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ABSTRACT

To use microwave for classification dielectric material base on Hall Effect

Sensor by analysis-output voltage of Hall Effect Sensor that in this study bring current

sensor module for detect the electrical signals from sensor. This sensor is used to

detect electromagnetic field on microwave and convert it to current. This current

sensor module “use IC ACS712 model. The values from module are keep by

microcontroller (Arduino) via programming. Then in the experiment, materials are set

up between the sensorand microwave which include wood plate, acrylic plate, and

ceramic plate. After set up completely, the electrical signals from the sensor will be

change allow materials. In conclusion this-experiment can be classify all materials in

experiment and showing the positions of material relate to classification.
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Difference %39 Hall Voltage) Vi, WU mmﬁ'wﬁ'ﬂa’ﬁaaéa3:']ﬁ'lmn‘*?'ifjmﬁamuﬁ?ﬁﬂmaﬁw
unassiaity Saneunieesundoy  waldFalwih AR useindeeadasiien

Woenun MNaun1In (2.2) sgldmanusedndaaadsmaunisi (2.3)



Vy=E,d (2.3)
B B(x) ]
““““““““ Vi o= | Vi
F
Vd—¢8 FBC’?“V'S
E F,
+++++§+++ +++~E++++
y y

(n) (%)

JUN 2.5 msiaauenedindsead v, (1]

' Aoy a_ a £a I | =2 ]
ngy 2.5 A1 Vy, Minlsniniladlhadfiweiideidriuge x way y Usuanisaninga
i o =l ) Y a o sa ¢

vosauwivan Insamnspnsldainesesmnefienildaniadhadines g 2.5 (n)
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I } ACS712
3

4

() , (v)
U 2.6 Tugainnssua

(n) dnwnuziluvedugatanseua
(1) 29slugainnsvua
(Fin: http://www.ebay.com/itm/New-5A-20A-30A-Range-Current-Sensor-Module-
ACS712-For-Arduino-Raspberry-Pi-UNO-/112275500486)
(#la:datasheet ACS712-ALLEGRO)

MBNATToYaTNNIZY0e ACST12 Tumsail 2.1 zuandliiiuinaannislaledin
NIPUATUNA 5 heuuts (ACST12ELCTR-05B-T) asilataanailla (Sensitivity) fovunadiosiign

= a o | e
Tun1sagunUasweusuiuiia sy 185 mV/A

M50 2.1 msraiansAirndbhnldlunisilasssrineminssualiiatuaiws syl

i nge, |, n;

r Part Number Packing* (Ié‘} s m‘“(i’R i s'a_;]‘:;?:bi?) .
ACS712ELCTR-05B-T | Tape and reel, 3000 pieces/reel —40 to 85 15 185
ACST12ELCTR-20A-T | Tape and reel, 3000 pieces/reel =40 to 85 20 100
ACS712ELCTR-30A-T | Tape and reel, 3000 piecesi/reel —40 to 85 30 66

*Contact Allegro for additional packing options.

(‘ﬁm: http://www.ebay.com/itm/New-5A-20A-30A-Range-Current-Sensor-
ModuleACS712-For-Arduino-Raspberry-Pi-UNO-/112275500486)
(fi1:datasheet ACS712-ALLEGRO)
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A:l 5 1 a a = - 1 da : Vo L 1 < o
AAUANLA 1 UAELUAT 09 1 RS ﬂaULLllLﬂgﬂiﬂﬁﬂﬂﬂﬂ?\iﬂ')'lﬁiﬁ’[,ﬂﬂLﬂﬂﬂﬂU‘U')\Tﬂ'}’lﬁJﬂ‘U@Qﬂﬁu

Aldlumsdomsvesszutinglnsvimd danudegsewing 0.3 GHz (1 fafuns) 89 300 GHz

U
]

(1 wag) d@ulunmsldnuiiidunndeuldainuisewning 1 GHz &9 60 GHz wsiugu

o a & yvwy fa a v
AsaInIandnduldmenunsaldidnnsedndld [2-5]



]
=
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v

nguimahnuesmdsiuliandanuanuige  (Magnetron) Tdudnnisain
awnliihlasmslounsvualwiidngudouvadwil  (Transformer)  meluanlalasian

JUwunsIRsHuvemilaudashiiagudl 2.7 fvaasaniagugll (Primary Winding) 1

a

U War YAmAVvREEl (Secondary Winding) 2 wa ludniudulwinssuaadufign

v o a o o ' = a o P °o o ¥ a L
Jowdiwsaamelgundl  shlfauuwimdnideniswasuwuaamieniviliAnusad

meiuvamamAsnll  wnmayiegRAdsuusouramaesninasdussiulishngy

]
=

MuvaaIanUgugiiaggnient wieulassiliauUasisadiuas (Step Down Transformer) &

] o

wonasiiiuldvaen  (Filament) dwwnsaamayiegiififlsuusovunainunniiagd

= 1 v

ussiulgandiuenaasmeUsugiissgniSondt wifoulassiinuuasussidy (Step Up
Transformer) deazsiaiy lalon uazdafulseasguit 2.7 dnuldnasnvzgnnszAulniou
TnenseualwihifuSinoannonudouUaminudauseiuas  dwsibineluldvaend
danmseudiwaunnlvaniy a";wﬁmmawﬁﬂtLUaaLmﬁuﬁuﬁguasgnsiaﬁmwmiaﬁuﬂm
whuuueSeedy  Seesvimaiuseiidtuilusesvhoinussiuiuve siiouaswia
wlawussudu Tnsasdouliussiugadnfiiingy (Cathode) Faduunueggudnaves
Lmﬁqﬁnﬂﬂwﬁ’mummﬁqa waﬁa%ﬁﬂﬁﬁté‘nmaqumaanmmﬂ‘ﬂ%amﬁﬂn'ﬁm?{auﬁ?a

mdauan (Anode) - daflinvaisiuiiudsdeuiuiunssnszuenuiadudes 9 ud
- v i a8 a o TN P I = a
\Wanlaswaswvammasuiandiuauiigiduindnn1as (Permanent Magnet) 34
wssiinNauINLimAna st ssenuliduuuiassas - ilvsidnnseudiedoud]
y 4 4 y
ponunNdRavgnilssuuIUAnMIIUlY 58U 7 WNUNAIRTIAY. LAYATVINUYE
= -l ' & ) P A a o M v = a
dudnaseulumugunsanidudesvesthundgui 28 Weiwdanuilldannswdousiiinme
- 1 d ) 1 L7 d’ 1
Waidnaseurzudesadusaninimarsiniawazadludameluveamilasiioguaims

Tuansusaly [2-5]
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Fiament Transformer ]

Capacitor

Primary TM
High-voltage rh

Transformer

A o o =
JUN 2.7 29vsuansguiuunsinaaamsvinnuedininseu [16]
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RF fields
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(ﬁm: hittps://www.britannica.com/technology/magnetron)

v L4 =Y o é’ = o L ! = -
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[
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Primary
115 VAC)

:j'oh-volm
ransformer fon)

q. s ! d’ d - .
31.]1/1 2.9 NITUNAUADIUNMVUANATU YULINALTIAUNIUIN

(i http://www.microtechfactoryservice.com/doubler.html)

E é.‘! VAC ./-*

Fitament Transformer k\_

Prmary
(115 VAC)

I "

= W ' ] a Y
E‘Lhﬂ 2.10 299U NAUADANLUUATIARUY VULLAALTINUNI9EU

(ﬁm: http://www.microtechfactoryservice.com/doubler.html)

2.3.2 auauliAvasaaululasaniuian

o

1) Manzanu (Transmission) agdululasiavannsavnzaniuianswanelavyls

5

a v - Y & =] Aa
A FU BT WANEAN NTTANY LAENIUNTLLUDY ﬂﬂJLﬂaaUE‘i’lWﬁJmuﬂizﬂaU

vodlane)

2) msagvieundu  (Reflection) ﬂﬁulmiﬂsnw'\]mmmaaﬁauné’ui‘aqﬂixmw
Tave  nswawend (nzivieitynuanysen) 16 szadu Tagdman
Tave  FdligniniBumaugldomsqulumilulasion  ioswinady
lulasivivgashulanglaifisadndes  viliemslufeunaziiamsasiou

as A o o o = d‘ = = v
navveInau nmnleedululasniinanudevine e
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o . P 4 v { v o Ao
3) msganau (Absorption) Aaululasianazgnaganduldd Wensenuiuianidl

madumely wu 1th wazansemsuszansng (@laana sk ludiu)
adulalasinildluseululasininiud 2,450 GHz usazASIsoUazilnig
ndut vossuuuiwdnliinegaasana  Wokudnlvluemnsegly
wilonililuanaveni Tuewnsiimsindeuiindulunduundeniuiigs
mudonemsnduiivesauiliirvesedulalasin doufu Tunan 1w
Tuianaszindeuiindulunduiniesuau 4900 dwed Aeliifnnnsdu
sywinluanawuindn waveiaduanufeusanunannsidendues
Tuiana (Wasumndsnueduimdnldinludundnunteu) Tasan
Fouazuianmuluamseeningiuuenvesamis yinmsndutaves
auulwihvasedululasin wilenilfiAnoyyadass (Free Radicals) dail

aaa =

mnubiseyfiseuadl aufenadementsdiinedely

2.4 fu389nssue (Rectifier)

L3

\Dugunsaififieand@lunsudasdnssudlviih - anlwihnssuaadulfduluin

v P 1 a o ol v |
nsvuansalaglinasiGendneanienivug - Falurasieeulvinssudlvilnaniululy
Aemnalaniamraniawing tenldgunsalansnsindnlumauauiisnnisivaves

0w « < o o sa L7RY) a )
nszualiih dwivgunsalarsiwmhnlealdmluae lealen (diode)

2.4.1 9973BanTEUA

- V! i . 4 o = | @
WasBINTUa(Rectifier Circutt) An 2asyimthUaauudadlitinssuaadu

(AC Voltage) Tidulnanszuanse (DC Voltage) tv10an1092993 FVUUUWAR LA

= @ o | R Y - v oo =

Wuunanewa wasissansyuanasnui dnluaidnldiuatnsalnelutnudazduwuuma
= ] a o %) " W
Wy wanvuauassgnilealelunugeavnssuuazeuiiinmslinsdaiuanusiedng

Tiihussganszuanss (HVDO) FalulassaudiagldasSesnssuauuumaiien [6]

o g A
2.4.1.1 NITFTUINTTUARUUATIAGY

ARAAUTAENEIL  vneds  ASeAuuvInviensenauauvasliiil
v oda oa S o v Ao o < T ovw = o f w
nszuaaaududuymviduiildld  lusasnBnaimwesgnadussgniull  Feazyvili
Aadsvausiiuinnazanadludie Tugui 2.1 Tlalen 1 flddwsulwiuadion g
mugUazilunasisnuanisniuuin wdnnmsieude luadsauiiduuan vvdeudas

% o, v i & = 1 vy 14 a4 d oda &
auvuluuinuaznnarnluavdanssualwaniuld usillednaTmauiiluay vrvuandy

o ' o I 2 « o a1 o a @ i
avudvnararsuuinazilvnszuglvalails 1Anedadindrduuin aisuiuiaages
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wifowdas Srdoamsldliay Fomneiuevinndonduniuaverdowislalonluiliseiui
wilihwsBensauaiondwndunssuanseiinasiion wwustindussioonaduiinseiitoy
viefiFondn msnswiiten (Ripple) aintuuudiuady whiaesuuuedldiesmansoite
angluilnvesmudlriinszuaaduanionsing Faussduliinssuansioinavees

Sesnssuanuuaiemauiilidiivannungui Ae

AR 2 (2.10)
g
oo
Vdc o R, (2.11)
r
o Vg, Vi A ANRREVDINTINUD AR
Vool A8 ATNATDILTIILBUNY

P ) = o .
Vrms Fe) ﬂ’]i’]ﬂﬂﬁ@d‘ﬂ@ulﬁidﬂumﬂﬁﬂﬂ

2.4.1.2 2995589NsnauUUIRNATY

lnwsSusnseuavuumaimeagyildlalen 2 fhluiees  wanns
° :4 P = A Ve o & s @ o = o Vv & P =
VNUAD IMUBULUUATIAG Y WAvuBlUasilgunasunl maguin 2,12 Juihlmiviouiinasai
= | A P o Amdd = &, o ¢ 2 &
ARU 2 WAT NANMIAD LUDATIAAUNIUUUINULIYDY VIUUTUUIN AdULaasunUatuuuduay
P W | o - 'Y ' | =3 s = )
Walfgunuvvy wilduuindiadsuiuenans Mangnintuau Waisuivuvugauasidu

¢ | ) P € | = A Y]

wosunl nszualvariulalen D1 nduuumasuny LARSLFAEIvDILSITUTILA Tunng
nauiu lugumduauvmnefanrvugaduau ardvanduuin nszualvasiulalen D2 n
AswmiliradouarAndemasmes  (Root-mean-square)  YBIUSITULDINAYDIITTITES

nszuauuuiupiuilifiinannumgui Ae

V, =V, =&t (2.12)
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(2.13)

V'ms -
™2

D,
U U
R
t t
D,

JUN 2.12 199338anszuaLuuANAdU (6]

s s A
24.2 nﬂs’l’c’fm'aLﬁuﬂi:i;’lunqsnsaqusam’lﬁﬂ:m

Tutuneudaziduntsyliussiuliiilaanmeasiaduiending  Inanisiiu

1%
=l o

Mfiudseglulungesmailaoimpvesinensaia fgui 213 Seumsesiaiulszqit

=l

Teiuaviode e diufvusequualjazdisaanisnseiionld wiasfosdinldsoiig

Lo

a =

aguiy saldiimaiilildinssualnihasaailaigaulunifaudasiuniogives

9 Y
|

=

uvdaigliudn - azgafmuanuvdnmInisiituseuswlniluounduwesndugy

Lo wilumwfidnseduliihazanamiuedim i wmuvespunaanuadmiowtas

b —————
Ll

o

AC
Input

S 0.0
A TR
]
i

JUP 2.13 1asSeanszuauuupsspduilddiiuUsselumsnsoansadu

[ .

2.5 andnlalan (Schottky Diode)

vondflalon Ao lalenansiainhiiussdunnasauillothnssua (Forward Voltage
Drop) #isuazdinisadunisviniaiuisiuan lﬂiamﬁssummxﬁusqﬁumnﬂi‘amﬁaﬁwnsmaagj

' = ¢ - o ' a4 e ¢ a I |

eI 0.6 B9 1.7 Tad yuzuswiuanAsauiiolinszuavosendilalanieagsywing
0.15 i1 045 Tad Llesnnduswusnasanluanzdivinszuasiiniilalensssuayiile
Ussdndnmuesssuuiiniwaranuiilumsadunisiaiuiigsninlusesrevesendilalon
Usznaulume a1sieiiin (Semiconductor) waglane (Metal) Tusuansisstaia N 2y

-] 2 4 = 5 2 -] $ 24 A =
Vimthiaiowdu  dhau  (Cathode) waslaloauazluduveslangavyvinadeoudy
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421 (Anode) voslaleon Fedyanuaivedlalondiliansiigy 2.14 fremmanunsaiivili
ussiupnaseudionssuaiiviinddh  asviligydendiuiosas  uasdenunsatlasiy
nﬂiﬁuﬁamaamm%ﬁLma%LﬁawmﬂstLmLsaﬁuqalé’ Jeilivendilalandusudoniis
Usgnsamlumsldon  wasdsilouldlussuundnnszualiindhemaduateinduuudase
(Stand-alone Photovoltaic System) uazfauisaldiuins3enseualunisasuluug
vesuvasienszudlddnie  dedesnsiedenvendilalendsiideshuiansandefae
Fiadegeanvasnszudlwimdsnuadiiinssuaesulmdunsuanss ANTEUAGIR

LAZAILSIIUTULAR DU

Anode Cathode

o W

Ui 2,14 Fufnualvesvandilalen (7]

2.6 @1e81nId
awommiugunsaiflasnsouamdsmiiiludusduulingnlaih uazanse
wlasnduimanyiiundulduwdaanulaiildigui Tunsdeasdildennami
dhnandlunsiensielumsiudaioya | seaunsadenisindunsdoasuuulians  Toe
awemaivth iinszeedulunsdsyaneonty LLaxmsmamﬁmﬁa%’uﬁmﬂmmﬁgn

@11 [8]

&

gﬂﬁ 2.15 @110 [8]
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2.6.1 anwaznmsiaulaendluvesdiseinie
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uwnsnsyageenlunaeainiea uasdtludernielusUvesmauauuuimdnlai daums

19 s o I o 1al vl 1 13 S =
MusUARUVENHIE T uagiaBen A antuauuvEnwarauali i lugUaduas

1% | V a aa ¢ P 08 v a & Py
asnusnardwsiludBidansauluddwudvesaseinia FravhviAnn1sindeuiives

a @ v = < a W 1

danasaundulundusavuansennia - Juduiiuvesnisifnsenaluaneoiniafodises

Y O <
agaIMALanIAIUT 2.16

=i v 4 a Ve =
JUn 2.16 wamumnﬂamwqﬁ‘lmwumEJmmﬂLLUU“LﬂIwaﬂsmau (12]

2.6.2 awamanuulululna

awomalululna WangUivulazansyhnumnanaeinialaliva  (Dipole
Antenna) Yogtullenthanldluszuudeasupulians wosnillasaditlidudeu hese
Mseanuuy wariitmifain ﬁ"mﬂiznawaomsJmmﬂﬁﬁmﬁwﬁiunmtﬁmzmaﬂ%‘uaxgﬂ
ﬁmw‘?qaguusxmm‘mﬁuwaﬁuﬁ wiszanunsaldnuldifguauadunnuiiie) aeenin
lululwendowdnmsvhawaimiwesaoamalilng  uasiiszuunsnsmdunvaunin
ATl Lﬁa’lﬁﬂiwmmsﬁﬂmuamgiaﬂ Tnvansomalululnasedoudyaroufiedaiio
wazazlfszuunmdumidifinge 13Ul 2.16 meemeuuylalnansUsznoulursuvis
Tavzaosuvisdaiiniueiessu (uansiefaiumu R) ausliih (€ gnasides) vesnduiidn

wwhbideusslunseyihuudidnnsaulunidans  Faussezluvnlssidnasowadauiluunly

3
v e

uvidlaneyisas afnussuin (+) warszaau (-) ivmeveauislangaduiuisaednuves

' 1
= =

' o - do v
Ua']FJLWNIan LUE]\TQ']ﬂﬂ'J'lllEJ']TUENﬁ']'C’JE]’lﬂ"lﬂLﬂUﬂiﬁwu‘ﬁ‘UaQﬂqqﬂJﬂqqﬂau‘UENﬂaUVﬁUL‘U']N']

41 a a o v a o T o - o 2/
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uaudune uaznszualuuvislane nssuaguadu (@nasdc) azlwaaslunmueedudarinlu
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<—————— AIR SUBSTRATE

/ GROUND

— s

] \
GROUND SUBSTRATE

Ui 2.17 Tnssadrevosansoinae [11]

H

GROUND
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2.6.3 FULUUNIUHNTZANEAAY

i
=

Aaudyyuiinszneeenusznaulufesyuiu 2 ssunude seutuaunuliidin
(Electric Field %38 E-plane) uasszunuauuwiuvan (Magnetic Field 3o H-plane) lneii
stunuausniazdminiussuuauuivaniase ﬁagﬂﬁ 2.19 wag 2.20 lae 93UaAINTT
uinsyaeRduasEne nMAiglufnumsuuiuaukaraane  Beasidiulddrssunuliidy
aguuafisaiuanuemvesasemaete  hidaeemasregludnyasuuiueunie
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H-Plane
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nandauysoiluuielduetdud  dwalisuuuunsudnsznerdudifesuuunienseu
voseemauulalwaniy  dduneufoieidianunsaatressuunssfiduetudls
winuanyglunmguivesnsamelululvagaued  azUssnaliidmalaimindu
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X
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(n) FUnvuNIswinsEapduvesaisaInAlainalugUkuvasWififionss 30wy Z
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2.7 nsdeaisuuuieaile

nsdemsuuieaiila (Serial Peripheral Interface: SPI) LfJumiﬁamiagnimmu
g4lasua (Synchronous) Msuwesmsieansasduuuy tnawmed (Master) - @a
(Slave) Fiazliigunsaldmiatusnawes luraeiigunsaidndmidatuaa Fainisdoans

[ [

wuungaman (Full-duplex) ﬂ’ﬁﬁaammuﬁﬂxLflumsﬁamiﬁmmmawagamﬂulé'fa&iw
salessznianamesiazaa faguuuunisdeaslifisuuuumedvieddeliimsimua
Tasdsdoyamiuluguuula  Tnegunsalinamesliusmugunsdeansiomn  muau
Ay uInuaslddya 109107 \SS (Slave Select) 3o CS (Chip Select) Wusaiden
TumsiunSedideyalutaunsalaan Uil 223 - wansmadeudenisiessuuuieadile

sevivgunsnlnawmeiiveaaw Tneflanadygia ¢ @ (Four Wire)

SCLK > SCLK
SPI MOSI > MOS| SPI
Master Slave
MISO < MISO
\SS | \SS

= 4 ' =
§UN 2.23 nislleusiamsdeansuuuioaiile

Wa  SCLK (Serial Clock) A dusuddygrawRnmengunsalinamesiy

v a4 o ) | v
aﬂamwL:wamwum*’umiawmnﬁawa:&a

L7

MOSI (Master Out-Slave In) * dg wiilddsvayavingUnsalinamasludiaay
MISO (Master In Slave Out) - fig ¥1ltsuteyanaunainaunsalaam

\SS (Slave Select) fio ilddsdnyinmedn “0” (Active Low) U

gunsalaawidasnsiudedeya
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s =3 ) as aa o
2.8 mIwdasdganunouzaaniiudyyinnana

9

dyqalwiinuuieuzdende &y mpmmauatmumamm (Continuous Data) flyun
waa”mumnmlﬂﬂaﬁ m*mJ5auuﬂawmmmamumv']iuuwﬂamﬂuﬁiaaiﬂ wUsUAILLIE"
LﬁaarﬂWﬂé‘zgzgwmﬁuﬁa%’agaﬁlﬂumi?{ami mngn‘s‘umu%ﬁﬂﬁ%’a;&aﬁgﬂﬂgﬂﬁm Taans
dedyauuneusdenazgniumuliie dudygralvihuuuidiade dygradeyauuy
liseifles (Discrete Data) 7iflowieuiiueu Fsvuiadandmazasuudasilinsswin

s as

dysEAUFERLarAMFYYIUTEAY °wam

L 7] U

Analog Signal

K

sUN 2.24 dyaraldwiuuuneusden wasluuniva

Digltal Signal

as

as a aa o a4 ot v =~ L3
nMswlasdaanuueuzdondudynyruaivade Asulasdygudeyan uywdiu

Sallp

Auialsl [Wudeyamilwih iijeteudagnisrmana Tallunszuiunisuilwesnisiuteya
(Input Unit) L‘fJunismumima&ﬁﬂmaﬁﬂﬁﬁ Touryauisiunaiiios (Analog) lasunisudas

2/ o =i fﬂj o £ A s d‘ = !
Tidudynyaddva laelifinisaudeyadidy  silgunsalivhwiiiuUasdyaaicendi

[

gunsalulasdyanaueusdeniiudygnandvia (Analog to Digital converter) Tnsgunsalil

ge

8/

szardudyaailianiindygias MniuerUaina 9 waulmﬂumumﬂlu’iuw

]

= aaa

IanuszauTimunseetn (Bit) A9 Zonmsulasiiinainwdu (Digitization) wagan

ho ]

a v v

TniltlunsimusdinnussduresAiidaiineinmsdeoniianudnuesdn Bit depth) Fadu

ATUIUBNAINALIBERYaIQa (Spatial resolution) [15]

2.8.1 msudaslagdsnisguaiagng

s @l

lunszununsuasdyanaueusdondudyarandfa  Teensdudatis

9
as

(Sampling) 1w flog 2 75
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2.8.1.1 msgudlagrsnuuiiady
nsguieE 1L UUTIELEY (Pulse Amplitude Modulation: PAM) (T
nsudasdyaaueusfenbidudya andva Tneldmsduiodsuesdygraueusdenau
P q fuuazihdegildulfumdyain  wousdon Tuvdnmsdusiiagienes
fyanaiiluweuzdonmutialidyaaiunanniuduiad q Tnevunvowdasiad
sswhiuruavesdyananivlugieiantiu 9 uam’[,uguﬁ 2.25 nuMmsdusiegana i
“Fyanafifiuuudsidail B Hz mmiaﬁ%Lmuﬁ’mnz-jmﬁ’a@&hwaaﬁaﬁmaq Toeflusiaz

pgliszpyiavhgfuuazssesrinssriteiegiaededliiu 1/28 Jinit” (Fasnsdu

‘_)E

(]

' a ¥ 1w ' o . v w PRy ) v e vd v o Y]
10819 = 2B Hz) Sandudsgndyanamesnemdssdyyiuiadilanaglndifeiu

[ as

Fynaudnnign withdnsieaiuld Aygraneendulududygiu weusdenmilowdy

[17]
Sinusoidal modulating signal
L Message
signal
. " ' 3 i Samphag
- | SiaR ‘ v signal
oy -
A I PAM
- signal
JUN 2.25 mswdasdygradaalinisdudiiogng
2.8.1.2 MIquiag1aUUURNTIBY
MIFUFI0ENLUUAEEY (Pulse Code Modulation: PCM) 1luns
wlasdyaansuzdenliBudyaruada Tnglinsdnseiumnugeasniull

(Quantizing) dyaias PCM Tdwannisveaavguaedlunisulasdl 2 aouy Ao douzas
UERIAEanIN 1 LAy an1ued WANIPIEaRIN 0 szartudwmasiitunaulun1syilsuuieg

a 7 &, oA ' = ' & )
vasdrypauvestoyaliuwuulivealiosneu Faunsowvseonidu 3 Tuneu [17]
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TunauMIdumMed1a  (Sampling)  Wudumeunsinvuinves
s 1 4:] 1 e o 2/
yauuourdonduyn 9 Tesudazaiiszozihaiivihiu vili
Syanaueuzdensgnmendudyanailisadomanm
(Discrete-Time Signal) ﬁag‘d‘w 2.26

o 1 .. I u..’f
'uuwaumﬁmivﬂummqwmﬂau’tm (Quantizing) Wulunou
MsdnszauAgweInauiiegsdyy i (Sampling) #ildaan

o 1% v do w o o -
VURNBDULLIN IwaﬂiuixmuwﬁlﬂﬂﬂﬂﬁﬁUd GNE‘U‘V] 2.27

1%
as

Fumaunisinsva (Encoding)  tUutunaunIsunusERUYad

o | ) o) v ) - 1
dayanaeludunsuiiaes - n1sdnszAuauguuasaauln

(Quantizing) " Faenguves I (Bit). Tagdruudsilituagiu

= @ = v ) < | v v
PRNUAZLBYAYBNEAN Y 1UVNDINIT GNEU‘W 228 WY 01MD9N19

= a v w o & = &
auaeiden 4 Ja desinszauduanaludunoufiaesdunvun

WA 2% = 8 suau LUy

i

Analog Signal

Sampling

Uﬁ 2.26 mumaum‘saumama (Sampling) [18]

o—i i i i R
I D e,
BEEEas sl

Sampling

o
[

Quantization

JUR 2.27 duneunsinseuaugeaspdulva (Quantizing) [18]
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- : i =
A —’—— ’ 11010110 10110100 .. 11010101

Quantization :> Encoding

[
o

gﬂﬁ 2.28 funaumsiunsia (Encoding) [18]

wé’wm‘uzuﬂaum'sejuﬁaasm (Sampling) wABIIINITAIMUAAI
auLSnvestunouNsIRTERUALaesndli (Quantizing) Ui 2.29 Taedimunliil
Amuazdenun miinlasesninfaviimiuiuesdaiundetontnniim ez Eens
wigfvualilmiuaziBenunnifiuly Alidnusslewilunisin wszedesileildini 1

= = a o
ﬁﬁuﬂiﬂLLUﬂLLﬂsﬂ’;’ma%LEJ&JEW]mﬂLﬂuIU‘Lﬂ

4 bit quantization 3 bit quantization 2 bit quantization

3
151 7~ 3 -‘
14
13- 6
10+ y 2 -1
s-] p /
8]

Quantized sample value

BN el

16

T T T T T TR N TP T LT - T e T T T T T T TP L1117
0 2 4 6 K_10.12 4 16 O 2 4 6 8 10 12 W6 0 2.4 6 8 10 12
Samples

JUN 2.29 NMIINTLAUAIINGIVEIRAULMITIAIBELBEN 4 bit 3 bit Wa2 bit [19]

2.8.2 FmMiauunisulaswauzdeniludyyiunia

a =]

U Arduino Uno R3 2glduannisuuasdyqnnueusdeniludyynfivalae

<

Bms PV Tumsudasrussiulnih @ygraueusden) Wunseualwih @ygyrdda)

]
o

- o v o ; Al v
MNgUR 230 Funaladinisiiudunazanaswaanseualiindlasuananoimauazusiui

pannlediues ACS712 Wuiluidunsa (Linear) A LRV (Lower Range Values) Aofndisn

= 1

E‘I 1 L ﬂ! =) ﬂJ A 1 s o
fgnlugunisTamila uavile1 URV (Upper Range Values) fofniigsfignlugiunisindensu

1 as 2/ d E" 1 1 ! o 1 u'
laggumsin  (Span) mldnnaunsdi 214 Feiidenamesywingeaniummanly
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grumsindug wunszualaiildnsyning -5 8 5 ueauds sxfigumstawiniu 10 ueawds
Tudviudau Arduino Uno R3 agldudnmisuvasdyanaueurdoniludyaandvalag
Bnsdnsedumwgeesedulml  (Quantizing  SuusnazdesimunsmivaziBen
(Resolution) #idoenns mntudnasndwudy (Step) TNANNTT 2.15 Wy fvualsl

AnuaziBeai 10 O aeiiSunutuiauawiniy 1024 Sy (@udl 0 F¢ Tuft 1023)
Span=URV - LRV (2.14)

St€p — 2re.\‘o.'mmn (2 15)

Output Voltage versus Sensed Current

4.0 : *
‘ -
3.5 A AL
h 1
3.0 B g e L1 L {
= | e I
- 25 o / — _|__, i
= /I‘ »
2l 2of g e e LT (D)
- 40
1.5 . +—+—H « 25 |-
oo /NN \ TG = Sl
1.0 - 150
85 % o N
0 | |

-7 6 -5 4-3-2-101 2 3 4 5 6 17
Is (A)

gﬂﬁ 2.30 ns1uanInsiABLLUAINSELET LA S UTINE N ATULS T UTDananlad
Was ACST12
(fy: http://www.ebay.com/itm/New-5A-20A-30A-Range-Current-Sensor-Module-
ACST712-For-Arduino-Raspberry-Pi-UNO-/112275500486)
(fiun:datasheet ACS712-ALLEGRO)

naunsh 2.14 uag 2.15 sgltiluiugiulunisduurusssiulwiiinisulas

) VR |
Mnussulnirdialaeenunduannisi 2.16 uag 2.17
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VSV

=— (2.16)
R 2"

= s

Ao usenulwiAdouudasluse 1 ARdvia

b

AD UM IRV U WA RansaTale

fio Auazideaildlutunsunisinszauniugevesaaulmi (Quantizing)

v, :VR(x—2n_I) (2.17)

&4 ! o

P ar oo Y
Ao AusasulAIRi nsuUasannussau WA ATR e

< { a o

A Aneannlannsulasdyaueusdenduduguniva

- ) & o W < 1 3
Ao mwaziBeanltluduneunsdnssauaiugeveseaulml (Quantizing)

a a

o wssnulwiAvdeuuwUaslusa 1 Addva
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3.1 n1seenuwuulATeu

Tnsanuilashnsesniuugunsainsin  wasfiuAvesauuuimEnlniluady
rudlulesian Taeldnsideulusunsuniuma Arduino IDE wazldvainorglulunisiuan
vinledianszug tdinhailaiuiinadundn (SD Card)-aangudl 3.1 ludawesamsan
Mo gaSunennisiuininseusdsuazldssaaulalaswludusuaeidaimi
wasndululaswlioglugusomssualwiuasdsialugilugaianssia lnguasinaigluay
vimihiifuridunanlugaianseua sumsuasssilifitasldnsuvaeusdendy
fivia antniamiiuadldinduiinasnda . dwnsguaseiilddmsuiiumdieg  (Data

Logger Shield) LaswamiAIULABLTINIHIUNEAOUNSUATY

/\/\/\J current| Current Sensor
Magnetron Transducer
Module

Electromagnetic wave

(Microwave)

y

Arduino
Computer

L UNO R3

SPI

Data Logger
Shield

A

SD Card

E‘Uﬁ 3.1 LEUNIWLAAINTITANTUIUYelATIY
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I3
3.2 3130195
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3.2.2 msifeudegunsalia 1
msdeusessiulunugudl 34 Fanssuadldtuldinansumeiisundu
Lilpsivuddsunduiudunssualiiionnn  vinguit 3.4 nisihawssduenmsi
Lsuuwai‘%“mﬁ'uluiﬂmwLLasv‘hmsLUﬁaulULﬂuﬂﬁsualw"ﬁwLﬁﬂﬁ@lﬂé’ﬂuaaﬁ’mnima e
Tugatenszualdsunszualiihfiumneuessazyhnisdoonan 7 (Vo) v0slupaluds
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wasnanuswiulnihgedede 5 Taan Taefl 0 for 0 Taaduasil 1023 fo 5 Taad 9ntu

nstuiinaamisa Taelvaunsaifilddmiuiiuaiane (Data Logger Shield) Tunsideu

Adilaaduniin

1 ' a2 5 Volt
3 2 Current |pIN 4,2
i : 2 PIN AO Vout
7 Sensor

Ground PIN 3,4
- Module

MISO
MOSI | |spl clock
Sensor
Data Logger

Shield

o - i € v Y
JUN 3.4 MmsiliousioaUnsaline « Wiy
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n1seenuuulUsknsuuiindrasnisa anusuamuansmsiuesadlusunsulugui
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laglulusunsuiimsimunauns  dwiuldlunsulasivewsssiulnilidegluguvasdi

Wunszualsin Wesnnmsgmamlugadunasiduavesusiului - dniudefoniinig
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(3.1)
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Ao AMUAzInluIURBUNITInTEAUAT NG YR IAT Ul

Ao nszudalniafivlavunlasiuse 1 Arddva

PINFWNIA 311 Aviuabigun1sisvasnseialwitfiauisadnlsmlsannaunisn
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1, =0.009765625(x—512)
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3.4 YUADUNITNAADY
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A1 SD 0.00 31.63 93.97 0.00
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1 975.99 512.54 1307.76 911.47
2 975.99 468.95 1490.05 361.06
3 975.99 779.38 1262.85 933.48
4 975.99 752.96 1336.07 933,49
5 975.99 13974 1294.55 997.34
6 975.99 779.37 1537.61 852.03
T 975,99 669.29 1287.00 748.355
8 975.99 871.84 1699.65 805.79
9 975.99 501.97 173314 792.58
10 975.99 634.06 1669.71 855.99
Aadt 975.99 671.09 1461.84 819.17
#1 SD 0.00 21413 187.85 2112.33
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1 975.99 1116.22 1083.52 149.71
2 975.99 984.12 1792.12 171.73
3 975.99 695.71 1329.78 147.95
4 975.99 678.10 1351.79 356.66
5 975.99 627.46 1554.34 158.52
6 975.99 660.48 1739.07 211.36
i 975.99 647.28 1564.03 211.36
8 975.99 549.52 1334.18 405.10
9 975.99 819.00 1638.00 224.57
10 975.99 695.71 145307 290.61
At 975.99 747.36 1483.79 232.76
A1 SD 0.00 175.90 216.05 89.88
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1 975.99 449.13 352.26 686.91
2 975.99 508.58 255.36 686.90
3 975.99 264.20 228.97 759.56
4 975.99 466.74 281.80 723.89
5 975.99 462.34 220.16 845.42
6 975.99 303,46 217.96 678.10
7 975.99 30118 299.42 528.39
8 975.99 475.55 363.27 560.09
9 975.99 466.75 237.78 702.75
10 975.99 431.52 158.52 924.68
Aindy 975.99 416.94 261.55 709.66
A7 SD 0.00 83.16 63.52 117.69
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#include <SPL.h>
#include <SD.h>

File myFile; //mwupsundsing

const int chipSelect = 10;
int b = 0; //input from microwaves wen microwaves open
void setup() {

Serial.begin(9600);

Serial.println(’Initializing SD card...");

if (ISD.begin(chipSelect)) {
Serial.printtn(“initialization failed!");
return;

}

Serial.printin("initialization-done.");

myFile = SD.open("Hall.csv"; FILE, WRITE);
myFile.println("Voltage Hall,Current(mA),Time")

myFile.close();

pinMode(8, INPUT);
}

void loop() {
float a = analogRead(A0);
int ¢ = analogRead(A0);



switch (c)
{
case 508 :
{
Serial.print(c);
Serial.print(",");
Serial.print(((((c - 508) * 5) / 1023) / 0.185) * 1000);
Serial.printtn();
}
break;
case 509 :
{
Serial.print(c);
Serial.print(",");
Serial.print(((((c - 509} * 5) / 1023) / 0.185) * 1000);
Serial.printtn();
}
break;
case 511 :
{
Serial.print(c);
Serial.print(*,";
Serial.print((({c ~511) *5)./ 1023) / 0.185) * 1000);
Serial.println();
}
break;
default:
{
Serial.print(a);
Serial.print(",");
Serial.print(((((a - 510) * 5) / 1023) / 0.185) * 1000);
Serial.printtn();



break;

b = digitalRead(8);

Serial.println(b);
if (b == 1)
{

myFile = SD.open("Hall.csv", FILE-WRITE);
Serial.print(" Writing to database.csv...");
create_table(1); //fstunin15a319man
Serial.println("done.");

myFile.close();

}

}
void create_table(int long_table)
{

float a = analogRead(AD);

int ¢ = analogRead(A0);

switch (c)
{
case 508 :
{
myFile.print(c);
myFile.print(",");
myFile.print{((((c - 508) * 5) / 1023) / 0.185) * 1000);
myfFile.println();
}
break;
case 509 :
{



myFile.print(c);
myFile.print(",");
myFile.print((((c - 509) * 5) / 1023) / 0.185) * 1000);
myFile.print(n();
}
break;
case 510 :
{
myFile.print(c);
myFile.print(",");
myFile.print(((((c - 510) * 5)./ 1023) / 0.185) * 1000);
myFile.printtn();
}
break;
case 511 :
{
myFile.print(¢);
myFile;print(",");
myFile.print{((((c - 511) * 5) #'1023) / 0.185) * 1000);
myFile.println();
}
break;
default:
i
myFile.print(a);
myFile.print(*,");
myFile.print((((a - 510) * 5) / 1023) / 0.185) * 1000);
myFile.println();
}
break;



SAllegro ACsT12

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Not for New Design

These parts are in production but have been determined to be

NOT FOR NEW DESIGN. This classification indicates that sale of
this device is currently restricted to existing customer applications.
The device should not be purchased for new design applications
because obsolescence in the near future is probable. Samples are no
longer available.

Date of status change: June 5, 2017

Recommended Substitutions:

For existing customer transition, and for new customers or new appli-
cations, use ACS723.

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
Jor 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 respon-
sibility for its use; nor for any infringements of patents or other rights of third parties which may result from its use.
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MicroSystems, LLC

ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Features and Benefits

= Low-noise analog signal path

= Device bandwidth is set via the new FILTER pin

= 5 us output rise time in response to step input current
= 80 kHz bandwidth

= Total output error 1.5% at T,= 25°C

= Small footprint, low-profile SOIC8 package

= 1.2 m& internal conductor resistance

= 2.1 kVRMS minimum isolation voltage from pins 1-4 to pins 5-8
= 5.0V, single supply operation

= 66 to 185 mV/A output sensitivity

* Output voltage proportional to AC or DC currents

* Factory-trimmed for accuracy

= Extremely stable output offset voltage

= Nearly zero magnetic hysteresis

= Ratiometric output from supply voltage

@

TUV America
Certificate Number:
U8V 06 05 54214 010

G“ Us

Package: 8 Lead SOIC (suffix LC)

-

>
-l
e

Approximate Scale 1:1

Description

The Allegro™ ACS712 provides economical and precise
solutions for AC or DC current sensing in industrial, commercial,
and communications systems. The device package allows for
easy implementation by the customer. Typical applications
include motor control, load detection and management, switch-
mode power supplies, and overcurrent fault protection. The
device is not intended for automotive applications.

The device consists of a precise, low-offset, linear Hall circuit
with a copper conduction path located near the surface of the
die. Applied current flowing through this copper conduction
path generates amagnetic field which the Hall IC converts into a
proportional voltage. Deviceaccuracy is optimized through the
close proximity of the magnetic signal to the Hall transducer.
A precise, proportional voltage is provided by the low-offset,
chopper-stabilized BiCMOS Hall IC, which is programmed
for accuracy after packaging.

The output of the device has a positive slope >Viout)
when an increasing current flows through the primary copper
conduction path (from pins 1 and 2, to pins 3 and 4), which is
the path used for current sampling. The internal resistance of
this conductive path is 1.2 mQ typical, providing low power
loss. The thickness of the copper conductor allows survival of

Continued on the next page ...

Typical Application

! IP+
2l\p+ VIOUT

Ip; ACST712
3]\p_ FILTER
I_E IP-

GND|

8
VCC

Application 1. The ACS712 outputs an analog signal, Vg 7.
that varies linearly with the uni- or bi-directional AC or DC
primary sampled current, Ip, within the range specified. Cg
is recommended for noise management, with values that

depend on the application.

ACS712-DS, Rev. 16

June 5, 2017



ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kKVRMS Isolation and a Low-Resistance Current Conductor

Description (continued)

the device at up to 5% overcurrent conditions. The terminals of the =~ The ACS712 s provided in a small, surface mount SOIC8 package.
conductive path are electrically isolated from the signal leads (pins ~ The leadframe is plated with 100% matte tin, which is compatible
5 through 8). This allows the ACS712 to be used in applications ~ Withstandard lead (Pb) free printed circuit board assembly processes.

requiring electrical isolation without the use of opto-isolators or ~ Internally. the device is Pb-free, except for flip-chip high-temperature
other costly isolation techniques. Pb-based solder balls, currently exempt from RoHS. The device is
fully calibrated prior to shipment from the factory.

Selection Guide

Part Number Packing* ‘;ré Optlmlzic;;iange, lp s?;.;g‘)v('g{,?:)ns
ACS712ELCTR-05B-T | Tape and reel, 3000 pieces/reel —40 to 85 +5 185
ACS712ELCTR-20A-T | Tape and reel, 3000 pieces/reel —40 to 85 +20 100
ACS712ELCTR-30A-T | Tape and reel, 3000 pieces/reel -40 to 85 +30 66
*Contact Allegro for additional packing options,

Absolute Maximum Ratings
Characteristic Symbol Notes Rating Units
Supply Voltage Vee 8 \4
Reverse Supply Voltage Vree -0.1 \
Output Voltage Viour 8 v
Reverse Output Voltage VRriout -0.1 %
Output Current Source louT(source) 3 mA
Output Current Sink louT(sink 10 mA
Overcurrent Transient Tolerance le 1 pulse, 100 ms 100 A
Nominal Operating Ambient Temperature Tl Range E —40to 85 G
Maximum Junction Temperature T,(max) 165 G
Storage Temperature Tstg -6510 170 °C
Isolation Characteristics
Characteristic Symbol Notes Rating Unit
Dielectric Strength Test Voltage* Voo, GEZ’:;ﬁg?gé%;‘gg?rfs? ;g;g:’s P 2100 VAC
Working Voltage for Basic Isolation Virsi gggsbg_s;f; 1(2itngtl;ait)i;snolation par UL standand 354 VDC or Vi
Working Voltage for Reinforced Isolation Vier gg;;%i_qf?;c;%g?‘?;?le) L e 184 VDC or Vyy
* Allegro does not conduct 60-second testing. It is done only during the UL certification process.
Parameter Specification
CAN/CSA-C22.2 No. 60950-1-03
Fire and Electric Shock UL 60950-1:2003
EN 60950-1:2001
N Allegre MicroSystems, LLC 2
Allegro- e i,
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kKVRMS Isolation and a Low-Resistance Current Conductor

Functional Block Diagram

Vee
(Pin 8)

Hall Current
Drive

1P+
; Sense Te I{
Ll Coefficient Tim
P+ | — J\ VW
(Pin 2) 3
1 5% | aan 7
1 o= Signal b AA—s viouTt
i E % > Recovery A " i : (Pin 7)
I =0 i
(Pin 3) ° I i
| = L 0.1pF
(Pir!F:i_) 0 Ampere ! -
| Offset Adjust |
| i
I i |
1 e 1
] ]
1 I
I___.________________________-_.______ oo S N L\ o e 0% W ______BW 1
FILTERI
{Pin 6)
Pin-out Diagram
1P+ [1] [8] vee
1P+ [Z] [7] viouT
IP- [3] [6] FILTER
P [&] [5] GND
Terminal List Table
Number Name Description
1and 2 P+ Terminals for current being sampled; fused internally
3and 4 IP— Terminals for current being sampled; fused internally
5 GND Signal ground terminal
6 FILTER Terminal for external capacitor that sets bandwidth
i VIOUT Analog output signal
8 VCC Device power supply terminal
Allegro MicroSystems, LLC 3
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Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

ACS712

COMMON OPERATING CHARACTERISTICS" over full range of Ty, Cr = 1 nF, and Ve =5V, unless otherwise specified

Characteristic | Symbol Test Conditions | Min. | Typ. | Max. | Units
ELECTRICAL CHARACTERISTICS
Supply Voltage Vee 4.5 5.0 55 \
Supply Current e Vee = 5.0V, output open - 10 13 mA
Output Capacitance Load CLoap | VIOUT to GND - - 10 nF
Output Resistive Load Rioan | VIOUT to GND 4.7 - - kQ
Primary Conductor Resistance | Rpgmary |Ta = 25°C - 1.2 - mQ
Rise Time t; lp = lp(max), T4 = 25°C, Cqr = open - 3.5 - Hs
Frequency Bandwidth f =3dB, T, =25°C; |n is 10 A peak-to-peak - 80 - kHz
Nonlinearity Eun Over full range of Ip - 1.5 - %
Symmetry Esym Over full range of I 98 100 102 %
Zero Current Output Voltage Vioutiq) |Bidirectional; I, =0 A, T, = 25°C - VS_C; - v
Bower-On Tifme oo g):l;z:;;:aaargr;es 90% of steady-state level, T;=25°C, 20 A present A 35 _ 1is
Magnetic Coupling? - 12 - GIA
Internal Filter Resistance® Regn) 17 kQ

Device may be operated at higher primary current levels, Ip, and ambient, T, and internal leadframe temperatures, T,, provided that the Maximum
Junction Temperature, T (max), is not exceeded.

21G=0.1mT.
Re nm forms an RC circuit via the FILTER pin.

COMMON THERMAL CHARACTERISTICS!

Min. Typ. Max. Units

Operating Internal Leadframe Temperature | Ta [E range —40 - 85 °C
Value Units
Junction-to-Lead Thermal Resistance? Rgy.  [Mounted on the Allegro ASEK 712 evaluation board 5 °C/W
Junction-to-Ambient Thermal Resistance Bl Mounted on the Allegro 85-0322 evaluation board, includes the power con- 23 “CW
sumed by the board

1Additional thermal information is available on the Allegro website.

2The Allegro evaluation board has 1500 mm2 of 2 oz. copper on each side, connected to pins 1 and 2, and to pins 3 and 4, with thermal vias connect-
ing the layers. Performance values include the power consumed by the PCB. Further details on the board are available from the Frequently Asked
Questions document on our website. Further information about board design and thermal performance also can be found in the Applications Informa-
tion section of this datasheet.

gamm ll i Allegro MicroSystems, LLC
p e m"'. 115 Northeast Cutoff
ﬂ 4 .‘g Worcester, Massachusetts 01615-0036 U.S.A.
up MicroSystams, LLC 1.508.853.5000; www.allegromicro.com



ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

x05B PERFORMANCE CHARACTERISTICS' T, =-40°C to 85°C, Cr = 1 nF, and V¢ = 5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip =5 - § A
Sensitivity Sens Over full range of Iy T, = 25°C 180 185 190 mV/A

, Peak-to-peak, T, = 25°C, 185 mV/A programmed Sensitivity, B
el Vnoiseer) Cr = 47 nF, Cqyt = open, 2 kHz bandwidth - &l v
Ta=-40°C to 25°C - -0.26 - mv/°C
Zero Current Output Slope AV
Gk OUTQ) [T255°C 1o 150°C — [ 008 | < mVI°C
—_ T,=-40°C to 25°C - 0.054 - mV/A/C
Sensitivity Slope ASens
T,=25°C to 150°C - —-0.008 - mV/A/I°C
Total Output Error? Eror lp=t5A T,=25°C - 1.5 - %

Device may be operated at higher primary current levels, Ip, and ambient temperatures, T,, provided that the Maximum Junction Temperature, TJ(max],

is not exceeded.

2Percentage of Ip, with I, = 5 A. Output filtered.

x20A PERFORMANCE CHARACTERISTICS! T, =-40°C to 85°C, C: = 1 nF, and V¢ = 5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range lp -20 - 20 A
Sensitivity Sens Over full range of I, T, = 25°C 96 100 104 mV/A

; Peak-to-peak, T, = 25°C, 100 mV/A programmed Sensitivity, B
hals VNOISE(PP) (| G-= 47 1F. Gy = open, 2 kHz bandwidth r I i
T,=-40°C to 25°C - -0.34 - mV/°C
Zero Current Output Slope AV,
FRESICE OUTQ) 1 T7=36°C 1o 150°C g ¥ 2 mVIC
. Tp=-40°C to 25°C - 0.017 —- mV/A/°C
Sensitivity Slope ASens
Ta=25°C to 150°C - -0.004 - mV/AI°C
Total Output Error2 Eror lp=£20A, T, =25°C 2 £1.5 = %

'Device may be operated at higher primary current levels, |, and ambient temperatures, T, provided that the Maximum Junction Temperature,

T,(max), is not exceeded.

2Percentage of I, with I = 20 A. Output filtered.

x30A PERFORMANCE CHARACTERISTICS" T, = -40°C to 85°C, C¢ = 1F, and V¢ = 5V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -30 = 30 A
Sensitivity Sens Over full range of Iz, T, = 25°C 63 66 69 mV/A

2 Peak-to-peak, T, = 25°C, 66 mV/A programmed Sensitivity, B _
i VNOISEPP) |G, = 47 nF, Coyy = open, 2 kHz bandwidth 3 ki
T,=-40°C to 25°C - -0.35 - mV/°C
Zero Current Output Slope AVouT(q) TA*' T G — -
A=25°Cto 150°C - -0.08 - mV/°C
G To=-40°C to 25°C - 0.007 - mV/A/FC
Sensitivity Slope ASens A - . =
Ta=25°C to 150°C - -0.002 - mV/A°C
Total Output Error? Etor lp=+£30A, T, =25°C - +1.5 - %

"Device may be operated at higher primary current levels, |, and ambient temperatures, Ty, provided that the Maximum Junction Temperature,

T,(max), is not exceeded.

“Percentage of I, with I, = 30 A. Output filtered.

ccdllegro-

MicroSystems, LLC
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AC S71 2 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Characteristic Performance
Io =5 A, unless otherwise specified

Mean Supply Current versus Ambient Temperature Supply Current versus Supply Voltage
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Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 KVRMS Isolation and a Low-Resistance Current Conductor

ACS712

Characteristic Performance
Ip = 20 A, unless otherwise specified

Mean Supply Current versus Ambient Temperature Supply Current versus Supply Voltage
9.7 104
| ) ‘
10.2 A
9.6 7 \ P
g 95 \ T 10.0
] ﬁ/l Vee=5V | \ Eu %8
P ={ et N B, =
/
8.3 T 9.4
/
9.2 9.2 !
| | . |
-50 -25 0 25 50 75 100 125 150 45 46 47 48 49 50 51 52 53 54 55
Ta (°C) Vee (V)
Magnetic Offset versus Ambient Temperature Nonlinearity versus Ambient Temperature
0 I 1 0.35 |
_?z 0.30
:1 5|+ S a8Jp2s L
T a0 [ \ T~ 3 s
E 2 5 0.20
3 -25 {Vec =8 Vilo=0A, | ur
L w‘ﬁﬁ_glf_ﬂ{ioﬂ_wi% 3
-35 0.10
—4.0 | ] |
—45 | | 0.05 i
-5.0 | L 0 3
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
Ta (°C) Ta ("C)
Mean Total Output Error versus Ambient Temperature Sensitivity versus Ambient Temperature
8 100.8
i T 4 Py
6 i 100.6 LT
4 - | 100.4 /1 3
z 1002 / : N
- 2 ! £ ; P N
2 £ 1000
5 0 — = 4 |
ur = 5: 09.8 / 1
-2 i 996 T
—4 T 90.4 / i
-6 | { 99.2 [ W‘
-8 L 90.0
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
Ta(°C) Ta (°C)
Output Voltage versus Sensed Current Sensitivity versus Sensed Current
5.0 - T T 110.00 —
45 — ! 1 l | 108.00 Ta (_i)o
4.0  — 106.00 53 5
35 | Ve=5V ] e _ 104.00 *= s
s 30 ‘ ‘ £ 10200 -~ 150
5 28 TA(C) £ 100.00
-  —40 ——
= 20 T Ta — & 800
1.5 - 25— 96 00
1.0 - 85 — 94.00
0.5 ] - M2l 92.00
0 ) [ [— | 80.00
-25 -20 -15 -10 -5 O 5 10 15 20 25 -25 -20 -15 -10 -5 O 5 10 15 20 25
Ip (A)
Ip (A)
0 A Output Voltage versus Ambient Temperature 0 A Output Voltage Current versus Ambient Temperature
2525 0.25
2520 \\ 0.20 \\
2515 AN 0.15 AN
¥ \ I I _ \ =
2510 lo=0A 0.10 lp=0A
E ‘\ ikl < ‘\ 1 J
g 2505 g 0.05
j 2500 3 0 ~—]
2495 =0.05
—~——]
2490 [ —0.10 ~—
2485 -0.15
-50 -25 0 25 50 75 100 125 150 -50 -25 [+} 25 50 75 100 125 150
Ta (°C) Ta (°C)

TS = Allegro MicroSystems, LLC 7
lle m'". 115 Northeast Cutoff
’ " i Worcester, Massachusetts 01615-0036 U.S.A.
1) |‘g
LIl

MicroSystems, LLC 1.508.853.5000; www.allegromicro.com



ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Characteristic Performance
Ip = 30 A, unless otherwise specified

Mean Supply Current versus Ambient Temperature Supply Current versus Supply Voltage
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Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kKVRMS Isolation and a Low-Resistance Current Conductor

ACS712

Definitions of Accuracy Characteristics

Sensitivity (Sens). The change in device output in response to a Accuracy is divided into four areas;
1 A change through the primary conductor. The sensitivity is the
product of the magnetic circuit sensitivity (G/A) and the linear
IC amplifier gain (mV/G). The linear IC amplifier gain is pro-
grammed at the factory to optimize the sensitivity (mV/A) for the
full-scale current of the device.

e 0 Aat25°C. Accuracy at the zero current flow at 25°C, with-
out the effects of temperature.

e 0 A over A temperature. Accuracy at the zero current flow
including temperature effects.

* Full-scale current at 25°C. Accuracy at the the full-scale current

Noise (V . The product of the linear IC amplifier gain
ise (VNoise) P i p et & at 25°C, without the effects of temperature.

(mV/G) and the noise floor for the Allegro Hall effect linear IC
(=1 G). The noise floor is derived from the thermal and shot e Full-scale current over A temperature. Accuracy at the full-
noise observed in Hall elements. Dividing the noise (mV) by the scale current flow including temperature effects.

sensitivity (mV/A) provides the smallest current that the device is

Ratiometry. The ratiometric feature means that its 0 A output,
able to resolve,

Viout(q)y (nominally equal to V/2) and sensitivity, Sens, are

Li"earity_(E{-IN)j The degree.to which th? voltage output from proportional to its supply voltage, V. The following formula is
the IC varies in direct proportion to the primary current through

its full-scale amplitude. Nonlinearity in the output can be attrib- REAR Hef{ g she (atiometric chaighin 0 A output voltage,

uted to the saturation of the flux concentrator approaching the AViour(Qirat (%o)-
full-scale current. The following equation is used to derive the ( Viourvee / V[OUT(Q)SV)
S 100
linearity: Vead5 V
A gain x % sat (Viout_full-seal = Viout(0)) f . . ;
100 Il( 2 : el i) The ratiometric change in sensitivity, ASensg 47 (%), is defined as:
2 (Mout_half-scale amperes ~ Yiout(q))
Sensyce ! Sens
where Viout full-scale amperes = the output voltage (V) when the 100 (_.‘_/L_i)
sampled current approximates full-scale +I;,, Vagl5 ¥

Symmetry (Egyyy). The degree to which the absolute voltage
output from the IC varies in proportion to either a positive or
negative full-scale primary current. The following formula is
used to derive symmetry: ‘Tmmsm, Vo)

Output Voltage versus Sampled Current
Accuracy at 0 A and at Full-Scale Current

Accuracy
Over ATemp erature

Viout_+ full-scale amperes = ViouT(q)

100

Viout) —Viout_—full-seale amperes Accuracy
25°C Only

Quiescent output voltage (Vigy(q))- The output of the device

when the primary current is zero. For a unipolar supply voltage, g :
it nominally remains at V-/2. Thus, V- =5 V translates into Accuracy
Viour(q = 2.5 V. Variation in Viour(g) ¢an be attributed to the P /
resolution of the Allegro linear IC quiescent voltage trim and ‘ .

Accuracy &

thermal drift. 25°C Only v

Ip(min)

Electrical offset voltage (Vo). The deviation of the device out- | 4 | v i - 1)
put from its ideal quiescent value of V~-/ 2 due to nonmagnetic ‘ b7 Falsare o
causes. To convert this voltage to amperes, divide by the device ; /’

sensitivity, Sens. / oA

Accuracy (Epgr). The accuracy represents the maximum devia-
tion of the actual output from its ideal value. This is also known
as the total output error. The accuracy is illustrated graphically in ! Agoursey.

the output voltage versus current chart at right. _—

Over ATemp erature

Decreasing V. (V)
r

Jammn ll = Allegro MicroSystems, LLC 9
inmmuf; e m"’ 115 Northeast Cutoff
==-ﬂ 4 “g Worcester, Massachusetts 016_15-0036 U.S.A.
mmy MicroSystems, LLC 1.508.853.5000; www.allegromicro.com



ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kKVRMS Isolation and a Low-Resistance Current Conductor

Definitions of Dynamic Response Characteristics

%
Veeltyp.)— +— — —,,-V-‘:-C- --------------------
! Vour

; ; ; 90% Viour —
Power-On Time (tpg). When the supply is ramped to its operat-
ing voltage, the device requires a finite time to power its internal
components before responding to an input magnetic field. Vel

min.) —|

Power-On Time, tp, , is defined as the time it takes for the output o teo

voltage to settle within +10% of its steady state value under an

applied magnetic field, after the power supply has reached its {y= fitme: st whlich power supgly resciies

minimum specified operating voltage, Vc(min). as shown in the minimum specified operating voltage

chart at right. t,= time at which output voltage settles

within £10% of its steady state value
under an applied magnetic field

- —_— -
0 #t
Rise time (t,). The time interval between a) when the device - Py G
reaches 10% of its full scale value, and b) when it reaches 90%
of its full scale value. The rise time to a step response is used to
derive the bandwidth of the device, in which f(-3 dB) = 0.35/t..
Both t, and trpsponsg are detrimentally affected by eddy current 2= e o
losses observed in the conductive IC ground plane.
:"'—'—I'—- Rise Time, t, k
Power on Time versus External Filter Capacitance Step Response
) - . -
180 } [ L1 - T,=25°C
160 Ip=5 A
140 A e o
£ :gg = | L p=0ATL] AT
g 80 P o '
~ 60 =
40 ‘
oL ‘ L —— Output (mV)
0 10 20 30 40 50
Cr (nF)
Noise vs. Filter Cap
St Noise versus External Filter C 15 A . .
Excitation Signal
_1000 EE——
g 11 o - I{{Hi\
y.:- T T M 4 Dps 1250
E 10 A hs/..zjév'i B0nsipt
Rise Time versus External Filter Capacitance Rise Time versus External Filter Capacitance
1200 180
Ck (nF; t, (us
- 4 F (nF)  (us) 160 3
/ Open 3.5 140 /
_. 800 1 58 120 /
w [%]
= | —  Expandedinch i 4.7 17.5 4 100
= 600 xpanded in chart at right 22 735 = g //
4Of==========cccom—aas 47 88.2 60
I : / 100 291.3 40 2
200i 220 623 20 .
_A———‘/
O-HE—EHZ‘_/_J L _M’.DL 0 = .
0.1 1 10 100 1000 0.1 1 10 100
Cr (nF) Cr (nF)
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AC 871 2 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 KVRMS Isolation and a Low-Resistance Current Conductor

Chopper Stabilization Technique

Chopper Stabilization is an innovative circuit technique that is the filter. As a result of this chopper stabilization approach, the
used to minimize the offset voltage of a Hall element and an output voltage from the Hall IC is desensitized to the effects
associated on-chip amplifier. Allegro has a Chopper Stabiliza- of temperature and mechanical stress. This technique produces
tion technique that nearly eliminates Hall IC output drift induced ~ devices that have an extremely stable Electrical Offset Voltage,
by temperature or package stress effects. This offset reduction are immune to thermal stress, and have precise recoverability
technique is based on a signal modulation-demodulation process. after temperature cycling.
Modulation is used to separate the undesired DC offset signal This technique is made possible through the use of a BICMOS
from the magnetically induced signal in the frequency domain. process that allows the use of low-offset and low-noise amplifiers
Then, using a low-pass filter, the modulated DC offset is sup- in combination with high-density logic integration and sample
pressed while the magnetically induced signal passes through and hold circuits.
Regulator
o0
| Y : GlockiLogic
] iy Low-Pass
Hall Element |  \«gh-:o--- N : ..... A = Filter
i =
PEESIGHSED ) g PR ™
>< : Amp ag =
© >
| o
|

Concept of Chopper Stabilization Technique
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Typical Applications

BV

5V
i Vi T
i i
BYP 0.1 uF
0.1 pF [ VRESET I

Q1
2N7002
1 vce
> 1P+ K e, VCC 3 Vour
1P+ VIOUT 2 —0
P+ VIOUT
Ip ACST12 | ct
ACS712 1
3| p_ FILTER ’ — 1000 pF
4 3 \p_ (FILTER
IP-
GND 4 p_

GND

Application 3. This configuration increases gain to 610 mV/A
(tested using the ACS712ELC-05A).

+6V

o .
E%YPF _.|_ R1
d < I 33k0

R2
g | 100 k0
D1 Yips  VEC 3 =
Vour 1R Acto-D 2|p+ VIOUT T
Converter
iz ACST712
3l\p_ FILTER

IP=

%
2ips viouT |
B ACST12

3 FiLTERE—_L

IP-

GND

GND

D1
1N914

Application 4. Rectified Output. 3.3 V scaling and rectification application Application 5. 10 A Overcurrent Fault Latch. Fault threshold set by R1 and
for A-to-D converters. Replaces current transformer solutions with simpler R2. This circuit latches an overcurrent fault and holds it until the 5 V rail is
ACS circuit. C1 is a function of the load resistance and filtering desired. powered down.

R1 can be omitted if the full range is desired.
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Improving Sensing System Accuracy Using the FILTER Pin

In low-frequency sensing applications, it is often advantageous
to add a simple RC filter to the output of the device. Such a low-
pass filter improves the signal-to-noise ratio, and therefore the
resolution, of the device output signal. However, the addition of
an RC filter to the output of a sensor IC can result in undesirable
device output attenuation — even for DC signals.

Signal attenuation, AV, pr, is a result of the resistive divider
effect between the resistance of the external filter, Ry (see
Application 6), and the input impedance and resistance of the
customer interface circuit, Rpyppe. The transfer function of this
resistive divider is given by:
l RinTRe

AVarr = Hoffrffs— =
R + Rintrc
Even if R and Ryyppc are designed to match, the two individual
resistance values will most likely drift by different amounts over

temperature. Therefore, signal attenuation will vary as a function
of temperature. Note that, in many cases, the input impedance,
Rintecs of a typical analog-to-digital converter (ADC) can be as
low as 10 kQ.

The ACS712 contains an internal resistor, a FILTER pin connec-
tion to the printed circuit board, and an internal buffer amplifier.
With this circuit architecture, users can implement a simple

RC filter via the addition of a capacitor, Cy (see Application 7)
from the FILTER pin to ground. The buffer amplifier inside of
the ACS712 (located after the internal resistor and FILTER pin
connection) eliminates the attenuation caused by the resistive
divider effect described in the equation for AV 1. Therefore, the
ACS712 device is ideal for use in high-accuracy applications
that cannot afford the signal attenuation associated with the use
of an external RC low-pass filter.

S
Application 6. When a low pass filter is constructed
externally to a standard Hall effect device, a resistive
divider may exist between the filter resistor, R and
the resistance of the customer interface circuit, Ryyreq.
This resistive divider will cause excessive attenuation,
as given by the transfer function for AV,
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Application 7. Using the FILTER pin |
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Package LC, 8-pin SOIC
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—-'! 0.25 BSC A PCB Layout Reference View
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A Standard Branding Reference View

For Reference Only; not for tooling use {reference MS-012AA) N = Device part number
Dimensions in milimeters T = Device tamperature range
Dimensions exclusive of mold flash, gate burrs, and dambar protrusions P= Package Designator
Exact case and lead configuration at supplier discretion within limits shown A= Amperage
. L = Lot number
& Terminal #1 mark area

Belly Brand = Country of Origin
A Branding scale and appearance at supplier discretion
Reference land pattem layout (reference IPC7351
& SOIC127P600X175-8M); all pads a minimum of 0.20 mm from all
adjacent pads; adjust as necessary to meet application process
requirements and PCB layout tolerances
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kKVRMS Isolation and a Low-Resistance Current Conductor

Revision History

Revision Revision Date Description of Revision
15 November 16, 2012 Update rise time and isolation, |5t reference data,
patents
16 June 5, 2017 Updated product status
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