F TR INTauNEN LAY
THE IRON SHEETS CRACK DETECTOR

shitiun Taaudaing
TITINAN LODRASSAMEEKUL
SOINeA WENS
TANAPONG HACHACK

ﬂ‘%muquﬁwuéﬁsﬂué’mnﬁamaemsﬁnmmwé'ngﬂﬁﬁ';n's'mmamﬁ'mﬁn
medvidanssSidnnseling
ANEAAINTINATANT
aotumelulawszanunanmtaammsaian sz
dnsdnwn 2559



PIINTOUSINIVDUNANLHY

THE IRON SHEETS CRACK DETECTOR

SUWIA WAng

el =2
9197158NUSNW

&

IFALVUYFY WA

U‘%m_,zy1ﬁwuﬁ’ﬁ@ud1wﬁwaqm‘sﬁnmmnmﬁ'ﬂgﬁsﬂ%sgfuvﬁmnﬁumamﬁm%
a1 3vadanssudiannsading
ANYIAINTINAENS
dniumalulagnszaauindndinammsainansza

Un1sAne 2559



=

LY

= = g ] d o = s =
UsgyyriiwusiiludrunilsvasmsinwinundngasUsayariaanssuamansiudi

#1391

AL

a
L3843

Amnssuddnnsednd

JAINTINAERS
anumalulagnszasuinddinammsainnseds
insess Ve uranuaY

THE IRON SHEETS CRACK DETECTOR

wwangiiuy lamilsaling  swausedien 56010337

UIESUMIA  WIans SYAUSEIIRT 56010493

J/

N \\’) L{)
&M

8
I as

(5700w Waies)

L3

o e
21FENUTNWN



8191739
Un1sAnm

21918NUSnuUTsygyniinus

Uinaiwiseduilifiunseenuuuin fnsosnvsamsnuy Tagldmsavaeunuylsvians
1¥Bmsiamsvasuuaasauuingn fddgunsainsaa fuuuseadlumsasiaasusesinves
Tanzlagnsidsuutamesaumudingn udnindunadnsainssduiiininugsuudadlunny
AUTLLILAN LLaz’l%"mwmaEuamLuuﬁﬁmﬁwﬁwmae‘ﬁytynmwam'wmaaé’zyaymé‘uwwamws
Ima%uﬁngfywmﬁuwwmné‘hm‘snﬁ“f'uLLUUaaaéLﬁ;aﬁﬂmw%’wqaammumaeé’mwm"f,ﬁﬁ%u wiotiwn

aswihinvedlansldodiilssduBnmgagaudathlulszinanalng Arduino dunuamraluzuuuy

dmsunszuarunsiudusaly

WITATOUT VDI UAN

s

wwangatuy lawlimiine  saUszdidn

o

W seuwad  msng shaUszdnma
AMINTINMEARTUUNR

Amnssudiannsaind

2559

2
o

7. UTygD - waee

UNANED

56010337

56010493



Thesis Title The Iron Sheets Crack Detector

Student Ms. Titinan Lodrassameekul Student ID 56010337
Mr. Tanapong Hachack Student ID 56010493
Degree Bachelor of Engineering
Program Electronics Engineering
Year 2016
Thesis Advisor Assoc.Prof.Khanittha  Saetane
ABSTRACT

This project aims. to design the iron sheets crack probe by use of non-destructive
inspection. The leak of the iron sheets measure by changing in the magnetic field and use of
Hall effects sensor to checkit. Then, the sensing voltage is changed by a magnetic field. It also
has an instrumental amplifier serves the differential amplifier's input circuit by getting input
from the hall to improve the performance of the better signal. The cracks in the iron sheets
and check the effect of different voltage, indicating a crack occurs. The signal has effectively

been processed by the Arduino to show results in.the form later process.



= A

ANNSIUUTENA

2/ o

USyarfinusil aunsaqaaslumed iesiemuugiuazduinnindulselond

24 '
=

agegaeInvi seuilugn wane Juduornsddauulygninus wenanivihuazlinnud

1Y

N9 UIVINISUEL virudsliuAnmusaNauTInununY nsanzgImilaganaudslu

falal

ANEYAS IR INNYIIY warvens1uveunsEAaLTuRd1ege

YANTIVVBUNSTAM AFEN1TIYNYIIU MlaUsEdvEUsEaminamuinaonseozaai
AU MeAuEEIRiiEng udaarangiile wazazhanuiluldldiAnusslovdde
UssmAnAliuINfian

'
o oAl o/

wazdsndrdgnazauila vonsiuveunszan dntazisen suluidnuasiasnis

'
=) ]

vasgn Wlviyndmnadng wieunsbilendlunisdnuisdrndud uazdaliidle Gunu
aduayu wiauvivenlalandiiaueulunngdiu Sumwieuills gnueszdnlunsznudugn

9/

Uszui Uazuensnuveunseamu o lanianisme

@

A1 wazsslevdduiaiianlassnuinepugidai voueuliusginszaamn
vinild aulenadl

o o

ANzE AT

uangAtu. laadiniing

WIUSUNGA  w9ng



#1508y

UNARED

Abstract

nnANssNUIENIA

asuey

GRERVRTT

GUPIVATORE RN

Unit 1 umi

unil 2 mowiindnm gy
2.1 vinmsveusngnisalenad
2.2 MIMNINEUNILIILENERaS

2.3 YUAUDIRINSINTUT0AA

2.3.1 seaaviinaing (Switch Hall Device)
2.3.2 goaavilawand (Latching Hall Device)

2.3.3 gaaavimdasy (Linear Hall Device)

2.4 Nug1unsnTsasumdwilvesfiinuieaunuivan

2.5 anuuwiménuesingiihumesoy

2.6 'mwma%uamsmuﬁ (Instrumentation Amplifiers, IAs)

Vi

Vil

11

11

11

12

13

14

15



815U5Y(519)

Wil 3 mseanuuY
3.1 goadlewWAlULes
3.2 WAsvnslaviUSeuiBULS AU
33 dwmugumsiadeud
3.4 @UTYNENIU
Ui 4 wansvnaes
4.1 NIVNABIMITBBUNNI DTS LAV
4.2 aveanamsaaunnssweslavsiiefianuniaueesesd ity
Unil 5 aUarInsaiNan1IVRABY

LONATHNB

17

18

18

20

22

24

24

25

27

28



GURVATAL

mafiaunngnisalseadluansisivinbu

midsavuveididrnsounazlsaluseadinandadunasinauiy

wuwmanluiianig Z
FuUsEdnisoanunialsnaiitndunsuda
s v 1 (=3
NTINANLUNYDIAUILLILVEN
NIRAMLAAN SRS Vy

Wunsuasnanisaeuadssvassoaavilnduduy

LAMAN YUY DI DU

@

LanInTUanANAaNTRTELUMEN
wansniwuanAuauTRIYUITIgUTauimanLUuEauuaz LU YLD
NasuEFyIduan LU

WAHUAIN SN NIUYBILAS B4R @BUS B3 11Dl any

FOAALONINALWTDT Way 35N19RTIaTU
FATVIBHANN UAZITIUTBU R UUT 3
Lanimsideurioreulnsalaesiudiusneg

WU anIMsnIureLeiomsnaausosinveslane
95T BusTuRsiuInay 5 Thad

WITTIUYINUA

WAPINSYINNTUYRIYATTIN

Vi

12

13

14

La

16

1

18

19

20

21

22
25



#150N1919

g
AN 4.1 LERINTITUS UL UYDIa0 AL WINALTULEDS S LIRS 1IN 23
wazlinusasunngod
A=1L =l =l e I3 1
AN 4.2 LERINTSIUTHUNBULS IR LY D98 08 o WINALY UL DS TE NI TINSITNY 24

warlinusesunwsaadlafianunieeessasdifiaiety

Vil



UNUI

Tulagdumealulaglinmiluegsaiies lulssnugaavnssuiimsveonanin

' & |
a = =

iy galunszuruniswindnisnsivaeunindueinie omauamuazunsgIuves
a w ¢ = a o aa oo o o | o
uanAunTlUTsUINNsHEn Tunsundouldlulssnuitniede nsnsivasuwuuldyiany

minsaasuuuulivhaneddedife luvihlwingmihumeseudemne Bd3amnzauiiayly

Tunsasvdey uazgoutiyednaie

n1snsavapuwuulivhary Wuiianlun1m8anguin Non-destructive Testing or
Inspection or Evaluation %38 NDT, NDI, NDE Inaiilunssudsiilénsranisesunnsed a2y
Liauysaivienrmfinundle q Afagludiue wu nrstondu (Lamination) soeunn Tnss
91017 Weaoana 1a= InslivinliiAansnudems wisvhatsduny winnaslunis
ATvARUYBTIENMInsIAB UL iue deudnn suasUsngnrsaineiand 1wy $ed
wnuwiesddnd adudEsiauiad nsathaduiseutingn nshnasunsniuvesve e
luraauau (Capillary action) 1t Tnonaitldovdunndunamsasuiag uasifves
Usngmsalingaiiuldnumnuinunfvessesunwssmionanlieuysalvasunuiiv
mmaaeu laednygvessosunniewiendtsilianysalaisalieents 2 Uszian o
sepunsRwTarulaysaifiAnys R wazsagunwsewser i lilatysalfiAnanely
Fuau

[

Ansanedeulasliitmsianasiudvuiateswimén iduisnsildfungi
fesnsasanapufanmiulingn fufumsnsisaouitaldumunsalseaduuszandldlu
n1snTIRdeusasivedlany latnglansiidostiauinsinasuisosi ity vl
suuulimdnuasuluaniiy gunsalseadanunsanmadulinaduusei Auseuditnng
Wasuuaslumuauaudndniiion isaunseluvszananalag Arduino ileuanwmaly

‘J v
JULuULIIRRINTS



uni 2
gunsnluaznguiiidlulaseau

wanmsnTdeusesivedlaved Igunsaluaznnuiiiifvidematsodng fail

2.1 fmsadusunaudman laeldinseduuuulindnnsvessingmisaleead

N
Y
‘/
= r ,
B = J E,
Ee Vd P
-

—

Nt
f M X
+ +

==l / .
t ‘//,/

{ a & & o a
UM 2.1 nsifiaUsngnsalaaad luasneaiyiaeu

a ¢ ¢ a 2 o = ¢ s

msifadsngmsalgeadamisnesursldleeldsun 2.1 Faamaunsaiseadinay
luansfsivdaeundainunine w o1y Luaswu ¢ leseadmanldSuauuinii £ lu
ifn19 +x ezl iadusanseiivdszanme Jaaluarsisimiviadunnedwannde
a o = s = = a & ¥ < 1 o o i
suannsaudsluszgliinau Bldnasauasimdoufiuuuniny seaansIA g uionin
“A3uL5I03W 7 (Drift velocity: V) Tagiifianisnsadnufuauiniiindefidau x waznns
wdsunvesdidnnsaudeduszqlwiluluavasyifiAanssualviln 1 naluiievssedhudu
mMsndeurivadidnaseu wienfelinszualiiilualufinmefentuiuiireesauylnii e

Trauuudivdn B Tufians +z wasdsanduiianiswsenseud I wuineeiiusanseyisanve

[

Aty Fausaiinszvidewined 3ondn “ussasisud (Lorentz Force: Fx)” vlWBidnnsau
Aamsidsauulududnwewukusead inaviluniadie +y @TUNNATUT 10N UBDAR
wavlufimna -y ssfnuseqliiielanseiudrudnviianiisdeifie Taa (hole) Al azvinly
Anaulwihfudadendn aualwieoad £ 5 v +y d@unlnwihgeadazinliiinus

Iinsziiuianaseuinli Sidnaseugnudnlunieiia -y Wlauswaeisudaunaiunsean



o a

auwlwihgead awvinld Sidnnseuadaud ludianis +x wWudulnglyfnisideauunis

\wAouivesBlanasauLdn evmsiaussiumsiudrsvesuiuseadinaluiia y avwu

[ '
= =

U39AUgRaa (VH) Fu Fauswusaas wilaainaunisi 2.1

Vi = RulyB7t (2.1)

LY V]

Ry, AoduUszandonas (Hall constant) 3Mnaun1si 2.1 azuiuausesugoadasuUsuniufu

¥i a < < )

AIUMITBIWHUgRadINaN nTinaaneunthiiindidnasouddissuluauazindouiinag

AMIsIns YA U egead wanidlelasuauinuinanasyin s EnasauiAnnts

A o « = < v <
WEILULUBINWTIABLTUS (F,) BIUTI@DITUIM A INANNIS 2.2
F,= —q(V; x B,) (22)

7 fio mnuiiindiledovasszgnmeluiiaoms x 8Ennseuszgnideauuseusaaisud

'
'3 ] =4

Tudemna +y lmedrudysosuiugeadinan dadam -y faziinnmsyszqdnulinnils

2
=

shfelea Asdarvaiauwinihgeadty Woaunilwihsoadaunatuusiaeisudazyinly
1

2.

P a a a 1ol P | =i a2 1Y ol
wiveiaaaun luiienrsdulagldiinsidoavud nauuwigeadlusns dunldanaunisi

23
EH = 'Usz (23)
ANUAUWUUATZUA [y o Jx =nqv, (2.4)

n fio mnuvulluyesBianaTeu g Ao Useglihaediianseu = -1.6*107 gasuy faiy
NNANNIN 2.3 way 2.4 aurnliniesad Eu tvlianiniuaunisi 2.5
Ey ==].B;/nq [2.5)

ANMIADIT1IEAINNI1S weiagla
Eyw = —J,wtB,/nqt (2.6)
FatuLsIRUgoad s el Vy = —IyB,/nqt (2.7)

P =i al o w a Vs o £ s a
Wallsguiiguaun1sn 2.7 duaunisn 2.1 wladudsednseead (R,) voedidnnsouniy
AUN1IH 2.8

Ry(electrons) = —1/ng (2.8)



a & ¢

NFUN1TA 2.8 LAUIENUsEAnSoead (Ry) azwlsuniutuanududusznoansiie
(Doping concentration) &l IteFUBANITINIUIINGNTaigead TuarsAsitieediun
nilulave Sianaseuluansiadatheilnidu (n-type semiconductor) gnidesiuussnauas

aunuwivanuandlugudl 2.2(n) dilugussiugeadifidiiuau Teafidunmeihlnisnvia

yilgluasnasin

« o = | DY) e =
wisalsud Fi vasdszgnimeniluvinulaaszasstuiulssgwmeiiduau eduvedlen

szuanegluguil 2.2(0) ussdugoas Tuansieiiudedl (p-type semiconductor) Ay

uan
i i
® ®
& == \\p& 74 A =
Y il N 2N @ R ',' + -
.f 7 4 " )
—a
(m ()

UM 2.2 madssuuvedidnnseunazloalugeadiwandadunasnausmaivinly

AAng Z

2/
@

P ad -~ P < Ry - - a
NNFUN 2.2 WingyaBianasounIslaailislni auin 2 na U8 IaunLwl Man L An s
Bufiuuaniia (lattice) w3oszmenisiioudaznssuaIS INDIW Iz T ananTuAu ALY
\ndauNMIATINIInATIenaesEwmlilufiene x Lazussaslsud Fi Tufiene y

o w w £ &4 w6 ‘m A o & o
a"lﬂiUﬂﬂJU'ﬁﬁaV]ﬁﬁﬂaaﬂua’ﬁﬂﬂm?u’]%u@ﬂﬁ]guﬂjLUuU'Jﬂm"Illallﬂ'ﬁw 2.9

Ry(holes) = +1/pq (2.9)

o ° HI a v =l

nsldunfeduuse avdeead luarsfesnhliimerneuarsSovinfinazvin
Wusthaduduanunsomldnnd nanawn widmsuansisiiiduasviasutudaeld
Fuavuimanmugyssq saossiinasifosuulumadudrveiuseadinan waau
lrihgoadaugaiuussaaisudasilinssualvaluiiamafinlaglifinnsdosuudn Faaunw

Twhenadluiirme y wanwmuaunisi 2.10

EH = Ey = vXBZ (210)



8/ <

Wedlawwlwih8idnaseulndeunmeanusnInm (Orift velocity)
VX = —,LtnEx (211)
un Alomnupaesvesdidnaseudelanduuln

dwsuanunuiwiunszualuiiems y avlan

Jny = qnuyE,, (2.12)
NAUN5T 2.10 = 2.11 LIIAENUT Joy = —qnuiB.Ey (2.13)
dmiuleaasla Jny = —qnu2B,E, (2.14)

dmiuanuudunssuanavualufianig y uandlui 2.15

Jy=qmu, + p#p)Ey (2.15)
INAUNTN 2.15 WA URAUINTRIANMITN 2,13 U 2.14

q(n + pup)Ey = =gl — nu2)B,E, (2.16)

o & 4
satuauNlWin Ey 9suanasnuaunisn 2,17

Ey = (puj — nud)B,Ey/(plty + nity) @247
naulaieead By =Ry (2.18)
WAYATUVUILUUAS LU Je = q(nin + pliy)Ex (2.19)

PNAUNISN 2:17,2.18 WAt 2,19 duseanSaoaddnsuatsnediuidunsudauandniy

Aunsi 2.20

Ry = (pip = n3)/q(piy, + nuy)? (2.20)
dmsuTanuilaidu (ns>p) dulseanssead Ry =—-1/nq (2.21)
dmiuianuilad (p>>n) Fulsvanisead Ry =1/pq (2.22)

gt luaun1si 2.21 uax 2.22 dulsednsooadnldazadeiunsal luaisi
@ o d a v & A a a | v o o w
fNANALzRaNaTs e vlaRLarYiaL DB 1 UTLTUANANNNST 2.8 LAy 2.9 AuaTEY

duUsgdnsaeasd miualsniidunSudnLandfiaunisa 2.23

Ry = (tp — Un)/Miq(up + 1) (2.23)



JUN 2.3 wanennnuduiusseninedulszdnsoeadiuanuidudusznouaisiie

a

(Doping concentration) luaisisanir@dneuriindunsuida (n) Feldeuudasainaisia

]
@ o a A

inhviafiduansisinimiaby 1ngusaenuddulsvivsooad Wugudiuiinuansia

2
aal

tilai o Intudan (mobility) funns1efuvesdidnaseurulea uazanguil 2.3

[
1 12

wamsliiiudlufienududuernenansJodesasinliduusavsooadndangeduld

1000

|

[ |
|

| 4

- 4 R W L J

i o < { v o a a a
UM 2.3 duvszanSoeadvasasnenatinduniuda

adan 9

UsingnismiseadduduiSniisminninaaiamuniivesnvie 3atean velas

AnnAdesuaan I velaane I

INANNNT Jx =pq xvevy = 1_% (2.249)
wazaunulviiaead By By B, ]bg (2.25)
i L) 1(_

AT =45 T Ry (2.26)

103U 2.1 WayhnTinlssiugeassemisvaumudinvourusoaginanlufianig y Jai

sEugAMUNIAINAY W 1R
! aJ b1 L° e
W =Vy=E,wviE, = =1 (2.27}
- @ ¢ o ol ) | i Y 2/ ' o o e
TnaVu Aoussiuseas daluns i unnIAToNTEwITesuI e vavieasieii Inens

! 1 V P 1
UNUFNAUNINTIA Jx = —— uav By = WH asluannisn 2.26 azlen

Tt L (2.28)
1B, rq

Vi
WIB,

=

Wt VI%SRHz



INANNTTN 2.28 AUNUILULYDlganD

Sy e (2.29)

wazan wenunuluiiAe B RWTT = -IV;'”Tt
(2.30)
R AaAmumumulivesuvisans (aviy)
WazAINAUNS p = §= p;ﬂp Fathuaglen
Hy = —— = %-RH (2.31)

3InANN1S 2.29, 2.30 war 2.31 wiuInanaassUsIngnisalvetgead v lisiaiung
WwAimesnddgvawvisarsiieinnla Aeaamuid uveswine, aninduniulnia
wazanmaasvasnglailuagnd

UBNINU LA naNn1s 2.31 lnemsinendulssanseoas (Re) Lazan ng1uniuy

= a o |

() Mgmunpfidansqaeiiliie B = = 1/ qdaammneaes (Up) wazdimumuiuyuees

q U

wivgiigampilsnegle dedeyatiivselondnlumsiinesinueuiisuvasaisiing T

u
@ a1 3/

Muaudgnu Tunsafaisfsmeiiagy Ausiugead (Ry) aeiimasaiiufunsdivasans

Aedundad Aedlan Wuaul) fe leaanizussiugead (V) ailanseiiuiunsdvesais

yiad Anfieluaude Mty M IpL I LTe9Eeaa i LS 1d 115U U iaueaans Red
=

Induriinduniofladnmy vazfidianullumsneuausy (Sensitivity:S) fis 1usnsn

AUTEWININTIIUBDRS RTINS BLALAYALIGLVED Beatusavinlashannisealul
V .
S=":£=—=-—_-_— (2.32)
lne#G Ao W15dwaslasedsns (geometry factor) T ldaanaunasi 2.33

=—Vats (2.33)
RylyB,

naun15h 2.32 szl Aaulilunisnevaussazlrrguileseadinani A
' 5 a N = ] 4 o o & d
wwduramme i Bdldniniuiiednsanawulvihgvdluusassinidadunaes
NITININABTUDR Erutaz £, TsldlafiRaniansaluamuuwny +x iesainussasisudvinliia
o 4 . o < o ¥ oW ‘.,
NIUBAVUTRININEBINRNOH NUINU +x BN B MAATULSENTT “Yugeasd ” (Hall angle)
E
Tng tan 8y = E—” (2.34)

X



1 J 'B- = 2 i
lngnsunuan £, =——= uaz J, =0 E, adluaumsfl 2.34 aglén

P q
B, o o-'B
tangH:]x z, 9 _ z
P q Jx Dp'q
< g-By . j§1:=
%30 tan @y, = — 1By (2.34)
Satiuagld = (2.35)
fatuazle —= ;
pq P
VD) Up = 0 Ry (2.36)

Tumsiasgniinainudail lildfasunravenisouiuvesnve fuwanila faiy File
9l gndeslineduyszdvsvesgeadlunsiii Aansannisauiuseswinefuuandia Ru

ausaLanIEuNsANNALAES Al

Rar =5 Ry = 1.18R,, 237)
3 “ t 3
Wwar  tan@ = ?T[,up - By v gy = a’;zh' ¢ ?ﬂﬂp
wagazlein
Mg = puy = 118y, (2.38)

My BR ANANINAINNARISIDI808E (Hall mobility)
uaziile | My fio AanmemuAgehseadlunTRNe I NN TU U e LA
Tunsdfifinsannfssufuveswinefuasasuasiae (onized impurity scattering)a1u15a
wAduUseavsgoadlunsaRansann iU IvE fUaL neNaTSITe Ry wanalang

aunsii (2.39)

3151

Rup-= —Rp-="193R, (2.39)
315
Uys = —ﬁ,up = 1.93u, (2.40)



2.2 MTINAMUTNVDIEUIULLAAN

JUN 2.4 medaanuiduvasaunuuaivan

o @

aulwihiiAaluududathurslianuduiusiuamiusesdngselnawa V sl

v
Ey=t

| v € A .’ LAY ' ' o« = .
ANNAAngsaliamaiiiatuiliiondy Aud1efngaand (hall potential difference

o [

E | ' o e cal = A VoW =
#130 hall voltage) Vi, U1 AUATNFANYEDAANAININNEA LIBLNUAIUIVUNVIINEITAY

a I a - St 1

-] = o =l 1 s L] d 1 o L3 o
F17 LU Fanou wazwaswillen grusdaliinng aniumefndesasziiatasnIiuin

VH = EH'd

B(x) XI B(x) "
_______ v, VF S Vi

3U 2.5 nsinArudisAndgand Vy

iaunsndn v, lagsie adliandinesiuniugn x uagge y anmdaves Vg nswle

| a Y a a € ¢ A a = o v
Manseameiisulaan dadladiines wineuszafedidnnsoudeiiszqau dmivy

Useiliusequan imues Vy uay By 9wnsadnu uiiimves Fp uae E: §3R9fu viliusguan

9
i

gwanluiveumu drdssraugnudnluiivouiudne wavanminues Vy agnssinuiy

i

= = < - I~ | w v
nIuW Iz Useaiivsyaau aneiusaaimvdnuazusalwihiivuinminiu 15nals

(—e)Ey = (—e)V,B
Ey =V,B



10

azle
VH = EHd
V — VdBd
e % dl o
Wea9ndnsusiansdou Vg 4An
I
47 ned

< o

flo n ApdurunveUsgdegnuiaiums (MFeaumuuiuveam vzlse) uay A Ao

=

13
v W i

NUANLIARUDIHUAIUIUNS

~IBd

Vil T ned

V299N tz% ADAIUNLITDIMHUAIUIUI

2
s

AU
2 IB
) &5 \nes
Weulatnuidu
v

= 2 s |} 1 E’f! 1 e o U EJ v o
USsna Vil wag t Tuaunis (8) mleanniade den n duagivsineasianildvin

q
18 o =l o

LYY o & a4 v <l o 17 I e o e

Win Tanduarsisiainziidnunmzdsesgtaun dnhininaa windedifunnefiaz
o Y a dl ol o 1 =l o 4 1 v
Mliianssualndlrnauasadala dauawiulidruiuniveuszgdesunn uwdnseulv

a ) | ' = u  O0a W o A

nszualuirusnandntiove1y :1ans@nwanudn a1snesuiiidedadovusiian n =
10%2m? wazlanreyaluian n = 10%m? fau 199998 11nsamIanULYeIauNLLMand
sl AnuduvesEuimanimhelusruuledlaliumann (tesla) wiumedydnual
T MmhgdnuesrnuinvesaunilivanAe 1nnd (gauss) unumesdydnwal G lneiilT = 104

G



11

2.3 YlinUBIRINTINIVTAE

goaduvseanuaweiln Ao viladuaing vdadusiwand (Latch) wasuiiniu
gunsaidady vllaainduasyilauandiluguniainmidnea Ao sxilidwinaflosaasaniug
L Uniln ’lummxﬁaaaétwm%qLﬁuaziﬁLLsaﬁ’uLawﬁvgmLU?{auLLanmmummaa

AUTLLLLNEN

2.3.1 gaavilnadng (Switch Hall Device)
Wugunsaiiiluanmzunfieg “Un” wazez “Wa” Weldsuaumuivanuazazdnde
v 1 o @ § o a ¢ v oal P
wgalvauuuingn U7 uansdsuvesgeadinaing agiiuliiinisdeuwlasues
Y ] " & o T 1 v v P

ussAuaIURIULUAIEULLIMAN WoAUNLLUVANRNTUDAT Brr ud a2l Ainu Vo,
anneziguil A “WUa " wiilloauinislivananad9sie Bop 92LiusaiU Vo, anniziguiife
“aﬂ"

2.3.2 saaaviauand (Latching Hall Device)

¢l o ¢ & ¢ o = P Ve i 73 a P [y

goaaviinuand (Uugeaanasilailolasuauiuuiuanuin wazasUndloldsu
AuNLawEna denieingeadtdnaing n1snavauswessoadaziul@iin1snevaLed
YodgandzlUadialasvauiiwdivanivewandiduy 20 mT wazastmielasuauiuuaingn

W -25 mT

2.3.3 gaavilalliadu (Linear Hall Device)

poaaviindudy Wuseadiagliifianisilavieln Wvseadviaaing naael
\innstanasisda amndhvesssadeundaduilusyana 16 mwmT seaduiatianunsom
Frvesauuwaimgn lﬁﬁﬁﬁhLmﬁu'iummsﬁaummjmémﬂu@uéﬁaﬁaﬂdw SEGPULHEAN
(Intercept) Manusanuvesgeadiinmnnigadunesiouiudl ansitvuziudaves
aunuuimdniluianis widussiunaseadifooningndumedisUs Lansiauuuimgn
Tuvmgifududals Fepauandiludedamnsalummuminmanutosemeslvinnsvuanse

1%
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Vee
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Output Voltage (V)

Saturation
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Magnetic Flux Density, B (G)
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agludnlng yila Insdwi wewmesuuy synchronous uaz brushless uag starting motor Tu
& 2/
sasunduAup

Wi ANEIAIN
(Soft Ferrite)

AN
(Hard Ferrite)

U7 2. 8Ltamn51wuanﬁmauumammman

AnuIEiuvesanFinan (1A, Gauss)

o |+B
AT UMV IN AR
LHANAIAM (Br) g
L
wiTsRL (1 LRI PRI TLTE R TR
il "2 A IIHBN(Oersted)
-H c 0 +H
d e
-B

UM 2.9 u,amnsnwuanﬂmauumLﬂ%'a*umﬂuqamuumanLmuaauua.,uuqu

2.6 Nili'um&lﬂuﬁﬂusmuﬁ (Instumentation Amplifiers,IAs)

2095818duangiNw Winwsimhivenedyyamnanaves

o
as

HYQYIUBUNN VOIS
lnoSudyaudunnaindeead udninisusulgliaussousvesdygalnavuuenaini
Nl AR

lun13vdndsya1ausunau(Common Mode Rejcetion Ration, CMRR)ve &y sy auloh
ussas Faussnuevinnvesrasaslanuduiusiduludaunisi 2.6.1

Vout = A(Vz = Vl)

(2.6.1)
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AW IUNA (first stage w30 input stage) Ynuedioauuouy IC3 9z1dur9951071vivm

q

| = = Y v @ ¢
A7Unan(Second stage 3@ output stage)UoIINT ol Vo e Vg, LﬁuLtixﬂmUmew‘w

199 ICIUAZIC2 MUAIAU AN T TIMUD INNTBIIID3 Vo, Slrviaiy

R2
Vs E(Voz-vol) (2.6.2)

uazanauaiiRveseatuont vildnszwanluadiu R; Wey Re fiA1iriulls = le) $9anng

v03loViNLle
Voi = Vioz = (2Ry+Ry)lgs (2.6.3)

al o 0 w =i ' a T
Wa V, = 0 avvhlinszuanlvasiu R Truviinu

Vi—V;
(NS 2.6.4)
RG R]_ (
VNTUNUAIENN ST (2.6.4) asluaunisi (2.6.2) a2 6.3) azle
Vo = AV (2.6.5)

P
Tag9

A= (1 + %) G;f) (2.6.6)
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3.1 geadeWiNALYUYDS

goaalavialulees lWur9assuiviliiAnenudesdnglasduiuainuduaes

1

@ a1

auuLlman N uUIMeBUaDIRady g (Active Area) iathudiwandlndfuusiin

1 e ¢ s a o i | v od
ABUAUBDIADAYY I VDY FoaalaWWALTUIYDIVLLAANI TS ULUAITDIAIAINNATANEN

' o o
= = =) =

WPy 30 anas Tuiuiinvesuslindniinau Active Area Tuniseanuuusinda Wudwnsn
ansintufueed Wevinsselwldiuimuees udnilunssukulany Wenuses
UNWIRIazARN VAU A9BSR UTINg oA A LI SuAN AT NABUT L s 0E
unnies wikssuiuasuulaniy fanuunnefuiendntos Jeldanunsaluldmuls

ARaYINMsveIeusu Ingldasveenasiesaly

Metal Sheet

Magnet I Crack

Hall Effect 1 : } , /
Sensor

o
VIC  GND. Voul TN £ f'
l ’ ’ ( ' T i

Hall Effect Sensor

d = af
UM 3.2 seadianiAruiyes uaz Bnisnsaesuy

3.2 2995U818UasLUS B ULRBULSINY

iesinnisivdsutUasssiaTimaTnaeadieriiaivuges SAitasun daiuds
veedyyrudiganseonanie Inefidygiudunmuaniasduwiaugnasnuuuliile
usausiiy Welsinusesunwinsuvurulans mneueaihnisnsranusesunnsIuy
wiulave swvliidanasessninedunnisaed udvinmsvenefesnsveeiiinuels
mnﬁuﬁ’mmmﬁgmmmsQﬂéalﬂﬁaﬁawamwsm%wLﬁammﬁmﬁ'aLU%‘EJULﬁaULmﬁ’uW

- &1
winnzaunag lUltluraulnsaian ol



18

NBUINRENILLILREY PLUEMRLBRELENE €'¢C ﬁ?mﬁ

A0T

Id[[0NU0D) 01 IN0) A

NTTE W1

: 7

AE

%s
IleH Jod
uoeaid | | +
> w0y w10 sl
® g
8
%
D> ]
b
uonpaloIg B eH
abejop-1eag z ? >

BZLYNI ‘8ZLYNI

L|+A




19

3.3 daunduRuNISIAGIUTN

daunruqunIsiafeuil Usznausae vesaniuan Arduino UNO R3 uainos
N3zuARse a1a 5 Taad LED uay Buzzer myviawwasdiumuaumniadoudife weviinis
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e dllegro A1301 and A1302

Continuous-Time Ratiometric Linear Hall-Effect Sensor ICs

Last Time Buy

These parts are in production but has been determined to be

LAST TIME BUY. This classification indicates that the product is
obsolete and notice has been given. Sale of this device is currently
restricted to existing customer applications. The device should not be
purchased for new design applications because of obsolescence in the
near future. Samples are no longer available.

Date of status change: December 5, 2016

Deadline for receipt of LAST TIME BUY orders: August 30, 2017

Recommended Substitutions: A1308

For existing customer transition, and for new customers or new appli-
cations, contact Allegro Sales.

NOTE: For detailed information on purchasing options, contact your
local Allegro field applications engineer or sales representative.

Allegro MicroSystems, LLC reserves the right to make, from time to time, revisions to the anticipated product life cycle plan
Jfor a product to accommodate changes in production capabilities, alternative product availabilities, or market demand.

The information included herein is believed to be accurate and reliable. However, Allegro MicroSystems, LLC. assumes no
responsibility for its use; nor for any infringements of patents or other rights of third parties which may result Sfrom its use.
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lgM\croSystems LLC

A1301 and A1302

Continuous-Time Ratiometric Linear Hall Effect Sensor ICs

FEATURES AND BENEFITS

« Low-noise output

« Fast power-on time

+ Ratiometric rail-to-rail output
* 4.5t06.0 V operation

» Solid-state reliability

* Factory-programmed at end-of-line for optimum

performance
» Robust ESD performance

Packages:

3-Pin SOT23W (suffix LH) 3-Pin SIP (suffix UA)

DESCRIPTION

The A1301 and A1302 are continuous-time, ratiometric, linear
Hall-effect sensor ICs. They are optimized to accurately provide
a voltage output that is proportional to an applied magnetic
field. These devices have a quiescent output voltage that is
50% of the supply voltage. Two output sensitivity options
are provided: 2.5 mV/G typical for the A1301, and 1.3 mV/G
typical for the A1302.

The Hall-effect integrated circuit included in each device
includes a Hall circuit, a linear amplifier, and a CMOS Class A
output structure. Integrating the Hall circuit and the amplifier
on a single chip minimizes many of the problems normally
associated with low voltage level analog signals.

High precision in output levels is obtained by internal gain
and offset trim adjustments made at end-of-line during the
manufacturing process.

These features make the A 1301 and A1302 ideal for use in
position sensing systems, for both linear target motion and
rotational target motion. They are well-suited for industrial
applications over extended temperature ranges, from —40°C
to 125°C.

N

\ \ \ Two device package types are available: LH, a 3-pin SOT23W
\‘. N\ type for surface mount, and UA, a 3-pin ultramini SIP for
\ ‘-.\\\ through-hole mount. They are lead (Pb) free (suffix, —7") with

Not to scale R 100% matte tin plated leadframes.

N
V+

B T TSN e g N T oA\ 7 yl

VeC I I

L To all subcircuits |

| |

| |

| |

| |

; >< - 5 o vouT

I - |

| |

- [ '

o~ : Gain Offset :

CBYPASS | |

| Trim |

| Control |

[ I

B </ e -

Functional Block Diagram

A1301-DS, Rev. 22

November 30, 2016



A1301 and

A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensor ICs

SPECIFICATIONS
Selection Guide
Part Number Packing* Package Ambient, Ty Sensitivity (Typical)
A1301EUA-T Bulk, 500 pieces/bag SIP —40°C to 85°C
A1301KLHLT-T 7-in. reel, 3000 pieces/reel Surface Mount 2.5 mVIG
A1301KLHLX-T 13-in. reel, 10000 pieces/reel Surface Mount —40°C to 125°C
A1301KUA-T Bulk, 500 pieces/bag SIP
A1302ELHLT-T 7-in. reel, 3000 pieces/reel Surface Mount
: z —40°C to 85°C
A1302ELHLX-T 13-in. reel, 10000 pieces/reel Surface Mount
A1302KLHLT-T 7-in. reel, 3000 pieces/reel Surface Mount 1.3 mVIG
A1302KLHLX-T 13-in. reel, 10000 pieces/reel Surface Mount —40°C to 125°C
A1302KUA-T Bulk, 500 pieces/bag SIP
*Contact Allegro™ for additional packing options.
Absolute Maximum Ratings
Characteristic Symbol Notes Rating Units
Supply Voltage Vee ) 8 \
Output Voltage Vour 8 Vv
Reverse Supply Voltage Vgee -0.1 V
Reverse Output Voltage VeouT -0.1 \%
Output Sink Current lout 10 mA
Range E —40 to 85 °c
Operating Ambient Temperature Ta
Range K -401t0 125 °c
Maximum Junction Temperature Ty(max) 165 °C
Storage Temperature == —65to 170 °c
L L
S {4
Package LH SOT23W Pin-out Diagram Package UA, 3-Pin SIP Pin-out Diagram
Terminal List
Symbal Package Llfumbe;ackage UA KSRt
VCC 1 1 Connects power supply to chip
VOUT 2 3 Output from circuit
GND 3 2 Ground
Allegro MicroSystems, LLC 2
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A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensor ICs

DEVICE CHARACTERISTICS over operating temperature range, T, and Vec = 5 V, unless otherwise noted

Characteristic | Symbol | Test Conditions [ Min. [ Typ. | Max. [ Units
Electrical Characteristics
Supply Voltage Vee Running, T, <165°C 45 - 6 Y
Supply Current lec Output open - - 11 mA
Bitput Vollage Voutighy  |!source = =1 mA, Sens = nominal 4.65 4.7 - \
VOUT(LDW) ISINK =1 mA, Sens = nominal - 0.2 0.25 Vv
Output Bandwidth BW - 20 - kHz
. : VCC(min) to 0.95 VOUT; B = +1400 G‘ _
RIS e tro Slew rate = 4.5 /s t0 4.5 \/100 ns . 3 s
Output Resistance Rourt lsing S 1MA, Igource 2 -1 mMA - 2 5 Q
: ; External output low pass filter < 10 kHz; _
Wide Band Output Noise, rms Voutn e 3 o = 150 pv
Ratiometry
Quiescent Output Voltage Error with -~ "
BPECE ED AVigs? AVourq: | Ta= 25°C - - +3.0 %
Magnetic Sensitivity Error with ™\ TG
respect to AV2 ASens(y)  |Tp= 25°C - - 13.0 %
Qutput
Linearity Lin To= 25°C ~ - 2.5 %
Symmetry Sym To= 25°C - - +3.0 %
Magnetic Characteristics
Quiescent Output Voltage Vouta B=0G;Tp= 25°C 24 2.5 2.6 %
Quiescent Output Voltage over L]
Operating Temperature Range Voutaiars |B=0G 22 - i i
A1301; Ty = 25°C 2.0 2.5 3.0 mV/G
Magnetic Sensitivity Sens A
A1302; Ty = 25°C 1.0 1:3 1.6 mV/G
Magnetic Sensitivity over Operating Ser8 A1301 1.8 -~ 3.2 mV/G
Temperature Range 4Ta)  [AT302 0.85 - 175 | mV/G

'Refer to equation (4) in Ratiometric section on page 4.
2Refer to equation (5) in Ratiometric section on page 4.

Allegro MicroSystems, LLC

115 Northeast Cutoff
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A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensor ICs

CHARACTERISTIC DEFINITIONS

Quiescent Output Voltage

In the quiescent state (no significant magnetic field: B = 0),

the output, V1, €quals one half of the supply voltage, V,
throughout the entire operating ranges of V- and ambient
temperature, T,. Due to internal component tolerances and ther-
mal considerations, there is a tolerance on the quiescent output
voltage, AVoy1q, Which is a function of both AV and AT,. For
purposes of specification, the quiescent output voltage as a func-

tion of temperature, AV par,), i defined as:
Vourqry — Voutqesc)
AVoutquat,) = (1)
Sens(asec)

where Sens is in mV/G, and the result is the device equivalent
accuracy, in gauss (G), applicable over the entire operating tem-
perature range.

Sensitivity

The presence of a south-polarity (+B) magnetic ficld, perpen-
dicular to the branded face of the device package, increases the

output voltage, Vo, in proportion to the magnetic field applied,

from Vg1 toward the Vo rail. Conversely, the application
of a north polarity (—B) magnetic field, in the same orientation,
proportionally decreases the output voltage from its quiescent
value. This proportionality is specified as the magnetic sensitiv-
ity of the device and is defined as:

Voursy— Voures) )
2B

Sens =

The stability of the device magnetic sensitivity as a function of
ambient temperature, ASens 41, (%) is defined as:
Sé‘l’.‘!.i‘(TA) = S{.’n.ﬁ‘(zsvc)

AS(?P’IS(ATA)ﬁ X 100% (3)
SEI‘?S(QSOC)

Ratiometric

The A1301 and A1302 feature a ratiometric output. This means
that the quiescent voltage output, V7q, and the magnetic sen-
sitivity, Sens, are proportional to the supply voltage, Vqc.

The ratiometric change (%) in the quiescent voltage output is
defined as:

Voutavee) / Voutaisy)
Vece /5V

and the ratiometric change (%) in sensitivity is defined as:

Alourgiav) = x 100% 4)

Sens, Senssy
(Vce) / (5V) % 100% (5)
Vec /5V

Linearity and Symmetry

ASensipyy =

The on-chip output stage is designed to provide linear output at
a supply voltage of 5 V. Although the application of very high
magnetic fields does not damage these devices, it does force
their output into a nonlinear region. Linearity in percent is mea-
sured and defined as:

Vouteey = Vouro

Lint = : ] x100%  (6)
2 (Kourswy — Yvoutg)
_ Four(-) — Voutg
Lin= = x 100% (7)
2(Voutsw) — Vourg)
and output symmetry as:
Vours) ~ Voutq
Sym = x 100% (8)

Voutq— Vout(-B)

.
-g MicroSystems, LLG
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensor ICs

TYPICAL CHARACTERISTICS

(30 pieces, 3 fabrication lots)

1301 Device Sensitivity vs. Ambient Temperature 1302 Device Sensitivity vs. Temperature
265 1.40
1.38 =
260 et . UA Package/'/
—_ UA PackaV/ B
o
Q 255 S /
: / / £~ pa
Z 250 Z 132 >
= _‘__‘>_ / /
B LH Package [ ‘@ 1.30 e
& 245 : & / /LH Package
3 / l B 128
2.40 126 // !
/ ’ e |
235 TR— L 1.24 : ' —
=50 -25 0 25 50 75 100 125 150 50 -25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
1301 Device Vgyrq vs. Ambient Temperature 1302 Device Vq1q vS. Ambient Temperature
2.60 — — =1 2.60 — i
|
S 255 & (255
S 250 e S 2501 S
H 2
3 S
O 245 O 245
2.40 - 7 2.40 - v
-50 =25 0 25 50 75 100X 1258\ 150 -60 -25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
1301 Device Sensitivity vs. Supply Voltage 1302 Device Sensitivity vs. Supply Voltage
3.5 17
16 //
> = /
E // E 14
2 25 2 /
g | _— 2 13
B 20 & 124
131
1.5 - - 1.0 -
4.5 5.0 5.5 6.0 45 5.0 55 6.0
Supply Voltage (V) Supply Voltage (V)

Continued on the next page...
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A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensor ICs

TYPICAL CHARACTERISTICS CONTINUED

(30 pieces, 3 fabrication lots)

1301 Device Vgytq vs. Supply Voltage 1302 Device Vgytq vs. Supply Voltage
35 35
S 30 S 30
@ (]
=] o
£ £
S 25 S 25
1= =3
= =
2 = —_—
15 : 15
4.5 5.0 &5 6.0 45 5.0 55 6.0
Supply Voltage (V) Supply Voltage (V)
1301 Device LIN+ and LIN-vs. Supply Voltage 1302 Device LIN+ and LIN- vs. Supply Voltage
100.4 - 1000~ 4o L L —
I
100.3 Pl 0
LIN+
LIN= . 99.9
100.2
£ b e | 3 '
= 100.1 > 998
b s LIN-
£ 100.0 ¢
= L|N+—\ il 7
99.9
|
@2 - 9964 ; gy
Mis 5.0 5.5 6.0 *p 5.0 5.5 6.0
Supply Voltage (V) Supply Voltage (V)
1301 Device Symmetry vs. Supply Voltage 1302 Device Symmetry vs. Supply Voltage
100.0 190, Frn N
99.9 100.4
99.8 100.3
99.7 o 100.2 S
= &z T B
£ 996 e < 100.1 //
£ 995 el £ 1000
E o904 E  o99
& 993 & 99.8
99.2 99.7
99.1 99.6
99.0 : 99.5+
45 5.0 55 6.0 4.5 5.0 5.5 6.0
Supply Voltage (V) Supply Voltage (V)
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensor ICs

CUSTOMER OUTLINE DRAWINGS

For Reference Only - Not for Tooling Use
(Reference DWG-2840)
Dimensions in millimeters - NOT TO SCALE
Dimensions exclusive of mold flash, gate burrs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown

+0.12
[ 298_j o ——————P

&, .
3 Aow
[Fip— . +0.020
g ! 0‘180_0‘053 e

|

|

!’ | 096/ i ‘L
I

o0 Il __________* CRET I B ‘
2907529 é\ 19506 |8

Ny Sl

L | e - | i
Sy S N
A

0.55 REF—»I o~ i | f

0.25 BSC L—D‘QS—J
o PCB Layout Reference View
Gauge Plane

|

Branded Face
/'\sx 10° REF '(-

| EXY ey
Wy

+0.10 1] 1]
005 ] .
J L L -005 /A Standard Branding Reference View
0.95BSC > 0.40 £0.10 N = Last three digits of device part number
A Active Area Depth, 0.28 mm

& Reference land pattern layout
All pads a minimum of 0.20 mm from all adjacent pads; adjust as necessary
to meet application process requirements and PCB layout tolerances

& Branding scale and appearance at supplier discretion
& Hall elements, not fo scale

NNN

Figure 1: Package LH, 3-Pin; (SOT-23W)
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensor ICs

For Reference Only - Not for Tooling Use
(Reference DWG-9065)
Dimensions in milimeters - NOT TO SCALE
Dimensions exclusive of mold flash, gate burrs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown

+0.08
409 o — — P 1524005 g—
>
e — 204—p ‘&

; .
1 ;4A /,%::’(/:A r, !

Mold Ejector
7 Pin Indent

r
3027008 — — I'
-0.05 L \
\-’-’/ Eranﬂed—/ : / 467
v + ‘ ; Face s _—*
A i oomax Y—H H'l] IJL
0.51 MAX I
3 | N
‘ 079REF—p  |—
1 2 ' 3
[ES ol e

1.27 NOM /q

NNN

11 ] ]
/2\ Standard Branding Reference View

ﬁ' = Supplier emblem

I
|
1
14.99 £0.25 |
'
|
|
N = Last three digits of device part number

& Dambar removal pratrusion (6X)

Gate and tie bar burr area

A Active Area Depth, 0.50 mm REF

A Branding scale and appearance at supplier discretion

|
|
|
|
4 ] ..!. J J A Hall element, not lo scale

Figure 2: Package UA, 3-Pin SIP
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensor ICs

Revision History

Revision Revision Date Description of Revision
18 April 26, 2013 Update UA package drawing
19 January 1, 2015 Add LX option to Selection Guide
20 July 13, 2015 Corrected LH package Active Area Depth value
21 December 1, 2015 | Updated product status to “Not for New Design”
22 December 5, 2016 | Updated product status to “Last Time Buy”
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INA12x Precision, Low Power Instrumentation Amplifiers

1 Features 3 Description

The INA128 and INA129 are low-power, general
purpose instrumentation amplifiers offering excellent

+ Low Offset Voltage: 50 yV Maximum

" LowDrift 0"5 HVFC Maximum . accuracy. The versatile 3-op amp design and small
* Low Input Bias Current: 5 nA Maximum size make these amplifiers ideal for a wide range of
* High CMR: 120 dB minimum applications. Current-feedback input circuitry provides
- Inputs Protected to +40 V \T‘Vcl)%e) bandwidth even at high gain (200 kHz at G =
«  Wide Supply Range: +2.25 V to +18 V " i I I . -
" ; . single external resistor sets any gain from (e}
Loy Qwesc'ent ‘Current. 700 pA 10,000. The INA128 provides an industry-standard
*  8-PIN Plastic Dip, SO-8 gain equation; the INA129 gain equation is

compatible with the AD620.

4 Applicatons The INA12x is laser-trimmed for very low offset
* Bridge Amplifier voltage (50 uV), drift (0.5 uV/°C) and high common-
. Thermocoup]e Amphf[er mode re}.ECtion (120 dB at G = 100) The INA12x
+  RTD Sensor Amplifier operates with power supplies as low as +2.25 V, and

, , quiescent current is only 700 pA, ideal for battery-
* Medical Instrumentation operated systems. Internal input protection can
» Data Acquisition withstand up to +40 V without damage.

The INA12x is available in 8-pin plastic DIP and SO-8
surface-mount packages, specified for the —40°C to
85°C temperature range. The INA128 is also
available in a dual configuration, the INA2128.

Device Information("

PART NUMBER PACKAGE BODY SIZE (NOM)
INA128 SOIC (8) 3.91 mm x 4.9 mm
INA129 PDIP (8) 6.35 mm x 9.81 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Simplified Schematic

V+
?? INA128:
INA128, INA129 _ 50kQ
VoS 2| | Over-Voltage Sl 4 Re
IN Protection
5 40kQ) 40kQ 'NA129’49 "
25k (1) G=1+,‘G
VW o .
Re A OV,
VWA +
= 25k0(1)
5
¥ 3| | Over-Voltage vupey ' VWA 2 Ref
Vin© Protection | Q 40k 40kQ

NOTE: (1) INA129: 24.7kQ r
V_

i An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.



1§ TEXAS
INSTRUMENTS
INA128, INA129
SBOS051C —-OCTOBER 1995—REV|SE_Q QOCTOBER 2015 www.ti.com
Table of Contents

1 Features .o wmmanims s maas s 1 7.4 Device Functional Modes............c.ccoevrvvvrereessinn. 11
2 Applications ........ccccccoceiiiiiiiiiic 8 Application and Implementation ....................... 13
3 Description........... 8.1 Application Information...........cccecoveiiieenieiiiecenee 13
4 Revision History 82 Typical APPIICation «.cumevnsnmmnssnnrensas 13
5 Pin Configuration and Functions ................c........ 3 9 Power Supply Recommendations...... .. 16
6 SPECITICAtIONS. .........ooveeeereeeeeeereeeeereeeeeeseese s 3 9.1 Low Voltage Operation .................... e 16
6.1 Absolute Maximum Ratings ..........cco.coooverrrrerrernnn, 3 10 LayoUt..cooos 18
8.2 ESD RAUNGS-. oo oo 3 10.1  Layout GUIdelines ......ccceveerieeiiieciciciiceee e 18
6.3 Recommended Operating Conditions................c........ 4 10.2 Layout EXample ... 19
6.4 Thermal INformation cwsnnmmmmmmmnsies 4 11 Device and Documentation Support ................. 20
6.5 Electrical Characteristics..............ovvrvvrvcrreceeriinienn. 4 111 Community Resources..........c..coooe. veen 20
6.6 Typical Characteristics ..........cocovevveeeeeereeeeeececereninns T 11.2 Related Links .................. .. 20
7 Detailed Description ............cc.ccc.ccooovreirrrrnnnnnn. 11 T3 Trademarks ... 20
7.1 OVEIVIEW ...oooooooeeeeeeeeeoeoeeeeeeeeeeeee e 11 11.4  Electrostatic Discharge Caution.............cc.c.co....... 20
7.2  Functional Block Diagram .....cccecore @, 11 11.5 Glossary ................................................................ 20

7.3 Feature Description...........ccouveeeeirereevessionenesenns 11 12 Mechanical, Packaging, and Orderable

INformation ............cooeveiiieiee e 20

4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision B (February 2005) to Revision C Page

* Added ESD Ratings table, Feature Description section, Device Functional Modes, Application and Implementation
section, Power Supply Recommendations section, Layout section, Device and Documentation Support section, and
Mechanical, Packaging, and Orderable INfOrmation SECHON. ..........cco. i eies e ie s e s ieseiessar s emst e e et eeeeeeeeseseseeeaeesereseressens 1

2

Submit Documentation Feedback

Product Folder Links: INA128 INA129

Copyright ©@ 1995-2015, Texas Instruments Incorporated



I3 TEXAS
INSTRUMENTS
INA128,INA129

www.ti.com SBOS051C —OCTOBER 1995—REVISED OCTOBER 2015

5 Pin Configuration and Functions

D and P Packages
8 Pin SOIC and PDIP

Top View
Nt
Rs [1 | 8 |Re
Vi E 7 v+
Vi E 8 |Vo
V- E 5 | Ref
Pin Functions
PIN
110 DESCRIPTION
NAME NO.
REF 5 I Reference input. This pin must be driven by low impedance or connected to ground.
Rg 1,8 — Gain setting pin. For gains greater than 1, place a gain resistor between pin 1 and pin 8.
V- 4 - Negative supply
V+ 7 — Positive supply
Vin- 2 | Negative input
VinN+ 3 I Positive input
Vo 6 | Output

6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (")

MIN MAX UNIT

Supply voltage +18 v

Analog input voltage +40 \

Output short circuit (to ground) continuous

Operating temperature —40 125 °C

Junction temperature 150 °C

Lead temperature (soldering, 10s) 300 °C
Tsig Storage temperature —55 125 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000
Viesp)  Electrostatic discharge Charg(%d-device model (CDM), per JEDEC specification JESD22- +50 v
C101

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

Copyright ® 1995-2015, Texas Instruments Incorporated Submit Documentation Feedback 3
Product Folder Links: INA728 INA129
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6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
\ power supply +2.25 +15 +18 \
Input common-mode voltage range for Vg =0 V-+2V V+-2V
Ta operating temperature INA128-HT -55 175 °C
Ta operating temperature INA129-HT -55 210 °C
6.4 Thermal Information
INA12x
THERMAL METRIC (") D (SOIC) P (PDIP) UNIT
8 PINS 8 PINS
Raya Junction-to-ambient thermal resistance 110 46.1 °C/W
Reycitop) Junction-to-case (top) thermal resistance 57 341 °CIW
Reys Junction-to-board thermal resistance 54 23.4 °C/W
Wyt Junction-to-top characterization parameter 1 11.3 °C/W
(TS Junction-to-board characterization parameter 53 23.2 ‘C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953,

6.5 Electrical Characteristics
At TA =25°C, VS = +15 V, RL = 10 kQ, unless otherwise noted.

PARAMETER [ TEST CONDITIONS ] MIN TYP MAX UNIT
INPUT
::ﬂggg' 3 +10+100/G  +50500/G
Initial Ta=25°C - - pv
ki £25+100/G. +125+1000/G
X126 $02:06 | +0.5:0/G
e P! INA129P, U )
Offset vs Temperature T pv/eC
Max INA128PA, UA
Voltage, RTI AN A T +0.245/G £120/G
INA128P, U
Vo< 1225010 | INAIZSP.U +0.2:20/G +1£100/G
vs Power Supply T8V WV
18 INAT28PA, UA £24200/G
INA129PA, UA e
Long-Term Stability +0.1+3/g pV/mo
Differential 100 2
Impedance Q| pF
Common-Mode 10" 9
(V+)-2 (V+) - 1.4
Common-Mode Voltage Range!" Vo=0V %
(V) +2 (V) +1.7
Safe Input Voltage +40 v

(1) Input common-mode range varies with output voltage - see Typical Characteristics.
4 Submit Documentation Feedback Copyright ® 1995-2015, Texas Instruments Incorporated
Product Folder Links: INA128 INA129
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Electrical Characteristics (continued)

At TA = 25°C, VS = £15 V, RL = 10 kQ, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
INA128P, U
- INA129P, U e o8
INA128PA, UA 73
INA129PA, UA
INA128P, U
INA129P. U 1 e
G=10
INA128PA, UA 93
= INA129PA, UA
Common-Mode Rejection Vem ¢ 3V, dB
ARg =1 kQ INA128P, U 120 125
INA129P, U
G =100
INA128PA, UA 10
INA129PA, UA
INA128P, U
INA129P, U 1es T3l
G = 1000
INA1T28PA, UA 110
INA129PA, UA
INA128P, U
_ INA129P, U . 0
Bias Current nA
INA128PA, UA +10
INA129PA, UA -
Bias Current vs Temperature +30 pA/°C
INA128P, U
: +1 15
INA129P, U
Offset Current nA
INA128PA, UA +10
INAT29PA, UA
Offset Current vs Temperature 30 pAI°’C
f=10 Hz 10
Noise f=100 Hz Y s 8 nV/Hz
Voltage, RTI f=1kHz G=1000, Rs = 00 8
fg = 0.1 Hz to 10 Hz 0.2 HVpp
f=10 Hz Q.9 J
Noise Current | f=1 kHz 0.3 R
Fg = 0.1 Hz to 10 Hz 30 pApp
GAIN
INA128
e 1+ (50 kQ/Rg) =
Equation 1+(49.4
INA129 kQ/Rg)
Range of Gain 1 10000 Vv
INA128P, U
N\ INA129P. U +0.01% +0.024%
INA128PA, UA
INA129PA, UA w001 %
INA128P, U
INA129P. U +0.02% +0.4%
. INA128PA, UA
_ INA129PA. UA ahal
Gain Error P
A s 5
INAT29P. U +0.05% £0.5%
&= 100 INA128PA, UA
INA129PA, UA LT
o= |NA128F';\ UA
INA129PA, UA 2%

Copyright ® 1995-2015, Texas Instruments Incorporated
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Electrical Characteristics (continued)

At TA = 25°C, VS =+15V, RL = 10 kQ, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
- G=1 +1 10
Gain vs Temperature'? ppm/°C
50-kQ (or 49.4-kQ) Resistance(?® £25 £100
INA128P, U
INA129P. U +0.0001 +0.001
Vo=2136V.G=1 INA128PA, UA
INA129PA, UA #.002
INA128P, U
oo INA129P. U +0.0003 +0.002
Nonlinearity INA128PA, UA +0.004 % of FSR
INA129PA, UA :
INA128P, U
INA129P. U +0.0005 +0.002
G=100 INA128PA, UA
INA129PA, UA 20.004
G = 1000 +0.001
WouTPUT
Positive R =10k0Q (V+)-1.4 (V+)-0.9
Voltage V'
Negative R.=10kQ (V-)+ 1.4 (V-)+0.8
Load Capacitance Stability 1000 pF
Short Circuit Current 6/-15 mA
FREQUENCY RESPONSE
G=1 1% MHz
G=10 700
Bandwidth, -3 dB
G =100 200 kHz
G = 1000 20
Slew Rate Vo =#£10V,G=10 4 V/us
G=1 7
G=10 7
Settling Time, 0.01% us
G =100 9
G = 1000 80
Overload Recovery 50% Overdrive 4 Hs
POWER SUPPLY
Voltage Range +2.25 +15 +18 \
Current, Total V=0V +700 1750 HA
TEMPERATURE RANGE
Specification -40 85 C
Operating -40 125 °C

(2) Specified by wafer test.

(3) Temperature coefficient of the 50 kQ (or 49.4 kQ) term in the gain equation.
(4) Nonlinearity measurements in G = 1000 are dominated by noise. Typical non-linearity is +0.001%.
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6.6 Typical Characteristics
At T, = 25°C, Vs = £15 V, unless otherwise noted.
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G = 1000VIV N R CERITI If
50 3 @ 120 T
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— 30 \ Qo i I s m I~ No
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9 10 - T ™
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G =1V N\ E L | [T
-10 EE ! . o 20 T T S
e CII, N T
1k 10k 100k ™ 10M 10 100 1k 10k 100k ™
Frequency (Hz) Frequency (Hz)
Figure 1. Gain vs Frequency Figure 2. Common-Mode Rejection vs Frequency
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Figure 3. Positive Power Supply Rejection vs Frequency Figure 4. Negative Power Supply Rejection vs Frequency
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Figure 5. Input Common-Mode Range vs Output Voltage, Figure 6. Input Common-Mode Range vs Output Voltage,
Vg =115V Vg=15V, 25V
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Typical Characteristics (continued)
At T, =25°C, Vg = +15 V, unless otherwise noted.
1k 100 100 -
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I - ’
= ~ i
z . 2 0.01%
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2 < G =100, 1000VIV 1 iy
g 321 P AT T m
; L o7 g p g =
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£ i | IR A 1 1]
1 10 100 1k 10k 1 10 100 1000
Frequency (Hz) Gain (V/IV)
Figure 7. Input-Referred Noise vs Frequency Figure 8. Settling Time vs Gain
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Figure 9. Quiescent Current and Slew Rate vs Temperature Figure 10. Input Overvoltage V/I Characteristics
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Figure 11. Input Offset Voltage Warm-Up

Figure 12. Input Bias Current vs Temperature
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Typical Characteristics (continued)

At T, = 25°C, Vg = £15 V, unless otherwise noted.
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(V)04 vpod| 6 VIO e +85°C —
V-)+0.4 177
(v-) (v-) = —
0 1 2 3 4 (V-) Ll
Output Current (mA) 0 5 10 15 20
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Figure 13. Output Voltage Swing vs Output Current Figure 14. Output Voltage Swing vs Power Supply Voltage
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Figure 15. Short Circuit Output Current vs Temperature Figure 16. Maximum Output Voltage vs Frequency
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Figure 17. Total Harmonic Distortion + Noise vs Frequency Figure 18. Small Signal (G = 1, 10)
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Typical Characteristics (continued)
At T, = 25°C, Vg = £15 V, unless otherwise noted.
 208¥ 2005 | o s e i
G=100 | | 3’____4[ G=1 .
\
20mVidiv | oees 5V/div AP [ — .
G =1000 A - / i G=10 | S N SN SR | W
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Figure 19. Small Signal (G = 100, 1000) Figure 20. Large Signal (G =1, 10)
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Figure 21. Large Signal (G =100, 1000) Figure 22. Voltage Noise 0.1 to 10-Hz Input-Referred, G 2
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7 Detailed Description

7.1 Overview

The INA12x instrumentation amplifier is a type of differential amplifier that has been outfitted with input protection
circuit and input buffer amplifiers, which eliminate the need for input impedance matching and make the amplifier
particularly suitable for use in measurement and test equipment. Additional characteristics of the INA128 include
a very low DC offset, low drift, low noise, very high open-loop gain, very high common-mode rejection ratio, and
very high input impedances. The INA12x is used where great accuracy and stability of the circuit both short and
long term are required.

7.2 Functional Block Diagram

Vi INA128:
?? G=1+ S0kQ
RG
INA128, INA129
5 Over-Voltage )
Yin® Protection INA129:
G i%F‘:_kf_?
1 G
6
Re ————0W,
8
5]
+ 3| Toverven . O Ref
o ver-Voltage |
Vi Protection 40kQ 40 ka

NOTE: (1) INA129: 24.7 kQ V-

7.3 Feature Description

The INA12x devices are low power, general-purpose instrumentation amplifiers offering excellent accuracy. The
versatile three-operational-amplifier design and small size make the amplifiers ideal for a wide range of
applications. Current-feedback input circuitry provides wide bandwidth, even at high gain. A single external
resistor sets any gain from 1 to 10,000. The INA128 is laser trimmed for very low offset voltage (25 pV typical)
and high common-mode rejection (93 dB at G 2= 100). These devices operate with power supplies as low as
+2.25 V, and quiescent current of 2 mA, typically. The internal input protection can withstand up to +40 V without
damage.

7.4 Device Functional Modes

7.4.1 Noise Performance

The INA12x provides very low noise in most applications. Low-frequency noise is approximately 0.2 pVep
measured from 0.1 to 10 Hz (G = 100). This provides dramatically improved noise when compared to state-of-
the-art chopper-stabilized amplifiers.
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Device Functional Modes (continued)

t lr .
0.1uV/div w WL
L I

1s/div

G =100

Figure 23. 0.1-Hz to 10-Hz Input-Referred Voltage Noise

7.4.2 Input Common-Mode Range

The linear input voltage range of the input circuitry of the INA12x is from approximately 1.4 V below the positive
supply voltage to 1.7 V above the negative supply. As a differential input voltage causes the output voltage
increase, however, the linear input range is limited by the output voltage swing of amplifiers A, and A,. Thus the
linear common-mode input range is related to the output voltage of the complete amplifier. This behavior also
depends on supply voltage (see performance curve Figure 6).

Input-overload can produce an output voltage that appears normal. For example, if an input overload condition
drives both input amplifiers to their positive output swing limit, the difference voltage measured by the output
amplifier will be near zero. The output of A; will be near 0 V even though both inputs are overloaded.
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The INA12x measures small differential voltage with high common-mode voltage developed between the
noninverting and inverting input. The high-input voltage protection circuit in conjunction with high input
impedance make the INA12x suitable for a wide range of applications. The ability to set the reference pin to
adjust the functionality of the output signal offers additional flexibility that is practical for multiple configurations.

8.2 Typical Application

Figure 24 shows the basic connections required for operation of the INA12x. Applications with noisy or high
impedance power supplies may require decoupling capacitors close to the device pins as shown. The output is
referred to the output reference (Ref) terminal which is normally grounded. This must be a low-impedance
connection to assure good common-mode rejection. A resistance of 8 Q in series with the Ref pin will cause a
typical device to degrade to approximately 80dB CMR (G =1).

V+
INA128: INA129: 0.1pF
c 1 S0k G 1 49.4k
Re Rg [ e
INA128, INA129
INA128 INA129 - 2| |Over-Voltage
ot
DESIRED | Rg | NEAREST| Rg | NEAREST
GAIN(VV) | (@ [1%Rs(Q)| @ | 1%Rg(Q 1 I
1 NC NG NC NG Vo=G* (Vin= Vi)
2 5000k|  49.9k | 49.4k 49.9k 5
5 1250k | 124k | 123s5k| < 1z4k Re
10 5556k | 562k | 5489 5.49k .
20 2632k| 261 | 2600 2.61k 8 v
50 1.02k 1.02k | 1008 1k Load Vo
100 505.1 511 499 499 =
200 2513 248 248 249 s o
500 100.2 100 99 100 + _ 3] [Over-Voltage Ref _]'_
1000 | 50.05 49.9 495 499 Vin© Protection =
2000 | 25.01 24.9 247 24.9
5000 | 10.00 10 9.88 9.76 TSN
10000 | 5.001 4.99 4.94 4.87 NOTE: (1) INA129: 24.7kQ A
NC: No Connection
A
ViN —

V_
Also drawn in simplified form: RG% INA128 Vo

VI?\I o + Ref

Figure 24. Basic Connections

8.2.1 Design Requirements

The device can be configured to monitor the input differential voltage when the gain of the input signal is set by
the external resistor Rg. The output signal references to the Ref pin. The most common application is where the
output is referenced to ground when no input signal is present by connecting the Ref pin to ground, as Figure 24
shows. When the input signal increases, the output voltage at the OUT pin increases, too.
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Typical Application (continued)
8.2.2 Detailed Design Procedure

8.2.2.1 Setting the Gain

Gain is set by connecting a single external resistor, Rg, connected between pins 1 and 8:
INA128: g = 1 + 50 kQ/Rg (1)

Commonly used gains and resistor values are shown in Figure 24.

The 50-kQ term in Equation 1 comes from the sum of the two internal feedback resistors of A, and A,. These on-
chip metal film resistors are laser-trimmed to accurate absolute values. The accuracy and temperature coefficient
of these internal resistors are included in the gain accuracy and drift specifications of the INA128.

The stability and temperature drift of the external gain setting resistor, Rg, also affects gain. Rg's contribution to
gain accuracy and drift can be directly inferred from Equation 1. Low resistor values required for high gain can
make wiring resistance important. Sockets add to the wiring resistance, which contributes additional gain error
(possibly an unstable gain error) in gains of approximately 100 or greater.

8.2.2.2 Dynamic Performance

The typical performance curve Figure 1 shows that, despite its low quiescent current, the INA12x achieves wide
bandwidth even at high gain. This is due to the current-feedback topology of the input stage circuitry. Settling
time also remains excellent at high gain.

8.2.2.3 Offset Trimming

The INA12x is laser-trimmed for low-offset voltage and offset voltage drift. Most applications require no external
offset adjustment. Figure 25 shows an optional circuit for trimming the output offset voltage. The voltage applied
to the Ref terminal is summed with the output. The op amp buffer provides low impedance at the Ref terminal to
preserve good common-mode rejection.

vy, o——— v,
R INA128 v,
< I 100pA
vio b Ref 1/2 REF200

+10mV
Adjustment Range

100pA
1/2 REF200

V_

Figure 25. Optional Trimming of Output Offset Voltage

8.2.2.4 Input Bias Current Return Path

The input impedance of the INA12x is extremely high: approximately 10'° Q. However, a path must be provided
for the input bias current of both inputs. This input bias current is approximately 2 nA. High input impedance
means that this input bias current changes very little with varying input voltage.

Input circuitry must provide a path for this input bias current for proper operation. Figure 26 shows various
provisions for an input bias current path. Without a bias current path, the inputs will float to a potential which
exceeds the common-mode range, and the input amplifiers will saturate.

14 Submit Documentation Feedback Copyright © 1995-2015, Texas Instruments Incorporated
Product Folder Links: INA7128 INA129



I3 TEXAS
INSTRUMENTS
INA128, INA129

www.ti.com SBOS051C —~OCTOBER 1995-REVISED OCTOBER 2015

Typical Application (continued)

If the differential source resistance is low, the bias current return path can be connected to one input (see the
thermocouple example in Figure 26). With higher source impedance, using two equal resistors provides a
balanced input, with possible advantages of lower input offset voltage due to bias current and better high-
frequency common-mode rejection.

Microphone,
Hydrophone INA128
etc.

47kQ 47kQ =

Thermocouple % INA128

-+

10k

gt

Center-tap provides
bias current return.

Figure 26. Providing an Input Common-Mode Current Path

8.2.3 Application Curves

1 1 ' ! {
200¢\, | 5uS j
S A SIS S S S e S
G=1 N\ & | N C T G=100 |
<L> | | | i
—_———— e e e e
, LN, | ] :
20mV/div SRPS SIS N ._‘_?H‘ + e 20mVidiv
- do b
! T | ]
| 1 | | | |
G=10 I S R Sy e e
| 1 | ‘ l -
LJ 1
Sus/div 20us/div
G=1,10 G =100, 1000
Figure 27. Small Signal Figure 28. Small Signal
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Typical Application (continued)

Figure 29. Large Signal

5v i S il M o ki
‘ ir i | | ‘ ‘
! G =100 ot GGISE Sa: (A T S
| ) } |-___ T = ]
5V/div ‘ I¢ BVIAV | vretoens X O T
. - !
¥ a6 Wik \
G=10 e / ! G =1000 | aon, |
| 1
| : , { L i | ! |
5ps/div 20ps/div
G=1,10 G =100, 1000

Figure 30. Large Signal

9 Power Supply Recommendations

The minimum power supply voltage for INA12x is +2.25 V and the maximum power supply voltage is +18 V. This
minimum and maximum range covers a wide range of power supplies; but for optimum performance, 15 V is
recommended. Tl recommends adding a bypass capacitor at the input to compensate for the layout and power

supply source impedance.

9.1 Low Voltage Operation

The INA12x can be operated on power supplies as low as +2.25 V. Performance remains excellent with power
supplies ranging from £2.25 V to %18 V. Most parameters vary only slightly throughout this supply voltage

range—see Typical Characteristics.

Operation at very low supply voltage requires careful attention to assure that the input voltages remain within
their linear range. Voltage swing requirements of internal nodes limit the input common-mode range with low
power supply voltage. Figure 6 shows the range of linear operation for +15-V, +5-V, and +2.5-V supplies.

+5V

Figure 31. Bridge Amplifier
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Low Voltage Operation (continued)

Figure 33.

INA128

OPA130

Figure 32. AC-Coupled Instrumentation Amplifier

100V /&

REF102 |3

LAARY -
O An

Cu

< »fo
i _v Cu RGg INA128

R3 + Ref
100Q = Pt100 at 0°C

SEEBECK
ISA COEFFICIENT
T¥PE MATERWAL ( C) R4, Ry
E + Chromel 58.5 66.5k0
— Constantan
J + Iron 50.2 76.8k0
- Constantan
K + Chromel 394 97.6kQ
- Alumel
T + Copper 38.0 102kQ
- Constantan

Thermocouple Amplifier with RTD Cold-Junction Compensation
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Low Voltage Operation (continued)
e = %
= \ R, IO % G
Vin =Rg| INa128 YW !
+ /
Ref
o |+ Re l
Sy
r l ]0
Aq Ig ERROR Load

QPA1T7 + 1.5nA

OPA131 + 50pA =

OPAB02 + 1pA

OPA128 + 75fA

Figure 34. Differential Voltage to Current Converter
R = 5.6kQ
2.8kQ
G=10

390kQ

NOTE: Due to the INA128's current-feedback
topology, Vg is approximately 0.7V less than
the common-mode input voltage. This DC offset
in this guard potential is satisfactory for many
== guarding applications.

Figure 35. ECG Amplifier with Right-Leg Drive

10kQ

10 Layout

10.1 Layout Guidelines

Place the power-supply bypass capacitor as closely as possible to the supply and ground pins. The
recommended value of this bypass capacitor is 0.1 pF to 1 pF. If necessary, additional decoupling capacitance
can be added to compensate for noisy or high-impedance power supplies. These decoupling capacitors must be
placed between the power supply and INA12x devices.

The gain resistor must be placed close to pin 1 and pin 8. This placement limits the layout loop and minimizes
any noise coupling into the part.
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10.2 Layout Example

Gain Resistor

\\
Bypass
Capacitor
ALY NN
R,
T \\,\ \ N RN Vi
= V+
IN | \V\IH\ - | NALN
Y
VIN + \IH\ \VQ ' \—'\—'\ VOUT
V- REF
\ A N\ | GND

AN
Bypass
k Capacitor

V- GND
Figure 36. Recommended Layout
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11 Device and Documentation Support

11.1 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see Tl's Terms of

Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.2 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 1. Related Links

TECHNICAL TOOLS & SUPPORT &
PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
INA128 Click here Click here Click here Click here Click here
INA129 Click here Click here Click here Click here Click here

11.3 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.4 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘ﬁ'\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.5 Glossary

SLYZ022 — T/ Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
() Drawing Qty (2) ®) @®) (/5)
INA128P ACTIVE PDIP P 8 50 Green (RoHS CU NIPDAU N / A for Pkg Type INA128P
& no Sb/Br) Samples
INA128PA ACTIVE PDIP P 8 50 Green (RoHS CU NIPDAU N / A for Pkg Type INA128P m
& no Sh/Br) A
INA128PAG4 ACTIVE PDIP P 8 50 Green (RoHS CU NIPDAU N / A for Pkg Type INA128P TS
& no SbiBr) A P
INA128PG4 ACTIVE PDIP P 8 50 Green (RoHS CU NIPDAU N/ A for Pkg Type INA128P T ler
& no Sb/Br) &
INA128U ACTIVE SOIC D 8 75 Green (RoHS CU NIPDAU Level-3-260C-168 HR INA el
& no Sb/Br) 128U Pe
INA128U/2K5 ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU Level-3-260C-168 HR INA m
& no Sb/Br) 128U
INA128U/2K5G4 ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU Level-3-260C-168 HR INA m
& no Sb/Br) 128U
INA128UA ACTIVE SQIC D 8 7D Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 125 INA
& no Sb/Br) 128U
A
INA128UA/2K5 ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 125 INA T L e
& no Sb/Br) 128U 3
A
INA128UA/2K5E4 ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 125 INA m
& no Sb/Br) 128U
A
INA128UA/2K5G4 ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 125 INA e
& no SbiBr) 128U 2
A
INA128UAE4 ACTIVE SOIC D 8 il Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 125 INA m
& no Sb/Br) 128U
A
INA128UAG4 ACTIVE SOIC D 8 ™ Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 125 INA SR
& no Sb/Br) 128U P
A
INA128UG4 ACTIVE SOIC D 8 75 Green (RoHS CU NIPDAU Level-3-260C-168 HR INA oAl e
& no Sb/Br) 128U P
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp  Op Temp (°C) Device Marking Samples
) Drawing Qty @ __(8) (3) (4/5)
INA129P ACTIVE PDIP P 50 Green (RoHS CU NIPDAU N / A for Pkg Type INA129P
2o ShiBn
INA129PA ACTIVE PDIP P 50 Green (RoHS CU NIPDAU N / A for Pkg Type INA129P m
& no Sb/Br) A
INA129PAG4 ACTIVE PDIP P 50 Green (RoHS CU NIPDAU N / A for Pkg Type INA129P
& no SbiBr) A .
INA129PG4 ACTIVE PDIP P 50 Green (RoHS CU NIPDAU N / A for Pkg Type INA129P m
& no Sb/Br)
INA129U ACTIVE SOIC D i Green (RoHS CU NIPDAU Level-3-260C-168 HR INA m
& no Sb/Br) 129U
INA129U/2K5 ACTIVE SOIC D 2500  Green (RoHS CU NIPDAU Level-3-260C-168 HR INA m
& no Sb/Br) 129U
INA129U/2K5G4 ACTIVE SoIC D 2500  Green (RoHS CU NIPDAU Level-3-260C-168 HR INA m
& no Sb/Br) 129U
INA129UA ACTIVE SoicC D 75 Green (RoHS CU NIPDAU Level-3-260C-168 HR ~ -40 to 125 INA
& no Sb/Br) 129U
A
INA129UA/2K5 ACTIVE SOIC D 2500  Green (RoHS CU NIPDAU Level-3-260C-168 HR  -40 to 125 INA
& no Sb/Br) 129U Sarnples
A
INA129UA/2K5E4 ACTIVE solic D 2500 Green (RoHS CU NIPDAU Level-3-260C-168 HR  -40to 125 INA
& no SbiBr) 129U P
A
INA129UA/2K5G4 ACTIVE SOIC D 2500  Green (RoHS CU NIPDAU Level-3-260C-16B HR  -40to 125 INA m
& no Sb/Br) 129U
S A
INA129UAE4 ACTIVE SOIC D 75 Green (RoHS CU NIPDAU Level-3-260C-168 HR  -40to 125 INA
& no Sb/Br) 129U
A
INA129UG4 ACTIVE SOIC D 7D Green (RoHS CU NIPDAU Level-3-260C-168 HR INA m
i & no Sb/Br) 129U

M The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: T has discontinued the production of the device.

Addendum-Page 2
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@ Eco Plan-The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot frace code information, or the environmental category on the device.

) Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tland Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF INA128, INA129 :
« Enhanced Product: INA129-EP

NOTE: Qualified Version Definitions:

« Enhanced Product - Supports Defense, Aerospace and Medical Applications

Addendum-Page 3
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
ry |<— KO |4—P1—>
K T
{ A ) .Reel — }ut l
Diameter
Cavity # A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
M
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
@, T IOND O @R D Sprocket Holes
1
T
Q1 : Q2 Q1
- =t === =1
Q3 1 Q4 Q3 User Direction of Feed
%ﬁ%
L
Pocket Quadrants
*All dimensions are nominal
Device Package |Package |Pins| SPQ Reel Reel A0 BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1 (mm)
INA128U/2K5 SOIC D 8 2500 330.0 12.4 6.4 52 2 8.0 12.0 Q1
INA128UA/2KS soic D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
INA129U/2K5 SoIC D 8 2500 330.0 12.4 6.4 52 2.1 8.0 12.0 Q1
INA129UA/2K5 SoIC D 8 2500 330.0 12.4 6.4 5.2 2 8.0 12.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS

g e
*All dimensions are nominal
Device Package Type [Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
INA128U/2K5 SOIC D 8 2500 367.0 367.0 35.0
INA128UA/2KS SOIC D 8 2500 367.0 367.0 35.0
INA129U/2K5 SalC D 8 2500 367.0 367.0 35.0
INA129UAIRKS soiC D 8 2500 | - 367.0 367.0 35.0

Pack Materials-Page 2



MECHANICAL DATA

D (R—PDS0O-G8) PLASTIC SMALL OUTLINE
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0.189 (4,80)

A
5

0 Q.AF T

0.244 (6,20)
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DA — Seating Plane

0.010.(0,25)

0.050 (1,27)

0.016 (0,40)

4040047-3/M  06/11

All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.

Reference JEDEC MS—-012 variation AA.

NOTES:

i B
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LAND PATTERN DATA

D (R—PDS0O-G8) PLASTIC SMALL OUTLINE

Stencil Openings
(Note D)

Example Board Layout
(Note C)
—=— ~=—8x0,35

_T F_SXLW ; 6x1,27
8580 iz éﬁ{ﬁ

5,40

5,40

ixinint

.'

.'

.i Example

i Non Soldermask Defined Pad Example
Pad Geometry

(See Note C)

Example

[ 155 .
!' * /“’r/ Solder Mask Opening
\ i (See Note E)

——ll—=—0,07

\ All Around 3

\\
. oy
-
4211283-2/E 08/12

All linear dimensions are in millimeters.
This drawing is subject to change without notice.
Customers should

A

B.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations. Refer to IPC=7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

NOTES:
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MECHANICAL DATA

P (R-PDIP-T8)

PLASTIC DUAL—IN—LINE PACKAGE

0.045 (1,14)
0.030 (0,76)

0.400 (10,16)
0.355 (9,02)
8 5

P 0 %

~ 0.020(0,51) MIN

-
|

0:200 (5,08) MAX

i Seating Plane

= 0.021%(0,53)

X S)0,075 (0.38)

[ [0.010(0,25) @)

0.125 (3/18) MIN

5
01100 (2,54)

0:325..(8,26)
0.300 (7,62)

R

0.015 (0,38)

L 0.430%10,92)

MAX

= T Gauge Plane

f
=

0.010 (0,25) NOM

4040082/E  04/2010

NOTES:

A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. Falls within JEDEC MS-001 variation BA.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to Tl's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent T| deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

TI assumes no liability for applications assistance or the design of Buyers' products. Buyers are responsible for their products and
applications using Tl components. To minimize the risks associated with Buyers' products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which Tl| components or services are used. Information
published by Tl regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of Ti.

Reproduction of significant portions of Tl information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of T| components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those T| components which T| has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of T| components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications

Audio www.ti.com/audio Automotive and Transportation  www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Applications Processors www.ti.com/omap Tl E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2016, Texas Instruments Incorporated





