

1L.yaagemunsinewssnulvalntlasy

d -
2. aavemunsilasulUasgumgll

TasSsuiisunanisvnaaild wasdineiaumnsanlunisleau

' ar =
4.2.2 naaeslaun1satewsenulwifiaradlasy

Afefl 1 Taedl R, = 10K2, Wiy = 3.58 V. 9an3uil 4.1

o A . Y o |
M13740 4.3 I.Lﬁﬂﬁfdaﬂ’ﬁﬂﬂﬁﬁ\‘lLuail']Buiiﬂﬂ1ﬂﬁ7ﬂﬂ1ﬂmﬂiﬂﬂiﬂﬂ i

Vitasy (V) Temp (°C) lo min (UA) s ave (UA) l, max (uA)
0 279 2.32 2.38 2.48
0.2 28.5 3.95 4.31 4.78
0.40 30.6 14.7 14.88 15.65|
0.61 33.1 28.46 29.22 31.47
0.81 36.6 53.69 54.06 54.18
0.99 40.8 77.0 7T 79.6
1.19 46.3 110.6 111.6 113.8
1.39 519 148.2 148.7 1501
1.60 58.8 1914 191.9 193.9
1.78 66.1 234.0 233.9 234.1
2.01 75.0 279.0 279.6 279.8
2.20 84.2 324.2 324.5 324.9




5 c?urrent (UA)
300 {
270
240
210
180
150 g
tau =#-MIN

i ——AVG

60

30

0 | 7 T 1 Al T T 1
20 30 40 50 60 70 80 30
TEMP (°C)

30

< @ | a =l
UM 4.2 nsmuamemidiniusszyienssudlniiniiviseendugumgiivesninaaesafed 1

afail 2 Toedl R, = 10KQ , V;, = 3.58 V 903U 4.1

A1597 4.4 uannansYsRR e Tsus N e ilasua STl 2

Vitasu V) Temp (°C) lo min (VA) lo ave (uA) lo max (uA)
0 28.1 1.94 2.67 4.07
0.24 287 6.24 8.21 9.24
0.40 30.1 17.96 19.65 21.6
0.60 32.7 33.76 35.13 35.53
0.82 359 57.03 57.19 57.88
1.00 38.7 89.3 89.4 90.0
1.19 433 1237 1239 125.1
1.39 4758 167.2 167.5 167.9
1.61 54.0 212.9 213.4 213.9
1.78 59.9 260.6 260.8 260.6
1.99 67.2 308.1 309.1 308.1
223 773 366.0 366.4 366.6
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Sée Current (uA)
300 /.
250
200
150 == MAX
ool
100 Lo
== AVG
50
O i T T 1 T T 1
20 30 40 50 6 70 80 90 |
Temp (° 1

. o J 4 “ “a 1 d
U 4.3 rmwuammmauwuﬁ‘ﬁwmnisualﬂﬁ'mmmannuqmgmaamwmamﬂ%m 2

4.23 weapslauiumugamgiininldnng 5 ssvaidea(cc)

afait 1 Togdl R, = 10K, Vy, = 358 V 9nguil 4.1

- P o = o & o
A5190 4.5 uﬁﬂﬁﬂaﬂqﬁwﬂaaﬁmﬂﬂiumquqmﬁf‘}u’qﬂ'} 5 ARl aanIIv 1

Temp (°C) Vi V) Io Min (UA) s Avg (UA) I, Max (uA)
275 0 -1.94 0.35 1.89
30.0 0.47 17.76 18.31 19.14
35.0 0.81 41.82 43.83 46.56
39.9 0.99 97.0 97.3 97.4
45.0 1.15 1255 2256 126.2
49.7 1.34 157.5 158.0 158.7
50.4 1.39 169.3 169.2 170.0
55.4 1.56 202.8 202.7 203.0
59.7 1.70 2345 234.6 234.¢
65.0 1.94 2705 270.8 2715
70.5 2.09 304.8 305.1 305.5
758 2.12 334.0 334.5 334.9
80.0 2.21 309.8 350.6 351.1




35 5Current (uA)
315 -
275
235
19
152 —=Max
== Min
115
=== AV
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35 /
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d ar ! 4 a @ : J
Ui 4.4 nymluamsmudimiuseinenssudliihiivnsesndugamgiivesnisvaaesaded 1

paft 2 Tngil R, = 10KQ, Vi, = 3.58 V 9nguit 4.1

o - a 2 |
M7l 4.6 uansrantseasulioYfunuguMginng 5 stmieaidanssil 2

lo Max (UA)

Temp (°C) Vitagu (V) lo Min (UA) I, Avg (UA)
2738 0 4.05 452 4.88
29.8 0.46 10.03 11.15 12.11
357 0.79 40.34 43.97 45.46
39.7 0.96 735 73.5 73.7
40.6 102 81.0 80.9 813
45.6 1.19 106.6 107.2 109.7
50.3 1.26 141.1 141.2 1413
54.7 1.39 164.3 165.7 168.6
59.6 1.48 196.4 196.5 196.5
65.5 1,53 2135 214.0 2143
71.1 1.61 268.7 269.5 2705
7538 1.72 309.4 309.9 310.6
80.6 1.75 335.2 3358 336.7
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Current (uA)

350

300

250

200

=10 Max

150

==lo Min

100

50

0 ] T

20 30 a0

I ¥ I T 1

50 60
Temp ( °C)

70 80 90

] o ' a o a
JUT 4.5 nimuanspuduiussemnenszualwiivaieeniugamgiveanisvnase

4.2.4 Fprwiuazagunanivnaas

o
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Current (uA)
a50

300

250

200

150

=#=lo Avgl
=0 Avg2

100 — ——— e
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T & T 1

20 40 60 80 100
Temp ( °C) ‘
: \ 4
sUR 4.7 N5 s erumuuuamwnaadﬂﬂmiﬂmqmwnm}n 5 pernTAlEaT 2 ASY

INNTMNEDI2993 Simple wind meter Iﬁaﬁnﬁ'(ﬁmw%'audwua'mﬁ‘[ﬂ'mlﬂﬂn'mJ‘ U
wsadulihiidreliaan wuistunmaaesefailiuasaderz fensvualilogiugas o - 360 lu
Tasuaud linse ualﬂﬁ'mmqaanumtﬂwﬁmu'lumaﬂivmm 35 = 75 aeAigaldod uagan
NI aummusvm'mm‘swnammzﬁw wuidnszualniniiniseanvesns smptq wind
meter fimuAmARABUAATY 01938 finaunangamgiimeueniidunsuniunielusyuy 3a
iildnanimaassiiuanandudnies um’é’qmmmﬂmﬂitﬂ%‘auLﬁwlrr'{mﬁswaﬁ‘lﬁq%mm
paALARUTDY ‘

dIUNMTNAADINTT Snmple wind meter IﬂﬂﬂﬂﬁaUﬂqu‘H.ﬂuﬂmu‘UuFI‘NB., 5 93A
waidlsa wuinisveaswiiznsvages fifnssuaivniean 0 = 350 lulasueud Tudasg il
27-80p3A LAl u,avmmﬂnamwmaawmmmuLﬂamuag‘[umqamwnu 45 - 60 aam
wamaa ua.mﬂn'ﬂmﬂ“ Souiflsunisveaesii 2a%e ‘W‘U‘:}'lﬂ'ﬁVlﬂ?lENﬂ'iw‘l‘Jlleﬂ’l‘mNﬂWﬂ'lﬂkﬂﬂ‘tm
L:J?JL‘I’IE}UﬂUﬂ'ﬁ‘Vlﬂa'eJ\TﬂiQLLiﬂ mavmanikum'lwwanﬂ‘iwﬂaawﬂmUu‘lﬂ maomnwaawaﬁl
Audouansywinaaesiazady

-‘a’qmnwamﬁmaaamqaqtﬂm'}ﬂwswﬂaaﬂﬂﬂhqmwnuwmmu“lﬂﬁumﬂmmwﬂwmnqqmq
msldussiulianiilasu FsmnRawanfidntuilornianndwadouneuen wy gaumaii
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4.3 A15NAABIAD R Shunt U435 Simple wind meter

4.3.1 IQUITAIATBINITNARDY

< < o o ¥ ~a o '
iemanuasuuwUatvesussivliiiviseenilliegunaiinvnisesniiAisuulas lng
Tdlaloniuaniilasuluiisuges

4.3.2 Nan1INAaad

1510 Ry = 25KQ , Vin = 3.6 V, V, = 228 V ; Vgoge = OV, Titas = 27.3 °C , R, = 10KQ 910
UM 4.1

= - v 5
AN 4.7 LARAINAN1TVIASDILUDAD Rshumlu'a\‘m'i Simple wind meter

Vioge (V) Temp (°C) Vo max (V) Vo min (V) Vo ave (V)
0.2 279 2,120 : 2.084 2.108
04 33.0 20027 2024 2.025
0.6 36.9 2.037 2.027 2.028
0.8 42.0 2.043 2.030 2.038
1.0 45.3 2.067 2.046 2,053
1.2 50.5 2.141 2.046 2.086
1.4 60.0 2.160 2.046 2112
1.6 68.9 2.183 2.046 2.136
1.8 77.8 2.189 2.046 2.146
2.0 84.9 ot 2.046 2.158

4.3.3 d@3Unan1ivaaed

NMINARBINUITOTINTIE Ren YIHTUS ST URRATOUF G IUNTIL UiAWITULHTT
mqaanﬂauumﬂmmﬂmanummLaﬂuaaiwmvwamwnuumiLUaauu,Uama 60 BamBALTYa
FaanmpivilinanisvaassinmuansistuiisndniosiaainenA1ues Ry fnniuly
mm‘lvsnszua‘lﬂﬁﬂmwamuumuaamn Jedmaliussiulviihfinnasensinnuuansafivus

@ W
wWnuay
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4.4 VAFIUNTINNUYEY LM3352 Tu 2 juuuy

4.4.1 InqUszadn1vMaans ‘

d ¢ g AtJ i o
WOMINIIRBUAUBIVEY Lm3352 ﬁuﬁuv’éuwa'sqmuquwﬁmiﬂauauaqaaqw@mm
. 1 4 | = ar o i

dundeuiiussiuliiinwesniduegrals

44.2 vnasnalauld293s Non-inverting op-amp #efu Basic Tempfrature
sensor (LM335z)

e a a ] @ L3 @ =
vinmsiausssiuanadeuduieai(Vv) uay usarueminn (vV,) Mgui 4.5

1K
E 10K EM2904
XO&
A
2
3 Fe .
M0 : >
-
I <o |
“kw}:
e
_—

3ﬂﬂ4.8 2995 Non-inverting Op-amp #911U Basic Temperature sensor

o 1 . d =
AN 4.8 LAMNANTVINARIYDINIRBILY Basic Temperature sensor tiail

Ti= 27.5 °C, To= 26°C

Vee (V) Vs (V) V, (V)
5 2.57 3.66
9 297 7.51
12 297 10.42
15 2.97 13.34




4.4.3 vaaenalayld29395 Non-inverting op-amp #iafu Calibrated sensor |
(LM3352)

o a ar 1 a L J
vimsiauseiunnaseandueei(v.) uaz wsaduein (v,) fgui 4.6

R K
: 1K LM2904
= vee
]
3 —
(3
dod 4
£F 6B
1M3ISZ »
Vs 4 “Lhm&

31!‘ﬁ 4.9 2335 Non-inverting Op-amp #iaiu Calibrated sensor

J ¥ = d =
A1719N 4.9 LaninanI1IneaedvreInN1spenuy Calibrated sensor (el

Tg= 27.57C ,{1h\= 26 °C

Vee (V) V; (V) V, (V)
1.73 3.63

3.10 7.43

12 3.76 10.34
15 3.76 13.46

4.4.4 AATviuaraFUNaN1TMAADY




—

Vo(V)
15
13 /!—
i1
9
-=\/01
¥
--\/02
5
3 /T T = T 1
q 6 8 10 12 14 16
Vee(v) ‘|

l‘ g W & 1 a I’;
JUN 4.10 NI MUARIANNANRUSIEWIN V, AUV, 199095MIRa091 2 WUY

aeuanle m'lui'UuUU'nm Basic Temperature sensor Wa¥ Calibrated sensor uanan 'uEN:J

R ﬁ]iﬂﬂ?iﬂ@uﬂuﬂﬂﬂﬂﬂElJ‘r'lﬂl.l.ﬂ’lEl'Uﬂﬂ Tﬂewuwasummmmm'lun'ﬁmqmmamwnu

Y
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=

= ﬂ‘ v 1 1 (]
wamwauauawamsmu‘lwﬁ‘mmqaamﬂm%«au wadln1svirauntanndeldvunsunnig
o o o & o v I
tanvhifudueeimelueisdinndunilanmels iosiiauidalunsmevausgs

4.5 miveagsviatesninvadlaleauuuigg

4.5.1 InQUITAIAYEINITNAGDT

Wenaasuinlale ﬂmvmmtfluwaaiuuu'lnﬂmﬂa‘m'mmnﬂ'mnuLuaumslm']u
Anseriudiunniumiiuas Simple wind meter Uil 4.1

4.5.2 WHaN1INAADY

A15199 4.10 wammaniIvnasdlalonuuunigg ﬁqmﬁgﬁ 27.4°C, R, = 5KQ

Diodeta Diodeviuviewn | Diodeviuviana+
har)
lo (UA) lo (UA) lo (UA)
Falaaiil 0.24 0.22 0.24




A15197 4.10 (si)

DiodetUan Diodeviuviewn | Diodeviaviana +
A
lo (UA) o (UA) lo (UA)
a2 0.24 0.22 0.24
a3 0.22 0.22 0.24
lusiia 0.23 0.22 0.25
a5 0.24 0.20 0.25
dluaile 0.24 0.23 0.23
Hlandi7 0.23 0.23 0.24
Fluails 0.24 0.24 0.23
Current (uA)
0.5
=&=Diodewan
" ~#-Diodeuviova
03 ¥ ~#r=Diodeiuviana+n12

Time ( hr)

d o 1 J Lo
JUN 4.11 namuansmudiussewinnssualiivseentunaivesnmsveasslalens

3 uuyu

zt!
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4.5.3 ajUnan1maasy |

MnmMsveasuienaissnimadlalanuuusngg wm"\loﬂamvgnuuuﬁmmammﬂﬁau
tradndesdlafinisldaudunaiuu mani'mlu.aﬂa'l,v'fLﬁuﬁqmwnmaamwﬂaaaﬁw% o
wuirlaleadrfiniswdsuulasdntosnasataefivinn1snaass 'lm‘laﬂﬁﬁuviwﬂﬁms
L'daﬂuu.ﬂaqawmuaums’l‘wuwmuw «namfamﬂmnm'savaumnmaunw'l.wamtaa waLANs
maawaﬂﬂiamwwawmwumwrmumauanan 1 wmwumsmaauuﬂaamauaPuaa

I.lJ'EJLIﬂ"IﬂTN’]‘NLUUL’Ja'IU"IU

ﬁ’qﬂ’umnmamswmam%aﬁ’ﬂﬁnﬁan'l’?ﬂmiamL'Ua'w fauwdinlaloavuviena+n1iasiinanis
maaqmmanumn LLmmaqa'mm'sw,aaawaqlﬂ‘[amwwammawmammm‘lmnﬂﬂ’mu
RAAnaAgenIuUUBY Suhlidenlilrlenwaitoanrmmiinmainiionaiady

o

4.6 YnsARBU993 Simple wind meter Tngldlalanunuiduiwosgumngil

U |
[

4.6.1 AnUszaNAYRINITNARGY

Wemlalonitazihlududuiwesdeimsasunasnesigamgil lnsmanaasdlilalen
uwnuiduigesgangil 2 ULy Faldun lnlemwauazlalonvurona luzany Ao amu?ua"
ausou Tﬂumms'zﬂﬂ'ﬁuualﬂﬂwmaaan1( 1) dloduwesldsulndrvosnie(air flow)mafidu
A15U LLazmmmmnszua‘lﬂﬁmmqaanz( oz)Luanﬂms%'mMa'J Air flow) 92N1933Simple
wind meter gtlﬁ 4.1

4.6.2 WANIINAADY
4.6.2.1 \dioldflaleawan
|
ansnei 4.11 uansmansnaaediieldlalenan warilndavesenna(air flowhTuaudu 7

flgamgi T = 28.5°C, lo; = 0.23 UA , R, = 5KQ

A dledlldnnaii longagelnd |
log (UA) T(C) loz (UA) Te) ]

1 0.32 30.0 0.27 283 |
0.31 30.1 0.28 283 |

0.32 30.3 0.28 28.1 '




o P ' s v
A5197 4.12 wansnanisnaasaileldlaleadn wazillndivesenmealair flowhduaniou b

qmvzqﬁ T=215°, lsp = 0.23 uA, R, = 5KQ

41

Al loilindanai levgaingTvid
log Max (UA) | Ioy min WA) | T(°C) loz (UA) T(°C)
16.38 11.23 65.6 0.25 290
16.31 11.23 65.7 0.25 293
16.43 1131 65.8 0.2 27.9

4.6.2.2 \ileldlaloavuviowa

o = 1 & T
a5edl 4.13 wansanvaasadialdlaleatiuvieve wasilidawesenia(air lowhiuan

\Fu Aiflgaumgl T = 28.5°C, 1o = 0.23 UA, R, = 5KQ

adafl diofwdamen Hongainelnd
log (UA) TRaL ) loz (UA) Y °C)
1 0.33 30,0 0.29 28.5
2 0.33 30.2 0.27 28.2
3 0.35 30.5 0.28 28.4

i { P o ¢ i
ansedl 4.14 uwanwanvaasuiieldlalonviviona uazillwdvosormea(air flow)duan

$ou figumgil T = 275 °C, Iy = 0.23 UA , R, = 5KQ

ASsdl Jeilidanail dlevgadnelnd
loy Max (UA) | lo; Min (UA) T(°Ce oz (UA) )
7.02 6.93 69.2 0.25 28.0
7 6.94 70.1 0.25 28.0
3 7.16 6.92 70.4 0.26 27.8
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4.6.3 #jUNaNWAaDY

a <l ¢ < v 1l [ |
NAEANIVAABIRITUANSINAIveIe N IAEukar Tou aswuinaudulaleaiUand
d CI, ' 1 ! I = A
nszudlnihinisesnidnilalenuuuvisvionadnies uilaloadrfinszualniiniseen2
P | v ad ad a - v 1 - o
asunnitlaleavuviena luvaenideRnsuinauioulaleaaraziinsuasundamiy
ﬂd dy 1 L 1] =i A L @

gunniingeuinnnilaloavinviens waziinszudlnvrivnieenzlndifiveiu

v & % ) 1 & o o i A
satuevaguldiminldlaleaanduduire fezvilinszualwirfinrsesndiofinig
-l a & e & 0 f Ve MV < ' T #L T
wWasuuwasgamaligamiedidnnn Jvilvialisudsanitlaloavuviens uenainiilaloaivandy
- ar o ] Q' v Vaed ] v 1 d v 1 ol
fimwannsalunsndunn a dunisSusiuladnitlaleaviuviens Wasinlalenvuvienadinis
auaumnmauhwawmmm’[ﬂmmumnm.,naummﬂvsmu wie19nanlainlalenandl
mmmmwamamiuﬂiﬂmnwnaﬂwmumaamimmmausasmaqmewmavmﬂmmwu
rwAndaiusnnnilealenviuviovn FaansfsnaaniAdnfidimnudsauudi faailalunis
#5293ULAR

4.7 NMINAABINRT Simple wind meter WialinasUsuansan1slvavesanidl
4.7.1 IQUsTaAIAYRINITNAGRY

q.t < a o o oA W S
NARBINUASEY Tray Dry 19901A381AINT 33LALMNEIA Flow ‘UENa’m’}ﬂua:EgmMQu 5
ol 1 A P 4 =J ]
finarensgualriiniesnteisas simple wind meter 3U 4.1 aghals

4.7.2 Han1ivnA&ae

§U#l 4.12 1304 Tray dry #l#lun1smaaas



sUil 4.14

Anemometer M43adnsn1sivaretemavaeyiinismaass
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U d
gﬂﬁ 4.15 YRaBINITAUAGEY Tray dry

miwﬁ 4.15 LLamwam'imamﬂ%'dﬁ 1 Lﬁa'ﬁ Ra ‘SRR 2142 NG, =056 UA

44

Flow rate (m/s) Temp (°C) lo (UA)
1.02 34.2 0.68
2827 34.6 0.68
3.02 34.6 0.69
4.07 34.7 0.69
5.00 34.8 0.70
6.05 350 0.71
7.03 5.5 0.75
8.07 36.0 0.82
9.05 37.4 0.92
10.10 38.1 1R3
11.01 40.0 1.26




A13797 4.16 uaRINanIIVAADIAST 2 Wedl R, = 5KQ , T o = 32.9 °C, l,= 0.55 uA

Flow rate (m/s) Temp (°C) l, (UA)
1.00 34.2 0.67
2.00 34.6 0.67
3.07 34.6 0.67
4.00 34.6 : 0.67
5.00 4.7 0.68
6.03 35.0 0.71
7.04 355 s
8.06 36.0 0.80
9.00 37.0 0.89

10.08 37.9 1.04
11.02 40.0 1.23

M131991 4.17 LAAINANISNAGRIATT 3 tled] Ra= 5KQ", Tges 32,9 °C , “13= 0.56 uA

Flow rate (m/s) Temp (°C) lo (UA)
1.05 : 34.1 : 0.68
2.02 34.4 0.68
3.03 34.5 0.67
4.04 34.6 0.67
5.01 aarr 0.70
6.01 349 0.71
7.04 354 015
8.07 35.9 0.83
9.03 3T 0.91

10.05 %8 1.04
11.04 40.0 1.25




1.4
L1

0.9
0.8
0.7
0.6

lo (uA)
1
==c 2
=03
¥ T 1 1 ]
Flow rate Z m/s )
0 2 4 6 8 10 12

o ] ' ) o w Y
UM 4.16 namuanseudiusssninedasinsivaseseniaiunssualuiifveesentis

3 ady
lo (uUA)

1:2
%

1
09 =01
0.8 ~ilo 2
0.7 = tor-3—
0.6 T T I = ] T 1§ T 1

33 34 35 36 TemST( °C) 38 39 40 41

= o ' - w = & o
JUM 4.17 nemiuanseduiudsewingamgiiiunssualwiiivisesn s 3 Ay
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|
4.7.3 d@5Unanisnaaed J;
1 sll o E . L3 A v

INNITNARDINUANUBUNIRT Simple wind meter lUnnasaiuimIes Tray dry aglaan

P o w = -
nszualrihiinsiasundasmudnsinsivavessinia waznisfeuuuaswesgumgl lay

o oA 1Y) - & < a
nagudlviihagilriutunusnsnsivavesenangeluwasnisiivvesgungil lnsn1svinaes
¥ia 3 A5a finanimpaesilndifusiu

- 4 a [ i a al J 1 1
Fsanfinsanuduiusseninesasinislaseseinieatunszualuiiniivieesn aewuin

- W ° ' P - = ') 1o
adlonsINsivavesanmafingl 6 m/s nsewalwinnieeeniinisiasunlasiasun walile

e | U A = e‘ g
M558V IMANANINATT 6 m/s NTewalniIin1esnazinIsdsuwlasnniy wag

o o - o w d ' a o - o | -
Waansufinsmuansauduiussendngungidunszualwiiniseen agiuleiiie

- o & T & o a A a | a
gouniigetu nszudlniinieseannezilaniuiniu wasizinsvdsuwlasnniledigumgl

9 Y

GR

Y

e Loy

¥ . P o ar !
4.8 N15NAABI995 Simple wind meter Lain15UsUINIINTS AR IDINNA2

4.8.1 TnqUszasAnImaaes

NAaBINULATEY Tray Dry 903n1A3813A3nssalAdilivein Flow maqmmmasqmwnfr 71l
1 i h o [ o - ar 2/ e
Hasanszudlniin190enuees simple wind meter UM 4.1 eglsiliainsuTulvi
il T.© ¥y ‘
nseualv i sesndauNuINNYY

4.8.2 WHaANIINNHDY

A157971 4.18 LARINANISAABIAST 1 11851 R, = 5KQ, Vi, = 5V, Tyes = 31.5 °C, ‘

l, = 113:8 UA
Flow rate (m/s) Temp (°C) lo (UA)
1.04 e 122.4
2.01 32.4 122.5
3.00 32.6 122.8
4.02 326 1233
5.03 252 124.1
6.04 33.6 126.4
1703 33.9 130.1




A1919% 4.18 (510)

48

Flow rate (m/s) Temp ( °C) lo (UA)
8.02 34.4 134.4

9.05 35.0 139.6
10.02 36.0 149.0
L1 37.0 156.2
m‘s'nﬁ 4.19 uﬁmwamsmamﬂ%ﬁ 2 \ilofl R = S5KQ, Vi, = BY, T = 318 °C,

l, = 118.4 UA

Flow rate (m/s) Temp (°C) o (UA)
1.01 32.4 122.0

2.04 32.6 123.3

3.07 32.9 124.0

4.02 32.9 1252

5.06 33.0 126.4

6.06 33.6 128.4

Tl 34.1 322

8.04 34.6 135.9

9.03 452 140.9
10.02 36.0 147.3
11.01 57.1 155.7

A5 4.20 UARINANISNAABIASIT 3 Well R, = 5KQ , Vi = 5V, Tyg: = 31.9°C,

l, = 119.2 UA
Flow rate (m/s) Temp (°C) l, (UA)
1.05 330 1227
2.02 350 1252
3.08 221 123.9
4.01 554 125.0




A15199 4.20 (sie)
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Flow rate (m/s) Temp (°C) lo (uA)
5.03 33.3 126.0
6.04 33.6 126.6
7.06 34.0 128.7
8.05 342 137.2
9.08 34.9 137.3
10.05 36.2 147.2
11.04 37.3 156.2

Flow rate (m/s)

’

10

o ) o o P
JUN 4.18 nymuamsmudIRUS TSI NERIIMsIvaveseImatunszualiiiniseen

> 2
ar a

YN 3 A%
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lo (UA)
160 i

155
150
145
140
135

-0 1
== |0 2
130 o ol [ B

o s 1
120 T ' T : y T |

35 36 37 38
Temp (°C) |

32 33 34

d o 1 - el GJ l’; 5
JUT 4.19 nanduamer mdmusseningamgifunszualviliivnseanis 3 ads

4.8.3 djunaminaasd

NAMIVAABINUINIIY13995 Simple wind meter lunnasafuiaies Tray dry wagdin1s
viuldnszualvifihiimesaniianintiu aeldfnsyualwihiivieeniintsfouuamusng
n3lvareteInta waznswasusaswesgamas Taensvudlnihasinuiutuamsasnsiva
et MATigeiuaznIainTesgamal Tnsnisvinaesth 3 Ads ﬁuamsmaaw‘ﬂnﬁtﬁmr}

fsanfinsmanuduiusseninsasimslvareeiniatunseualninivisesn sgwuda
d oo a v pu| o ol - < '
Weildnsn1sinaveoinianinil 6 m/s nssualivineoniniswasuulauieadntlos us

d L7 1 1 A A 4
Wednsnisivavesaaniailaiuinnin 6 m/s nseualniniseendsdiniswasuulasunnty
-l nl

a < o | a ) |
wazillefivsaiinsmsanauduiusseviguugiiunszualwiivisesn %Lﬁu‘lfvlﬂma

a & < g o A & ' € yve o o o =
agiigatu nsvualwiivnesniseliniunniuestiulada dowisuiunismeaeii 4.8

1 L o [ - ¥ I
warAauYILAIUULTILEY

)

4.9 MINARDINTIVEDU INA128
4.9.1 TaQUizasAnITMAas
\{WenT29d0U71 INA128 Yhauldmuiidesnisvielu Tnontsse Curent shunt wuu

Source Ty input 1 INA128 Faguil 4.13
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£

Uil 4.20 299svIARBUNITYIIUYEY INAL2E

4.9.2 HANNITVIAADY
I Rer = 100 @, R = 500.Q 221V, = 2447 mV 15188 G = 1

Vo = 4932 mV. 1iledl G = 2
7l Rt = 1009, Re=1kQ 2zl V, = 366.4 mV Wiefl G = 1

V, = 7316 mV ol G = 2
fl R = 100 @, R.=5kQ  92lé V, = 1.003 v ileii G=1

Vo= 2032V \deiiG=2

4.9.3 ayUwan1smaasy

PNNMMeasiianII9dRUNTIILTeY INA128 Tnuniswagusn R v 3 M Y«m’m
R, Wiy 500 Teviu -uqmumwwﬂwumzualﬂﬁm'mawmm’!nammnunumﬁ‘lmmmwi
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4.10 N1SNARDINTITNIIUVDI933Simple wind meter ﬁ’U'Nﬁl’ilnstrumentation

amplifier.

4.10.1 IAgUTTaAYRINIINAADS

iemusssulniinfinisoeanvesases efidnaeisvearsasunndneiu Tasldaeas
Instrumentation amplifier 411987U935 Simple wind meter JiinsnevausssesnsNsiva
Y0991N1ANAzg UM Tetnals dlevhnsnnassiuiedes tray dry vesmAiviimnssuaiinny
'stgﬂ‘ﬁ 4.1 LLasguﬁ 4.14

I\ R R
VWA ' VAA
:
1
Rgain% cht
2
S
e R R
.. ANy
Y, o . s 30

gﬂﬁ 4.21 73991 Instrumentation amplifier

4.10.2 WaNIINA[DY

4.10.2.1 131972993 Instrumentation amplifier fidas1ve18WiU 1

miwﬁ 4.21 Lnamwamiwmamﬂ%’aﬁ { Lfii)fl Bem 5K Ta = 3070, Vo= 290 MV |

Flow rate (m/s) Temp (°C) Vo (mV)
1.04 211 390.1
2,03 31.1 394.7 |
3.06 31.2 393.6 |




A5 4.21 (#19)

Flow rate (m/s) Temp (°C) Vo (mV)
4.04 312 403.6
5.05 314 409.6
6.03 31.8 411.3
7.06 32.1 422.3
8.06 32.8 437.5
9.03 33.8 450.5
10.02 34.2 466.5
1103 354 5115

A9eT 4.22 uananansnasIrsei 2 Wedl R, = 5KQ , Ty = 31.4 °C, Vi, = 405 mV

|

|

Flow rate (m/s) Temp (°C) Vo (mV ) I

1.03 32.1 412.0

2.05 323 1% |

3,04 324 418.6 |

4.00 325 4217 |

5.02 32.7 425.7 |
6.06 33,1 435.7
7.03 33.8 149.8
8.04 34.4 468.7
9.02 35.0 493.4
10.03 35.3 512.8
11.02 37.1 550.4

miwﬁ 4.23 Ltamwam‘mmamﬂ%'aﬁ 3 Lﬁaﬁ R | g0, = 31.5°C , WV, = 407 mV

Flow rate (m/s) Temp (°C ) | Vo (mV)
1.03 332 4393
2.03 352 4427
3.04 334 447.6
4.06 34.0 448.1
Bl 34.1 450.9




A1571991 4.23 (sie)
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Flow rate (m/s) Temp (°C) Vo (mV)
6.02 34.2 459.8
7.03 34.4 463.9
8.04 34.9 480.5
9.03 358 496.5
10.08 36.5 8257
11.01 50,2 559.3

=1 = o TR
4.10.2.2 13974999 Instrumentation amplifier ¥8AT1V8WNINU 2

m‘suﬁ 4,24 u.amwam'swmamﬂ%'aﬁ 1 Lﬁaﬁ R 250 A dee= 315N, = 786 mV

Flow rate ( m/s ) Temp (°C) Vo (V)
1.00 281 0.879
201 £38.2 0.883
3.04 8.5 0.887
4.02 33,9 0.892
5.01 34.1 0.901
6.02 34.3 0.924
7.06 34.7 0.942
8.03 349 0.960
9.05 35.6 0.997
10.08 36.3 1.039
11.06 ol 1.098

AN 4.25 LARINANIINAABINSIT 2 4iell R, = SKQ', Tiay = 31.6 °C , V,y = 798 mV

Flow rate (m/s) Temp (°C) Vo (V)
1.02 334 0.881
2.06 33.5 0.885
3.08 2o 0.891
4.05 34.1 0.902
5.03 34.2 0.909




A15147 4.25 (si0)
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Flow rate (m/s) Temp (°C) Vo (V)

6.06 34.4 0.922

7.02 34.9 0.944

8.01 353 0.969

9.04 36.0 1.012

10.03 36.8 1.068

11.00 3738 1.129

AN5197 4.26 wanWanITIAADIASR 3 el R, = 5KQ , Ty, = 31.7°°C, V, = 798 mV.

Flow rate (m/s) Temp (°C) Vo V)

1.04 329 0.851

2.01 33.0 0.857

3.01 332 0.867

4.05 333 0.870

5.01 334 0.876

6.02 33.9 0.891

7.02 34.3 0.914 |

8.01 34.9 0.952 |

9.07 35.9 1.009

10.05 37.1 1,078

11.02 37.9 1.172

mswﬁ 4.27 LLammamiwmamﬂ%ﬁ 4 uﬂaﬁ Bosnk@ T e® 326 °C , V, =861 mV

Flow rate (m/s) Temp (°C) Vo (V)
1.05 35,2 0.868
2.00 295 0.873
3.01 323.5 0.875
4.06 330 0.885
507 34.0 0.889




A15197 4.27 (si)

Flow rate (m/s) Temp (°C) Vo (V)
6.03 34.2 0.898
7.04 34.4 0.909
8.02 34.9 0.932
9.06 352 0.967
10.05 36.2 1.023
11.01 36.8 1.064
Vo (mV)

600 —

550

500

450

400

=dr—\/o 3
350 ; . ; ; 4
0 2 10 12

6
Flow rate (m/s)

Uil 4.22 nymiuansmudiniusseritsammsinavesoiniatuusduliindinisesn e
2995 Instrumentation Amplifier figas1veewiniu 1
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Vo (mV)

565

545

525

505

485

465

-=\/o 1

445

425

=ii=-\/0 2

—#=Vo 3

405

385 ; T
30 31

32

T I 1 T T

33 34 35 36 37
Temp ( °C)

38

U 4.23 nymuamsenudniugsewingamgiinusssiuliihiinisesn Weasms

Instrumentation Amplifier fi6n31ve18va9995iu 1

Vo(V)

1.2

115

=$~\o 1

31

1.05

0.95

0.9
085 -

0.8 ;

1 T T

6 8 10
Flow rate {(m/s)
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JUAl 4.24 nymiuammudniudsewiedannisivavesenefuussdiulniiivieeen
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1.15
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1.05

0.95
0.9

085 b ) y T T I 7 . .

325 335 345 355 36.5 375 385
Temp (°C)
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ol s I = A a ‘J d
gﬂﬁ 4.25 nymiuanimudmussenigamgiinuusssiulviiiniesn Wielas
Instrumentation Amplifier fionsrveedy 2

4.10.3 @junan1Imnass

- o & ' a ﬁ a  ar
INMIvRasuNemATEdIT LS Tensu N imeeniudn 1 lvaveso N IAuaY
a | , { Y ' Y al
M il WUINIR93T Instrumentation amplifier fidaTveewiniu 1 usaduldiinnseensy
a1 = & d aw & 4 ar < a A aw
fadiutudieisuanisivavesonieiindy laowswulwiinesnsglannndiediduniinig
; a ad g Y <l
Ivaveseimeunnit 6 m/s. mnRIITaINgamgimuaauLUaslusenudussiulnig
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Aalaloallan laleaviuvienun uavlalonviuviena+n1a ’Lué’ﬂwmsmwﬂaamﬁ'amuaﬁmimw
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wuUduY Wesnnuuuduiinsasasrudsunighuiensiwilviinisaieauieuiity %qﬁﬂﬁ
WaruRawanafinty waendenduesimvanvalaugs 3912993 Simple wind meter U
nhapuiuAIes Tray dry °umnﬁﬂ"?}mnismﬂﬁtﬁammsaauauaa‘uaa’;wsszijnimaleﬁﬁ'?i
neepniugaumgiinasdnsanisinaveoinie fiofl 1, = 0,56 UA 5 Tiee =329 °C wuiwi?m*s
wasuwaswesnszualwiineeenisudnies lunyfiguugiiiinisiudeuutas 7 9em
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maaaﬂum‘sLUaauuﬂaqmﬂ%umaumsLUaﬂuuﬂawmamwnu 6 DIFNLYEaLTEE
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monitor Ingl#iTu3495 Instrumentation amplifier #a INA128 TngvinnImsaadounIsieny
Y84 Instrumentation 'a"}a'lm‘snﬁ'm'mlugllLLUU%&N% Current shunt monitor 16 waguun
fofua99s Simple wind meter tngunssualniitiiviessnunlvinssudlnasiufdumu R
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ﬁ Tﬁaq = 27 QC

Ve (MV) Flow rate (m/s)
320 0
a2t 0.79
334 1.59
341 2.39
348 319
355 o9
362 4.79
369 L
376 6.39
383 719
390 7.99
397 8.79
404 959
411 10:39
418 11.20
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Bajs Baddi - December 23, 2013

This Design Idea dedcribes & method by which you can detect and assess air or liquid Ouid Sow
using an extomally heated semiconductor diode. Alrflow across the heated diode reduces its
lempersiyre, Causing & variation in the diods's voltage drop. This principle is similar o that used in
hot-wire AnemoRsters.

AR ROwW

¥
¥
N
]

it
A
i

Figure 1| Whet cocled by an applied Duid flow, 8 beated diode increeses Bs forward voltags.

You can use this effect to make 8 noveity eiectronic candle #% F e

as shown in Figure 2a. By placing the sansor diada close to * £ A
the LED, one can make it tam off by blowing alrstit. (A .7, o s
few of these eack powersd by a pair of AMMA cells stacked I o | o o}
tubing 1o actually resemble candlés would make an ;Ifgiﬂ ol
amusing sddition to a birthday cake.) The comparator's "“f-’m :&

inverting input is bissed using the 100k trimpot, while the
som-inverting input Is connected to the diode, whick s
heated to sround S0°-70°C, Adjust the trimpot so that the LED is just fully on At this point, the son-
inverting laput is st & slightly ower potential than the inverting input. When air is blown, the
temperature of the diode decreases, causing an increase in the voltage drop (a typical silicon diode
has -2.1mV/C voltage drop variation). This causes the nop-inverting input's vellage to exceed that of
the inverting inpul. csusing the comparator output o open and tuming off the LED.

The sizple wind meter (Figure 2b) operstes on the same principle as & Tharmsl Probe 1t can be
calibrated by heating the diode with a certain current and adjusting the right trimpot to get a 2em
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daflection in the meter af room lemperatune withoul any air fiow . Air flow across the sensor diode
then resulls i & voltage differsece betwoen the two ends of the meder causing it to defiect. The
maried (*) 1 N4 146 diode should be exposed 1o the same air as the heated diode o compensste for
T temperature vartalions.

Another possible application would be in a respiration meter where the FEAD MORE
inhaling air can cool the dicde. One can also think of different methods of P
beatiag the diode so that the cool air comes in more contact with the diode

surface and leads. Thin wire from & metal wire resistor is an easily available
matarial for the diode-bester coll.

@ ey @ e

‘[lr : #m'mm
| f:tr-u ! l1'|le 100 m% e ¥
E:‘ < ‘ }. Tdeda (LT 4
:2"‘“;” "'h:\\ ¥ : "ll!.!'
v/ ;” :
: e~
e % 20 o8
"“——_—.._kJ -~ :;1“ 24 \_Jm) .’%

] 1 * eompanantion i
ELECTRACMNIC CANDLE . Bt gt velyosiremstl

Figure 2 These cimuits demonsrale applicetioes wing 8 diode &3 8 teepersture sensor- &) The
alectronic candle LED turns off when air is hiown onto the 1N4148 diode. By uning & resistor-Urimpot
comhination, mare precision adjustment is possible. Perbaps -5V for LM393 Is not required: ground

would do ip this case. b) The wind meter works on the satme principle &3 a hot-wire anemometer.
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Raju Baddi, Tata Institute of Fundamental Research, Pune, India - Febavary 16, 2012

This Design ldes describes & two Unnsistor thermal probe for disgeosing READ MORE
cirouk problesss, such g bt Compenuty st Siorsial masusy Mibowst  CosigicieCs
ke probe does nol provide ke acturele temperatane measurement, il ats as
& quick check jor potestial thermal probleens by simply probing a sespieaous component with the
sensing diode. The circuit, inclading the indicating mefer: can fit into 4 small howsing. such as an
-ﬂrmmm Ar sedinary INAIGA silicon sighal diode serves as the temperture
sensof. exhibuting appevaimately & - 2 mVIC* foewerd-vellage-drop temperature coefficlent. The
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A Current Sensing Tutorial--Part 1:
Fundamentals

After reading this series of articles on current sensing, you will have a solid grasp of the
fundamentals of current sensing, devices used for current sensing, how to calculate the
accuracy of a solution, and guidelines for printed circuit board (PCB) layout and
troubleshooting. This article discusses the fundamentals of current sensing, including
direct versus indirect sensing, input common-mode voltage, high versus low-side sensing,
directionality, and output requirements.

Why is current sensing important?

Knowing the amount of current being delivered to a load can be useful in a wide variety
of applications. For example, in low-power consumer products the supply current can be
monitored to understand the system’s impact on battery life. The load current also can be
used to make safety-critical decisions in over-current protection circuits. In motor
control, knowing the magnitude and direction of the current can tell you the speed and
direction of the motor. Finally, test fixtures can be developed that monitor all supply
currents to gain an understanding of system subcomponent performance. Each of the
aforementioned applications has different design requirements with respect to common-
mode voltage, directionality, and accuracy.

Types of current sensing

There are two types of current sensing: direct and indirect. Indirect current sensing is
based on Ampere’s and Faraday’s laws. By placing a coil (for instance Rogowski coil)
around a current-carrying conductor, a voltage is induced across the coil that is
proportional to the current. This allows for a non-invasive measurement where the
sensing circuitry is not electrically connected to the monitored system. Since there is no
direct connection between the sensing circuitry and the system, the system is inherently
isolated. Indirect current sensing typically is used for load currents in the 100A-1000A
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range. This type of sensing, however, requires relatively expensive sensors and is not
conducive to sensing currents on a PCB.

\
Direct current sensing is based on Ohm’s law. By placing a shunt resistor in series with
the system load, a voltage is generated across the shunt resistor that is proportional to the
system load current. The voltage across the shunt can be measured by differential
amplifiers such as current shunt monitors (CSMs), operational amplifiers (op amps),
difference amplifiers (DAs), or instrumentation amplifiers (IAs). This method is an
invasive measurement of the current since the shunt resistor and sensing circuitry are
electrically connected to the monitored system. Therefore, direct sensing typically is used
when galvanic isolation is not required. The shunt resistor also dissipates power, which
may not be desirable. Direct current sensing typically is implemented for load currents
<100A. The remainder of this particular article series will focus on direct current sensing.

Input common-mode voltage

Input common-mode voltage is the most important specification when selecting a direct
current sensing solution. It is defined as the average voltage present at the input terminals
of the amplifier. Figure 1 depicts the definition of input common-mode voltage [1].

NS Y

Figure 1: Definition of input common-mode voltage.

This specification is important because it limits our choice of differential amplifiers, For
example, op amps and [As require an input common-mode voltage within their power
supplies. Difference amplifiers and CSMs, however, typically can accommodate input
common-mode voltages in excess of their power supplies. This is useful in applicati(‘)ns



i?O

|
where the amplifier senses the shunt voltage in the presence of a large common-mode
voltage and must interface with a low-voltage analog-to-digital converter (ADC). In such

a scenario the amplifier and ADC can be powered with the same supply voltage
regardless of the system’s common-mode voltage.

High-side versus low-side current sensing ‘

When monitoring load current the designer can choose to place the sense resistor eii%her
between the supply voltage (Vbus) and load, or between the load and ground. The former

is called high-side sensing whereas the latter is called low-side sensing.

Low-side sensing is desirable because the common-mode voltage is near ground, which
allows for the use of single-supply, rail-to-rail input/output op amps. The drawbacks to
low-side sensing are disturbances to the system load’s ground potential and the inability
to detect load shorts. Figure 2 depicts a typical low-side sensing scenario.

|
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! Load
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Vh.m (_5
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Amplifier
*
Vet § *
s Vu
™ GND )

Figure 2: Low-side current sensing.

High-side sensing is desirable in that it directly monitors the current delivered by th
supply, which allows for the detection of load shorts. The challenge is that the amplifier’s
input common-mode voltage range must include the load’s supply voltage, or Vbus. This
requirement frequently necessitates the use of DAs or dedicated CSMs, which allow for
common-mode voltages outside their voltage supply range. Figure 3 depicts a typical
high-side sensing scenario.
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Figure 3: High-side current sensing.

Directionality

Depending on the application, the supply current may flow either in one direction
(unidirectional) or both directions (bidirectional). Unidirectional designs are
straightforward in that the output voltage of the amplifier does not need to distinguish
direction. If a bidirectional design is required, however, how can the designer distinguish
direction of current flow? Bidirectional solutions have an input for a reference, or
pedestal voltage. The output of the device is then referenced to this known voltage.
Output voltages above the known reference voltage are in one direction while output
voltages below the known reference voltage are in the opposite direction. Figure 4 depicts
the concept of current directionality.
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Figure 4: Directionality. ‘
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Output

The output of a current sensing solution can be in the form of a current, voltage, or digital
word. Dedicated CSMs can have any of the aforementioned outputs while op amps, DAs,
and IAs have a voltage output.

Current output CSMs typically require an external gain-setting resistor (RL) as shown by
the INA138/168 diagram in Figure 5. This allows for flexibility in choosing the gain of
the device. Also, if the design requires driving a large capacitive load, a properly
compensated external op amp can buffer the output of the CSM. However, since the gain
of the device depends on the external resistor, the internal resistors must be trimmed to an
absolute value, which can increase cost.
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Figure 5: Current output CSM.

Voltage output CSMs integrate the gain-setting resistor and output buffer as shown by the
INA193-8 diagram in Figure 6. This only requires ratio-metric trimming which is less
costly than absolute trimming. The drawback is that the devices have predetermined
gains (for instance 20V/V, 50V/V, 100V/V) and the designer does not have access to the
feedback path of the buffer amplifier to compensate for large capacitive loads.
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Figure 6: Voltage output CSM.

Digital output CSMs have integrated programmable-gain amplifiers (PGAs) and A[£Cs
and report the shunt voltage as a digital word via a serial communication protocol such as
12C or SPI, as shown by the INA219 block diagram in Figure 7. While this can be highly
desirable for ease-of-use, the full-scale differential input must be restricted to a range of
values. Therefore, care must be taken when selecting the value of the shunt resistor.
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Figure 7: Digital output CSM.

After reading this series of articles on current sensing, you will have a solid grasp of the
fundamentals of current sensing, devices that are used for current sensing, how to
calculate the accuracy of a solution, and guidelines for printed circuit board (PCB) layout
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and troubleshooting. This article introduces the four differential amplifiers that typically
are used in direct current sensing solutions: operational amplifiers (op amps), differince
amplifiers (DA), instrumentation amplifiers (IA), and current shunt monitors (CSM).

Operational amplifiers

The use of an op amp for current sensing is limited by input common-mode voltage, Due
to the design of the input stage, input common-mode voltage of such a device is limited
by the supply voltage (Voa). Additionally, the large open-loop gain of a traditional op
amp requires the device to have feedback, which limits its use to single-ended input
signals. Such a configuration necessitates its use to only low-side current sensing. Figure
1 depicts the use of an op amp in a low-side current sensing configuration.

ll'l—ﬁ_y—q
Vs R oA »
Vi ?. W% } '“»: e Vlhum"'("“ %]
GND R,$ ' GND

GND

Figure 1: Low-side current sensing with an op amp.

Since the input common-mode voltage of the solution shown in Figure 1 is near ground,
the op amp input common-mode range should include ground. It may also be desirable to
select an op amp whose output is considered rail-to-rail. This yields the greatest range of
load currents that can be accurately sensed. One drawback is any parasitic resistance
between the shunt resistor and the ground trace adds to the shunt resistor value (see |

Figure 2). :
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Figur 2. Effact of parasitic ragistance ta ground.

The voltage developed by a parasitic resistance in this location (for example, PCB trace,
solder joint) will ‘pedestal’ the shunt voltage, thereby introducing error. This parasitic
resistance may vary greatly in production. For greater accuracy and consistency, a
differential measurement across the shunt resistor is required.

Difference amplifiers

A traditional DA is simply an op amp with a precision trimmed resistor network as
shown in Figure 3. The resistors are typically trimmed during manufacturing so that
R2/R1 = R4/R3. The differential gain (Adm) of the device is therefore R2/R1. The |

reference voltage (Vref) is added to the output voltage (Vo). }

-IN

Va

HINO=—\\f\ b= AN OV,
Ry Ry

Figure 3: Difference amplifier.
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With respect to current sensing, a DA can have input common-mode voltages outside of
the supply voltages due to the resistive divider at the inputs, as shown in Figure 4. This
allows one to use a DA for high-side current sensing. However, a DA places a load on the
system bus voltage due to its finite common-mode and differential-mode input
impedances. This load draws current from the system bus voltage, which introduces
uncertainty in the measurement. In order to reduce the measurement error due to these
input impedances, they should be significantly larger than the system load impedance.
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Figure 4: High-side sensing with a DA,

Since the common-mode voltage of a low-side current sensing solution is near 0V, a DA
can be used as shown in Figure 5. This minimizes the effect of the common-mode input
impedance, but the differential-mode input impedance is still a factor. The use of a DA
for low-side measurements negates the issue caused by parasitic resistance to ground in
series with the shunt resistance that was discussed in the op amp section. Finally, DAs
have fixed differential gains because the resistor network must be trimmed to maintain
good common-mode rejection ratio. Some DAs have an on-chip non-inverting amplifier
whose gain can be adjusted. If other gains are required it is advisable to either select such
a device or add gain to the output of the DA with an external op amp circuit.
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Flgure 5: Low-slde sensing with a DA,

i

In summary, a DA can be utilized for either high-side or low-side sensing. When used for

high-side sensing, error can be introduced by the finite common-mode and differential-

mode input impedances. When used for low-side sensing, a DA can negate the issue

caused by any parasitic resistance to ground that is in series with the shunt resistance.

Instrumentation Amplifiers

Instrumentation amplifiers are typically composed of a DA output stage with buffered

inputs as shown in Figure 6.

R
Ay

Figure 6: Instrumentation amplifier.
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The first advantage over a DA is the ability to easily change the differential gain (Ai.m)
of the device using an external resistor (Rg). Secondly, the inputs are connected to the
non-inverting inputs of a buffer amplifier. The non-inverting inputs are high- lmpedahce
which translates to almost no load on the system bus voltage allowing for the sensing of
small system currents. One disadvantage, however, is that the input common-mode
voltage of IAs is limited by their supply voltage. Therefore, IAs typically is utilized for
low-side measurements (Figure 7).
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Figure 7: Low-side sensing with an IA

It is possible to utilize an IA in a high-side measurement (see Figure 8). The designe
must ensure that the system bus voltage is within the input common-mode range of the
IA as dictated by its supply voltage.
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Current shunt monitors !

Current shunt monitors are devices that place little load on a system and allow for sJ,nsing
current under high common-mode voltage conditions. This ability is gained through the
design of unique input stages. A typical op amp common-emitter input stage is depicted
in Figure 9, while a common-base input stage of a CSM is depicted in Figure 10.

Vee 1

To Output
Stages

|
Vin+ Vin- ‘
|

GND
Figure 9: Typical op amp Input stage.
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Figure 10: CSM common-base input stage.

To illustrate this benefit, let’s look at an example where we compare a DA and a CSM for
a high-side measurement (Vem=70V).
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operates with power supples 38 low as +2.25v, and
quisstent cwment 16 only TODwA—deal for batery-

The INATZSINALLY & avalabie b B-pin plastc DIP and
S0-§ sEface-mount packages, speciiad Drihe —40°C
o +85°C ftempersbure range. The INAI2S Is also
avaliatie I a QU corMguration, the INA2128
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INA129

EB008 - OCIIOGN T - NSO S EVRIY 08
ABSOLUTE MAXIMUM RATINGS!!
Epoly Vollage . avde 218
Mg TEUT Worge Rt e
Outpest Ehen-Cioad f ground) Continucus
Cpemaing Tempanatae .. . .. ~4rCw +125°C
Blorage Temparanss Range 55018 1250

Temgetatum «1R0C

Lasad Torgeralise [soderiyg 28 + 30T

"} Btrewsos above these ratigs may ca Peranent danige
Expesure ) ateciie mamun condiions W sxisnoel perocs
My Cegrade Gevion reialiiy Those &'s ST0ss fangs ondy, ad
Bt opecaion of M s o Diess oF By 00 aondlions
Dyoned eose st b oo Dobed

ORDERING INFORMATION

ELECTROSTATIC DISCHARGE SENSITIVITY

i EESEESS
P e e oy

ESD can ran from subtie anoe
Seraariol b Oumpile Gevioe Te Praciion
Srcuts May be more SUsCaTIE 1D damage

For fie most curment package and ordening information, see the Dackage Option Addancurm iocatad 3t the end of Tis data
sheat.

PIN CONFIGURATION

+Pn L8 and 304

Top View

Bl e}l =
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APPLICATIONS INFORMATION

Figwe 1 shows the DIsc commections required for
operation of the INATZEANALRS, Applications Wit nolsy
or high Impecance power supples may require
decoupiing capaciions cose (o the device ping 3s shown.
The 5 refemes o he reference
B o 5ol v
Mpeﬂam conmection fo  assure  good
common-mode rejection. A resistance of BL In serles
with the Ref pin will cause 3 lypical device o oegrade

o appronémately 3008 CMR (G = 1)

SETTING THE GAIN

Gain is s2t by connecting a single external resistor, R,
connecied batween pins 1 and &

NA12E:
G o« 1+ SOKD
i, > n
INAT2S
49,450
= /) + SRS
3 Ry @

Commonty used Jalns and fessior YIMRE ae Shown in
. 1.

TeSISI0N are I3sar MYTIMEd 10 ACCUratE ADGOIUDS values.
The accuracy and temperaiure coefMcient of these
htemat resistors are inciuged In the gain accuracy and
orft specticatons of the INAT25INA 129,

mwmmmmmmmmgn
Betting resistor, R, also afects gain. Ry

10 gain accuracy and anft can be drectly infemred from
the gain equation (1}. Low reslstor values required for
high galn can make wiring resistance important
Sockels ada io Me wiing resisiance which Wil

coniridute addiional galn efmor an unstable
gain euw}lngahsdwonnﬁ?ggugm
DYNAMIC PERFORMANCE

The wplcal performance curve Galn vs Frequenty
shows thal, desplie ts low quiescent cumenl e
INATZEANA1ZS achieves wige Lanasiot, even at high
gan. This js Tue o the cument-feadback topology of the
hput stage circuty. Seiffing fme also remains
excagent 3t high gain.

NOISE PERFORMANCE

The INATZBANAIZI provides very low nolse in most
applicatons. Low freguency nolse Is approximatety
0.2iNpe Maasured rom 0.1 to 10HZ (G 2 100). This
provides dramatically Improved noise when compared
0 state-of-ihe-arl chopper-slabilized ampifers.

A A
R ] % G = ¥4 %’:;
i matse AT
enco | Ry | NCAREST a NEARDST
Qamowal 65 | YEReEG] (O | % Re 0 | .
\ 'S ] [ [ Vi = eV, - Vi)
2 Mok sGa | Ge | e &
s ome| 2 | caml ne o
[ e | som | sem - "
bl 26mw|  oie | 2moc %
%0 o toox | o8 « fome Gy
L] o o A £ha &
o | =3 e | e 298 o
s | wa2 - - 0 ot J_
| wmoe | e | s &5
2om | mo | 2 | W7 Ws
o | ox ) ' B
1000 | 8000 450 | 4ue sar
WC Ne Conrecior
Ao crawn in wrpdtas e Qq{

Figura 1. Baaic Connections






