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ABSTRACT

This article proposes an alternative design and implementation of single
phase bi-directional power full-bridge converter. Switching scheme of this converter
consist of 4 switching states. As a result, unipolar PWM waveform at the coupling point
of a converter and utility can be archived. Furthermore, switching scheme proposed
improves efficiency of a converter by reducing switching frequency of the specific
switches. The prototype designed to transfer power of 2 kW at 400 V DC-link and 220
V 50 Hz utility. Transferring will be controlled using hysteresis current control
implemented on a dsPIC30F4011 DSC and analog circuits. Unity power factor and less
than 10% total harmonics distortion could be expected.
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2.1 nwfinugrunisdesnamdsiniia
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VINATIUATICUNUNIALADINITNINIUNY 2 IVIJJF] lﬂaﬂlﬂﬂﬂqt}ﬁﬂ'ﬁﬂqﬂﬂ'}ﬂ\ﬂwﬂ']

FemINA 2 Ua uwlSeudisulmdugsi

BUS 1 2 BUS 2

| 212 e A "
Lseg— I |
+
7=v| 8 (LI Y 5

I L

l__

< 18w ' )
JUN 2.1uaminsaeidalvitisendng 2 Ua wasimaweslassunsy

oy € o o o o ar 4 d‘
lumsliasinisivavesiidalwi Inaiifiemumislvavesnseuauazinadlihougud 2,13,
Wutiledlaesunsuunuszuuderdlriissnineda 1 fut 2 wasiiisuftunudvssansdaiiy

Z=R+jX sivagszwitatavivans Jediaunisnisiinseiasalud

SIZ=P]2+jQ12 =V;(I.) (21)
8, = B+ Jjo,, = Vz(“_I.) (22)
r=4=F (2.3)



g S, =Ae Mmdslwiswilwasnta 1 luda 2

8, =fe ddsliihsuitinainda 2 Tuda 1

B,  =fe mdslwihusingitluasinta 1 luda 2
Py =fe mddlwihusingitwainda 2luda 1

0, =fe Mmdtwiadeuitlvasinta 1 't 2
O, =fe mddlwinadeudilvasinda 2 Tudal
V1.V, =fe ussiulwihitda tuasia 2 aardsu
I =Aa nszudlwihitlwaanta 1 luda 2

Z  =fe duliupudvasaneds

naumsi (1) uaz (3) 1

_Iwl -l <6,-4
R iX0

S\ (2.4)

nwualv 6 -6, =6

le & Aeyuuwnieiueaia (Power angle) Fufususamafusemiusdulninidecasld

3

o

aunTseatl

1 :
Ba =y RIF] =Rl |l cos s+ X5 sins) 25)

1

=57 Xl =X s cos s— X ]| sin 5 2.6)

O, =



TuvhusaReny
1 "
P =i RIVI = RW| W] cos s —x |77, |sin 5) e
1 ”
0, = e KA = X WiPafcos s+ X[ sino) )

Falaeviall X>>R

By ‘V’JI\I,Vz'sm(s (2.9)
2

o i 1 A P (2.10)

F =—'V'y:;'sin5 (2.11)
2

@/, & llZA“TP/L”LJ(:OS&' (2.12)

- al R w o o o ] o o w oo o |
NFUN 2.1 ieassnisamasinihaintan 1 ldad 2 vieantariassludadai 1 lunisds

o w & < o =
sl annsonezldisnvaugm damaunisit aaunsi ©) was (11)

2.1.1 vdnnismsmuguasasulasiiuiindsrlvald 2 fevng Tunismuaunis
tﬁﬁlaulwﬁ'mizuaaé’u’[.ﬁl,ﬂu‘lﬂﬁﬂnizuamﬂﬂul'ﬁ"m1aﬁm'&'{wumaunas’maiwmgﬂﬁ 2.2 18
wasily Vslidu vde uazasasdeulvinssuaasulfiulwnssuansadniasiannsasnssu
wsssibigsdilsuasdiannsoftosdiannsafiavdserdsiiidlsosimmnemmamdnmsils

Unausdnruuaziloliasisindnnsnisdssiamidlnivesadndinusnsuesnes
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o {t} 4
lg:_*j = 3
AC i vde
{3 4
" A

o o o as ' v
UM 2.2 yesaindlvaumeunesinesdmiunmadoulaaunisivi (AQ)

=

NNFUN 2.1 annsaiivsdeuiasauyalddoguil 2.3 Tumsiinsisinnsivavearidsiniisewing

w o v . 1 w o o o E @ 1
2 U SaUszneuseunaeiededuvatlneai 1 fia Vs uasladiaesde Veonvl Asnandlugun

2.3

Is VL

+

AC Dccp
Vconvl

€al

a P o w s
Ui 2.3 29sauyavesaindlvunneunesinesiidiiomas 2 Ua




(n)

N
&
QO
Vi
180 ﬂ
—ls , J-
Vs

(1)

(R)

= al ¢ a «
3UN 2.4 n1sisedlWs wazn1sdunesines
(Mwaweslnazunsuialy
(W)8UIasens PF = -1

(ALSadlWd 7 PF = 1
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o a « ¢4 o - ¢ o
NNFUN 2.3 Wasanyaresaindinuaneunesinesilatiniiessinsnamefiuaisaboy

v o = ) a & P ¢ A o a ¢
asagud 3.4(n) Fuldumawesilaezunsuialuvesaindlnunreunefnefimesilothudins ey

o

NNALRAERSALI T BUANNT LRI

v =V

5 convl

+v;

A o o I Y a a o v
diatwuald ¥V, Wugdleiuazidudidneds wansanfiasdlsznauyagiuazlain

Cshud?:

V,=jwLlI,

V. SI(=0)=V__ sing (2.13)
V.-V, sin@=V__ sind (2.14)
¥, cos(90° —0) =V, sin@ (2.16)

N 2.4(n) aslén

V,cos@=wLI cos@=V,  sind (2.17)
vsin@=wLl sin@=v —-v__ cosd (2.18)
VINEun1s 2,17 uay 2.18 aunsadnguaunstmdléiad
Vi SIDE
I, cosf=—eml__— (2.19)
wL,
: Pk Cos
I, sinf=——coml (2.20)

wL,
N

P=VI cosf (2.21)
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Q=VI,sind
(2.22)
Waung (2.19) unuluaunis (2.21) uazaunis (2.20) unuly (2.22) azle

Real Power

- V.;(I/amvl Sm 5) o Vz.: (V.-:onvl Sin 5)
wL, wLV.

P (2.23)

Reactive Power

V.V, =V, .c0s8) V> (¥,-V._  cosd)
B B cony &L FA | convl

(2.24)
wL, wLV,

o

2.1.2 Mode Rectifier faslviiness (P) figninsanumdssne (AC) Tud

Converter wiserindalwihaSailvanntal Wea 2 (P,) A
B, =V.I cosf (2.25)

dla ¥, cos@=wL I

T 8l

cos@=V_  sinf quls

p_ VlVemlsing) _ 72, sin0) _ (¥|[V,}sins)

(2.26)
X% wL V. X,

o as

mdslwinadiouninreannumasing (AC) WU converter viaraalwinaiiouitlwasnia 1

gaia 20,,) Ao
Q,=V1Isinf (2.27)

e V,-wL sin@=V__ cosé qazlg

vl

P Wensloosd) - Wildeos)

Ky wL

0y (2.28)
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N vs = vL +vcanvl
'5 v -V
asuu I, =—2—comt (2.29)
iwlL

2.1.3 Mode Inverter

Pu==8,
z ¥ oy
WSIzaLY I =—coml s
iwl,

=l <l o e 3 o o o <l o’ & =
MNMSUSBUMsULALTIATIHI AW 1Y 2 nantsvhen Tuwgud) 2 Wa Wusden

H o <l o % a &
AUNTTALAR wzaviuaumsmhlvldnmunuaindlmanouiiefinesie

P=V]I  cosd (2.30)
p VlWVenlsin®) _ v2(0,,,5in0) _ (¥|¥]sin ) (2.31)
XL WLSV: XL
Q]Z zVst sinﬂ (232)
L Wmiloosd) _ (2= feos o) (2.33)
XS e 2.3
wla
M —)
1' =S convl .34
s (2.39)

5

asdulumsmuguUinumadlwihiiddedoninismuaunssua 1, Tagld

¢ =

uwallave Adaptive current control 1auAy Tunsinuvesaindluunreunedines Gosdl

'
ar ] a

| a a 4 2 Y §o i o w o & et a ° o
nsmuAuANREInduielimnziunsdaafdalni dafuSedinudduediediitnns

o
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a d o - 3 d o o - &
sanuuusmwiisilunssaindlvunreunesinedienuumnsaufuszuy lunisiadieg
InunAsuniasimefutuszyndldlivainvatsuin dafedragu lunsiusausimesuuy
Regenrative Maalwvilwanitu Converter uuu Reverse fidafuszuunsingiids wdseuaay
NUTNIRELEY Motor waglvan axAsuguidundamiluiuasivadoundugnsinilagld
Switch-Mode Converter saugiivinaluluuasailng wdanuaglvasndau AC lusadu De

o o - [ [ ar v o Y
wazvaszivhrululmindunesines ndsnusrinanndu oe ludswnu AC lumsmununs
Inavasmdsauiy wliiinsmugunszualiiduianioemiiaiuussiutasidnisaiunu

nszuadaliuuAuwneivawesiidTinaniisdnse

2.2 NM13AVANNTEUARIEITTanaTIda

o I3 ol -l £ % o = & o v ac
WITAIIVIAOULIBTMBTAT-18% 1Y IGBT nsaindsiuau 4 69 TW/nsAIuAN
ApUNTEUAd 9B WA NTaUABaRe S ITaULshMIUINAMUN B ame S Tatuns LS 9B
WaTATNTBULYN FalnDTITaa1rENITIINTELEASNBEUAIINNS N BanesaTa auNAnIsLA
v a = df L3 u': ) a =l a -l ol ol U v LY
onduliuguaduledainiuinssuasiaunfFauiisuivveurndaneisdaas duvitunsud
a = falal 1 LY o ¢ g = = | 1 w
INYUVDUIIATALABITVAA) dyauaing G1, G4 deavasuantuzidu 1 (ON) wadiliiviniy
nmaisuiisunszuasiaiurauls Sawmesivavy Sty (hsTuaaruTeurEdne i5e
") a & o e % ) =
auw) dygnaieing G1, G4 sisaasu anuzilu 0 (OFF) widthildvaesnsdl (nseuasieagly
vauLYe Bawmeiida) inanusdygaaing 61, 64 13 minnszuaunisdnaaeslddyga

o oa <o & ) O - o
AuuanduiiluaauRu IGBT 1 4 # (G1, G4 mseduiu G2, 63) audaulalumsait 2.1 uay

UM 2.5 uansguuuunmisaindudsesnitu 4 uuuu

o - a ¢ s 3
A19719M 2.1 N'E)Ul?lﬂ']'iﬂ?ﬂ“ﬁ'ﬂ'ﬂ#ﬂﬂﬂﬂ'ﬂiLﬂ (k]

Mode 1 | I, >0,di,/dt>0uaz V, =V, +V,
Mode 2 | I, >0,di. /dt<0uaz V, =—V, +V
Mode 3 | I <0,di /dt<0uas V, =V, +V,
Mode 4 | I <0,di, /dt>0uaz V, =—V, +V,




NMaode 1

Maode 3
a3

Mode 4

G2

t ]
nNISNaN 1984
NIzuanse

Gl, G4

sUTl 2.6 dyanunszuasneduarduannaing
3 -6 dauy & saey

o v o a o - a v
MNUT 2.6 uldfeudaindlingi Tnannsemeuiggalunisaindldann

_ 025V,

2.1
T (HB)L e

16
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&l ' | ar a1 i W -’i 4 - ﬂdv 1o
INAUNTA (1) Wuhvaeiussulinsaiinae AtuATINgEalunIEInIuediuruinves
o | ) v = o a way 1 [y < ° '
wnilenh () waznunindanesida (HB) Fdumefiiliannsaldmmidsniuazenig

i Bawmeii¥arudnunneg 16 wsgagibirudainiguiviitavesgunsalaimdbume

Widgunsalaivdiianudeme

2.3 mimuauuuulaundu
1) fAIUANIUUN (Proportional Controller)
2) fMAAULUUBUTinga (Integral Controller)
3) MsAIUANUUUBYWUS (Derivative Control)
4) dhmuguuuudaduInduiinda (Proportional plus Integral Controller)
5) mupuuuudadnuinduiindauineyius (Proportional plus Integral plus

Derivative Controller)

2.3.1 M3muAuLUUdEAdIU (Proportional control, P-control) NISAUANTEUU
wuudaundulaslédimuguuuudadiuiu yqgiuniua ) sdudadiu Tnonsaiusn
ar = A - J 1 1 al v = s I3 d

Yy Aiiamatn (e) Minanrasiesewinddygrussdaiudygaevivmees ssuui

v ) o v =
ABINSAIUAN UHUNWUABNYBITIATUANLULARGIULER AR UT 2.19

E(s) 0 K U(s)
y 4

A o o 1
JUN 2.7 maupuuuudndiu

u(®) = K e(t) W8 &, wuiiiumdnsivesvesimuauiniowsdoninnudndiu Usslovves
InIuAULUUFRdIU (Proportional Controller) AaanfiAr1uAanatnvasszuy Tng awasa

nevaussiuAdya I LRananataTiuiivile
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o

2.3.2 M13MIVANUUVBUTINTS (ntegral Control) n13AauANUUUEUTntG i
- < & = ) a a w
pAU ST u(t)=K,Ie(t)dtﬂE! e Kl ABAIAINYBIRIAIUAN UWUUBUANTA UNUNIWUABN

s - - ar s IJ
VRPIATUANLUUBUNNTA Ll?iﬂﬂﬂ\'.lzﬂ'ﬂ 2.20

E(s) K UGs)

S

d a = < s
JUN 2.8 mmunuwuuduinia

mﬂ-gﬂu:uun'lm'mfg:uuuué‘uﬁﬂ%’aﬁ%Lﬁu'i’ré’cyfmmmuqu u(t) efiAmnlnendygyiuaiu
P o1 d v oo ' v & Y Xa | e

Hawan e(t) Tandumudlumenduianamiuluudfiny iz hdygrunsaiualy
nStlYee nMImMuANLUUBUAnIatuediuAilusin (past value) ELwﬁauﬁuﬁamuquuuué’mﬁw
t.'l' =l!' 1 ar U as @l - - o d L2 1 a
Feastuagiuarlagliy U'isia-nﬁ-umm:m'mﬂuu.uuauwn-saﬁLwamaqm‘saﬂmmwnmwmm'lu
anuzegda lu 'uzu-'l.ma'mmm'nmuLanusmmm‘uuunavamuaammﬂmsﬂ'mﬂuu,uu
suiinfatizdunisiiusugy Tuiuszuureasa wu lunsdlszuududusiuiinis waziielas
AIUANLULBUTNGA (Integral Controller) wdrszuullounduasisuiuiiuaes

o

233 N13ATUANUUUBYWUS (Derivative Contron15AIuANLUYBYRYS §i

de(t) |

JUnuuauns Ae () =K, il KD AernAsitvasamunu uwuueywus drusnnudiesly

1 s as as d i v ar ar . lﬂ. =l L ar as L al
UAUMAUANAIBY LHu dsmnummuauuuudndiu falenindh muauuuudadiuuaniy
& o = L. ar 1 AR 1 @ o o a W
auusu3e (PD-controller) suansluguit 2.21 damuauuuudadinld saufuduiindaday
Senhimuauuuudadiuvaniuduiiniande (Plcontrollen) uasdlddauny wuudndiu

TuiuMAmuRNLUUBUTIniauasiInUANLUUBYRUS 138nd1 (PID-controller)

B0 K +K,s | L Uo

o
'U'V} 2.9 WJﬂ"J‘Uﬂ!JLLUUﬁﬁﬁ')u'i')Mﬂ‘UW}FI'JUﬁMLi.'UUiJu'MJﬁ
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ﬁ'JmUﬂuuuuauﬁ'uéﬁ%vﬁ?mﬁuﬁmmwu’w (damping) 'lﬁﬁ'mwuﬁﬁaqmﬂzmum uile
viilifssuuiiafosnmuiniu Tuvasidnifuas L‘VIU".]']ﬂfgEQ‘TmLEJ’l'VIW'.’WIElElﬂﬁ]'mWJﬂ'JUﬂJJLLUU
aqwuﬁmﬂuﬁmmmﬁmmmnmimaqﬁuéwaqammmmmwﬂwmﬂ Fathy drdeyamnany
ﬁmwamﬁﬁé’ww JUAIUNIN ﬁ'ngfgwmtmﬁwwﬁaanmmns‘hmuqnuuuauﬁ‘uéﬁwmmﬁau
(fluctuate) Aout1euin (esarnArnarudu (slope) vesdgyuinisidsuuvatudas

Aaudnan) sy szuumuauves s lifiadiosawle

£

2.3.4 fmmuauuuudadiuuanduiinfauuPiimuauilidunisyusaiugy

WUU P wasuuu |

%
U() =er(t)+—1—;—_!e(t)dt

wiasuduieituaaTouls

Ues) _

1__
26) Kp(1+ )

los K, iluswnsveredndiu

ey

I} 4298uiina (integral time)

' ' lal a0 1 yw a ' = ' = =
i Ky uay T (usiaaiiituiudnls daundunesdn T (Gundn Reset rate @avanads

d o a0 1 L ar 4;
Swundeouniinday yaupuAniiandy 2 whudenlaezunsumsaauquislugui 2.22

LT Ke(Tmisls | UG

_\r Tis(s)
Vdc(s

Transfer Fenl

<
3U# 2.10 vdenlaszunsunmsmuruuuile

2.3.5 snuAuuuuiiled (PID controller) firsansyuumuuuuuTa



Controller Plant

RG) 5\ E@) UGs)
G(s) >

C(s)
G(s) -

Ui 2.11 Fmusuuuuiiled (PID controllen)

PID controller Ussnausis 3 1viau Aia Proportion, Integral wag Derivative

de(t
M u(f)=K ,e(t)+K ,Ie(t)dt +K, —Z(;—l
e(t)=r(t)—c()
17 K]
wasawana awle:  U(s)= (KP+T+KDS)E(S)
2
T U(s) L (68 +£+KDS) - = Y U @
E(s) s s
2.4 Heanduanslay
2.4.1 Control scheme
.1512
Vdor G1
& I > _{1]_ NOT 162}
Discrete Relay Logical G2

PI Controller

Vvde Operator

[vs]

Vs

gﬂﬁ 2.12 Plant model



AU A V = rms YOIULTIPULNEITE

Vi) =2V sinw
L(f) = rms vasnssuauvasined t laq

[ =
Vi = ussduweenade

c

Vie®) = ussiuwreaniinan t laq

R, = mwsunulvan
C  =an

d o
L = ANUUUENN

alireunesines JUszavisniw 100% 9vle

V10 =5 2 Ccr2en+ a0 Valt)
L
WAENATS R 3 64 dl;t(t) V. (t)
2RVL0=CRY, ‘"4';(” AN
Take Laplace ZRLVSIS (S ) = CRLVd.:S K:c (S ) + zKichc (5' )

e

2R V.1 (5)=(sCR,V, +2V, V. (s)

Kfc (S) _ 2RLVs
L(s) (sCRV, +2V,)

Vee(8) _ 2RV,
I(s) (sCR,+2)V,

21
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2.5 g13luila (Harmonic)

ssuuliinluenms uarlsssanamnssy ssinsudlvdfussnaumds vie
AP F. iaifarszdvEnmlunsdnensuualviinlimiinan soufedaeyssvdnd i usigunsal
dailng #ildaadugunsaidianvseiind fevasihaaraderiluiia (Harmonic) Susrluszuy
huazay dewansevuiugunsaug saudediusey (Capacitor bank) fatfuisrazanyh
puFiniu andlude esluda Aedaudszneuvewsstuvionsuualwi i ldautuay endla
frasgnynidludnvasiudniuviesnnudildouey wu lulssmelne Tszuulwih 50

\B30d (Hz) FasnaviSenaudlniifiin ersludasusun 1 fatu

Demonstration of Pulse Current Wave Form

3rd Harmonic 180 Hz |
Sth Harmenic 300 Hz {

I / Fundamental 60 Hiz l

th Harmonic 420 Hz

o 80° 180° 270° 360°

o < a w ow
U 2138750l URUANY

- sTuiladusiuil 1 Arelwih 50 WBsad (1 x 50 Hz)

- n{lufinduduii 3 Adelvih 150 Bsad (3 x 50 Hz)
« ailuiladuduil 5 Aelvih 250 B3ad (5 x50 Hz)
- er3luilndudiudl 7 Avlnih 350 1Bsnd (7 x50 Hz)

WiSesq laidau

zuulwiwnlanaziisndluiindudusineg Ysvuiu unuszynsudy Anuniazieguintesy

iesla Tuegividnivgligunsaididnmseiladuilaln vauarvszasduiudieunsaleslsii

U
v

d319813lullnTu edursuuudeg ffe gunsalynedreiifiduvaineinnszuaadu (AQ)

nIzlanss (DC) viaudsannseuanse (DC) Wunsvuaady (AC) gunsaifnanandusaineens
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luila annsaglanaainviathevudgunsalinde % THD witlns Sedirunn figefiensluiinga

& =l cag v o Y v ' < < < - <

uanntl uiigunsalilivanmsnssuadnisannldam wu indeadeu inlemaoy wavduq 7

fiodndui adnenslullalddioduiy ssthilddrlutiegiy wiliansovanideensluaaldas
| o o ) v a da &

wazguasaivateq ageld Iwihinszuanss (00) Tunsviuieuaiu udesludafiiasy

= £ ' P ) 5 ' Y a R
WNYIVBIUATANANTENUBUY AU capacitor bank agalsvsldesurslutadaly

25 1A miisugdueiingy WIRTEW IEC uas IEEE Tramnuileuandus
flnd : %THD (Total Harmonic Distortion ) 1¥uAuansEfuAIRBUE fIBln Tnelfisuain
nsrdrusywin Asniiaesvemauindiddesvesdulisnausriueiinfurvesdilssneu
Auivdnyafisufuiosas Faavueneenitu Amufiounssuaeiueing uagA1AIY

WisuLs I uanIueiingn

ANANUREUNTELASISHaTNTIN

. ’i J’rz.ﬁ-(ms)
97HD, = 1= 100%

fi(rmr)
1 é’ ar & -
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3.3.2 Ripple voltage nvuaAn ripple voltage 1a8n31 1% 1 nAINSuWLST

ws9AU [1]:
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Vg ripple(t) = — sin(2wt) (3.1)
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Ca= N T 4 mF (3.2)
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dl v A o o
284 band = 0.5 A 970un® 2 alaaanumisniluleesiasidndy

_ _ 025Vge _  0.25(400)
"~ (HB)*(fmax) _ (0.5)(1000)

2 mH (3.3)
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TuIUvaen
) 1 2 3 4 5
Is(A) 1.40 2.08 3.08 4.03 4.84
THDI(%) 38.7 223 19.5 18.0 12.3
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P.F. 0.78 0.91 0.95 0.96 0.97
D.P.F 1.0 1.0 10 1.0 1.0
Vdc(V) 206.3 204.8 202.3 200.6 199.2
Idc(A) 0.40 0.67 0.94 1.21 1.49
Pdc(w) 84 138 191 243 297
Efficiency(%) 0553 92 Dh.5 90 90
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VAN
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Is(A) 1.30 2.03 3.05 3.78 4.71
THDI(%) 40.1 24.0 21.0 19.1 12.9
Ps(w) 120 200 280 370 450
P.E. 0.75 0.89 0.92 0.95 0.96
D.P.F 1.0 1.0 1.0 1.0 1.0
Vdc(V) 256.3 253.5 251 250.1 248.3
Idc(A) 0.45 QR 1.07 1.38 1.69
Pdc(W) L15 196 268 344 420
Efficiency(%) 95.83 98 95.71 J297 93.33
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Idc(A) 0.49 0.83 1.17 1.50 1.89
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Efficiency(%) 96.77 95.47 95.40 93.75 95.34
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vdc(v) 354.2 252.9 350.6 3495 | 3487
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Efficiency(9%) 95.38 96.36 94.10 91.11 90.6
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AudYagu) Aenseuagiueiindfiiianinnistiuas veanseuaniuaImnieves Band mniy

ufie %THDI avamas Aty Fadwali Pfaetiunuluse

o o al a
4.3 juadunszuduazusaiululuusiiailndds

“ Y - fa o Y
4.3.1 Uadunssuauasuiululnuniadlndads fusaiu v = 70,6V, Vref =

200 v liielnanvasnlnsuiy 1,2,3,4,5 viaam aua1nu

UH T Bl Time 5.008ns

7Ui 4.15 Afuussduuaznsuaiielvan 1 viaen Vref = 200 v THDI= 38.7%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div
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b

Wy

Lf*ylk"\v,,:’qm'\l.

Time S5.080ms W

7Ui 4.16 AduLTULANuAioluan 2 Maon Vref = 200 v THDI= 22.3%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div

Time 5.5000ms W

3Ui 4.17 Aduuseiuuaznsuaiiolvan 3 viaen Vref = 200 v THDI=19.5%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div
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e S.E880ms

Eﬂﬁ 4.18 ﬂﬁuuiqﬁuuﬁzﬂmmﬁdwam 4 viaan Vref = 200 v THDi=18.0%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div

Time 5,300ms w

3U 4.19 pAuusifusasnsuaiiolvan 5 vasm Vref = 200 v THDI=12.3%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div
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4.3.2 jUrdunszwauazu s ululunSARIWES Musas V = 100V, Vref =

250 v dieluanvasalnsiuu 1,2,3.4,5 naen augidu

Time S5.8008ms g-—S0

gﬂﬁ 4.20 ﬂﬁuu‘sqﬁu&ﬂznmﬂﬁﬂﬁam 1 viaam Vref = 250 v THDI=40.1%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div

;a;ﬂﬁ' 4.21 AAuuswuLaznsuailevan 2 uaem Vref = 250 v THDI=24.0%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div
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Time S.080ns o

Ui 4.22 Aduussfuaznsuaielvan 3 vasa Vref = 250 v THDI=21.0%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div

7Ui 4.23 pduussfulansuaielvian 4 vaon Vref = 250 v THDI=19.1%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div
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gﬂﬁ 4.24 pduussuLaznsuAilelvan 5 viaon Vref = 250 v THDI=12.9%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div

4.3.3 UpdunssuauazusasululuuaiSedlwads Ausewiu v = 120V, Vref =

‘d a o @l
300 v WelvanvaaalWs v 1,2,3,4,5 vaas auainu

Time S5.860ns o

3Ui 4.25 aduuseiunaznsuaielvan 1 uaom Vref = 300 v THDI=40.2%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div
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Time S.680mns o

7Uil 4.26 AduussTuLaznIuaiioluan 2 vaon Vref = 300 v THDI=28.8%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div

Time S.800ms O--200 .0,

“a:ﬂ“vdi 4.27 ﬂﬁuu‘iﬂﬁuuﬁzﬂ'ﬁ&ﬂﬁ‘&ﬁwaﬂ 3 waen Vref = 300 v THDI=20.9%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div
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Time 5.0988nms o500 .0

gﬂﬁ 4.28 pduusauaznsuaiielvan 4 waon Vref = 300 v THDI=20.4%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div

gﬂﬂ 4.29 ﬂ%‘luuidﬁuuasnmmﬁaham 5 vaea Vref = 300 v THDi=13.9%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div
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4.3.4 yundunszuauazussiululvunSARlWES Uiy V = 160V, Vref = 350

d o
v Wealvaavasalwduiu 2,3,4,5 vaan

Time 5.008ns o -500,

'gﬂﬁ 4.30 ARuusIuLaznsualiiolvan 2 vaan Vref = 350 v THDI=26.8%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div

7Ui 4.31 Aduusaduuaznsualelvan 3 waen Vref = 350 v THDI=25.5%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div
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Time 5.8000ms o-200

3Ui 4.32 Aduussiuasnsuaiielvan 4 viaon Vref = 350 v THDI=23.5%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div

Time S5.008ns W

3Ui 4.33 Aduussiuuaznsuaiiolnan 5 wiaen Vref = 350 v THDI=18%

Scale ;Voltage Prove; 50V/div ,Current Prove 10A/div
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GAllegro,

ACS712

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

Fea'h.lres and Benefits
Low-noisc analog signal path

20 kHz bandwidth

5.0 V, single supply operation
66 ro 185 mV/A output sensitivity

Factory-trimmed for accuracy

Nearly zero magnenic hysteresis

Total cutput emror 1.5% at Ty= 25°C
Small footprint, low-profile SOICS package
1.2 mQ2 internal conductor resistance
2.1 kVRMS minimum isolation voltage from pins 14 to ping 5-8

Extremely stable cutput offsct voltage

Ratiometnic output from supply voltage

Tmhlrlu
c € IJWn'.lln: MZ:- o1
L

Package: 8 Lead SOIC (suffix LC)

Device bandwidth is sct via the new FILTER pin
3 yts output rise time in response to step input current

Output voltage propornonal o AC or DC currents

P us

Description

The Allegro™ ACS712 provides economical and precise
solutions forAC or DC current sensing in industrial, commercial,
and communications systems. The device package allows for
casy impler ion by the Typical applications
include motorcontrol, load detection 2nd management, switch-
mode power supplies, and overcurrent fauh 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 generatesa magnetic field whichthe thl IC convertsintoa
proportional vohage. Device vis izedthroughthe
close proximity of the magnetic signal to the Hall transducer.
A precise, proportional voltage is provided by the low-offset,
chopper-stabilized BICMOS Hall 1C, which is programmed

for accuracy after packaging.

The output of the device has a positive slope (>Vigyrq)
‘when n increasing current flows through the primary copper
conduction path (from pins | and 2, to pins 3 and 4), which is
the path used for current sampling. The i I resis of
this conductive path is 1.2 mE typical, providing low power
loss. The thickness of the copper conductor allows survival of

Continued on the nexi page...

Typical Application

Application 1. The ACS712 oulputs an analog signal, Veur-
that varies insarly with the uni- or bi-diredlional AC or DG
primary sampled current, Ip, within e range spacfied. Ce
ST for nase with values that
depend on the application.

ACS712-DS, Rev. 15
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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

Description (continued) . .
the device st up 1o 5% overcurrent conditions. The terminals of the ~ The ACS712is provided m umall,snrﬁm{nwn‘ESO-ICSplch'gc
conductive path are electrically isolated from the signal leads (pins  The leadfame is plated with 100% matte tin, which is compatible

5 through 8). This allows the ACS712 to be used in appli withstandard lead (Pb) free primtedcircuitboard assembly processes.
requiring electrical isolation without the use of opto-isolators or  [nternally, 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

R/ Optimized Range, I | Sensitivity, Sens

N A
st b o ) (Typ) (mViA)
ACST12ELCTR-058-T | Tape and ree!, 3000 pieces/roal ~40to B85 5 185
AGST12ELCTR-20A-T | Tape and real, 3000 pieces/reel —A0to B85 +20 100
ACST712ELCTR-30A-T | Tape and resl, 3000 pieces/reel —40to 85 130 66
“Contact Allegro for additicnal packing oplions.
Absolute Maximum Ratings
Characteristic Symbol Notes Rating Units
Supply Vottage Vee 8 v
Reverse Supply Yollage Vreo -0.1 v
Oulpul Voltage - 8 v
Reverse Output Voitage Vaour -0.1 v
Oulpul Current Source ml 3 mA
Outpnd Currend Sink houTsinkg 10 mk
Overawrent Transient Toleranca [™ 1 pulse, 100 ms 100 A
Nominal Operafing Ambient Temperature Ta Range E -40 to 85 -
Maximum Junction Temperatwo T fmax) 165 ©
Storage Temperatura T!! -6510 170 “C
leolation Ch e
Characteristic Symbol Notes Rating Unit

Dielairic Strength Test Voltage® Viso ﬁ:::;:" s ?"sé'::‘::" B 2100 VAC
Working Voltage for Basic Isolation it “‘9;;" g:"gz;““"" iror UL sflentiagd 54 VOC or Vy,
Véorking Valtage for Reinfarced Isolation Yot |gapmers bl pepLL 184 VOC or Vi

* Allegro does not conduct E0-second testing. I 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

- Allogm MicoSysiems, LLC 2
f—) r 115 Northesst Cutoff
Worosster, Massachusets 01815-0036 US A
(LT 1,508,653 5000, www_slsgromicra com




ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC

with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Functional Block Diagram

23V
[Pin &)
m:u’)l
et
wiout
¥ 7}
Pt
- &l#::
Pia 4§
Pin-out Diagram
P vee
P4 viouT
= ALTER
" GND
Terminal List Table
Number Name Description
1and 2 P Terminals for current being sampled; fused nternally
3and 4 P- Tenminals for current being fused y
5 GND Signal ground terminal
3] FILTER Terminal for external capacior thal sets bandwidth
R VIOUT Analog output signal
8 vec Devica power supply lerminal
Aliegro MicoSysems, LLC 3
115 Northesst Culofl
Wornster,

', Mazzschusetis 01615-0036 US A
1o com

1.508 B3 5000, ware.
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Fully Integrated, Hall Effect-Based Linear Current Sensor IC

ACS712 with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

COMMON OPERATING CHARACTERISTICS? over fidl range of Ty, Cr = 1nF, and Vi = 5V, unless oterwise specified

Characteristic Symbol Test Conditions [ Min_ T Typ. | Max | Unis
ELECTRICAL CHARACTERISTICS
Supply Voltage Voo a5 5.0 55 v
Supply Current e |Vee =5.0V, output open - 10 13 mA
Oulput Capacilance Load Ciaap |VIOUT 1o GND = = 10 nF
Oulput Resistive Load Rioap  |VIOUT to GND 47 - - kQ
Primary Conduclor Resistance | Rppmary |Ta=25°C = 12 - mQ
[Rse Tme 1, Ip = Ip{max), Tp = 25°C, Coy1 = Dpen - 35 - Hs
Frequency Bandwidth f ~3dB, Ty, = 25°C; Ip is 10 A poakdo-poak - 80 - kHz
Nonlinearity Eyn | Over full range of I - 15 — %
Symmetry Egyw |Over full range of I 98 100 102 %
Zero Cunrent Oulput Voltage | Vigyriy | Bidirectional; [p= 0 A, Ty = 25'C . V % s
Powalitmiftme ey mr:::smm steady-state level, T,=25°C, 20 A present _ 15 B s
Magnetic Coupling? - 12 - GIA
Internal Filter Resistance? jﬂ_ 1.7 Kk

'Device may be operated at higher primary currenl Jevels, Ip, and ambien, Ty, and internal leadfmme temperatures, T, provided thal the Maximum
Juncion Temperature, T (max), is nol exceeded.

G =0.1mT.

*Rpywm forms an RC circuit via the FILTER pin.

COMMON THERMAL CHARACTERISTICS!

[ Min. [ Typ. | Max | Units

Op Internal Leadfr P e[ T, |E range | —0 |7 - B5 -
Value | Units

Juncson-o-Lead Thermal 2 Raa on the Aliogro ASEK 712 evaluation board 5 "CIwW
Rl Aot T et Aol R :::"mmr:xdmuﬂMummmnhm-hmm- 7 B

TAddifional thermal information is avatlable on the Allegro websile.

2The Allegro evaluation board has 1500 mm? of 2 0z 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 mdude 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 Gan be found in the Applications Informa-
tion section of this datashest.

= Aliegro MicroSysiems, LLC 4
d ] 115 Northesst Cutoff
Worsster, Massachusnts 018150038 US A
et LS 1.508.853.5000; weww. sbegromico com
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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

X058 PERFORMANCE CHARACTERISTICS! T, = —40"C ta 85°C, G = 1 nif, and Vg = 5V, inless oltherwise specied

Characteristic Symbol Test Conditions Min. | Typ. | Max Units
Optimized Accuracy Range Ip -5 - 5 A
Sensitivity Sens | Over full range of Ip Ty = 25°C 180 185 190 mviA

Peak-to-peak, Ty, = 25°C, 185 mV/A programmed Sensitivity, _ _
- VHOISEPP) | = 47 nF, Goyyr = opon, 2 kHz bandwidth 2 i
Ty=—40°C10 25°C - —20.25 - mvI'C
Zoro Comont Oulpul Siope | aValmuy | = | = VG
Ta=-40°Cto 25°C - 0.054 - mVIAI"C
i
Sanmliny fepe N e — [0 | - TVIAPG
Total Output Error® Erpr lp=15A, Ty = 25°C - .5 - %
Device may be operaled at higher primary current ievels, Ip, and ambient pe 5, Ta, P thal the L Junction T T_“_,q.

is not exceeded.
“Percentage of Ip, with I, = 5A. Outpul fllered.

x20A PERFORMANCE CHARACTERISTICS! T =—40°C 10 BS*C, Gy = 1 aF, and Vs = 5V, uniess oherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range [ [ -20 - 20 A
 Seansitivity Sens Over full range of 1 Ty, = 25°C 86 100 104 mVIA
Peak-o-peak, Ty = 25°C, 100 mV/A programmed Sensitivity,
e Vioiserr) c;ur.ﬁcm;:mzu&hmm ¥ V' - L'
Ta= *C 1o 25°C - -0.324 - mVIPC
Current Outp: \'/
| Siope | SVoumay (¢ e o 180G — [mor | - mvrC
Ta= —40°Clo 25°C = 0.017 - mV/APC
Sensit ASens
Y Siage Ta= 25°C (0 150°C B TVIAFC
Total Output Error? Eror I =220 A, Ty = 25°C o 1.5 - %
Device may be operaled at higher primary. current levels, I, and ambient Ta P that the i Junction 3

T (max), is not exceeded.
“Percentage of I, with Il = 20 A. Outpul filtered.

Xx30A PERFORMANCE CHARACTERISTICS? T, = 40°C 10 85°C, Cr=1 nF, and Ve = 5V, unless otherwise specifed

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -30 - 30 A
Sensitivity Sens Over full range of Ip, Tg = 25°C 63 66 B9 mVv/A

1 Peak-o-peak, Ty = 25°C, 66 mV/A programmed Sensilivity, .
Rt VNOSEPP) [ = 47 n, Cogyy = open, 2 kHz bandwidth 4 T i
Ta=—A0"Clo 25°C - —0.35 ~ mvIrC
Current Output
zeg Stope | SVoune) (5 meo TG o | & VG
Tp= -40°C 1o 25°C = 0.007 - mVIAIG
b 2
SRR S I e 6 150G | e = IVIRRG
Tolal Outpul Error2 Ergr  |lp= $30A,T,=25°C - 1.5 - %

‘Device may be operated at higher primary current (evels, I, and ambient lemperatures, T, provided thal the Maximum Jundlion Temparature,
T {max), is nol exceeded.

Percentage of Ip, with Ip = 30 A. Output fitered.

MicroSysiems, LLC 5
115 Northeast Cutoff
Worcaster, Maxsachusets 016150038 U S A

1.508.§53 5000; www_sllegromicra com
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Characteristic Performance

1p = 5 A, uniess otherwise specified

Mean Supply Current versus Ambient Temperatura
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Characteristic Performance
lp = 20 A, unless otherwise specified
Mean Supply Current versus Ambient Temperature: Supply Current versus Supply Voltage:
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Characteristic Performance
Ip = 30 A, unless otherwise spedified

Mean Supply Curvent versus Ambient Temperature Supply Gurrent versus Supply Voltage

s /d 108
24 ] N = e v
T fveemsv |- N i o
] L I ¥ oe L
H o N -~
23 A a4 —
24a "2 /
asl 1
L L]
% 25 0 2 0 T WO 13 150 45 48 47 45 43 50 31 52 53 54 85
TalE) Vee M)
Magnatic Offset versus Ambient Termperature Nonlingarity versus Ambient Temparature
o8 - wad =
-0 e Je=|
3 = R =
§ 2 —-E-:‘v..-h\ i o
as Bas
—xa 210
_as o8
8o a
80 26 o = 58 ™ W s 180 . = L = s 7S W 128 w0
Tare Tare)
Mean Total Output Error versus Ambient Temperature Sensitivity versus Arnbient Temperature
L
. s
£ i 3
E 1] (%) \
. 4 81 \
o ¥ KX
L
asa '—A
T
-0 - a £ -0 TE WO 15 10 - 25 L3 = 0 T W0 ws W
Tal<H ™W"ee
Outpul Voltage versus Sensed Current Senstiwly versus Sensed Current
000
I @00
40 ~ I - GRS
5 Vecssv i i ey .
fu 2 T nra 4  esoo
= 3 H ea00 Tara |
15 e - w100 P
1of— ™ T sl 200 s =l
os ~ w] s100 - 150 |
o I a0 a0
» - . 0 . ». » »© -® -n 0 W ™ »
b Ay
0 A Output Vollage versus Ambient Temperature 0A Outpul Voltage Current versus Ambierd Temperature:
4 | 2 ]
b =1 X =1
b i | = N 1
!im \‘ E PRy } 3z \\ [peon ll
i §
E
-
% .5 B 25 0 75 100 13 180 V8B o age T8 100 13 180
TalT) Tare)

Algro MicroSysiems, LLC
115 Hodtheast Cutoff

Wornster, Massachusots 01513-0008 US A.
1.508.853.5000; www_slegromicra com




80

ACS712

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

Definitions of Accuracy Characteristics

Sensitivity (Sens). The change in device output in response to &
1A change through the primary conductor. The sensitivity is the
product of the magnetic circuit sensitivity (G/A) and the linear
IC amplifier guin (mV/G). The linear IC amplifier gain is pro-
grammed a1 the factory 1o optimize the sensitivity (mV/A) for the
full-scale current of the device.

Nuise (Vnoysp) The product of the linear IC amplifier gain
(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
noise observed in Hall elements. Dividing the noise (mV) by the
sensitivity (mV/A) provides the smallest cusrent that the device is
able to resolve.

Linearity (E; ,y). The degree to which the vohage omput from
the IC varies in direct proportion to the primary current through
its full-scale amplitude. Nonlinearity in the output can be anrib-
uted to the saturation of the flux concentrator approaching the
full-scale current. The following equation is used to derive the
linearity:

I—{A gain x % sat { ¥ioyy_furll-scale amperes — Piourigy) ]

100
2 (Viour_half-scale amperes — Fiouriay) i

where ﬁow_mmh amperes = 1he output vohage (V) when the
led current approxi s full-scale +p.

Symmetry (Egypn). The degree to which the ebsolute 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:

f ¥iouT_+ full-scale mmperes — Viourq

‘. V1oumi@ — ViouT_-full-scale amperes

Quiescent autput veltage (Vg rig)- The output of the device
‘when the primary current is zero. For a unipolar supply voltage,
it nominally remains at Vo2, Thus, Vi = 5 V translates into
Viourigy =25 V- Vlrinio? in Vi) c2n be attributed to the
resolution of the Allegro linear 1C guiescent voltage trim and
thermal drift.

Electrical offset voltage (Vyg). The deviation of the device out-
put from its ideal quiescent value of V¢ / 2 due to nonmagnetic
causes. To convert this voliage to amperes, divide by the device
sensitivity, Sens.

Accuracy (Eygy)- The y rep the m devis-
tion of the actual output from its ideal value. This is also known
as the total output error. The accuracy is illustrated graphically in
the output vohage versus current chart at right.

Accuracy is divided into four areas:
® 0 Aat 25°C. Accuracy at the zero current flow at 25°C, with-
out the effects of temperature.

* 0 Aover A temperature. Accuracy at the zero current flow
including temperature effects.

® Full-scale current at 25°C. Accuracy at the the full-scale current
a1 25°C, without the eflects of temperature.

® Full-scale current aver A temperature. Accuracy at the full-
scale current flow including temperature effects.
Ratiometry. The ratiometric feature means that its 0 A output,
Vioutig) (nominally equal 10 Vo /2) and sensitivity, Sens, are
proportional to its supply vohtage, V.. The following formula is
used to derive the ratiometric change in 0 A output vohage,
AVigurgirar (%)-
= ( Fioutigvee IVWE)
Veo!5V
The ratiometric change in sensitivity, ASensyr (%), is defined as:

Sensyoe / Sens.
100 veC sV
Voo ISV

Output Voltage versus Sampled Current
Accuracy at0 A and at Full-Scale Current

= Allegro MicoSystems, LLC q
Pk ] 115 Noithesst Cutoff
‘Worcester, Mastachusetts 015130030 US A
Wersta LT 1.508.553 5000; www.shegromicro com
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Definitions of Dynamic Response Characteristics

Veottyp)
. v 80% Voyr
Pawer-On Time (tpg). When the supply is ramped 10 its operat- ?
ing voltage, the device requires a finite time to power its internal
components before responding to an input magnetic field. i
Power-On Time, 1y, is defined as the time it takes for the output >
vohage to settle within £10% of its steady state value under an i
applied magnetic field, afier the power supply has reached its i;' Wi i vitich i Sy s
i m specified operating vohage, Vc(min), as shown in the ! minimum speciied operatng votiage
i = time at which voliage setties
chast at right. R 0% o 1 ety St vahe
under an applied magnetic field
9 H‘.
Rise time (t,). The time interval between a) when the device ) Priasy Curmet
reaches 10% of its full scale value, and b) when it reaches 90% A By i
of its full scale value. The rise time to a step response is used 10
derive the bandwidth of the device, in which f(-3 dB) = 0.35/1. e -
Both t, and t pgponsE are detrimemally affected by eddy current i T
| observed in the conductive IC ground plane. *
- £ SR 7 (PR B ;
Power on Time versus Estervd Fiter Capucitance Step Response
-3 T T O reme
» pErEEgE
£ = Ak
2w EH T |
“
o ] 1
o 10 2 0 - s0 1 o“w"mV)
G tF} |
Boksve Filr Gap ! »
— Noise versus External Fitor Capaciance | 15 A
| Exciation Signal

18
180
140 F 2
120 f
1 100 7 4
=2 V4
e 8
4 >
2 -
% Pa——
a 1 10 108
Gy (oF)
Alogm MicroSysieas, LG 10
115 Northeast Cutoff
‘Wormster, Mass schusstts 015130038 US A

1.508.853 5000, www sliegmmicro com
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ACS712

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 asso-  output voluge from the Hall IC is desensitized to the effects

ciated on-chip amplifier. Allegro patented a Chopper Stbiliza-  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 Volage,
by temperature or package stress effects. This offset reduction are immune 1o thermal stress, and have precise recoverability
technique is based on a signal modulation-demodulation process.  afer temperature cycling.

Modaulation is used to separate the undesired DC offset signal This technigue 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 fiker, 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.

Low-Pass
Fitar
i [
X} .
i
| S35
. J
77
Goncept of Chopper Stabilization Technique
Allogro MicroSystems, LLC 1
195 Northesst Cutoff
‘Worcaster, Massachusets DIG15-0036 US A

1,508, B53.5000, wew.sllopromicea com
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Typical Applications

Yrrax
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o
Hr0e2
Vou
> (4]
> LT1178 1H914
A
- 3!
ﬂm:E Sk O1ar
2k 3. This confi gan to 510 mVIA
= {Imu‘! using the ACS?UE.(.‘—D&\).
Apphication 2. Peak Detecting Circuit .
-y T 4
s L g
anE 310
€ "I
[ RT* 2 <
l R b
@é"’" vecf? Tbssaw 4
2ipe vu)u'r':s-:-v“" Bt ARD Ea Faul
3 1 10kl ci LMVr23s
\o.. ALTER RIS - T ke
Hee ol T ot
- B
Applicatian 4. Reciified Ompd 13 v sc&’um and A 5. 10 A Overcurreni Fault Latch. Faull threshold set by R1 and
for Ado-D with simpler

ACS circuil. C1 is a function dlhu load rwslanco and fitering desired.

R1 can be amitied if the full range is desired.

R2. This circuit latches an cvercurrent fault and holds & unid the 5V rail is
powered down.

& Allogm MicaSysems, LLC 12
] 15 Northeast Cuoff

Worcester, mmmm USA
[t 1.508.B53.5000; eweer.
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Improving Sensing System A

In low-frequency sensing applications, it is often advantageous
10 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 1C can result in undesirable
device output attenuation — even for DC signals.

Signal attenuation, AV, is a result of the resistive divider
effect between the resistance of the external fiher, Ry (sce
Application 6), and the input impedance and resistance of the
customer interface circuit, Ryyrpe- The transfer function of this
resistive divider is given by:

" Ryetrc
A = }’an— —_—
Ll Re + Rinrre

Even if Rp and Ryyrpe are designed 10 match, the two individual
resistance values will most likely drift by different amounts over

y Using the FILTER Pin

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

The ACS712 contains &n internal resistor, 2 FILTER pin connec-
tion to the printed circuit board, and an internal buffer amplifier.
With this circuit architecture, users can impl, asimple
RC filter vie the sddition 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
ion) elimi the caused by the resistive
divider effect described in the equation for AV . 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.

£

R
"o

Application 6. When a jow pass filler is constructed

exiernally to a standard Hall effect device, a resistive

divider may exist between the filler rasistor, Rg and

ther of the interface Grouil, Ryprrc.

This resistve divider will causs excessive atienuation,

as given by the ransfer function for BV yp. o

2
1 #az

actrer}
Apalication 7. Using the FILTER pin gy
provided on the ACS7 12 eliminates the
attenuation effects of the resistor divider
between Ry and Rygyrec, Shown in Appli-
cation 6. Bt At
e
=
T recrcus
- P
>
L e
=% £
=
g Aliogr MicroSysiems, 1LC 13
= s 115 Northeast Cutoff
Woracter, Mass achusets 01615-0036 US A
m Miarsliysimna, (LT 1,508,853 S000; wwar_alegromicra com
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Package LC, 8-pin SOIC

For Relseence Osty; sot b t0oking ume focieoc M50 TIAA)
Dimeesioen in riek s
Pinnsslom

T = Device tempecabs soge
& o “
2'—&«:—.— Bl

A Pefermsce lsad patie Wayout {srioronce IPCT1
o onca's b

wocess
‘eqaments P Loyt blevance

- Allegro MicoSymems, LLC 14
i L] 115 Northesst Cutoff
Worcester, B1815-0038 US A
Meratyminra [LC o ety

1.508.853.5000;




86

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

Revision History
Revision Revision Date Description of Revision

Rev. 15 November 16, 2012 ‘l:;d: rise time and isolation, lgyy reference data,
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The products described herein are protected by U.S. patents: 5,621,319: 7,598,601 ; and 7,709,754,

Allegro MicroSystems, LLC reserves the right to make, from time to ime, such departurcs from the detail specifications as may be required to
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AMC1200
AMC1200B

wwwti.com SBASS42C — APRIL 2011 -REVISED SEPTEMBER 2013
Fully-Differential Isolation Amplifier
Check for Samples: AMC1200, AMC12008
FEATURES DESCRIPTION

* *250-mV Input Voltage Range Optimized for
Shunt Resistors

* Very Low Nonlinearity: 0.075% max at 5V

* Low Offset Error: 1.5 mV max

* Low Noise: 3.1 mVpys typ

* Low High-Side Supply Current:
EmAmaxat5V

* Input Bandwidth: 60 kHz min

* Fixed Gain: B (0.5% accuracy)

* High Common-Mode Rejection Ratio: 108 dB

* 3.3-V Operation on Low-Side

* Cortified Galvanic Isolation:
— UL1577 and IEC60747-5-2 Approved
~ Isolation Voltage: 4250 Vg, (AMC12008)
— Working Voltage: 1200 Vpg,y
~ Transient Immunity: 10 kV/pus min

* Typical 10-Year Lifespan at Rated Working
Voltage (see Application Report SLLA197)

* Fully Specified Over the Extended Industrial
Temperature Range

APPLICATIONS
* Shunt Resistor Based Current Sensing in:
— Motor Control
— Green Energy
— Frequency Inverters
~ Uninterruptible Power Supplies

The AMC1200 and AMC1200B are precision isolation
amplifiers with an output separated from the input
circuitty by a silicon dioxide (Si0,) bamier that is
highly resistant to magnetic interference. This barrier
has been ceriified to provide galvanic isolation of up
to 4250 Vpeae (AMCT200B) or 4000 Vppax
(AMC1200) according to UL1577 and IEC60T47- 5 2.
Used in conjunction with isolated power supplies,
these devices prevent noise curents on a high
common-mode voltage line from entering the local
ground and interfering with or damaging sensilive
circuitry,

The input of the AMC1200 or AMC12008 is optimized
for direct ction to shunt resistors or other low
veltage level signal sources. The excellent
performance of the device supports accurate current
control resulting in system-level power saving and,
especially in motor-control applications, lower torque
ripple. The common-mode volage of the output
signal is automatically adjusted to either the 3-V or
5-V low-side supply.

The AMC1200 and AMC1200B are fully specified
over the extended industrial temperature range of
—40°C to +105°C and are available in a wide-body
SOIC-8 package (DWV) and a gullwing-8 package
(DuB).

Voot vop2
5V
255V 2v
VINP vouTP
db
ov B0mV >
- 3av
VINN VOUTN
120V 2v
—o—— o

A Piease be aware that an impartant noice concerning avadability, standard warranty, and use n critical apphcations of
and

Taxas Ir sctor

All rademarks are the property of their respeciive ownars.

theretc appears at the end of this data sheslL

PRODUCTION MT»\Inlw"bnhnn“-lﬂpubu
‘corform

revessarly inchude lesting of Plioceocy

Copyright © 2011-2013, Texas lnstruments Incorporated
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SBASS542C - APRIL 2011-REVISED SEPTEMBER 2013 wwrw. ti. comm
B LSS RS L Lot
This integrated cwoull can be damaged by ESD. Texas Ir L wds that all circults be handled with

‘ appropriate precaulions. Failure 1o observe proper handiing and installation procedures can cause damage.

M ESD damage can range from subtie performance degradation to complete device failure. Precision infegrated crouts ‘may be more
ible o damag very small i could cause the device not fo meel its published specifications.

PACKAGE/ORDERING INFORMATION

Feor the most current package and ordering information see the Package Option Addendum at the end of this
document, or visit the device product folder on www ti.com.

ABSOLUTE MAXIMUM RATINGS™

Over the operating ambient P range, unless ctherwise nated,
AMC1200, AMC1200B UNIT
Supply vollage, VDD to GND1 or VDD2 to GND2 -D.5t0 6 v
Analog inpul voltage at VINP, VINN GND1 - 0.5 to VDD1 + 0.5 v
Input current to any pin except supply pias 210 mA
junction T, Max +150 ‘G
Human body model (HBM)
JEDEC standard 22, test method +2500 v
Electostatic discharge (ESD) ratings, |A114-C.01
al pins Charged device model (CDM)
G-ETIS:EC standard 22, test method 11000 v

{1} Stresses beyond those listed under Absoksde Maximum Ratings may cause permanent damage (o the device. These are stress rafings
only, and functional cperation of the device at these or any other conditions beyond thase indicated is not implied. Exposure to abs okt
maximum rated conditions for extended periods may affect device reliability.

THERMAL INFORMATION

AMC1200, AMC1200B
THERMAL METRIC (1 DUB (SOP} | DWV (SOIC) UNITS

B PINS B PINS

LT Junction4o-ambient thermal mesistance 75.1 1028

Bican Junctiono-case {top) thermal 61.6 49.8

By Junciion-lo-board thermal resistance 39.8 56.6

T Junchon-o-lop i p 2r.2 16.0 o

W Junciion-o-boand characterization parameter 39.4 55.2

B3¢hot Juncton-to-case {bottom) thermal resistance NIA NIA

(1) For more information about traditicnal and new thermal metics, soe the IC Package Thermal Meincs apphcation reporl, SPRASS3,

REGULATORY INFORMATION

VDENEC - uL
Cerlified according to IEC 60747-5-2 Recognized under 1577 component recagnition program
File number: 40016131 File number. E181974
2 Submit Documentation Feedback Copyright © 2011-2013, Texas Instruments incorporated

Product Folder Links: AMC1200 AMC12008
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Texas AMC1200
w1 ANC1200B
www.ticom SBASS42C —APRIL 2011-REVISED SEPTEMBER 2013
IEC 60747-5-2 INSULATION CHARACTERISTICS
Over operating frae-air tamp @ range (unless otherwise noted).
PARAMETER TEST CONDITIONS VALUE UNIT
Vioru Maximum working insulation voltage 1200 Vpeak
Qualification test after Inpu¥Oulput Safety Test Subgroup 1140 v,
213 Vpg = Vicam % 1.2, t= 10 5, parial discharge < 5 pC ] FEAR
Quaiification test method a, afler environmental fests
Ver input to oulput test voltage subgroup 1, Vpr = Vipry % 1.6, 1= 10 s, parkal discharge 1820 Vpeak
<5pC
100% preduction {est: method b1, Vg = Viomu x 1.875,
1= 18, partial discharge < 5 pC i Veeak
e AMC1200 4000 Vpeax
Viotm Transient overvoltage Qualification lest 1= 60 s AMC12008 Ty Veenr
N Vs N il AMC1200 4000 Vpeak
L e e e 4250 Voeax
Viso Insulaton voltage per UL
‘ 100% produchion test: Vigpsr = 1.2 x Vigp, | AMC1200 4800 Vpeak
L=1s AMC12008 5100 VpgAk
Rs Insulation resistance Vio =500 V at Tg > 10° Q
PD Poliution degree 2 o
IEC SAFETY LIMITING VALUES
Safety limiting intends to prevent p ial damage o the i ion barrier upon failure of input or output (VO) circuitry, A
failure of the I/0 circuitry can allow low resistance to ground or the supply and, without current limiting, dissipate sufficient

pawer to overheat the die and damage the isclation barrier, p ially leading to dary system fail

The safety-limiting constraint is the cperating virtual junction temperatura range spacifiad in the Absolute Maximum Ratings
table. The power dissipation and junction-io-air thermal impedance of the device instafled in the application hardware
determine the junction temperature. The assumed junction-to-air thermal resistance in the Thermal Information table is that of
a device installed in the JESD51-3, Low Effective Thermal Conduclivily Test Board for Leaded Surface Mount Packages and
is conservative. The power is the recommended maximum input voltage times the current. The junction temparature is then
the ambient temperatura plus the power times the junction-to-air th resi

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
s Safely input, output, or supply current By = 246°CW, Viy = 5.5V, T = +150°C, Ta = +25°C 10| mA
Te Maximum case temperature +150] *C
IEC 61000-4-5 RATINGS

PARAMETER ] TEST CONDITIONS [ wvawe | unr |
Vigs  Surge immunily i 1.24u8/50-ys voltage surge and B-ps/20-ps current surge J 6000 l v }

IEC 60664-1 RATINGS

PARAMETER TEST CONDITIONS SPECIFICATION
Basic isolation group Material group "
Rated mains voltage S 150 Vg -V
Rated mains vollage £ 300 V| (214
Installation classifcation . N L
Rated mains vollage < 400 Vg -
Rated mains voitage < 600 Vaus -
Copynght © 2011-2013, Texas Instruments incorporated Sutvnit Documeniation Feedback 3
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PACKAGE CHARACTERISTICS™
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
: ; Shortest terminal to terminal | DWWV package 8 mm
LDt} Minimum air gap (clearance) Setance th - DUB p m —
Mini i ing Shortest terminal to terminai DWV package 8 mm
L{102) o distance acrass the package
(creepage) AR DUB package 7 mm
Tracking resistance
CTl {comparativa fracking ndex) DIN IEC 60112/VDE 0303 part 1 400 v
Minimum intemal gap % .
It | clearanca) Distance through the nsulation 0.014 mm
Input fo output, Vip = 500 V, all pins on each side of
the barrier fied together to create a two-terminal > 102 o]
Rio ce device, Ty < +85°C
Input to oulput, Vig = 500 V, > 1o Q
+B5°C < Ty, < Ty max
Barrier Hance input lo
Cis mnmw s Vi = 0.5 Vpp al 1 MHz 12 pE
G Inputt capacitance to ground |V, = 0.5 Vpp at 1 MHz 3 pF
(1) Creepage and clearance requirements should be appiied according to the spacific equipment isolation standards of a spedfic
application. Care should be taken to mail the and i of the board design to ensure that the mounting
pads of the isolator on the printed circuit board {PCB) do nol reduce this Ci ch on a PCB become equal
ing 1o the fachniques shown in the J. Glossary section. Techniques such as insering groaves andlor ribs on

the PCB are used fo halp increase these speafications.

ELECTRICAL CHARACTERISTICS

All minimum/maximum specifications &t Ty = —40°C to +105°C and within the specified voltage range, unless otherwise noted.
Typical values are at T, = +25°C, VDD1 =5V, and VDD2 = 3.3 V.

| AMC1200, AMC12008 |
PARAMETER TEST CONDITIONS { MIN TP MAX| uniT
INPUT
m’;"" fput voltage before | ive — vinn 320 mv
Differental inpul voltage VINP - VINN —250 +250 my
Vow Common-mode operating range £.16 vDD1 v
Vos Inpul offset voltage -15 0.2 +1.5 my
TCVps  Input offsat thermal drift -10 41,5 +10 PVIK
CMRR 08 roiclion calls Vi from OV io 5V at 0 Hz 108 dB
Vin flom DV to S V a1 50 kHz 85 dB
& Inpul capacitance o GND1 VINP or VINN 3 pF
Cinp Diferential inpul capacitance a8 pF
Rin Differantal input resistance 28 kO
Smal-signal 60 100 kHz
OuTPUT
Nominal gain 8
Initial, al Ty = +25°C 0.5 +0.05 +0.5 %
GgrR Gain ermor
=1 £0.05 +1 %
TCGerr  Gain error thermal drifl 156 PR
45V SVDD2s55V -0.075 +0.015 +D.O75 %
Nontinearity
27VSVDD2s36V 0.1 +0.023 +0.1 %
Nenlinearity thermal drift 24 PRIMK
QOuiput noise VINP = VINN =0 V 3.1 MVRus
PSRR e, o vs VDD, 10-kHz Wu 8D dB
vs VDD2, 10-kHz ripple 61 dB
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ELECTRICAL CHARACTERISTICS (continued)
Al miini i specifications at T, = —40°C to +105°C and within the specified voltage range, unless ctherwise noted.
Typical values are at T, = +25°C, VDD1 =5V, and VDD2=3.3 V.
AMC1200, AMC1200B
PARAMETER TEST CONDITIONS HMIN TYP MAX UNIT
RiseNall tme ) 0.5-V step, 10% to 90% 3.66 6.6 (£
0.5-V step, 50% to 10%, unfiltered output 1.6 313 ps
Vi to Your signal delay 0.5-V step, 50% 1o 50%, unfillered outpul 3.15 56 us
0.5-V step, 50% to 90%, unfillered oulput 5.26 9.9 s
Common-made transient =
oM immunily Ven = 1kv 10 15 KVls
2.7VsVDD2<36V 1.15 1.28 1.45 v
Output ode
e pinae 45VsVDD2s55V 24 2.55 2T v
Short-circuil current 20 mA
Rout Ouiput resistance 2.5 [+
POWER SUPPLY
vDD1 High-side supply voltage 45 50 55 v
YDD2 Low-side supply vollage ¢ 54 5.0 55 v
Ioon High-side supply current 5.4 B maA
B L do sipely flrent 2TV<VDD2 <36V 3.8 [ mA
OwW-S1 -1 ren
P> i 45V <VDDZ<55Y [ 7] A
Ppopy High-side power dissipation 27.0 44.0 mwW
27V <VDD2 <36V 11.4 21.6 mw
Popz Low-side power di
45V <VDD2< 55V 22.0 38.5 mw
PIN CONFIGURATIONS
DUB PACKAGE
S0P = DWV PACKAGE
80IC-8
EW
SRS (TOP VIEW)
o
a
wor [ [+ ]veor on [’ Jvooe
-l B 3 youTR VINP | 2 7 | VOUTP
VINN | 3 6 | VOUTN
WVINN| 3 E YOUTN
GND1 l_T_ 5 | GND2 E E aND2
PIN DESCRIFTIONS
PIN # PIN NAME FUNCTION DESCRIPTION
1 VDD1 Power High-side power supply
2 VINP Analog input Noninverting analog input
3 VINN Analog input | lnverfing anaiog input
4 GND1 Power High-side analog ground
5 GND2 Power Low-side analog ground
B VOUTN Analog oulput | Inverling analog cutput
7 YOUTP Analog outpul | Noinverting analog output
8 Y02 Power Low-side power supply
Copynght © 2011-2013, Texas Instruments Incorporated Submit Documentation Feedback &
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Input Otfeet (mv)

Input Otfsst (mV)

CMRR (¢8)

TYPICAL CHARACTERISTICS

AtVDD1 =VDD2 =5V, VINP =-250 mV to +250 mV, and VINN = 0 V, unless otherwise noted.

INPUT OFFSET
vs HIGH-SIDE SUPPLY VOLTAGE

INPUT OFFSET
vs LOW-SIDE SUPPLY VOLTAGE

2 2
| | VDD2=27VwiEV
15 | 15 ! )
1 1
o5 E 85
]
1} g o
-05 ! :; -05
-1 -1 |
|
-15 -1.5 ] ;
& -2
45 475 5 525 55 27 3 33 36
VDO1 (V) VD02 (V)
Figure 1. Figure 2.
INPUT OFFSET INPUT OFFSET
vs LOW-SIDE SUPPLY VOLTAGE vs TEMPERATURE
2 2 -
VDDZ=45Vm55V | 1
1.5 ! ) 15 |
1 1 !
| =
05 E os |
B |
[ = E 0
! |
-5 - 3 s
2 Fot i {
B | \ | [ 1
“15 { -15 ! }
| — |
-2 I 2 !
45 475 5 525 55 =40 =25 <10 5 20 35 50 B5 BO 95 110 125
VD02 (V) Temparature (°C)
Figure 3. Figure 4.
COMMON-MODE REJECTION RATIO INPUT CURRENT
s INPUT FREQUENCY vs INPUT YOLTAGE
130 40
EER | '
120 || 20 I
| { |
| |
1o ! !
100 ' 3
| | £
of T
| | a
80 i E
|
70 i I I i |
80 | il -30
| |
= jeb | ikt |
. ¥] 1 10 100 -400 -300 -200 -100 0 100 200 300 400
Input Frequency (kHz) Input Voitage (mV)
Figura 5. Figure B.
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TYPICAL CHARACTERISTICS (continued)
ALVDD1 =VDD2 = 5 V, VINP = -250 mV to +250 mV, and VINN = 0 V, unless otherwise noted.

INPUT BANDWIDTH
vs TEMPERATURE

GAIN ERROR
vs HIGH-SIDE SUPPLY VOLTAGE

i
o8
110 ik
)
f __ oa
= Z 02
% %0 l§ o
I €
] 8 02
;‘ = -04
P -08 =
-0.8
60 -1 -
~40 ~25 -10 5§ 20 35 S50 65 BO 85 110 125 45 475 5 525 55
Tamperatum (*C) VD01 (V)
Figure T. Figure B.
GAIN ERROR GAIN ERROR
vs LOW-SIDE SUPPLY VOLTAGE ¥s LOW-SIDE SUPPLY VOLTAGE
1 1
=27 =
s vDD2 V36V g VDD2=45Vi55V
13 e i
04 04
£ £ 02
.g o 5 o
5§ -02 § -02
¥ |
-04 04 l
-06 -08 i
-08 -08 l :
1 1 I :
27 3 a3 35 a5 475 5 525 55
VDD2 (V) VDD2 (V)
Figure 8. Figure 10.
GAIN ERROR NORMALIZED GAIN
vs TEMPERATURE s INPUT FREQUENCY
1 10
|
0.8 0
06 L=
_ o4 g
£ 02 r
. -3 "
8 G -0 J
a8 2 I
& -02 'E
a
=50
-04 s I il
-06 &0 i
-08 -70 |
-1 ~80
~40 -25 -10 5§ 20 35 50 65 B0 95 10 125 1 10 100 500
Tamperature (*C) Input Fraquency (kHz)
Figure 11. Figure 12.
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TYPICAL CHARACTERISTICS (continued)
AtVDD1 =VDD2 = 5 V, VINP = -250 mV to +250 mV, and VINN = 0 V, unless ctherwise noted.
OUTPUT VOLTAGE

Output Phass (*)

Output Voitage (V)

Nanlinsarity (%)

OUTPUT PHASE
vs INPUT FREQUENCY

1 10 100
Input Fraguancy {kHz)
Figure 13.

OUTPUT VOLTAGE
vs INPUT VOLTAGE

VDD2=27Vi3EV

=400 -300 -200 -100 O 100 200 300 400
Input Voltage (mV)
Figure 15.
NONLINEARITY
vs LOW-SIDE SUPPLY VOLTAGE
0.1
o.08 VDO2=27V1 36V
0.06
o.04
ooz
L]
-0.02
-0.04
=0.06
-0.08
=01
27 3 33 36
vDD2 (V)
Figure 17.

Qutput Velage (V)

Nontinaerity (%)

Nenfinsarity (%)

vs INPUT VOLTAGE

s
4s
4
a5
3
25
2
15
¥ P !
oS
0 1 |
~400 =300 -200 -100 © 100 200 300 400
Input Voltage (mV)
Figure 14.
NONLINEARITY
va HIGH-SIDE SUPPLY YOLTAGE
1
0.08
0.08 |
004
o !
o
-0.02
-0.04 i
-0.08 {
-0.08 ' !
_“"4.5 475 5 525 55
vOD1 (V)
Figure 16.
NONLINEARITY
vs LOW-SIDE SUPPLY VOLTAGE
‘:: | vDDz=asvmssv
0.06
o4 !
oo
o
-0.02
0,04
-0.06 {
-0.08 i
s %75 5 525 55
vDoz (V)
Figure 18,
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TYPICAL CHARACTERISTICS (continued)
AtVDD1 =VDD2 = 5V, VINP = -250 mV to +250 mV, and VINN = 0 V, unless otherwise noted.

MNONLINEARITY
ve INPUT YOLTAGE

o1
| | — vDp2=3V
use 1 — D2=5V
006 |
~ 004
z
< om
H a _j\
£
E -0.02 ;
-0.04 i
-0.06 ;
-0.08
-0.1 - !
"-250 -200 ~150 -100 -S5O O 50 100 150 200 250
Input Voltage (mV)
Figure 19.
OUTPUT NOISE DENSITY
vs FREQUENCY
2600 ]
1 1 | ]

Noise (n\V/aget(Hz))

600 Vel L deed

Frequancy (kHz)
Figure 21.

OUTPUT RISE/FALL TIME
vs TEMPERATURE

=]

Output Rise/Fall Tima (us)
N W s N @ @

Naenlinearity (%)

0.1

NONLINEARITY
vs TEMPERATURE

=40 =25 -10 5 20 35 S0 65 B0 95 110 125

PSRR (d8)
NgEs5B3a3azaeesd

o a

Temparature (*C)
Figure 20.

POWER-SUPPLY REJECTION RATIO
vs RIPPLE FREQUENCY

1 500 mvidiv
- 1 L e
0
=40 =25 -10 5 20 35 S0 E5 W0 95 110 125 Tima (2 paddivg
Temparature (°C)
Figure 23. Figure 24.
Copynght © 2071-2013, Texas Instruments Incarporated Subvnit Docurmentation Feedback ]

Product Folder Links: AMC1200 AMC12008




97

AMC1200

TEXAS
AMC1200B N INSTRUMENTS
SBASS542C - APRIL 2011 -REVISED SEPTEMBER 2013 www.ti. com

TYPICAL CHARACTERISTICS (continued)
ALVDD1 =VDD2 = 5 V, VINP = 250 mV to +250 mV, and VINN = 0 V, unless otherwise noted.

OUTPUT SIGNAL DELAY TIME
vs TEMPERATURE

10
g — 50% W 10%
—— 50% o S50%
L] — 50% to S0%
_ 7
=
=
o —]
a s
£ 4
&
® 1
2 .
t
o
~40 -25 =10 § 20 35 S50 65 B0 85 110 125
Tamparturs (*C)
Figure 25.

OUTPUT COMMON-MODE VOLTAGE
vs TEMPERATURE

Output Cemmen=Mods Voltaga (V)
w

20 3 S50 65 BO 95 110 125
Temporatura (°C)
Figure 27.

o
-40 =25 <10 5

LOW-SIDE SUPPLY CURRENT
vs LOW-SIDE SUPPLY VOLTAGE

VDD2=27Vio 36V

D02 (mA)
-

nl? 3 33 a6
VDD2 (V)
Figure 29,

Output Common-Mede Voltags (V)

Supply Curent {mA)

Supply Currant (mA]

OUTPUT COMMON-MODE VOLTAGE
vs LOW-SIDE SUPPLY VOLTAGE

w

= VDD2 nising
—— VDOZ faliing

I

o | |
35 36 37 3B 33 4 41 42 43 44 45

VD02 (V)
Figure 26.
SUPPLY CURRENT
ws SUPPLY VOLTAGE
='B)
— 1002

475 5 525 55
Supply Voltage (V)
Figure 28.

SUPPLY CURRENT
vs TEMPERATURE

: — o1
|| }— o2

o I
-40 =25 -10 S 20 35 SU E5 BO 85

110 125
Tampemturs ("C)
Figure 30.
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THEORY OF OPERATION

INTRODUCTION

The differential analog input of the AMC1200 and AMC 12008 is a switched-capacitor circuit based on a second-
order modulator stage that digitizes the input signal into a 1-bit output stream. These devices compare the
differential input signal (Vy, = VINP — VINN) against the internal reference of 2.5 V using intemal capacitors that
are continuously charged and discharged with a typical frequency of 10 MHz. With the S1 switches closed, Cpypy
charges to the voltage difference across VINP and VINN. For the discharge phase, both S1 switches open first
and then both S2 switches close. Cyyp discharges io approximately AGND + 0.8V during this phase. Figure 31
shows the simplified equivalent input circuitry.

Voo GND1

ez i

4 A T i
VING © 51/ D—Mﬁr——sz/ ©—OAGND 108V T VINP
Gug = 386F = By, = 20k
51 400 s2
VINN ©- /o—M‘—L—/o—omm +0BY VINN

1
GNO1 GND1 Yk " Cowr
{loay - 10MIHZ)

Figure 31. Equivalent Input Circuit

Bl

The analeg input range is tailored to directly accommodate a voliage drop across a shunt resistor used for
current sensing. However, there are two restrictions on the analog input signals, VINP and VINN. F the input
voltage exceeds the range AGND - 0.5 V 1o AVDD + 0.5 V, the input current must be limited to 10 mA to prevent
the implemented input protection diodes from damage. In addition, the linearity and the noise performance of the
device are ensured only when the differential analog input voltage remains within 250 mV.

The isolated digital bit stream is processed by a third-order analcg filter on the low-side and presenied as a
differential output of the device.

The SiO,-based capacitive isolation barrier supports a high level of magnetic field immunily, as described in
application report SLLA181, [SO72x Digital fsolalor Magnelic-Fieid Immunily (available for downioad at
www.ti.com).
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APPLICATION INFORMATION

MOTOR CONTROL

A typical operation of the AMC1200 and AMC1200B in a motor-control application is shown in Figure 32.
Measurement of the motor phase current is done through the shunt resistor, Rsuynr (in this case, a two-terminal
shunt). For better performance, the differential signal is filtered using RC filters (components Ry, Ry, and Cy).
Optionally, Cy and C, can be used 1o reduce charge dumping from the inpuls. In this case, care should be taken
when choosing the quality of these capacitors; mismatch in values of these capacitors leads to a common-made
error at the input of the modulator.

Floating Isotation
HV+ Pawer Supply :5"‘"’|
— g |
H 1
Galed = TMC320
,—— Drive >R, AMC1200 CF 280
Ciroutl 2 AMC12008
T voD1  voO2
| L, g, Lem cdn
51V 120 T owE T o4,
AL - VNP VOUTP A AAR R |
Yy l W Yy -L
Ry ) ADC
Rysana 120 Fope T
T Load .-"“-l v‘v‘!‘ T, Ca V- vouTH W p Y
= T crona]
s"‘r’ Ok || fadioned GND1  GND2 |4
1 i
Gated " :
:I—— Drive ¥ 1
Circuit i t

%1 6X3;

Q

HV—
(1) Place these capaditors as close as possile lo he AMC device.
Figure 32. Typical Application Diagram

The high-side power supply (VDD1) for the AMC1200 and AMC1200B are derived from the power supply of the
upper gate driver. For lowest cost, a Zener dicde can be used lo limit the voltage to 5 V £10%. A decoupling
capacitor of 0.1 uF is recommended for filtering this power-supply path. This capaditor (G, in Figure 32) should
be placed as close as possible to the VDD1 pin for best performance. If better filtering is required, an additional
1-4F to 10-pF capacitor can be used. The floating ground reference (GND1) is derived from the end of the shunt
resistor, which is connected to the negative input (VINN) of the AMC device. If a four-terminal shunt is used, the
inputs of AMC device are connected to the inner leads, while GND1 is connected o one of the outer leads of the
shunt.

The high transient immunity of the AMC1200 and AMC12008 ensures reliable and accurate operation even in
high-noise environments such as the power stages of the motor drives.

The differential cutput of the AMC1200 and AMC12008 can either directly drive an analog-to-digital converter
(ADC) input or can be further filtered before being processed by the ADC.

As shown in Figure 33, it is recommended to place the bypass and filter capacitors as clese as possible to the
AMC device to ensure best performance.
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I 7cp oy cpper pous e aces
B fesem

Figure 33. Layout Recommendation

To maicain the isolation barier and the high CMTI of the evic, the diszance between e high-side grownd (GND') and he fow-side greund (GND2)
should be kept at maximum; ha s, he enire area undemeath e device should be kept e of any conducing maierials
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VOLTAGE MEASUREMENT

The AMC1200 and AMC1200B can also be used for isolated voltage ement applications, as shown in a

simplified way in Figure 34. In such applications, usually a resister divider (Ry and R; in Figure 34) is used to
match the relatively small input voltage range of the AMC device. R, and the input resistance Ry of the
AMC1200 also create a resistance divider that results in additional gain error. With the assumption that R, and
Ry have a considerably higher value than R;, the resulting total gain error can be estimated using Equation 1:

Gernror = Gern + ﬁ':

Where Gerg = the gain error of AMC device.
(1)

o
AAA
vy
-]
7

o=

Figure 34. Voltage Measurement Application

2 —dq
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ISOLATION GLOSSARY

Creepage Distance: The shortest path between two conductive input to output leads measured along the
surface of the insulation. The shertest distance path is found around the end of the package bedy.

FA [;'/‘.-;]’” h
é‘?ZV)’ o~

Clearance: The shortest distance between two conductive input to output leads measured through air (line of
sight).

Input-to-Output Barrier Capacitance: The total capacitance bety 1 all input lerminals connected together,
and all output terminals connected together.
Input-to-Output Barrier Resist : The total resi b 1 all input terminals cennected together, and

all output terminals connected together.

Primary Circuit: An internal circuit directly connected to an external supply mains or other equivalent source that
supplies the primary circuit electric power.

Secondary Circuit: A circuit with no direct connection to primary power that derives its power from a separate
isclated source.

Comparative Tracking Index (CTi): CTl is an index used for electrical insulating materials. It is defined as the
numerical value of the voltage that causes failure by iracking during standard iesting. Tracking is the process that
produces a partially conducting path of localized deterioration on or through the surface of an insulating material
as a resuli of the action of electric discharges on or close to an insulation surface. The higher CTl value of the
insulating material, the smaller the minimum creepage distance.

Generally, insulation breakdown occurs either through the material, over its surface, or both. Surface failure may
arise from flashover or from the progressive degradation of the insulation surface by small lecalized sparks. Such
sparks are the result of the breaking of a surface film of conducting contaminant on the insulation. The resulting
break in the leakage current produces an overvoltage at the site of the discontinuity, and an electric spark is
generated. These sparks often cause carbonization on insulation material and lead to a carbon track between
points of different potential. This process is known as tracking.

Insulation:
Operational insulation—Insulation needed for the correct operation of the equipment.
Basic insulaion—Insulation to provide basic protection against electric shock.

Supplementary insulation—Independent insulation applied in addition to basic insulation in order to ensure
protection against electric shock in the event of a failure of the basic insulation.

Double insutalion—Insulation comprising both basic and supplementary insulation.

Reinforced insuiation—A single insulation system that provides a degree of protection against electric shock
equivalent to double insulation.

Copynght © 2011-2013, Texas Instruments Incorporated Subvril Documentation Feedback 15
Product Foider Links: AMC1200 AMC12008




103

AMC1200 .
SBAS542C - APRIL 2011 -REVISED SEPTEMAER 2013 wrvew.t.com

Poliution Degree:

Poliution Degree i—No poliution, or only dry, nonconductive pollution occurs. The pellution has no influence on
device performance.

Poilution Degree 2—Normally, only nonconductive polluticn occurs. However, a temporary conductivity caused
by condensation is to be expected.

Pollution Degree 3—Cenductive pollution, or dry nonconductive pollution that becomes conductive because of
condensation, occurs. Condensation is to be expected.

Poitution Degree 4—Continuous conductivity cceurs as a result of conductive dust, rain, or other wet conditions.

Installation Category:

Overvoltage Category—This section is directed at insulation coordination by identifying the transient overvoliages
that may cccur, and by assigning four different levels as indicated in IEC 60664,

1. Signal Level: Special equipment or parts of equipment.

2. Local Level: Portable equipment, ete.

3. Distribution Level: Fixed installation.

4. Primary Supply Level: Overhead lines, cable systems.

Each category should be subject to smaller transients than the previous category.

16 Submil Documentalion Feedback Copynight © 2011-2013, Texas Instruments Incorporated
Product Folder Links: AMG1200 AMG12008




104

q AMC1200

TEXAS AMC1200B

www.tl.com SBAS542C —APRIL 2011 -REVISED SEPTEMBER 2013

REVISION HISTORY

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

Ch

from Revision B (August 2012) to Revision C

Added DWV (SOIC-9) package to d
Delated device graphic ..

Changed last paragraph of Description section .

Added DWV column to Thammal Information Bable ..............c..ciiermimini o seeeeeemssnenns
Added row for DWV package to L(/01) and L(102) paramaters in Package Characteristics table .
Addad DIWV Dint Ot Brawing ......conons ... oo siessisessinssssreores s IR < ossoxtess sems setssesssss

Changes from Revision A (August 2011) to Revision B Page

Added AMC1200B device to data shest .

» Changed Isalation Voltage fsature bullet

* Changed CTi parameter mini value in El 1 €h from 2 17510 2 400 .

* Changed fitle for Figura 25 ...

Changes from Original {April 2011} to Ravision A Page
+ Changed sign for m junction temperature from minus to plus (typo) ..

Changed surge immunity parameter from +4000 (0 46000 ..............co..........
Added "0.5-V step” to test condition for Rise/fall time parameter

N No;eN

~ Changed Elgines#2 L) 008 €. 8. N n. ™ L Noul
* (EhopedFigie 1o H RN ML NSV LS TETY B eewd B
Copyright © 2011-2013, Texas Instruments Incorporated Subenit Documentation Feedback 17

Product Folder Links: AMC 1200 AMC12008
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PACKAGE MATERIALS INFORMATION

Texas
INSTRUMENTS
www._ti.com 8-Now-2013
TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS

AQ | Dimension designed to the componant widih

BO | Dimension designed to accommodate the component length

KO | Dimension designed to accommodate the component thickness|

W _| Overall width of the carrier lape

P1 | Piich between successive cavity centers

t Reei Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
00000000 O+ Sprockel Holes
User Direction of Feed
“Al dimensions are nominal
Device Pack: P Pins| SPQ Reel Reel AD B0 Ko P1 w Pin1
Type q Width | (mm) | {mm} | (mm) | (mm) | {mm] L-ndnntw'
{mm]) w1 (mmj

AMC1200BDUBR sop DUB 8 350 330.0 24.4 10.9 } 1001} 585 | 16.0 | 24.0 a1
AMCI200BDOWVR SOIC WY B 1000 330.0 16.4 1205 615 | 33 16.0 | 16.0 a1
AMC1200SDUBR sop DUB 8 350 330.0 24.4 10.9 j 1001 5.85 § 16.0 | 24.0 Q1

Pack Materials-Page 1
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WIS s

www.ti.com

PACKAGE MATERIALS INFORMATION

B-Now-2013

TAPE AND REEL BOX DIMENSIONS

"All dimensions are nominal

Device Package Type |Package Drawing| Pins sPa Longth (mm) | Width (mm) | Height {(mm)
AMC1200BDUBR SOP Dus 8 350 358.0 335.0 350
AMC1200BDWVR SOIC DwWv 8 1000 367.0 367.0 380
AMC1200SDUBR SoP DuUB 8 50 406.0 348.0 63.0

Pack Materials Page 2
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MECHANICAL DATA

DUB (R—PDSO—G8)

PLASTIC SMALL—OUTLINE

=3

A

Ad

®

P NO.1 IDENTFICATION

VAl

b~
%
Y

L_m_.
f— —
- T o 44 E&
T =2
| s P =
el M i “ [
SEATING PLANE 0,635 71
L [ A
C (|
4207614/C 05/06
NOTES: ;#ﬁh*“:w;bhmm w:ﬂhﬁmﬁgp'mﬂ&ﬁl—lﬂ
C. Dimensions do not include mald flosh or Mok flash or prot sholl not exceed 0.254mm.
gﬂlm
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LAND PATTERN DATA
DUB (R—PDSO-G8) PLASTIC SMALL OUTLINE
g T

0, (17
All Around

4211282/A 0B/10

m oanppe
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PACKAGE QUTLINE

DWVO0008A SOIC - 2.8 mm max height

soic

SEATING PLANI

(B oifc] AL

MJTE4
e e,
/ .
7 Sl
F H
L L
p v
"-..."
SEE DETAIL A
(2.286)
T_n.qs
0.36
DETAIL A
2) ——= TYPICAL
4218706/A 08/2013
NOTES:
1. Al linear dimensions are in millimelers. Dimensions in pamsnthesls are forr only. Dim ing and 9
por ASME Y14 .5M.

2 ‘nﬁ drawing is subjec! to change without nolice.
This dimension dees rot include mold flash, profrusions, or gale burrs. Mok flash, protrusions, or gale bumrs shall not
" excosd 0.15 mm, per side.
4. This dimension does nat include inleread Rash. interlead flash shall not exceed 0.25 mm, per sido.

T D s

www.ti.com
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EXAMPLE BOARD LAYOUT

DWVO0O008A SOIC - 2.8 mm max height

SOIC

axm)—'*‘l Sy DETALS
L 1

S B

A et I
S = T
-— -
BX (1.27) i_ 4 4

LAND PATTERN EXAMPLE
9.1 mm NOMINAL CLEARANCE/CREEPAGE
SCALEEX

ETAL

—-I--— 0.07 MIN

ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4218796/A 09/2013

MNOTES: (continued)

5. Publication IPC-7351 may have altemals designs.
8. Solder mask tolerances between and around signal pads can vary based on board fabrication ske.

O s

www.ti.com
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EXAMPLE STENCIL DESIGN

DWVO0008A SOIC - 2.8 mm max height

SOIC

sx{t,u)—'l-—-‘ S‘jtﬂ"
= i
|

BX {1.27) l
= (10.9)
SOLDER PASTE EXAMPLE
BASED ON D.125 mm THICK STENCIL
SCALEEX
AZ187956/A 08/2013
NOTES: (continued)
7. Laser cutting apertures with trapezoldal walls and rounded comers may offer betler pasts release. IPC-7525 may have altemata

design recommendations.
8. Board assembly site may have differant recommendations for stencil design.

*m

www.li.com
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidianes {Ti} reserva the nghl o make 1 . impr and other
changes ta ils semiconductor products and services per JESD4E, latest issua, and 1o discontinue any product or service per JESD48, fatest
issue. Buyers should obiain the latest relevant information before placing orders and should verify that such infermation is current and
Al P {also referred to herein as “components”) are sold subject to TF's terms and conditions of sale

supplied at tha time of order acknowledgment.
T per of its co nis fo the ficat 1 al the lime of sale, in accordance with the warranly in TI's terms
and Z of sale of M.Twlngmdmmymwmqumnmdbhamln&mlmy
ta support this warranty. Except whera mandaled by applicable faw, testing of all elers of each is not ly
perdormed.
Ti assumes no liability for appiications assistance or the design of Buyers' products. Buyers are responsible for their products and

using Tt To ize the risks i with Buyers' products and applications, Buyers should provide
adequate design and operaling safeguards.
Tl does not warrant or represent thal any license, either express or implied, is granted under any patent righl, copyright, mask work right, or
other intellectual properly right relating to any combination, machine, or process in which T1 components or services are used. Informaton

L by TI regarding third-party or services does not conslilule a license to use such products or services or a warranty or

endorsement therecl. Use of such information may require a license from a third party under the patents or other intelleciual property of the
third party, or a license from Tl under the patents or other inleliectual property of TL
Reproduction of significant portions of T information in Tl data books or data sheets is only i repr ion is without
and is accompanied by all warranties, o i and notices. T1 is not responsible or liable for such altered
documentaticn. Information of third parties may be subject fo additional restrictions.
Resale of Tl compoenents or services with statements different from or beyond the parameters stated by Ti for that component or service
¥oids all express and any implied warrantes for the associated TI component or service and is an unfair and deceptive business practhce.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees thal il is solely responsible for compliance with all legal, regulatory mldu(oly-ruhbd requirements

concaming s products, and any use of T1 i its vding any elated information or support

thal may be provided by TI. Buyer represents and agrees that it has all the necessary experbise to create and implement safeguards which
dang of failures, monitor falures and their qu iessen the Jikeli of failures that might couss

harm and take appropriate remedial actions. Buyer will fully i ify TI and its repr against any damages arising out of the use

of any Tl components in safety-critical applications.

In some cases, Tl P may be pr fi to faciitate safety-related ications. With such Ti's goslis o

heip enable customors 1o design and creale their own end-product that meet L func safoty st and

q . N such are subject o these terms.

sed a special ¥ g g such use.
Only those T1 which Tl has i as military grade or "enhanced plastic™ are designed and infended for use in
iltary/; lications or Buyer dges and agrees thal any military or use of T1
which hava not been so designated is solely at the Buyer's nsk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.
Ti has specfically designated cartain components as mestng ISO/TS 16848 requirements, mainly for automotve use. In any case of use of
non-designated products, Ti will not be responsible for any falure to meet 1ISO/TS16848.

Nao Tl components are autharized for use in FDA Class 1l {or similar ke-critical medical equipment) unless authorized officers of the parties
£ A

Products Applications
Audio www.li.com/audio and Tr i www. live

Amplifiers amplifier.li.com G ions and www. it K ications

Data Converters dataconverter.ti.com Compulers and Periphorals www.i.com/computars

DLP® Products www.dip.com Censumer Elecironics www.i.com/consumer-apps

DSP dsp.ti.com Energy and Lighting www.b.com/energy

Clocks and Timers www.ti.comiclocks Industrial www. §.comfindusirial

Interface interface.l.com Medical www.§.com/medical

Logic logic li.com Seaurity www. fi.com/security

Power Mgmt powaer.fi.com Space, Avionics and Defense  www..com/spa ionics-dafensa
Microcontrollers microcontroller.ti.com Video and Imaging www.i.comivideo

RFID www.ti-rfid.com

OMAP Applications Processars www.t.com/omap TI E2E Commumnity e2e.li.com

Wireless Connectiviy www..combwirelessconnedtivity

Mailing Address. Texas Instruments, Post Offce Box B55303, Dalias, Texas 75265
Gopynght © 2013, Texas instruments Incorporated
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TOSHIBA GT60M303

TOSHIBA INSULATED GATE BIPOLAR TRANSISTOR SILICON N CHANNEL IGBT

GT60M303

Uni#t*mm
HIGH POWER SWITCHING APPLICATIONS
20 5MAX, | §33402
® Fourth generation 1GBT Mgﬁig
® FRD included between emitter and collector b - = §
® Enhancement mode type ﬁl w2 f g"’
® High speed IGBT :tf=0.25ps (TYP) .,.? - ET
FRD ‘iz = 0.7us (TYP.) i3 T3
® Low saturation voltage  VCE (sat) = 2.1V (TYP) py. - =
Serws, . saseens
MAXIMUM RATINGS (Ta = 25°C) 5o %
9 3
Xl v of &
CHARACTERISTIC SYMBOL RATING UNIT ) g
Gollector-Eritier Voltage Vees 900 v
1. GATE
Gate-Eminer Voltage VgEs 125 b 2. COLLECTOR(HEAT SINK)
nc I 50 3. EMITTER
Collector Cumrent A
JE lee R JEDEC -
Emitter-Collector oo Yecr g5 LN =
Foward Cumment o e 120 A TOSHIBA 2-21F2C
Welght ; 8.75g
Collector Power Dissipation
(To = 25°C) Fc o b
Juncion Temperature T 150 'C
ge T Range i -55-150 -
Screw Torque —_ 03 Nm
EQUIVALENT CIRCUIT MARKING
Collector
)OOOC Part No. (or abbreviation code)
TOSHIBA 4
) GTE0M303 (]
Gate o/ 14— Lotho.
JAPAN ¥
o] \A fine indicates.
irad {Fbm gﬂlge or
lead (Pb) nish.
Emitter -

1 2004-07-06
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TOSHIBA GT60M303
ELECTRICAL CHARACTERISTICS (Ta = 25°C)
CHARACTERISTIC SYMBOL TEST CONDITION MmN | TYP. | max | umT
Gate Leakage Curent Ices Ve =25V, Vge =0 - — +500 nA
Collector Cut-off Current Tces Veg = B0V, Vge = 0 - - 10 | ma
Gate-Emitter Cut-off Voltage: VeE FF) |bc = BOmA, Voe =5V 0 | — 50 v
Collector-Emitter Saturation Voltage Ve gany () [Vo = 10A, Vg = 15V - 16 | 22 v
Collector-Emitter Saturation Voltage Ve (eaty (27 |lc = BOA, Vgg = 15V — | 21 | 22 v
Input Capacitance Cias Ve = 10V, Vgg =0, 1= 1MHz — 3800 | — pF
Rise Time 1 — | o3s | 030
Turmn-On Time: 5161 = — | 048 | o7
Switching Time o 15V S| 2 s
Fall Time k 0 o — | 025 | 040
Tum-Off Time ton 600V — Joso | 0.0
Emitter-Coliector Forward Voitage Vece Igc = 15A, Vg =0 _ 15 20 v
Ie = 15A, Vge = 0
Reverse Recovery Time 4y di1ét=-20A " ps —_ 0T 25 us
Thermal Resistance Riy gy |IGBT - — | o7 |ciw
Thermal Resistance R gcy |Diode - - 40 |"ciw
v 2004-07-06
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TOSHIBA GT60M303
Ic - Ve - VCE - YGE
i 2 ffis | Ao s COMMON EMITTER
2 go| EMTITER M /' 95 ,= Te= -0
© Te=15C Vi / —— " T
lé ~ / 9] E 5 ] |
S / = el 2
40} A ]
: = &
3= ol e
o =1 a2 I O O I
o 2 3 4 4 12 16 ] “
COLLECTOR-EMITTER VOLTAGE Veg (V) GATE EMITTER VOLTAGE Vg ™
= VCE - VGE é VCE - VGE
= I COMMON EMITTER & | COMMON EMITTER
’B Tew35°C E-.‘ Te=125°C
@ ] ] i
E 4 o | g 0 | |
g & 1 g |
= T 0
E i | E 20-H
3 » J g
) EE 2 e I
§ Ie=10A g = 10A
W . | W
8 ‘?. l 12 lll— l 20 J‘ g ] 12 18 20 ‘ b3
GATE-EMITTER VOLTAGE Vgg (V) GATE-EMITTER VOLTAGE Yo W
VCE - VGE VCE (sat) — Te
COMMON EMITTER | J/ = COMMON EMITTER
2 bl [ £ VGR=15V
f ot =
& 53 =_|=
g 7]/ P o — == = e Y N O
g o~ / TR o
E = 2E =
Ie=10A
8 , 1/ ¢
g Tem125C / I-lﬂ _‘ 8
3 LAAT |
0 2 13 L] 0 ~40 L 40 8 124 160

CATE-EMITTER VOLTAGE Vgg (V)

CASE TEMPERATURE Te ()

2004-07-06
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CE (X1OV)

VGE )

COLLECTOR-EMITTER VOLTAGE V,

GATE-EMITTER YOLTAGE

BWITCHING TIME (ya)

COLLECTOR CURRENT I¢ (A}

GT60M303

VCE. VGE - QG
i ] l | /) COMMON
T | / EMITTER
18 CE=160V, RL=28Q
=~ Vi Te=25C
N /
|
s 100
E
4
5 80 160 240 320 00

GATE CHARGE Qg (nC)

SWITCHING TIME — I

03

|1

<

1 ] E &
COLLECTOR CURRENT I¢ (A}

SAFE OPERATING AREA

F 3
t

AT

30 o 300 1000
COLLECTOREMITTER VOLTAGE Ve (W)

SWITCHING TIME — Rg

{
i EMITTER T
- Ic=60A
3 VgE=£15V
- Te=25C
E 1|
. |
B W
£ H--1 %
£ o3 g T 1.
77
2 MRl
ol |
10 L ] 100 00 500
GATE RESISTANCE Rg (D
10000 .
= COMMON
V=0V
g ] - e
;' 1 L Te=25C
= e F HH
g 300 4
1} i
£ N
g
E o { — ! it i
1 1

f
1 »n 100 300 1000 3000
COLLECTOREMITTER VOLTAGE Vg W

-

REVERSE BIAS SOA

]MI TsimC
Vo= £15V
Rg=1000

COLLECTOR CURHENT Ig (A)

I

|
10 30 109 300 1000 3000 10000
COLLECTOR-EMITTER VOLTAGE Vg V)

4 2004-07-06
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TOSHIBA GT60M303
IECF — VECF
£
B g COMMON COLLECTOR )/}
H ]
g :
= B
S 3
5 £
o
Ez
E3 §E
=125C
E 8 i o5,
: - Y/ a:
. i
v~ LU TP I o 4 08 i3 1§ 13 4
107 107 w0 F ot ' w0t et " o B o
PULSE WIDTH t, ) Vecp )
Irr, tee — IECF Trr by — difdt
-
I o COMMON COLLECTOR g i B COMMON
difdtm—20A1 s g
y Mz Tem25C ¥ 3 N Te=15T
-] == o, w
2 ¥ g B
E 21 §g n E ] ‘:::
E -g oy |t ¥ gg w0 o~
H £ A £ 5 =
R R F e =
= © N 2 il
E i - g E
= » g o %
g 8 | E
L™ o .
m 20 @ 60 % 10 4 o 8 1w 0

dirdt (Al

2004-07-06
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TOSHIBA GT6OM303

RESTRICTIONS ON PRODUCT USE alia
= The information contained herein is subject to change without notice.

» The information contained herein is presented only as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties which
may resull from its use. No license is granted by implication or olherwise under any paleni or palent rights of
TOSHIBA or others.

TOSHIBA is continually working 1o improve the quality and reliability of its products. Novertheless, semiconducior
devices in general can malfunction or fail due 1o their inherent olectrical sensitivity and vulnerabliity 1o physical
stress, It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safely in making a safe design for the entire systam, and io avoid sltuations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage lo property.

In developing your designs, pleass ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precaulions and

conditions set forth in the Guide for Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc..

* The TOSHIBA pmducts listed in this document are irlmded for usage in gencral elecironics applicalions
(computer, personal equipment, office g equipment, industrial
elc.). These TOSHIBA are neither nor d for usage in equipment ha‘l mquhn

exiraordinarily high quality and/or reliability or 2 malfunction or fallure of which may cause loss of human life or
bodily injury ("Unintended Usage®). Unintended Usage include atomic anagy control instruments, airplane or
spaceship Instruments, transportation instruments, traffic signal Instn control

medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products Estsd In this
document shall be made at the cuslomer's own risk.

TOSHIBA products should not be embedded Io the downsiream products which are prohibited to be produced
and sold, under any law and regulations.

6 2004-07-06
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TOSHIBA TLP250

TOSHIBA Photocoupler GaAlAs Ired & Photo-IC

TLP250

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

Unit in mm

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a
integrated photodetector.

This unit i3 8-lead DIP package.

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

Input threshold current: IF=5mA{max.)
Supply current (I¢c): 11mA{max.)
Supply voltage (Vgg): 10-35V
Qutput current (I0): £1.5A {max.)
Switching time (tpLH/pHL): 1.5u8(max.)
Isolation voltage: 2500V rmg(min.)
UL recognized: UL1577, file No.E67349 | W
Option (D4) type
VDE approved: DIN VDEQS84/06.92 certificate No.76523 TOSHIBA 11-10C4
Maximum operating insulation voltage: 630VPE Weight: 0.54 g
Highest permissible over voltage: 4000VPE

8 88 8 8 8 8 8

(Note) When a VDE0B84 approved type is needed,
please designats the "option (D4)"
@ Creepage distance: 6.4mm{(min.)
Clearance: 6.4mm{min.)

Schmatic Pin Configuration {top view)
Vee 1[] ip
[
* 2] 7
2+ Vo 4
VF ¥ 3] s
3 vo
4 [ Jﬁ
D 1: NG
A D.1F bypass capcitor must be 8 2 : Repde
connected between pin 8 and 5 (See Note 5). 3: Cathode
4:N.C.
5:GND
§: Vo (Output)
T:Vo
B:Vee
Truth Table
T Tr2
Input On On of
LED off off on
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Absolute Maximum Ratings (Ta = 25°C)
Characterisfic Symbal Rating Unet
Forward current I 20 mA
Forward current derating (Ta = 70°C) Dl /ATa -0.36 mA[°C
@ |Peak transient forward curant (Note 1} IepT 1 A
Reverse vollage VR 5 v
Junction temperature T 125 °c
“H’peak cutput current {Py S 2.5ps,f < 15kHz) {Note 2) TorH -1.5 A
"L"peak output current (Pyy < 2.5ps [ < 15kHz) {Note 2) lopL +1.5 A
(Ta s 70°C) 35
Output voltage Vo v
5 (Ta = B5°C}) 24
F (Ta s 70°C) 35
Z |Supply voltage Voo v
{Ta=85"C) 24
Output voltage derating (Ta = 70°C) AVg ! ATa -0.73 ViI°C
Supply voltage deraling (Ta 2 70°C) AVoc /ATa -D.73 viI‘c
Junction lemperature T 125 c
Operaling frequency (Nota 3) f 25 kHz
Operaling temperalure range Topr -2D-85 c
Storage temperature range Tag -55-125 c
Lead soldering temperature {10 5) {Note 4) Tl 260 c
voitage {AC, 1 min., R.H.s 60%) (Note 5) BVsg 2500 Vrms

Note 1. Pulse width Py < 1ps, 300pps
Nota 2.  Exporenential wavefom

Nota 3. Exporensntial wavefom, lgpy < —1.0A( S 2.5ps), lopy < +1.0A( s 2.5ps)

Note 4. [tis 2 mm or more from a lead root.

Note 5. Device considerd a two terminal device. Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

togather.

Note 6. A ceramic capacitor(0.1pF) should be connected from pin 8 to pin 5 to stabilize the operation of the high
gain linear amplifier. Failura to provide the bypassing may impair the switching proparty. The ftotal lead

length bety ap. and coupler should not d Tem.
Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Unit
Input current, on {Note 7) IFiony 7 8 10 mA
Input voltage, off VF(OFF) 0 e 08 v
 Supply voltage Ve 15 =l a | =
Paak outpul current lgprflopL - — 05 A
‘Operating temperature Tope -20 25 70 ! BS “C

Nate 7: Input signal rise time (fall ime) < 0.5 os.
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Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbot Cir— Test Condition Min. Typ.* Max. Unit
cud
Input forward voitage VE — Ir=10mA, Ta=25C 1.6 1.8 v
Temperature coefficient of
forward volage AVE !/ ATa €55 IF=10mA - -2.0 — my }*C
{input reverse cumrent r — Vr=5Y,Ta=25C - 10 oA
Inpul capacitance Cr - V=0,{=1MHz, Ta=25"C - 45 250 pF
" Ig =10 mA
"H" level loPH 3 -0.5 -1.5 -
p V=4V
Output current }f.%: 53N i A
- IF=0
L level Tom 2 Ve sy 05 2 =
. Veot = H15V, Ve = 15V _
H level VoH 1 reS000, o= A " 12.8
Output voitage v
- Yecn = +15V, Vegq = -15v o 5
L" tevel VoL 5 Ry = 2009, Vi = D.BY 14.2 ~12.5
Ve = 30V, I = 10mA _ 3 2
H level lecH — |ra=25C
Vee = 30V, g = 10mA ] — 1
| Supply arrent i L) - mA
Vcc=3-ﬂ'o’.lp=DmA A 7.5 o
1 level icaL — [Ta=25'C
Vec = 30V, I = DmA - —_ 1
Threshold input Ouiput P _ |vecr = +18V, Ve = ~15v = 3 ., L N
curent L—H R = 20090, Vo = OV
Thrashold input *Output - 2 Voot = +18V, VEgy = -15v 08 -3 —: v
vallage H-L" R = 2000, Vg <OV i
Supply vollage Veo - 10 - 35 v
Capacitance G L Vs=0,f= 1MHz
{mput—output) 3 Ta=25 o 28 al
& _ |vs=500v,Ta=25°C 12 14 -
st-autpal} Rg L 1%10 10 |
* Al typical values ara at Ta = 25°C  (*1): Duration of I time < 50ps
3 2004-06-25
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TOSHIBA

Switching Characteristics (Ta = -20~70°C , unless otherwise specified)
Test
Characteristic Symbol Cir— Test Conditicn Min, Typ* Max. Unit
ol
| P“’W!!B""" L—H laH - 0.15 0.5
delay ime Mo L IF = BmA (Note 7) o 0.15 0.5
-] Voot =+158V, Vg =15V us
Outpul rise time i R = 200G o s, =
Output fall tme i — — -
Common mode transient " i
immunity at high level Cani | ROV b = B —s000 | — — v
output cc .
Common mode transient
ks Vom = 600V, If = OmA
Immu:niy at fow level Ca 7 VE: 54 T:; friion 5000 - - Vips

* All typical values are at Ta = 25°C

Nota 7. Input signal rise time (fall ime) < 0.5 as.

2004-06-25
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TOSHIBA

TLP250

Test Circudt 1:

Test Circut 3 : I0PH

Test Circut 21 10PL

1[]
0
O

|
@

ey

Veo
-— T
L lopL
Ves

Test Circuit 4 : VOH

8 8
1 B ? 1 i
[ Vee | veer
" j T+ Q.IpF s s = :l 7 0.1F =
}L@oj g
i ; H P
17
VEE1
Test Circuit 5 V.
]
1[] i
[_1 = DApF Q:VCC’
V§ :I
(. &Y . "
LT
VoL
i P%%j
g
T VeEr
5 200406-25
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TOSHIBA TLP250

Test Circuit 6: L H, tpHL. e &

[ 1 ¥ = t R —
r

JLe 0.pF L Veor gl i

1k Vo T Vou &0%

R Vo GND
o b L Vo B0%
100Q E }" fptH teHL
L VEE)

Test Circult 7: Cogy. Cou

8
7 RSN\
sw IF 0.1pF
] 7 Lvee
A B J
I H-—e
1 H
Vem
yOF )
600V
o
Vem g 281,
e— —> Cre - 280V
SW :AflF=8mA} tr gus)
c _ 480 ()
Vo L , O /.4 26V A k & (5)
N\ "
SW .B{IF=0}

CpL(Cump) is the maximum rate of rise (fall) of the common mode voktage that can be sustained with the output
voltage in the low (high) state.
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TLP250

TOSHIBA

Ta—-If

V!

e —VF

8

=

-

f e

"

4 =

7 n

o

I T BERR
(S.rnwler  gdp  juepyean
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE

o The information contained herein is subject 1o change without notice.

o The information contained herein is presentad cnly as a guide for the applications of our products. No responsibility is assumed
by TOSHIBA for any infringements of patents or other rights of the third parties which may resuit from its use. No license is
granted by implicabon or ctherwise under any patsnd or palent rights of TOSHIBA or others.

o TOSHIBA s continually working to improve the quality and miabilly of its N i devices in
general can malfunclion or fail due o therr inherent slectr y and y to phy stress. It is the responsibikty
of the buyer, when utilizing TOSHIBA products, fo comply with the ulmdlrds of safaty in making a safe design for the entire
systern, and to avoid situations in which a malfunction or failure of such TOSHIBA products could cause loss of human iife,
bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products ars used within specified operating ranges as sel forth in the
most recent TOSHIBA products specificalions. Also, please keep in mind the precaulions and conditions set forth in the
“Handliing Guide for Semiconductor Devices,” or "TOSHIBA Semi Reliability H: " elc..

@ The TOSHIBA products listed in this document are intended for usage in general electronics applications {computer, personal

quip office i measuring robatics, Bic.). These TOSHIBA products

are neither intended nor warranted for usage in equipment thal requires exdracrdinarily high quality andlor refiabiity or a

malfunction or failure of which may cause loss of human life or bodily injury (vmhmud Usage"). Unintended Usage indude

slomic energy confrol | airplane or ra stn s, iraffic signal instruments,

ccombustion control instruments, medical instrumants, all types of safaty devices, efc.. Unintended Uwgn of TOSHIBA products
fisted in this document shall be made at the customar’'s own risk.

8

The products descnbed in this document are subject to the foreign exchange and foreign trade laws.

TOSHIBA should not be fo the products which are prohibited o be produced and sold, under
any law and regulations.

8

GaAs({Gailium Arsenide} is used in #us product. The dust or vapor is harmful fo the human body. Do not braak, cut, crush or
dissolve chemically.
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Abstract

This article proposes an alternative desien and
implementation of single phase bi-directional power full-bridge
converter. Switching scheme of this converter consist of 4
switching states. As a resulting, unipolar PWM wave-form at the
coupling point of a converter and utility can be archived.
Furthermore, switching scheme proposed improves efficiency of

a converter by reducing switching frequency of the specific

switches. The prototype designed to transfer power of 1 kW at

400 V DC-link and 220 V 50 Hz utility. Transferring will be
controlled using hysteresis current control implemented on a

dsPIC30F4011 DSC and analog circuits. Unity power factor
1. Switching scheme
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Abstract

This articte proposes an alternative design and implementation of single
phase bi-directional power full-bridge converter. Switching scheme of this converter
consist of 4 switching states. As a resulting, unipolar PWM wave-form at the coupling

point of a converter and utility can be archived. Furthermore, switching scheme

proposed improves efficiency of a converter by reducing switching frequency of the
spedific switches. The prototype designed to transfer power of 2 kW at 400 V DC-link
and 220 V 50 Hz utility. Transferring will be controlled using hysteresis current
control implemented on a dsPIC30F4011 DSC and analog circuits. Unity power factor
Q\d less than 10% total harmonics distortion could be expected.
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