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ABSTRACT

The main.problems of the conventional electrical plug-and outlet with direct metal
contact for ac power distribution system that employed in dc system. are voltage conversion,
risk of electric shock, arc discharge and galvanic isolation. Therefore, the development of battery
charger by enhancing coulomb' counting paradigm and cylindrical -contactless transformer is
introduced in this paper. By combining these two methods, the battery charger can be achieved
the arc free, high power density. transferring and controllable output voltage. Thus, the state of
charge (SOC) of the battery with coulomb counting paradigm canbe observed and monitored as
well. Mainly, this project is focused on Li-ion-battery that widely used in portable devices such
as smart-phone, laptop, tablet-device, etc. Additionally, High frequency diode clamp multilevel
inverter is used to transfer power through' cylindrical contactless transformer with characteristic
of Li-ion battery, coulomb counting paradigm can able to monitorthe SOC and depth of discharge

(DOD) more precise compared to-other method.
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LEAKAGE FLUX

©

PRIMARY SECOUNDARY
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3N 2.15 nslvurasdndudivan

2.4.2 nqeimssanuuumdieulasiniinoiufige

lwnsdshuiddilbunesinosesiinfis s ey snsvianuRgalush
mla:,nJaammnawewwmmulaammu’l,wﬁ’mﬂvnsvLLa‘lwﬂﬁmﬂa'}'ﬂmalu‘su@wmaams
N U Rl mﬁmmi}aagwmiaanwamaLuJmmmﬂgamalwmmmmwmwLuJaq
ussiuliitasnsvualwiaauigennd e innve 995unasne e ussdulnfiuay
ﬂizLLa‘lwﬁwﬁﬁﬁ’mﬁa‘l%'ﬂauiwamﬁmnaﬂQﬁlﬁ'f Trelasanuiaglivinnmseontuundoudas
ﬂ':’mﬁm‘[w'lﬁwé’ﬂﬂﬁ Area Product ilefTaMmM Cross-section Area (A MIUTLIUVINGN
YBkNU Ferrite EE Core uag Window Area (W, sprimaryt Wa secondanyd 141'0U5iﬁ]°vmaamw RoRT
mammmuﬂwnm WAy VAynd S99 U6 tueso s duainua JIuUdUAINAINEY?
(Litz Wire) maamumu'ausawmmmmmamﬁlﬂumswuwuauﬁamqmuﬂ%unmna LT

Imawaﬂmwuw (A,) vodunumanvoudas fie HaRMIENIN Window Area (A,)
maumuﬁﬁwmmﬂumﬁwmeumiﬂu Cross-section Area (A.) Afmhedunsaeuiiuns
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IWEJm'iaaﬂLL'UUHEJQLLUEIQIW'NWF!'J'IJJﬂQﬁlLUUNﬂQmWUW gdiaumslumsesnuuudet

A= AcA, (2.2)
dle. A, = Area product (m%
X . i
Ay = Wunimalunseuinsemay (m2)
Ao = Wuiiviisiavasuny (m?)

@ o o v ar i < el 1 e
VNEUMITUTIYMUEMBaUNAUYDINBUUa WA FsTa iy
Erms - KfEav = Kf 4'Nf Bm Ac (2.3)

Tneil K = 1(Square wave)
K¢ = 1.11 (Sine wave)
N = 910UV IURa3R
f= A28 (Hz)
B = AMMMUIME LN ULIMENgeEn (wb/m?2)

& &d v oo
Ac = NUNIMUIRATDUAY (m?2)
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A= J By (2.6)

A Ll
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l&) v o e/ ©

= P '
Qe = NUNRUINRVDINWTINSTIATMANIY (M2)

o v s ] - ¥ A v s 1 @t L7 a
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Je1491 Window Utilization Factor gauunuwesildlunsumvonadnaaslngialuiien
i i et o &, v o oF,
usgnIMmla@suiluaunislasai

Ko Ay = Niag + Noa, (2.7)
UNURT aye =140 asluaumsii (27)
agld KAl = Nily +-Nals (2.8)

< ' o w i a
efl Iy = frsinvasirdaeuadveinseuauguni
1 o ol A e =
l; = MnvesidsEeRRgvInTEIEYRond

N; = duauseurasInaInUgugl

Nz = 9nuseuTRIvnaInyfegd
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unuAn Ny wae N, Tuaunsdl (2.4) aduaunsi (2.8) axld

El ~FE]L

KA )=
4KKB
s —p xn o ELTEL]
p c

K
WUKK B f (2.9)

= o

nimaﬂmu‘lﬁu Aridelwivadesingiend Py, sxdanviiu Py, = E,, Tnedi E,

L]

=

Waeie Ag) ﬂ'uaqmaaaauaamamﬁamulw%mumﬁwmuwmqu uazazlarifaslniieg

q

PuUguil P, Azldian

P =] _E(&
o |\ X

n (2.10)

loef o= mmnmmmaaaaaLaawamwmﬂwﬁﬁmummmuﬂﬁmm
1= Ussdniamvesndoudaslaia

fAatuagladl
1
P11
n
4J KI’Kmefs

AEA XA =
(2.11)

- v a a
Toufl P, = anadalwinaSesum NALNA (W)
K¢ = Form Factor (fifiviiy 1.1 dmsunsdsundudyqyia
& | e o @ = o o a 4
letlasivingu 1 A msunsisUpdudyaadivas)

Kw = Window: Utilization Factor

o v ) o o a 2 ar  as Y]
auns (10) uandliiiuirauinddslnifannsosestuldsdunuss s
vowmlouvasluih venndulaefilulumeufiRa fmualy K, Seuszane 0.3 - 0.4 waze
ANUNUILUUNIEULE (J) 9eiiAUszuauvingy 3.5 - 5 A/mmz'LumiLaaﬂLmuLLumaﬂwmﬁas

m'hﬂum’}vauﬂums'{mw WIAREAITAIUILIAA A, sauansluaunisy (9) Wisuifiey
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2.4.3.1.3 3Unss ETD

gﬂﬁ 2.19 ununeaslsangs ETD

2.4.3.1.4 3Unss ROD

g‘dﬁ 2.20 unuieslsanse ROD



2.4.3.1.5 3Unss PQ

Ui 2.21 untuviaslsinss PO

2.4.3.1.6 3Un%4 Toroid

3Ui 2.22 wnuie$lsinss Toroid

2.4.3,1.7 3Un3973uvu (Ring)

o
JUN 2.23 unuieslsinsaumu
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3¥1IN Collector AU Emitter. d1n§unsudaines Field-effect v13gdidnaiduidu Gate,
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2.6 Arduino Microcontroller

Arduino Lﬂuuasmlmimﬂauimmaasmma AVR Al nssifamanuy Open
Source A uﬂ’limﬁimwauammu Hardware Wag Software §i7uasm Arduino 2ABBAKUVUN
Tﬁ’l‘uﬂulmw muummmvammmiumuﬁﬂm WWM‘N’]UENH'IMTSZWW]LLUN Wiy Wanse
genafuasn wislUsunsuselddnde defveanisle Arduino Luaqmnmimmwsmum

[ L

Input 910 sensors Alaiduiusimeensnas LD uagauunegeflilldinuesdudeudouse
AU Internet winn@eanisesideudedund iy Arduino Afldauveeduind luaenig
Microcontroller 1¥8n1 Shields (@as) 1914 ArdUine XBee, Arduino LCD Shields, Wifi Shields,
Arduino GSM Shiekds fugiy

2.6.1 suwisvuazgunsnivuvesaluTasaeulnsaimes Arduino Uno R3

3o 5P - fmiuUse incerfice !

e}
10MCU - Atmegalfu2

9401 Powerjack 7-12 v

= V
2 nofn Power

ﬂﬁ 2.30 sumisnnvedlulaseoulusatass Arduino Une R3

¥
pe
5

® USBPort lddmiusiafiv Complter iilalvanlusunsand MCU uazsnelnlssuuade

® Reset Button 1 Reset T¥natderasnsly MCU Sunisvianulugl

® ICSP Port va3Atmegal6U2 Wuwednildlusinsa Visual Com portut Atmegal6U2

® /OPort:Digital I/O fiausiv1 DO fla D13 wenemnd u1a Pin sevimiitaus ddudae
1 Pin0,1 tluwn Tx,Rx Serial, Pin3,5,6,9,10 uae 11 1fuw PWM

® CSP Port Atmega328 iuneiniilélusunsy Bootloader

® MCU Atmega328 1Ty McU #l$uuusdn Arduino



26

® /OPort wenaInvzilu Digital /O uda FauuAsudy desfudygrusuidon daud
U7 AQ-A5

® Power Port IWidBswesuadaidiofeanisdelnlifulsesaiouen Usgnauniaen
TWides +33 V, 45V, GND, V,,

® Power Jack $ulwann Adapter Ineflusatuagsewi 7-12 v

® MCU 983 Atmega16U2 18y MCU Avimiiaililiu USB to Serial Tag Atmega328 av
Anveiu Computer WuAtmegal6U?2

2.6.2 JUuuunsweulusunsuuy Arduino

=l = = ar 4
JUN - 2.31 meendeyavinaefumesludi Arduino

Psulvsunmiiumeuitanes knumslustinsr ArduinolDF Swanunsannyiivan
. . @ d =l v =l 12 19 L4 k4 =4 i
W10 Arduino.cc/en/main/software ndnfideul#alusunsuidoudosud Iigl¥udengu

uan Arduino Wlduasusneias Com port



Aute Format Crl+T

Archive Sketch
skeich_octi7a Fix Encoding & Reload
| Serial Monitor Ctrl+Shift+M
€ Arduino Uno
Board 4 Arduino Duemilanove w/ ATmega328
Sedial Port H Arduino Diecimila or Duemilanove w/ ATmegal68
Programvmer > Arduino Nano w/ ATmega328
Sum Bootioades Arduino Nano w/ ATmegal68
Arduinc Mega 2560 or Mega ADK
Arduino Mega (ATmega1280)

Archive Sketch
Fix Encoding 8 Reload
Serial Monitor Ctrl+Shift-11 |

sketen_ucn?a;'
¢
|

Board
Serial Poit

'
Programmer > "
| Burn Bootloader ¥

= < 3
3Un 2.33 @@oavineiay Comport vasussn
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i > P v . [ Y
AR Verify iMonsavda uaanugniasuaz Compile alusunsy a1ntuns

l v (%) 4 o Il P at = v 14
Uu Upload T#in Tusunsuludsuade. ArdUine titimeans Uss iWesuTnandeutosuds wuan

Tornuunutnedns “Done uploading” waruaiAzisuyi i sulysunsal3levy

-

il



ile Edit Sketch Tools Help

the s=tuf function tuns n vhsn you pres T I
td setup()
imitralizes digqaral pan | e An irpue
pinMods (13, OUTPUT);
4 loop{)y ;

Lita(13, HIGH} = gptiain ths LED cn (HIGH &
(1000 HaLt T SemLn
11 Gasi iV L L2137 1OV

namer

* ded = 13;

R the Tegmp pobtong tw
Mo getup() f
MARAni Thakize the

Modedled, OUTRUT):

d loap() {

Arduine Mega 2580 or Mega AD}

Uil 2.35 Upload TéaTUsunsu

[-LV/]
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2.7 NQWiFa9N13AIVANLUY PID

FuuAmIUAILUUARdIL-USTUS-ayus (PID Controllen Wussuumuruuuy
Jounduitldifuegantreving Ferrfihlulilunmsduandusanuianarafiviumenaang
uansieveadiulslunssuIunsuazAiifonIsfmuaueswenganAfawaslindedos
ﬁqmﬁwmaﬂ%’umﬁ’wwm‘tmfiiwmﬂszuwﬂ”ﬁ AauUsues PID Aldesuiuidsunusssuni

UITEUY

< 1w

Trwnses PID Buegivaniudsed dadiu UiRus waveuud edndou
o b=t L ! = e L &J
AmuaIInHavesrERawaalutlagiu dAusiusimunmanauufugiuresmasiuaIy
= et ot i @ fa & ) o :
Rewaaieiariiuly uagAeyiusimusinrauuiuguwesdnsinisiwdsunlamesd

AIUNANAA U”I‘H‘uﬂ‘ﬂLﬂﬂ‘ﬂ'1ﬂﬂWiﬁjﬂﬂu‘ﬂﬂi‘ﬂQﬁ?ﬂﬂﬂtlﬂﬂﬂ'ﬁﬂ'iUﬂ‘iRs"U’Juﬂ'ﬁ

o 1 o/ 73 v a’ d
Tasmisuiuarmaily PID AIMVRNANITaUIUFULUUNIAIUANTIIMINE AUR

nsvUUMiBInTsla MsnevanssvasiimUguIzedluzUreinsvesiapuaua e

mudanan Alarasyn (Overshoots) uaY ATLAINYBITHUY (Oscillation) 35 PID lisutsedy
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Wrieiussuumuguivanzaafigavssannsavilinsyuanmsiinnaiads sutuoy

y & v o = ot & Y &
nUsggnilfnutiseienaldifieanisiaesiiuuy Juegiunszuiunaidu
diey RloBureaisargniSendinasaaunauuy Pl PD, P 3o | Tuagiuildguuuuladng vaui
el a as & -
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ot} ar
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2.7.1 dadu Proportional Control Action (P - Action)

1.5 T T T T T T 1 T T
L reference signal ]
./""-_A/ Kp - 2
Kp=05
1F \ B ]
5
\
M Kp=1 KiZ1 Kd=1
05k o
0 ]
1 1 1 il L 1 1 1
0 4 B 8 10 12 14 16 18 20

1
2
31Jﬁ 236 N3PV siavaat K, fvuniiiu 3 dr (k-uag K, aei)

s 1 L2 4 r L2 i U -
WBNURIFN AT (Fn919808) uiUdsuutandudadiureseanuianaia A1s
[, o 5 o v ' = = "
mauauawaqammummsnm”lﬁﬂmanﬁf@fummmwmwmmmammw Ky W33 uNIENImeNe
dndrumanvasdndrvasduluniuaunns
Pout = Kgelt) (2.13)
e v} v
WD Py @URYIMUIBDNTD UNDUARAIU

Ko: onTwenednday, sudsuSuanls
e(t): AAuRAnaIRluLsazTIIE]
a s 1 { 1 =" & 1] 173 L2 =
HadnIvEdndgrInuRawanfasiUisuwlasnnguiy waitgaiuly

' v v v Y @ o o '
suvazliiadesli lumanssfudrunadnsmeredndiuii ssuumuaueriinanevauase
nsvuuMstiaenulusie
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2.7.2 U3WUS Integral Control Action (I-Action)

1 -5 T T T 1 1 1 1 L) LI
Ki=2 l —reference signa[}
1F
05F
0 >
1 1 ] I 1 1 1L | 1
0 2 4 & g 10 12 14 16 18 20
U 237 039 PV dieiaan K dmumidu 3 an (K, Wag Ky aafl)

A NWasINUS (Reset) Wudndmvssuuinn nulanainuasssozianus
ANUAANAIN HATINVRIP AR A LU nYeIEn (UsWuSuasaganAswan) axlve ovlian
azauiinsasiivluneuuii AsRanateavansrgnaalnednseBYsuSTu e INaTD
wenUIusimuslpedn v UITRUS

wiauUiRusaliulUnuaunas:
t
lou=K; [ e(t) ot (2.14)
0
= 1Y) o &
WD oy = AYeeII9envadnauUswus

K = 8as1e1sUsnusuasudsuduanle

e(t) = AarmnuRawatnluLdazdI9nan
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2.7.4 NANTNDUFUDIVAITZUY

4 4 vyve a v i =
AIEUINMT WiesruudlslaiuBunmiasiesdinsmeuausieanuuewing &

3 : 1 as = = | 1w = kY ]
JluvummevausstufasusyiurinvasBuneildidily lunsfenududsene 9 lunis

v

nevduasvesszuy dnvlsudoudunmiuilidududulandoniie ufguanisnevaussves

1%
o e as

3 o < Yo a [ e ' =3 <
szuunaaanilagmlideldsuduymduiladduduiulandamdisfeeinisnevaues

Wusaguit 2.40

0.5

=¥

e ts |

UM 2,40 wanmasniline §ih 4 AlddmunaaniRianseesnsaavaiswesss Uy

L

A =Y 1 = ol
NFUN 2.40 miilime et aunsaaduisniiuvselieadl

H :‘r’ & " = ' P a a 3

a1l (Rise Time, T) waneiia dasnanfinansvausuiiodygyianedum
WLRIN 10% U9 90 % WIB9N 5% 59 95% 1381 0% §9 100% FafunsiviuatIsan
Ju Sudusesusndaein Yelaeldwrauianivu

] cr al o 1
LAY en (Peak Time, T,) Wuned4 LAY IUNANTNBUALDIAEER

AT YBIWANITNDUAUSITIY



35

Ianawmmaﬂ (Maximum Overshoot, M,) nuneiia AINTNBUAUBIZIEA TR

INANIULDE AIdave (Final Steady State) m‘suaﬂﬂ'ﬂanawmaaammmuamﬂuLﬂamum

u

andi (Settling Time, T.) w18 nmwwammauauaaamamuwuL'U'ﬂ,ﬂaﬂ
Tuga99i Aavun mqwamwwﬂumﬁﬂmwawammauauaﬂuﬁmu ¥ogAIEnvY
(Final Steady State) Al uﬂumwmamswwuuﬂﬂzuamﬂmﬂa‘mum WU 1%, 2% 138 5%

Wiy
2.7.5 msufugudandie

dszuudineiaay Suninlidaen K uay Ky lUugud e K, UNTEITY
gy asnee pifiansunds (Oscittate) udadisen K, Tdandmdwasrnivilmaanisunie
e‘im%’umwauauawﬁm "Quarter Amplitude Decay” W&ifisl K Junse maanmmmm’lmm
fneufiesueenseiIums wie K wnlasilliiafies gaviheddionas Ihfuen K, aunsets
gueglusediuigonsuls usdn K, nmiuluss g inisrevausuadonasynfusousuld
Unfimsdiugu PID Miislenasymindesssdaslidngeaidasnasisaty usluunszsuull

ansaveulitinlaneiynle uavden K, WunuluAssiiliannsinde

A ﬂl i a ) -
AT 2.1 91T UARINYRINTILANAPINUS ot DT

i | daarady Toadyn RRIgduga | AnuRawamdEnIuy | adusaaw
wls | (Rise Time) | (Overshoot) | (Settling Time) AR
' (Steady-State Error)

K, an Wiy wWhgulae an an
@ 1%
ntoe

K, an Wi W anasagiitudfsy an

Ke | araufindes | anandndes | anaudnios mumnguiliing fion Ktion




36

NAI59 2.1 QvLLamﬁwaniswwmmmuinﬁ’amuﬂmnyu PID s
WIS ADIAN 9 ﬁ‘lﬂﬁmwumﬂmauummwwwaemsmaue&uawmivuu FavgwuitAunu K, awvi
T34 (Rise Time) anas uazanfIAIURINATR 0 anuzA uiliaunsanidnen
ANRANae & antugasdldivuals Ay K svdindhiudnlunisandinanuienats w
anuzAs lmunluudnsiusiny K mnLﬁulﬂﬁﬂsﬁﬂﬁwamsmauaum%"sﬂj‘uaﬁswLﬁﬂiﬂ
Iodudnnu Ky ﬁwﬁwﬁwé’n’l.umiam‘[ana%quqqmamasﬁﬂﬁwamsmauaum-ﬁ"mjmaa‘swuﬁ

[

=f
P
2.8 M39nUszquazIslunisaauny

281 FEmansiamsdauszasiensiulssy
2/ J = @ -
SEuURIIaBUNslEuLUMAnIlae5n 15U sEY (Coulomb Counting
i [ | -:‘va ot o o 1 U i 1 =
Paradigm) Wulsnasulynuiviuame e taglunssuaamusens 9 9aauunmeslagnis
dv _a ) & @ ) d v ow
ATIVABURUALADIAIIITAITUUYTLIUULDNIINAINT TR L3 W LYELUALA B3 L EE 1 usa
] v = b
Uismmmmqmﬂmﬁwmu:ummamazmmmmmaaummmmm’iumnﬁuﬂwﬂu‘umxu'u
Wisufivanmaeuissildemildnstan state of Charee (SOC) Humssavialdvtansizlnsain
1 o ) =01 al!’ boas = alnh[, @ a a . Vas
wiugvewnazisnIzTusgnusiawswuameTilfiesluegiuuunmeivls Liion 16suniu
leuiannniukazgnidiuedwninarsnintulihegifuludaurasgunsainnsunnd
) = - v T Y « Y det 0 qw
Insfwilofiounuidnnia aunsnlwmdusuudsoniaduendnuaivessauunas aminlens
W o Py ) 48 a = Ve f v o e w siaal
IndlamylaussiuifuunineTiuinermearstedoulivilfisnsuiugeddiinsasqasy
4 o LY 13 d 1 = 1 o o =l'
mﬁ'[mmutmmma‘ﬁmm%‘msuw'ﬁz’qL-zn:.l'1LwamaLwummLLuum'lum'iwamuwaummmas
d‘ o a & - s': o 1
LwaﬂmﬂumimmnsmammqqLnu‘lﬂuamwumqmﬂ"ﬁmwa&mema‘ﬁmﬂ%mmsmaﬂam
= [ = Y Vel 2
nsfnwsruURsRaeUnIsiiuunmelagEnsiudsey fe Tnasudnsdnilisldoanvnauii
° a w ' < ¢ = ¢ P v f o
souanmanazmsimatianing1lultlueiesyisou uninedvetann snlny welvnisersed
) = a a = & o o e = 2 1 -1
AU UasiU T AT A IRLYY Tneaslidadyinulfuaedsi
2.8.1.1 State of Charge (SOC) L‘Uuammsmmmmmlmwauﬁmsmwmﬂsm
Yoauunmed 1wy Tuunmeisagud (Battery Electric Vehicle, BEV), Hybrid Vehicle (HBV) Tag
neves SOC 1y % Tny 0% = Empty; 100% = Full
2.8.1.2 Depth of Discharge (DOD) \Jugn3suilafiaunsavsdan State of

€

2

Chargels' lngr1 DOD fludiunduvesdn SOC daumiisvss DOD ansendiuldws % uay Ah
(0 Ah, 09 = Full; 50 Ah, 100 % = Empty)



37
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1 1 3
3.2.3 unae918lWiae9u899999

druvosundetrelnidssarldundssnousedulniinseuanss +5V, +12V
uway=15V lnslumsadrsunasineusesiulniinssuanseiy axldmdionUatuuasesulngh
nssuaaay 220V 10u 9V uay 15V mnﬂ"’ulaif"m*«ui[%'mnssu,a (Bridge Rectifier) wuas
ussiulwihnszuaaduliidunseiulwinssuansaazdedaufvuseqilusdeniuas
Munderedlodinwiszduuseiu (Voltage Regulator) Litevinl#n1snsziftonosusedy
(Ripple) anag s‘fquamlugﬂﬁ 3.10, 3.11, 3.12 FaledSnwsrdunsetuazlfiio¥nuiad
wssdulnineendaiinaeniat esinuvasiglndsanaidasdediuielaunn
T 9 ﬁﬁmmhwfamsmﬁauLLUaums‘fulwﬁﬂqa Ingagldlodsnwiussiuiues 7805,
7812 uae 7820
%_.'_220/ 9 VAC IC 7805

L] Ot

-

Gnd

2100w SON P, v

LT AT A 1000 48 b Vo ++5V

IC 7805
Y

h Dt
Gnd +
0.1 fF

T T GE0 |- 100048

TN 100 LT o 20V =V
N *

v 1 1 g
UM 3.10 Tassashosasimasine ides 5 v

220/15VAC IC 7812
‘\ ’/-" Gy s\ Wi (‘4‘“1
DARAN ' Gnd *
_/: '\ i T A i sooys g 01— — +12v
WO N )4 A0y ¥ sov ST v

i [\ AW — s

T

220/ 15VAC iC 7812

maus " ? In Out
Al ¢ X Gnd +
.3 ‘.: /1‘ /\ — a0 ur | w000 g ——— 0L pF—— —12V
sk " o TN wov | osov TN VT T
<l v <
/\‘ 'z\ N A

TR b ooy N

Ut 3.11 Tassasnsasunasdnglnides 12 v



IC 7820

i Ourt

Gnd
0.1 ,urJ———

——am 'ur! 10008 ————

/' N,
y TN 100v sov 2N 20V
AN N _—

IC 7820
1

—

i Out

Gnd

470 4 | 1000 45 01 47
.-""1 S 00v | sov /’T"\ v

|
- =
<

o 2 . &
3UM 3.12 lassafrnisesunasdnelvibes 15 v

= Y 4 v X
3UN 3.14 23shidusnaistiu
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3.3 A1T9ANKUUINITAIVAY
3.3.1 lulasaoulnsatans

f?w%’w%zymwﬂwuéﬁiﬂﬂmaau‘[miataaiﬁaa"s’ﬂqﬁ’mmm PWM 41Uy 2
deunalasanansaidou Phase Shift Angle (@) Faus 0-180 Lﬁaﬂ"%’wuﬁmmﬁmmﬁwmﬁ
pn21n DCM Wsunsuiidenlilunismuaululasaeulnsaaeaslilusunsunimd
Wlosmniunnitiandouanduiiginfustaunsmanedloiisuiisuunyilsunsy
reufimeiou 4 felulaseoulnsamesiasiuthilunsmunumshauuasyssnana
wedinshiuaguasaira 9 luases dmiulalnseerlnsaaeifidenld sudenld Arduino

Uno R3 slagdii 3.15 iuveialilasaeulvsiaeinszna AVR Tneilnmautifci

* ATmega328 Microcontroller

e InputVoltage - 7-12V

» 14 Digital 17O Pins (6 PWM Outputs)

¢ 6 Analog Inputs

* 32KB Flash Memory (0.5KB for Boot Loader)

o 2KB SRAM

o 1KB EEPROM

e  16Mhz Clock Speed

Weuldsinsuuueensnas Arduine IDE waglustinsuniuneasn USB fidns

Wl Uk U U-Open Source ﬁaﬁmstﬁmw%agawzaﬁ'w Hardware Wag Software #7
U3 Arduino gnoanuuunlildaulasts lumsdeaunsaiiadusig 4 a1uisanoases
Budnnseiindnnteusnudidouseitinuniivs VO vosuoinldlnunss FaludSaqrinudil
wldlulnsnoulysataeismn 2 f Idurlalasreulnsamasildiniadayain Phase Shift
PWM uazlilaseulvsadesilimununatuusey uathanmamminaeuansua (OLED

LCD) siegudt 3.16
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: )

Tkt
axwa’ . ARDUINO

g 0 R

¥y 4
IST, WWW, ARDUING.CC — WADE IN ITALY

-———-n-u—_——hm_-

| UCC SCL SDA RST L7 L ey

5Ul 3.16 98uanma (OLED LCD)



Fanszvaumafeulsunsuasyhauuenlaesinsu Ui 3.17

«»
'

Initial .

No
@

Start Generate
PWM

Voltage < 5V

\iy Phase
Shift Angle

af Phase
Shift Angle

Voltage =5V

No

= o o !
31]% 3.7 WHURNINITN TUTBIFIUATIUAU
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3.3.2 729397 Half-Bridge Driver

qsasﬁmzﬁwuﬁnﬁ%’ué’wm PWM 3nlulasaoulnsaiaes walviinisdu
wesadygnuazlTuiaalng nedudygraduwnanlulasaeuinsaaesidiled TLP250
weuannsmdlnl 5V uasln 12v senanfuitetestumssumulilasroulnsaaeddenals
lulasneulnsataesvinulinnain Inedyaanewnmain TLP250 gnaioled IR2111 §a
\Wuled Half-Bridge Driver Iwthiidunesadygiauazyuiuaning Insdvranananing
650 ns deyeyrauednmiilniiu PWM 2 dyanadunesany wethludhymsstudago
yunastely Tngaeasiisidhef 2 9 Lilesndnyara PWM arnlulasaeulnsaaesiideii

Msdunedall 2 dygia

+}2V
‘ +12V
T
o
+12V R "
TLP250 Tt ! I—’" =\
C [ :D =5
°_—M-_E AAA ;:F }_ﬁzqnn
l_-——l'.". E-l_ O J__wyl
V AAA

3UT 3.18 2995 Half-Bridge Driver

ypwd) a2aslrneinod
X

mpibewq pnlrnucd dmefuod

gﬂﬁ 3.19 81899397 Half-Bridge Driver
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3U#13.20 2995 Half-Bridge Driver #ia$asiu

3.3.3 wWastudn g

29959 UARyMIUNN (Gate Drive) ﬁwﬁqﬁ‘lumwmaz’fmmmmuF}um's
ndisninlulnsaoulnsaiae silidgdy Msbugunsallumsuennsmim i sewing
WIIMUANKALT3AES lunseenuuuld IC wile TLP-250 1Hugunsaflumstuaing

a 2 o
UM 3.21 assasinaasdudyaaing
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3UN-3.22 a8 studyg i nm
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3.4 szuualuanlaundu (Feedback Control System)

luSyaniiwusatuil svldmsmuauiuy PI Control Wensiusaduledinm
5 Taad iedemdifulnanludiddoilumdaliiuwunned Taoiindnnisiefausedy
e WisuLisuiudn Set Point AiRs13a¢ 18 Error penan 19 PI Control Tun1suuyu

. ) v q v § = o af =
Phase Shift angle (@) esnwiussiulvineiii 5 v dwudenlassunsuiiuandlugui 3.24

Integral (1)
— K/ L
( A ]
Proportional(P)
Setpoint | —t— 1\ [ 7] Output
R = =N, G(s) g
1 —iSensor——
R B

sU#l 3.24 uFealaovunsu Pl Control

v

TagmsmsaeFuusduewnmdentdieuigesinussiuludt dugui 3.25 14
ULS9Au-0-24 Laasidm3u Arduine Standard Voltage Sensor Module for Arduino Iu@aﬁ
Tdndnnisinussiulvfiridauvandudygin Analog 0-5 V Fawasn AZD 98¢ Arduino 7
ausagurussdtlniini 0-5 ladeenuiludifdnen 0-1023 lugaildasesuiousdy
vilsfanunsadnlliaegeia 24.9 Toar Tneldlwidesd 5 Tad fruesa Arduino T4 lndeed

3.3 Taadeudnwligeanit 16.5 Taad

gﬂﬁ' 3.25 Voltage Sensor
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3.5 n1Isanuuuntiandasnumaslsinsenssuen

dwmfuntseenuuuniiouvasiu luduusnmmsgddaildRersandednuas
JUnssvaaunueslsduilasing q Asunsamnzaulunisiunldidughiu whidsy didu
Uaytuunueslsdluvisananiigunsaine q inunesndognatiu gunse EE, UU wie CC,
El, ETD, PQ, ROD ifludiu Fudleldfimsanfagunsevssunumeslsiuds meavilavinig
Lﬁammmwaﬂscﬁﬁﬁgﬂmqqumqnswanw%ama ROD Lﬁaqﬁwgﬂm&ﬁmmxﬁm%‘u

e ) v oo o & & o 2 vaal o & od
DDNLUVIUULRITU LAY ﬂﬁ\ﬁ]']ﬂ‘l.lﬂﬂ‘ﬂ']ﬂ"l'i'é)@ﬂ‘lﬁl]@LLﬂaﬂIﬂEflﬂ?ﬁﬂ']u’JthUUNaﬂmwum

(Area Product)
Ine As = A By

e A, = Area Product (m®)

g

W 1alunsauINUDInY (M)

o
v as

AW =
Ac = Wunmihdnuaawny (m?2)

."‘“.

3UM 3.26 Megrmslonunes A ke A, vesununsioutasuin Ferrite Rod

T3BnsAauY A, Approach

Target E; =24V, 1, =1A Turn Ratio = 1.6:1
Msunaudynadindsuainddefimnud 25 kHz sumsiouladasunuines
Isidianumuuiuvesauauingn (8) 0.1 T wazillduruaudgnats 8 mm. 812 38.1 mm.
Toesdi K¢ =1 (Square Wave)
Kr=1.11 (Sine Wave)



MUUAM. J = 4 Afmm?

11 Skin Depth

A1ruAlA Volt Per Turn (E/N) =

10 E = dk:fNBA
E/N = dk fBA

0.35 6
BA=——=3% 10
4x25x10

NN E; =24V, ,=1A, Turn Ratio = 1.6:1

BN
NGNS e, N,
24 _16
WA 3 7/4
azla Ey= 24/1.6 = 15V
o\
NNGAT o N,
WO 1
WA 1 & 16
agle b=1/1.6=0625A

(J =3.5-54A/mm?

#au Primary
f9@dr = 0.22 mm.
AU Secondary 910-ly-=J x-Agiez

oty Poires = TI410% =

2p 2x2x10%8 =4,
(7T x 207 X225 x 10%)

azlél Skin Depth = 0.45 mm

@l (1) voswARIANBILAY < Skin Depth

45 mm
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3.2

TN I =0 X By s U Agire 0= 0:625/8x10° = 0.156 mm?

=lar o«

0.25 mm2&5@d r = 0.282 mm.
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s

AU Primary 9gl49aim SWG #27 ﬁ‘ﬁgé’udwquénma 0.462 mm. {5ail
ﬂig dl vV e = o v 2
0.231mm. TRuANFR 0.167 mm? 9zliduiuduaIn 0.156/0.167 = 0.93  1&u

azlavszana 1 dulunisfiinden dude luiinisindes

o

#1u Secondary a¢ldain SWG #24 Ailidurugudnans 0.612 mm. ¥adl

1
=

0.306mm. TRuiivtida 0.3 mm? eisuimduain 0.25/0.3 = 0.833 1&u

azlauszann 1 dulunisinden tude Lifinisingen

MAWIUTBUTRIMITBLUAY

= 15
Pnans Ny = = }
3 4K FBAL  amsxt0® Xomaxio )2
Ny= 29,84 S8

9218 N, Y52 30 590210 Turh Ratio 1.6:1 vilsh Ny = 1.6x30 = 48 Sou

nIIdU
270 (1) ; BA = 3x10%
wnueslsdidanldflen B = 017, 1 = 4 mm. A=50.27Mm?
awld (BA)ersie = 0:1x50.27x10°8
(BAYerme = 5.027x10° Faaninadi 3x10°

Aty @unsaltunuinesisdng r= 4 mm 18

daldvinsnaasss s wiiBudasiesnuulaeis Ni= 48 59U Lay
Nz = 30 50v dsuiradlndlidvinfians Jaudsu Volt per Turn
910 Volt per Turn = 15/30.= 0.5 Uil Volt per Turn= 0.3 villasuiuseulmiiy

N, = 15/0.3 = 50 59U Waz N, =1.6x50 = 80 s0v lnsazuaniswazidonluund 4
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W o
3.6 N1722NRUUNITIAUTNIULUALADS

=i [

ludwrenssnuaumssauszaviinsianusiurensesioiunseua
WA Lz.a:fehumw;mﬁﬂaﬂﬁwﬁwﬁﬁmﬂizLLa‘Lwﬁwmﬂé’ﬂﬂizqamﬁu maviheuluvednsey
wilmsselniilisaiuasiestunszuaiuuariiadeinlud LTCA150 Tas LTCA150 9298
mswlasdeyavasnszuailuaduiivuiunauasldmesnuniiugaeu wazdledusegina
H1unn 9 0.614 gasuy LTCA150 svdsdya1uadnealuil Arduino iieifiuAtuazuan
amuwmmema‘%‘ﬁviaagimumwa OLED wlevinnsdnusyaaudiu Arduino axinissny
ns::aLa‘LUﬁ'%'Laél,‘ﬁaﬁmlwﬁwﬁﬁﬁq{fmﬂsxqag minfisamsiiazsauseylndansavilalagms
SiwnAisiadasdmsululasaeulnsanesiild asidonld ArduinoATmega2560 (U
lulasreulnsaanslunsena AVR Insfinnaudadsil

® ATmega2560 Microcontroller

®  |nput Voltage 7-12V

® 54 Digital I/0 pins (15 PWM Output)

® 16 Analog Input

® 256 KB Flash Memory (8KB for Boot Loader)

® 8 KB SRAM

®  4.KB EEPROM

® 16 MHz Clock speed

Q‘Uﬂ'ﬁﬁﬂmﬁumsmnai’ﬂmié’mﬂiwﬁﬁaﬁ

1. gunsningdRtiuysey LTCA150
migUssinang ArduinoATMega
nsuBaimasuiln NPN 598 KTC3209Y-AT/P
51a8 HKE HRS4S

99 OLED

-

lugu# 3.27 sslludiuvensasdianseuauaz sz ostunseuaiy ngasld
ludnstestunssuaiuamsluvazdaussqviniu luduvesdindazmuauanassd
AeandMmimhiSiwnSiadifielinduuminseuawarandygyui Arduino daniiaying

annszuaftguuaneTileymsdausegauLiundn
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Tuduvessasmunu filfuuszquazssuanina valasseunasgiglu
nnduvenasinnsuauas Tosfunssiuiuduniivdwesiiivyszquasderoontes
fdulszqinfunumeeiildeu wazillefluszqlvaniiunn 1 0.614 paouy dnfuavds
dyynuluidisussnanaifevnnsiuruasiansmaseniiinveuansa

= o =
JU# 3.27 2sasteariunszuaiu



‘ Start ,

Estimate

Initial Battery

Ye:
Close circuit
No

Show Value

Battery +, Ah +

%battery =0 |

Battery -, Ah -

Battery = 99%

open source

%battery = 100

Cut source %Battery<1

oY

= @ o o =
3UN 3.28 LHWAINSYINIUNTIAIUANNTTUUSEJURILURLADS

62



63

< o v o
3.7 insesdiunuuvauATa st yan minuwu Sl duds

k4

iAsasuLUUTBNATesdnUsERa SN uL Ul i dudaiiingsld Diode
Clamp Multilevel Inverter Tumsudasusssulnihnseuansadunssuaaduiiomiionis
wiouwUasnuemeawuuliwihduda andudinisiSenseualiiulniiinszuanss lneinns

ruAulARs il 5 Tad e ussdufandnluldlunisdnuseguumned dalians

a } Y

ATV InAaIUEMIEAUTEYMEAEMsIUYsERIY (Coulomb Counting)

3
&
o s

ddrulsznaudidfsadl

@

. vilawlad 220/15 V

—

N

- llasreulvsalaesnavasesiiss
3. 2l

4. 9AUTUAT Set-Point

5. 997 Half Bridge Driver

6. 2ATTUNA

7. WA

8. Wudeu (mieudasimuyRent)

=

9. iU (mllalawinuguaf)

YU

10. LWUMRDT

11. lulasreulvsatagsaunuivanivlse

12. 2995Uaaiunseuaiiu
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S

3UM 3.29 druseneuirsasdiunuuiulguni

YU



10.

Uil 3.30 @ISy NOULASOIRULUUAILY

a =

Aol
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Una 4

ATINATDILASHANTTIVNAD DY

4.1 umin
luuwﬁﬂmauaﬁawamwﬂaaum‘smauauamagﬂﬁzymwmawﬂm1.ﬂaa1ﬂﬁ1
sUnuUAe 4 uagvihmsdenudfouvaswiafifusransamgeiigauinld saidsnismadeu
'NaJiﬁﬁm%a‘[msﬁﬂn'l'im'aa{fué‘l’mymﬂmﬁwmaaﬂmamaﬁaﬁm%‘aLﬁauﬁ’uyuﬁﬁwmﬂﬁaumaﬁ
YuAn 9 dsnsindnszualniiainnis Simulation wagyinmsmans AR LduRY
'swdwLLiqéfuﬁmmaamﬁauﬁuquﬁﬁaﬂﬂ (Phase Shift Angle) saufisnsuansnsImiluans
AnudiussEriusiuiureeniiisuiuwssiuiminagesvensasmuauuuutioundu
vilin Pl Control Twvauzaandzitlifinnsemalai wadluvasiigaiszmaliih wasiinng
nadouAdktiud1lunssnlizIvesiIn uANNIsEAYsEesae N alulsy (Coulomb
Counting Paradigm) Tneiuspuiisudilesidu SOC (State of Charee) flutiraavesaunin

Iunagnihsevesinindnusey

4.2 #AN13I1RDINASADUIB TN TN HABNR RS

-

nisnaaselisglSsuiisuatusfumulgugl ussduiuniogd uaz
WSIULOTINAYDII997 Converter Tivnseaniuy Inugaiananis Simulation va3nsle
wUaldnsadu (Tum Ratio) 1:1, 1.5:1, 2:1, 2.5:1, 3:1 21alUsknsY Psim 9.0 1iaidenld

onsduremisuUaslwminganiunisldeuluSyiinsy

T T T
Transformers ratio

~3:1
251

20

101~

Primary voltage

L I I I L { I [
0 20 40 60 80 100 T 120 140 160 180
Phase shift angle

d o a 3 1 Qs L =
UM 4.1 nemluansAuduiusse I Phase Shift Angle fukssduduugund
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25 T T T T T T T T
Transformers Ratio
311
20F -
e - +—25:1
g, .
8 . —+—2:1
8 ;
o
>
2
[}
hel
c
o]
[¥]
@
[
t ! L t L L I L

0 20 40 60 120 180

80 100
Phase shift angle

=

= o o & ' ) ar w Y a
3UN 4.2 nauaAnemI UL IYMI 1Y Phase Shift Angle funsadusunnaend

nnwluguh 4.2 waadbiiiudrussfudiudgugiivewioulasfidsnst
daugandnaelidsdiu ms Mnndmalouuasiifidnsidausingt dniluguil 4.3 uansli

wiutloussd ms duyRogiivemieudadludasdusng q

20 T T T T T T T T
Transformers Ratio
w31
F—2.5:11-
A =21t
@
Lé +-1.51
— 0 B o
3 o i )
Q
=
J
o
R 2
0 L i t 1 ! L r 1 :
0 20 40 60 80 100 120 140 160 180
Phase shift angle

3V

<
1

4.3 NHLARIAUFNNUGIZNIN Phase Shift Angle fulssiuoen
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NNJUT 4.3 asagulsied]

nlouUasdnsan 1:1 annsaudulausssuld o - 18 v

euUawdnsdiu 1.5:1 ansaviuldussdiuld 0 - 12.3 v

lauUasdnsdiu 2:1 awnsausulausiuld 0 - 89 v

niloulasdnsaiu 2.5:1 anansausulduseiuld 0 - 6.8 v

nilowlasdnsau 3:1 anansausulduseiuld 0 - 5.2 v
L‘f‘immmmﬁulﬂﬁwﬁ%sﬁwﬂ‘a’i’é’ﬁﬂisqagﬁ 5V Fatusdadenmlouvasii

fighaeuegsenin 1.5:1 uas 2:1 mzuseiulwindldoglutaeilldon

4.3 mMvadaundauvaslna
E?m%’umwmaawﬁauﬂaﬂwﬁwm::v‘f’lmsmaanmsmauauaa@iagﬁﬁmmm
LLé”Jﬁﬂﬁzu'l’i'mﬁmt,ﬂaﬁlﬂﬁngﬂLLUUlwuﬁmauauaqﬁiaﬁ’muzy'lmlﬁ'ﬁﬁiqﬂimaﬁﬂmwiat%’ﬁu
WA IndeNpInE 25 kHz wasd IRy aUUEmAsId et MARILIR 5 Tovia i
Harsumsaevausisiogudg 2 90 AewimieuadliinuazudmiiouUasing wieu
vianusyavsamivemdolUaglwily 7 wé’qmnﬂ';uﬁftm'stﬁaﬂwﬁauﬂaqﬁﬁﬁqﬂuﬂﬂums

o o L

dwiddy, lngvaddhladaihuiouannlugduuuse 4 ifamimiowasuuula

[ o Y o=

ARz auigadmsuldduid Su wwndsuwuylintduia Sdmsunasauaam

o oa 7] I Pout U o 17
Usglininimesntianvadiwibanusanilasanans Eff= =2 x 100% Ineidndeuwuuls
Pil'1

wihduiadisunuusng q dil
UL 1 (Tum Ratio: 1:1, TurA Number: 50:50 )

o v £ P a ¢
3UN 4.4 JUuvumsiuveslsudasianudgugiilunnunesond

wazrunieniilunsanszuen



2015-05-18 22:55:37
Stopped 526

50,8333V
2£5.8333V
-&5 . 0000V
121.280nU

P-P(C1)
Hax(C1)
Hin(C1)
Aug(C1)

1.50000U
Hax(C1) 750.000nV
MindC ~750.000nV
Aug(C1) -41.2480nV

RnstC1)
Freq(C1)
P-P(C2)
Hax(C2)

Rns (C1)

Freq(C1)

P-P(CZ)
Max (C2)

Nornal

SOMS/s  20usAdiv

Edgye CH1 4
Auto
8.0V

£4.3872U
£5.08781kHz
1.04167V
625, 000nU

Min(C2) -416.667nY
AvglCZ)  49.9533nY
Rms (C2) 12 100V
Freq(CZ2) 12.50000MHZ

Nornal
S0MS/S

gfﬂllz:,r.{1.._

.10 Al
(1 0.5006 Udiu |
[ DC ~1.28MHz

Edge CH1 +4
Auto
0.355 U

-416.667nU
39.9335nU
118.451nV
25 .00000MHZ

Hin(C2)
Avg(C2)
Rns (C2)
Freq(C2)

430 .550nV
£5.06266kHz
1.04167V
625.000nV

el o Lo ar 2/
Jun 4.6 gﬂamuagnmwwulﬂﬁwaqaanmﬂwmauﬂadwﬁﬂ

Tagfimfaudadinihzuuvuiidussavsamiu 0 %



UL 2 (Turn Ratio: 1:1, Turn Number: 40:40 )

< o 2 ] e v P
JUN 4.7 huuumaiuvesiiowUaslniisidaugugiluunueinie

wagsuRzgRiunuILwIY

201505719 1630

P-P(C1)

52.0833V
Max(C1) Z5.8333V

26 .2500U
5.16615nV

Min(C1)

Avg(C1) Hax(CZ)

Norndl

SOMS /s 20R5Ain
i CH1 10:1
1 10:9 Usdivu |
| BHHZ

Edge CH1 £
| Auto
3.0V

6.25000U

&5 .08781kHz Avy 26.9973ny
12.9162V Rns(C2) 3.18573V

6. 66667V Freq(C2) 25.08781kHz

20.8114V

= o a ] 2 o
UM 4.8 yudynavesssiulnineudmioutasind
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Nornal
S0MS/5  20usAiv

CH1 10:1
10.0 Usdiy
Ic 128Nz

Edge CH1 &
| Auto
18.0 U

P-P(C1)  44.5833U Rrs(C1) 17.3803U Hin(Cz2) - 2.50000U
Hax(C1)  22.0833V Freq(CL) : 4 Aug(C2)  61.8896mU
Min(C1) -22.50000 2 5 3: Rns(C2)  2.129810
AUglC1) -36.8292nV Freq(CZ) 25.10040kHz

U 4.9 sUfyyramemssiulniandiesnainuiautadlyiii

5

UszdvSninasiioudadlwiguwuutiii 55.9%

SULUUA 3 (Turn Ratio: 1:1, Tarn Number: 40:40)

= o v | o a
JUN 4.10 gUuuumsiuvesmipuladinilasiiduuguglifusnuisumu

wazaunAsiluununsinszuon

71
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2015,05-18 23:30:07 1ok Normal

itopped 719 SOMS/s  20054iv
nin [CHT

1 10.0 Usdiu

| MHZ]

Edge CH1 4
Auto
4.2 U

P-P(C1)  55.0000U Rns(C1) 24 .15 Hin(C2) 20833V
Hax(C1)  27.0833V Freq(C1) 25 7 Z Aug(C2) .6232mV
Hin ) -Z27.9162V P-POC2)  5.41667V Rns(C2) 990, 220mV
Aug (1) 16.5817nV Hax(CZ2) £.70833V Freq(C2) 25.17623kHz

0150518 23:24:03 1 Nornal
[Stopped 167 | S0HMS~s  20u5/i
( 1 CH1 10:1
0.200 Usdiu

&

| Edge CH1 %
. Auto
0.136 U

P-P(C1)  825.000nv Rns(C1) Z64.881nV Hin(C2) -250.000nV
Hax(C1}  425.000nU Freq(C1) 25.08781kHz AVglC2Z) -25.4683nU
Hin(C1) -400.000nU P-P(C2) - Rms(C2) 73.2716n
Avg(Cl)  28.0705nU Hax(C2) 3: £ Freq(C2) 24.65483kHzZ

d Qr L s L%
JUM 4.12 JUdygaeiusiulnindeanainudeutadlnia

UszanSnmaeamioudaslvvhzuuuuiiliu 0%



gjlm JU#l 4 (Turn Ratio: 1.5:1, Turn Number: 90:60 )

> o v o v -
JUN 4.13 JUivunsiumioutasiniinlreidrud gugfduinuenie

wardnunAsgiluununsinszuon

0150510 22:30:41 ton  Norpal
stopped I SOMS s Z0HSAie
in2 CH1 10:1

Edge CH1 4
Auto
g8.0U

P-P(C1) 52.9167V Rms(C1) 23.1372V 2.29167V
Hax(C1)  26.6667U Freq(C1) 25.08781kHz 18.7481nU
Hin(C1) -26.2500U P-P(CZ2) 4.791672V s (CZ 1.16852U
Aug (C1) 116.0630nY Max(C2) Z.50000U 25.11301kHz

:‘ af s t } 73 £
JUR 4.14 Udyavesssiulineudmdauuadvih
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2015,05-18 22:50:02 1o Normal
Stopped 124 g SOHS/s  20Bs/iv

P-P(C1)  26.2500U Rns(C1) 11.6037V Hin(C2)
Hax(C1) 13.3333v Freq(Cl) 25.008781kHz Aug(C2)
Hin(C1) 12.9162U P=P(CZ) = 4.58333V Rms(C2)
Augrc1) 108.281nY X (C. Z.29167V Freq(CZ)

CH1 10:1
10.0 Urdi

| Edge CH1 £
| Auto
| 8.0V

2.29162V
17.3100mV
1.46083V
25, 10040kHZ

3Uil 4.15 JUdR T ksl v seonavidauyasingin

8

Usgdninmveslaudasiniguuuuiiiy

gzjl,umﬁ 5 (Turn Ratio: 1:1, Turn Number: 10:10)

Ui 4.16 gUnuumsiumiaudasiniilaeidhudgugdl E ua

62.6%

74
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015-05-18 23:54:24 10w Normal
topped 1000 | SOMS/s  20MsAtiv

Edge CH1 +
Auto
-30.5 U

Rns(C1) ' 20.81680 Hin(C2) —6.45033y

Freq(C1) 25.08781kHz = Aug(C2) 3. Inu
Mintc1) - P-P(C2)  13.7500U Rms(C2)  2.71603V
AUE(C1) Hax(C2)  7.29167U Freq(C2) 25.08781kHz

Nornal
SOMS/8  20psfdiv
|, CH1 10:1
10.0 Usd v
1.28MHZ

Edge CH1 £
Auto
-30.5 U

P-P(C1) 40 .0000U Rns (C1) 16.652 Hin(C2) -2.70833V
Max(C1) 19.5833V Freq(C1) 25.08781kHz . 1.37486nU
Hin(C1) 20,4167V P-P(CZ2) 5.41667V s(CZ2) Z.10803V
Aug(C1)  -325.842nV Max(C2) 2.70833V Freq(C2) 25.11301kHz

gﬂﬁ 4.18 JUdyaravesussiulniwdsesnainuientadni

Uszansnmueavileudadiwihguuuuililu 62 %



M}Jﬂﬁ_@ (Turn Ratio: 1.6:1, Turn Number: 48:30 )

= o =l a
3UN 4.19 lwuumsitunsiaudasliitlne ihudgugfivnueinie

wazanuyAsgiiiunnunsinszuen

20150519 00:05:01 {k  Nornal
19112 SOMS 8 Z0usMiv
ain il CRIsT oy 1
110.0 U div |
i [IC1.268MHz

_~~ Edge CH1 4
e Auto

f 30.5 U

P-P(C1) 55.4162U Rns(C1) 22.8211V Hind(C2) -8.12500V
Max(C1) 27 .5000U Freq(C1) 25.08781kHz Aug(C2)  24.9142nU
Min(C1) -2?7.9167V P-P(CZ) 18.3333v Rns(C2) 1.65482V
Aug(C1) 15.4985nU Max (CZ) 10.2083V Freq(C2) 73.42144kHz

af)
el
=D
P
[}
o
2ol
.
e
2
2

TuvpIssnulni nawduauUas i
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2015-,05-18 23:58:03
stopped 305

Edge CH1 4
| Auto
-30.5 U
‘ 1
P-PCC1)Y - 29.5833V Rns(C1) 12,2718V Min(CZ) S5.00000U
Hax(C1)  14.5833V Freq(Cl) 25.00781kHz AUG(CZ)  62.7854mV

Hin(C1) -15.0000V P=P(CZ)  8.95833V Rms(C2) 1.56759U
Aug(Cl) -?7.24928n0 Hax(CZ2) 3.95833V Freq(CZ) 55.43237kHz

Uit 4.21 U Rve il vEeena L A sl i

Usgiins nnuesiawlasindhgunuutidy 50.76 %

SULUUN 7 (Turn ratio: 1.6:1, Turn Number: 80:50 )

= ‘ @ 1) Y a
3UN 4.22 uuuumsiundeulasinilaefiduugugfiduinuoime

wagdunAsnliunnunsinszuen
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St el (R S R R

Edge CH1 &

P-P(C1) gx C

Hax (C1) Z25. ) 1 .08781kHz
Hin(C1) ¢ 15U
Avg(C1) 236 . 1.83333V

01585719 06:27:14 Norpal
SLopped 14392 | 50H B0 Ain
[CHT 1071
10.0 Usdiv
D 1 HHZ

Fdge CH1 4

Auto
5.0 U0

P-P(C1) 25.0 : REnsiC1) 11.1980U ) ~Z.00000U
Hax(C1) A Freq(C1) Of701kHz Aug ( 4603710V
HindcC1) 916V PERLC2 16672V S(CZ 1.421290
Avg(C1) 431.957nV Hax(CZ) 1.91667U e 25.15091kHz

s

A e/ el 2/
3U 4.24 sUdganauvessiulniivdtesnanvdenuasing

Usganonmveandeuvadinihzunuuiiiu 63.1 %
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JULUUT 8 (Turn ratio: 1.6:1, Turn Number: 80:50 )

< @ 2 =i a
3N 4.25 Juiuunsiurdeudasinihineidnuugugiiduinuennie

wazsnunpepiiuunumsanszuen

20150519 16:25:39 Nornal
stoppeid ho T S0MS5/8  20usidie
| { CH1 10:1
110,09 Usdiv
1| D¢ 1.28MHZ

Edge CH1 4

P-P(C1)
Max(C1)
HincCi)
Avg(C1)

31Jﬁ 4.26 JUdyanesusaiulnihnoudmiauuadlni
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2015-05-19 16:24:10 1 Nornal

stopped 194 ! SOHS-S  Z20psiie
CH1 16:1
Z.00 Usd
be 1.28MHz

Edge CH1 §
fAuto
| 3.00 U

N I;,
N

P-P(C1) 3.75000 NS (C 5 Hin(C2) -1.12500U
Hax(C1) ) .4 J u > Z Aug (C2) 19.3981nU
Hin(C1) -6.° 2 l v KEns(C2)  641.356nU
AVg(C1) Freqocs) 24, 88800kHZ

L

Uszavsnwuenaudaslvivasuuuiidu 34.78 %

wedaIntuinnsiiendmisuuadiiiiguuuulmimns dudwsulddy

¥ e e |

2 ar ¥ o rad 4 o 2/
WSU i idsuwuu g NAMINATBUN TN UEUBIRDZUARUTY A VBT BKUAY

o =

bidhguuausne gmediniadeldviinsdenmioutasmihsuuuud 7 iWessnniinisldunu

v

=%

wieslsilusnaminumPogh  dwnuestsadinafiquauiildauiinaias day
° 2 AL o w = = = A o ]
vnzaulunisiinlfsulunisasmnuidsiniifiangd 25kHz swdismsdodentd Tum
Ratio 1.6:1 iiaidienlifiAiniilviusaiulwiasdueeniimiwnzaaiasilusaysey s
1 ﬂl ¥ W s 1 d L4 Q ol
fieimnzauilumsauaulasld Pl Controt Wusafuveendaaufifonisdmsulaly
w 2 e =i « | v A - i
MssnUszgliniulunneTeesautsing uadisosniuunleuuasfiti Tumn Ratio 1.6:1 el
o 2 2/ = 3 2/ 8 oy a
VIUTBUYBIIBLUMNA YNNI 30 S wazdiuruseuvemlpuUasiunisniii
48 59U (31nUNdl 3) udilieulunasaukaanuITlioudasiilinaaeuiiuseansawlud
winians saudadieldviloudasgnilluntsdeiumdmuinfnanuieuiiviioutasgs vinli
Hoonuuuane Volt per Tum 910 0.5 andu 0.3 ililddwausevvemiondasiuvsu
idu 50 50U wavduseuvemifawtashunivgiiu 80 sou Fwilvmlouvading

UsedvBnwgetiu Tnswdieuvaslyiinidl Volt per Turn i 0.3 fuseansamidu 70.55%

waziniliidenmiiouvasiniguuuud 8 (wny EE) iesainvuinvesvile

wlasndvualugiAuludshimmnzdmiuldduisu widsusuuldwinduda waziileld

& w

o e o Vo 6 oM 1A A a - v y
LLﬂu”ﬂﬂJmu’]ﬂLﬁﬂﬁﬁﬂﬁaﬂwquﬂqa\ﬂuﬁLW'lWﬂ?‘i afmwn.laLLUﬂﬂlWﬂ‘l&Jﬂ’ﬂlJ‘iEJUQﬁ‘Ufﬁ%ﬂ WU
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A89 Lagdiuseansainen uazuAUUNse EE Weorinldeudundowdaslwisniuiazdos

L | ‘4!

Usznuiuaiv uilumsujiRnudsldunudinanidudiuuasdnds fsiinisuensenain
uvey 9 vibiilunseniisgiliunuisiwlsuglivasdunienit atuaivaaenld Ty

= 5

snMvBlkatanaIeEl NN dauBnag

at

nunuisasullRafuainagyliusyan

8
<=4 e

P= | =1 gl o - | s 9w
wilshidenunui] A quiaiRveuveslsiiitsnuaenamonmiud uwise delduny
o ' o v o W o & o v o~ o o ' = o0 w s
ﬂ\‘lﬂﬁTJL‘L]‘IJLﬁ’]“EUL&ﬁﬂL'FﬂLaEJ'U'iﬂt‘lJ‘Lmﬂ&’i‘lﬂ\ﬁéﬂ?'ﬁﬂﬂ'ﬂL?J']I»Lﬁ'ﬁﬁaﬂ‘l.laf_l 9 ﬁ\i@"l"iiﬂ']’lWLLﬂuLWEﬁ

Lsdiudrgademelsl Wasdhomauadenaviligeenuuulidenldmlondaunu £

4.4 MSNAFaUABULIDSINDY

dmsumsienludiuvessasiideil gelinssulriinstuanss 48 Vv ain
DC Grid wda¥i1p1sadvdlasld Diode Clamp Multitevel nverter iiouuaslyidulngia
nIuaady udadussiulwihnszugaduludwnamiwdgugiveamioutamnumeslsd vh
Wiimstignivinluginniogd lududumitafesUszneusnes§omszia e
vimihidedlninssuaesulmdulnihassuanse worlulimsanumnoianiiny

=

lumsmagestisshnsFouidouduswiudiugugil ussfuiiuniond

WIAUYTRDNIENIINANAT Simulation TumuumestazNaiinlanaunsaiflduas 8

1 o = o W = = ' ot o 4 o

FopussiudinguginazussiusunAsgiiaeiaiingifesiu fanswyuil 4.28 uaegui
§ ' @ A\ly =i 8 o v ' 2 . -

4.29 MUALTININLIBONTINMINMIIATAIAULUUALIATDBNIWATINNTS Simulation e
2w = o o o o w ¢ o oa v

winuey WwesnnraTeiasgyidtlumioulas uaziasggidalugunsaiaivi deaslina

=i =l o . dv i v e/ a:l'
MssguifiguRanTs Simulation tagnaninldviniaTesiulyUn Uil 4.30

25 T T T i T T T =]
h“‘*-_-;q_\_\ +—Actual ‘J
~o* -w—SimulaﬁonJ
20 - =¥ 5)q, i o
2 2 A o ¥
e SLop ™ § :
%;, \\:\
£ s+ — 4
° TR
> —w
= ~~
o] b
£ 1of - -
.‘: -~
o
oy
5 \\
g5
\.
N
N\
G I i I [ 3 [ [ [ 4
0 20 40 60 80 100 120 140 160 180
Phase Shift Angle

= o e ' [y ) a o 3
3UW 4.28 namluamspudiniusssninaussduinuusugiuasyuiideu (Phase Shift Angle)
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15 T T T T T T T !
—a—Actual
—+—Simulation
T —g
& s
E 10 e N
g _
2 B
o ~~a._
§ S
g 5+ ~E_ =
& g
,\\ i
IV s
0 L L L L L I I I .
0 20 40 60 80 100 120 140 160 180

Phase Shift Angle

a @ s s ¥ L = = = =i .
FUN 4.29 namlamanudmiussE ninsu iU Aenlilasyuiiiou (Phase Shift Angle)

U q

15 T T > T T T T .
-Actual

—+—Simulation

o
T
+
k

/
3
¥

Output Voltage
) S
[
/
f
/

100 120 140 160 180

[4 20 40 60 80
Phase Shift Angle

= @ o ' ar s o "
U7 4.30 nsminamsmudiiusssndiiLssdiueIsenuazyuiideu (Phase Shift Angle)
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4.4.1 NINAHdY Half-Bridge Driver

luideilazuanmanissransnnaoufmeslngldlusunsy Psimo.0 uin
ihuSsuiisuiiuaftialsanalay Tasfinisusuanauildeulu (Phase Shift Angle) L
0, 90 uag 180 veeN

dIUTDINITAIVANILUAMIAT Y Y IUNFI1NKU Half-Bridee Driver

(ir2111) Fwvhwihiudasdaysyroadu 2 gn inverse Mudselidtyeyangui 4.31

2
[ :
0 L L ¢ . B
v2
i [0 B22 S Xy 27 R ANYE AUC S el N, N B 0
0.5 0.502 0.504 0.506 0.508 0.51 0.512

Time (s)

= 3 ) LY
FUN 431 9nmstnaesdaynin 2 g Inverse iy

015./05/13 00:29:32 : 1 Nornal
Stopped 12671 | SOMS/S  Z20usAiv

|2 o
a4

Edge CH1 £
Auto
Z.30 U

P-P(C1) S Y RBns(C1) 3.994450 Min(CZ2) -83.3333nv
Max(C1) §. Freq(C1) 25.08781kHz Avg(CZ)  2.64060V
Hin(C1) -8 P-P(C2) 5.58333v Ems(C2)  3.74708V
Avg(C1)  2.8061 Hax(CZ) 5.50000U 25.10040kHz

gﬂﬁ 4.32 dyanauasaitinlavdaindiu Half-Bridge Driver (ir2111)
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4.4.2 ﬂﬂ‘iﬂﬂﬁBU‘Nﬂiﬁ‘?UﬁN Arduino

Tumsnaseuluideliszuansdeygiafioonainisesmuey Arduino wiou
Muangudygunlaanmsiassnasuiuned wasdygianieitald Tnedl msuuyu
Phase Shift Angle 1Tu 0, 90 waz 180 e Fail

0.5 0.502 0.504 0.506 0.508 0.51

Normal
SOMS/8  Z0usfdin @ §§
[CHI 1:1 1

I ;;_on Usdiu
P | IC  Full

ﬁ
|
|
|
|
|

Edge CH1 &
AUto
Z.30 U

P-P(C1)  4.91662V " 3.36238V Min(C2) -1.08333V
Max(C1) 4.83333V > £5.08781kHz Avg(CZ)  2.40278V
Hin(C1) -83.3333nmU P-P(CZ) 6.83333V Rns(CZ2)  3.36576V
ALg(C1) Z.39383V Hax(Ce) 5.75000V Freq(Cz2) 25.08781kHz

U 4.34 Fyganaeiiinldann Arduino laguuru Phase Shift Angle 1Tu 0 a4en
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Vi

1 _[ i - i i i
f ‘ | 1 | ‘ . ;

0 5 L e I | - £ ]

V2

f. |
o K l__f‘!.__ﬂ__ﬁ oo =

0.304 0.306 0.308
Time (s)

SUT 4.35 é’zyfymﬁlﬁmnmﬁwaaqusU%’wu Phase Shift Angle 1fu 90 a3m

Noria i
SO0MS/S  20WsAliv

! B

Urdiv |

_Pull |

Edge CH1 4
Auto
2.30

P-P(C1) 5.00000U Rns(C1) 3.3717720 Hin(CZ)Y -916.667nY
Max(C1) 4.916672V Freq(Cl)  25.08781kHz Aug(C2)  2.41732V
Hin(C1) -83.3333nv P-P(CZ2) 6.66667V Rns(CZ2)  3.37944U
Avg(C1) 2.39759U Max(Ce)  5.75000U Freq(C2) 25.08781kHz

Ui 4.36 dyaainseitialdan Arduino IaguSusgu Phase Shift Angle U 90 a9e
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ZJU HERRHRERNR LFIM UL =

0.502

0.504

0.506

0.508
Time (s)

0.512

0.514

3UTl 4.37 “’agm;lm'?ﬂﬁmﬂm‘saﬁ'waaﬂﬂw%’uqu Phase Shift Angle \0u 180 8

P-P(C1)
Max(C1)
Min(C1)
Avg(C1)

5.00000U
4.9166/U

-83.3333nu

2.41725U

Bns(C1)
Fregq(Cl)
P-P(C2)
Hax(C2)

3.39835V
25.08781kHz
6.58333V
5.66662V

Normal
S50MS-s

2005/t

Edgye CH1 §

Auto
Z.306 U

-916.667nY
Z.430140
3.40213V
25.08781kHz

Min<Cz)
Aug(CzZ)
Rns(C2)
Freq(cz2)

U 4.38 dygnmuaseiiialdann Arduino IneuFuanyu Phase Shift Angle 1T 180 aa1
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4.4.3 N1INAEDUIN9IINIAY

_

dnvpnesidsesisisuisuduswiuneiulgugil yRend uasusaiy

v 9

MeonildInnsiasiTnasuInosuasAa3eisale S9rUSuAy Phase Shift Angle

b |

W 0, 90, 180 a3 Inassil

Vpri

0.5 0.502 0.504 0.506 0.508 0.51 0.512
Time (s)

= o L L = a 3
UM 4.39 nstaesustiulniriudguaiianaenfiounes
. ;
sl Phase Shift Angle 101 0 oae
’015-05-13 00:18:04 te - Nornal

HOHS/S  201s/liv

v A

CH
10.9 Urdiv
'loc_ Funr

?

{ j— | : ' ' o | Edge CH1 £
b ;
|

Auto
| g.0 v

P-P(C1)  62.9162V Rns(C1)  22.6517U
Max(C1)  30.8333V Freq(C1) 25.08781kHz
Hin(C1) -32.0833V Duty(C1) 50.23«
Avg(Cl)  ?72.5344nU

5UT 4.40 usssulwihiuugugiennnisnaaosdiyu Phase Shift Angle 0 9371



10

Vsec

0.516

0.518 0.52
Time (s)

0.522 0.524

JUN 441 msdteeanssiulniaunegfisnaouinimes

i Phase Shift Angle 1 0 a1

015-05-13 00:17:22

P-P(C1)
Max(C1)
Min(C1)
Avg (C1)

52.0833V

40.4167V
-11.6662V

316.05ZnU

Nornal

SOMS/S  20p5Min

L LCHT 131
-‘1@_(\ Usdiu

LDC  Full

Edge CH1 +
Auto
g.ou

11.8205V
£5.08781kHz
0.35%

RAs(C1)
Freq(Ci)
Duty(C1)

]
< < <

31]17; 4.42 LLiqﬁ'ulwﬁ'lﬁ’nmqﬁaaﬂumnm'i‘tnﬂamwu Phase Shift Angle 0 841

Y
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Vo

25

20

15

10

0.5 0.55 0.6 0.65 0.7 0.75

Time (s)

=* a a = fq' " =
JUn 4.43 mimamLLiWﬁ’LWﬁWﬂ@@ﬂ%’iﬂﬂaummawagm Phase Shift Angle \u 0 a9a

2015-65-13 00:18:33 1 Normal
4972 50MS/s . 201sAdiv

CHT
1

T e

1

1%
(loc Fuit |

~
A e e e s T ————

Edge CH1 +
Auto
8.0 U

P-P(C1)  1.66667U Bns(C1)  7.171650
Hax(C1)  7.91667V Freq(C1)  16.66667MHZ
Min(C1)  6.25000U0 Duty(C1) 33.33x
Aug(C1)  7.16932V

guﬁ 4.44 Lmﬁ’ulwﬁwwaaﬂmnm'smamﬁqu Phase Shift Angle 0 83"



Vpri

| [ |
0 L : { | | i R ! | ! .
| ;‘ - ]
o N n N .
-20 1_ i) fron | w ).
0.508 0.509 0.51 0.511 0.512

Time (s)

o o @ o . o &
JUT 445 msdassussiuliiiutsuglinineeufiomes

‘ﬁﬂgll Phase Shift Angle 1Uu 90 aaf

2015/05-13 00:15:44 : ! Nornal
topped S0MS/s - Z0psidiv

T I 7
j ‘ 10,0 Usdiu
(L0 | Full

1

Reqes

Edge CH1 &
Auto
8.0 U

P-P(C1)  56.6667U Rrs(C1) | 1745120
Max(C1)  32.5060U Freq(cl) 47.80115kHz
Min(C1) -24.1667U Duty(c1) 5.16x
Avg(Cl)  214.562nU

31]%’ 4.46 ussulwihduugugiinnnismaaesiiyu Phase Shift Angle 90 83




Vsec
10 ] l ] " - . .
[ ] . B | | N
I || || || ‘ [ [ | |
§ N - = T I N I - b |__I | L -
| [ [ | | 4 | | |
| \ ‘ ‘ ‘ [ 1 Bl | [ | [ ]
‘ | | | | 1 w |
-10 | | | i‘ ot |- ]
0.5 0.502 0.504 0.506 0.508
Time (s)

Uil 447

Calt

12015,05-13 00:16:41

P-P(C1)
Hax(C1)
Min(C1)
Avg(C1)

55.8333v
47,9162V
-7.91667U
288 .305ny

AsassustulnidRugleanaeuiunes
My Phase Shift Angle 1iu 90 a3

Norna!
S50MS/s Rﬂwmm.___ﬂ_
| ['fCAT 171

1 10,0 Usdju
[BC_ Full

Edge CH1 4
Auto
| B.oU

Rns(C1)
Freq(Ci)
Duty(C1)

9.182306V
£5.08781kHz
0.35~

sUfl 4.48 wseulwinduyiegliatnnvaassiiyy Phase Shift Angle 90 8377

2l
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Vo

10

0.5 0.6 0.7 0.8 0.9
Time (s)

U 4.49 msdraowswilnihuisonainaeuiamasiai Phase Shift Angle ({u 90 asmm

2015-,05-13 00:08:14 1) Nornal
tplxpe([ S0MS/S  20H54i

HT 1:1
10.0 Usdiv
DC Full

L

e e | T S LT P U |

Edgye CH1 +
Auto

P-P(C1)  1.25000U Rns(C1)  3.70514U
Max(C1)  4.16667V Freg(C1l)  10.00000MHz
Min(C1)  2.91667V Duty(cl) 80.00%
Aug(C1)  3.70192V

sUil 4.50 wssiulniheeenannismaaesiiyu Phase Shift Angle 90 asrin
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Vpri

0.5 0.6 0.7 0.8 0.9
Time (s)

d o au v & - L3
JUN 451 mMsiiassussiuliimulsugiainaeniimes
i Phase Shift Angle 1T 180 o

015.05-13 00:06:15 10k Normal

topped 20603 SONS/s  200sAtiv
tni e, Tt

{110.0 Uiy |

{|-0C _Full |

|
I ‘ |
. | | ‘ i
r &—.——wu .....__.-.t formrrp——— """'"'"L""_J e o {"““_'P'_'

! Edge CH1
Auto
g.o v

P-P(C1)  15.0000V Rms(C1)  772.235nu Es Level |
Hax(C1) 12.9167U Freq(C1) 50.15045kHz
Min(C1) -2.08333V Duty(C1) 0.80x

Aug(C1) 138.361nV

SUTl 4.52 ussiulniduUguglieannismaaesiiyy Phase Shift Angle 180 asfn
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USSR P

Tal | i i | |
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2, (N o NI T (A

Edge CH1 #
Auto
8.0 U

P-P(C1) 1Z.9167V Rns(C1)  713.456nu E—L_eﬁé'f{!
Max(C1)  11.2500U Freq(cl) 25.08781kHz |
Min(C1) -1.66667V Dutycc1) 0.20% .6 U |
Avg(C1)  135.070mu i

sVl 4.54 wswulwidunReniannismaassiing Phase Shift Angle 180 a4
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o ° o -
3UN4.55 nsdaesusaiulnihvisensinaouiiames

17'1'343.1 Phase Shift Angle 1 180 a4
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Stopped 21144 I SOMS S 20Ms4iv
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| 1110.9 Udiu

(1. DC ' Full J

P —_—d

A s e S ——|

Edge CH1 £
Auto
8.0 U

P-P(C1)  833.333nU Rns(C1)  241.583nU @ Level
Max(C1)  416.667nY Freq(Cl) 12.50000HHz | |
Min(C1) -416.667nV Duty(Ci) 75.00% Jou|
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guﬁ 4.56 LLiaﬁ’ulwﬁﬁ’uwaaﬂmﬂmwmaaqﬁum Phase Shift Angle 180 841
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Wsunsullannsaldinsizsimsiimedeing o lussuu fusens 9 #1130
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Hin(C1)  4.79167V DULYCCL) woonmen
AVUG(C1) 10 . 1859V

d 1
JUN 4.63 nanismevausunizUannaauataalnantesszuy Open Loop

8
1 =

sziiulsindielinsUanlvaneonussduaseastuann 5v 19y 13.1 V uaz

T v
1

- ] o L (% 1 = = 1< < ' - =l =3
diosialnanndunssiuazndunuviniy msiissuufusuviluansindevasivaniinisi
v = 12 o § w @ & = & v
nazuatevsolifiinszuaay swiliussiunsgeiuainiinseady Duwamanvioutas
wwssiuanaudiolvaniiugeu Jouilidesfimsmunuussiueinslnsnslénisavau

doundu



101

- WUy Close Loop
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Coulomb Counting
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NATATINTAURUY F8FIin1sAnRI LI AYSEaNE nwlun s

sonuuuld duludafintstinduaumuseansnmfiudiu 4 udninndsufunsanduaumn

Ussﬁw“ﬁmwﬁaiwwm’msﬁu LUUY

ey _ d 1 ar
4.7.1 AANIUSEANENINYD92993Ll9T18USIAU Square Wave

i Diode Clamp Multilevel Inverter

2015,05/18 21:55:40

P-P(C1) ~ 5.83333V
HiptC1) 45 0000V
Rns(C1)  48.5114U

Z.063330

Nornal
SOMS/S  20HsAis
i CH1 10:1
Usdiu

Hax(C1) 0. 8333 Edge CH1 &
Auto

-625 . 000nY
Rns(CZY 388 .898nU

10.00000HHZ

U 4.70 Ussfulniuesnssualifimssunaednelninssuanss
Pin= IV = (0:39) (48.5) =18.915 W

[£015-05-18 21.52:00 Normai
stopped 5 SOHS/Ss  Z20psdiv
| CH1 1:1
10,0 Usdiv
r-——- — ne Fll_l_]_ ;

i

}
14
!_‘..

Edgye CH1 £
Auto
11.9 v

P-P(C1) 51.25000 Ens(C1) Z H0U 1.16667V

Hax(C1) .0oooy Freq(c1) ~83.17250ny
Hin(C1) U P-P(C2) z ) 760 .667nV
AugCC1) 7 > Hax (C2) 958,333V 25.10040kHZ

UM 4.71 usssiulwihuaznseualnilvgs Diode Clamp Multilevel Inverter
Pow = IV = (0.76) (22.9) = 17.4 W



Pout 17.4
Eff= —— x100%=
P, 18.915

AvalowUasnuweslse

P-P(C1)
Max(C1)
Hintc1)
Avy(Cl )

v il
08781kHz
P<PLCZ) 3.87
Hax (Ce) 1.916620
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x100%=92%

Shdiv

CH1 1:1
10.0 Usdiu
nc l

Edge CHI &
Auto
-11.9 U

1.958330
14 5819nU
1.068099U

quit 472 usaiiliuasnssualiiwuugund

2015-05-18 21:28:15
topped 193

P-P(C1)
Hax(C1)
Min(C1)
Auy(C1)

Pin = NV=(1.08) (22.7) = 24.52 W

Nornat
HOHS,s  20nsklie
CHL 1:1
10.0 U div

DC .~ ZohHz

Edge CH1 §
Auto

d . = <
JUM 4.73 uswiulwihuagnssualwihduniogd
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Pout = IV = (1.47) (11.04) = 16.23 W

Pout 16.23
Eff= —— x100%=
P 24.52

x100% = 66.19%

1799555 89N TE A

Nornal
S0HS/S  ZOMTAlie

DC__ Z0tHz

Edye CH1 +
U oAuto

P-P(C1} 345533V RnstC1)
Hax(C1) 17 .50000 Freq(ci)
HinlCi) =17 .,0833U Z
Aug (C1) 24,205

o3

Uit 4.74 ussdulwihuasnssudlnil e
P IV 2(1.47) (11.04) = 16,23 W

Z015,05-18 21:30:13 { Nornal
6000 SOHS/S  Z0usiie
CHL 1:1
10.0 Usdiv
~DC . 7otHz

Edge CH1 4§
Auto
-11.9:U

Rns(C1) Hin(C2) 1.29167V
Fr 1) 2 .50000MHz [ 1.39276V
Z 1.39336V
Avg(C1) 7.0007 Hax(CZ) 1.62500U 8.271299kHz

sUil 4.75 usadulihiaznszualiduneen
Pout= IV = (1.39) (7) = 9.73 W
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Pout 9.73
Eff= —— x100%= x100% = 60 %
P 16.23
Sty Eff,om = (92%) (66.19%) (60%) = 36.54%
Pout 9.73
Effy ytem= - X100%= " x100% = 51.97 %

a a o ar ]
4.7.2 ﬁﬂ“"lﬂﬁga‘nﬁﬂq‘w%ﬂﬂ'NQTI'LS.I'@]?]'TUlliﬁﬂum’ﬂqqu (5\/, 1A)

i Diode Clamp Multilevel Inverter

j£015-05-18 22:05:06 e Nornal
SOMS/©  Z20isilie
CH1 10:1
20.0 Usdiv

e e TR

tdge CH1 4
auto
-g0.0 v

P-P(C1) 23¢ Rns(C1) 48, 4148V Hin(C2) 1.50000U
3. ) %

Max(C1) ¢ oy Fregq(cl) 3 JIMHZ i 2) 206 .534nu
Hin(C1) € ) P-pce) 3.04162V s(C2 Z49.210nY
AUg(CL) £ Hax(CZ) 1.541620 Freq(CZ)  50.50505kHz

JU 4.76 ussdulriuasnssudlihvosmassnglvinssuanss

Pin =1V =(0.23) (48.0)= 11.132'W
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stopped H01d

P-P(C1)
Hax(C1)
Hin(C1)
Ay (C1)

31117?' 4,77 ussulwiliaunsssnalnfhmae Diode Clamp Multilevel Inverter

Eff= —— x100%=

videuUatunuiweslse

P-P(C1)
Hax(C1)
Hin(C1)
Avg(C1)

U 4.78 ussiulnihuasnszualwihdulgund

Nornal
HOHS /s 20psitin

CH1 1:1
10.0 Usdiu
b DG Full

Edge CH1
Auto
11.9 v

RBns(C1)

Freq(Cl).  48.07692kHz

P-P(C2) 2.37500U

Max(CZ) 1.00000V Freqlee) 25, 16356kHZ

Pou =V = (0.6)(18) = 10.8 W

Bt 10.8

x100%=97
.73

in

Nornal
S5ANH578  20usAtin

Edge CHI £
Auto
11.9 U

Rns(C1) 17 .68944U CZ 1.95833V
Frey 95kHzZ Aug(C 171.154nU
PP 3 U Rns 1.60334U
Hax( 1.83333V Te 25 . 18892kHz

a

Y

Pin=1V=1(1)(17.89) = 17.89 W
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201505718 21:27:49
3673

stopped

Edge €H1
Auto
1.9 U

[

i | i

1;‘- P(C1) Z ' v HintCz) 3.416620

Hax(C1) -&77..410nU

Hin(C1) 1.41105V

Aug(Cl) 218, Max(CZ) 2. 49167V 25.11301kHz
P

JUR 4.79 ussiliihuesnssualwinenuniond

Poiy= IV = (1.4)(7.68) = 10.752 W

Pout 10.752
Eff= — x100%=
17.89

in

x100% = 60%

799313 89N 52 1A

Nornal
9ANSes - 20psAtin

-
?

CH1 1:1

10.0 Usdiu

Edge CH1 &
Auto
11.9V

YRR

P-P(C1) . 7500y S v 7930
x 3 > 25 . 08781kHz
5.70833U
Avg(C1) Z.29167V

U 4.80 ussdulwituaznszualndiadny

Pin=IV =(1.4)(7.6) = 10.752 W
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21:29:43 Nornal
6039 1 S0HS-S  20usddiv
CH1 1:1
10.0 Usdiu
DC  ZoHHz

Edge CH1 §
Auto
11.9 v

P-P(C1) Rns(C1)  5.032220 Hin(Cz)  8§75.000nU
Max(C1) 5. Freq(C1) 3. Z Aug(CZ)  978.206RV
Hin(C1) P-P(C2)  291.667nU Bns€CzZ)  978.985nU
Aug(C1)  5.03029V Hax(C2)  1.16667U Freqics)  625.0000kHz

3Uil 4.81 ussulwibuagnsualnihateon

Pow =V = (1)(5.03) = 5.03 W

P 503
Eff= —— x100%= —— x100% = 47%
P.. 10.64
o Effioac= (97%) (60%) (479%) = 27.35%

W, S 1500
dll-system
# Pin (0.23X48)

x100% =145.09 %

a - 5 ) '
A13199 4.1 WisuLiieu Efficiency kiazdanveines

Output voltage  Device Vin lin Pin Vout lout. ~Pout | Eff (%)
} all (%)
DCMI 485 039 189150 229 | 076 174 92
Max Transformer 227, 1.08°°2852 11007147 | 1623 6619 @ 5197

Rectifier ' 11.04 | 1.47 @ 16.23 7 139 973 60
DCMI 484 | 023 | 11132 18 . 06 | 10.8 97
Using (5V) Transformer = 17.89 | 1 1789 768 14  10.752 60 45.09

Rectifier 7.68 14 ' 10752 ' 5.03 i 5.03 a7
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TECHNOLOGY

FEATURES

Indicates Charge Quantity and Polarity

+o0mV Sense Voltage Range

Precision Timer Capacitor or Crystal Not Required
2.7V to 8.5V Operation

High Side Sense

32.55Hz/V Charge Count Frequency

1.5pA Shutdown Current

10-Pin MSOP Package

APPLICATIONS

® Battery Chargers
® Palmtop Computers and PDAs
m Cellular Telephones and Wireless Modems

Coulomb Counter/
Battery Gas Gauge

DESCRIPTION

The LTC®4150 measures battery depletion and charging
in handheld PC and portable product applications. The
device monitors currentthrough an external sense resistor
between the battery’s positive terminal and the battery’s
load or charger. A voltage-to-frequency converter trans-
forms the current sense voltage into a series of output
pulses at the.interrupt pin. These pulses correspond to a
fixed quantity of charge flowing into or out of the battery.
The part alse indicates charge polarity as the battery is
depleted or charged.

The LTC4150-is intended for 1-cell or 2-cell Li-lon and
3-cell to 6-celt NiCd or NiMH applications.

L7, L, LTC, LTM, Linear Technology, the Linear fogo, Burst Mode are registered trademarks and
ThinSOT and PowerPath are Irademarks of Linear Technolagy Corporation. All other trademarks
are the property of their respactive owners,
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ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION
(Note 1)
Supply Voltage (Vpp) «eeeeeecreeerereessssesseesnens -0.3Vto 9V
Input Voltage Range
Digital Inputs (CLR, SHDN)})........ -0.3Vto (Vpp + 0.3) - i ) i
SENSE™, SENSE* , C¢", Gf*........~0.3V to (Vpp + 0.3) StnE 2] SHE
Output Voltage Range. e i =i
Digital Outputs (INT, POL) woovron 0.3V to 9V SO 5 H6 Pl
Operating Temperature Range . M5 PACKAGE
LTCA150CMS oo 0°C to 70°C B
LTC4150IMS ..o -40°C TO 85°C
Storage Temperature Range................... —-65°C 10-150°C
Lead Temperature (Soldering, 10 S€C)..oiiimmmnn..... 300°C
,
ORDER INFORMATION
LEAD FREE FINISH TAPE AND REEL PART MARKING * PAGKAGE DESCRIPTION TEMPERATURE RANGE
LTC4150CMS#PBF LTC4150CMS#TRPBF | LTOW |10-Lead Plastic MSOP 0°C to 70°C
LTG4150IMS#PBF LTC41S0IMS#TRPBF | LTQW 10-Lead Plastic MSOP -40°C to 85°C

Consult LTC Marketing for parts specified with wider operating temperature ranges. *The temperaturé grade is identified by a label
Consult LTC Marketing for information on non-standard lead based finish parts.

For more information on lead free part marking, go to: htip:/www.linear.com/leadfree/
For more information on tape and reel specifications, go to: hitps/wwwilinearcom/tapeandreel/

m

ELECTRICAL CHARRCTERISTICS 1o ¢

temperature range, otherwise specifications are at Ty = 25°C. Vpp = 2.7V and 8.5V unless atherwise noted.

enotes the specifications which apply over the full operating

on the shipping container,

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vi Digital Input Low Violtage, CLR, SHON ® 0.7 v
Viy Digital Input High Voltage, CCR, SHON 7 ® 1.9 Vv
VoL Digital Output Low Voltage, INT, POL lor="1.6mA, Vpp = 2.7V ® 0.5 v
liEak Digital Output Leakage Current, TNT, POL VinT = VpoL = 8.5V (] 0.01 1 pA
Vog Diffgrential Offset Voltage (Note 4) Vpp =4.0V +100 pv
® +150 pv

Vop=8.0V +100 Y

@ +150 pv

Vpp =27V 1o 8.5V +150 pv

] +200 pv

VSENSE(CM) Sense Voltage Common Mode Input Range ® |\pp-0.06 Vpp + 0.06 v
VsensE Sense Voltage Differential Input Range SENSE* - SENSE~ ® | -0.05 0.05 v
Rior Average Differential Input Resistance, Vpp = 4.1V (Note 3) 155 270 390 ke

Across SENSE* and SENSE-

Voo Undervoltage Lockout Threshold Vpp Rising ® 25 2.7 V

4150fc
LT NG

2
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LTC4150
———————————————————————————————————————————

ELGCTﬂICﬂI. CHﬂﬁﬂCTGﬂISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vpp = 2.7V and 8.5V unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS [ MmN TYP MAX | UNITS

Power Supply Current

Iop Supply Gurrent, Operating Vpp = 8.5V e 115 140 HA
Vpp = 2.7V L] 80 100 pA

Ion(sn) Supply Current, Shutdown Vpp = 8.5V ® 10 22 HA
Vpp=5.5V ® 10 uA
Vop=2.7V ® 1.5 pA

AC Characteristics

Gyr Voltage to Freguency Gain Vsense = 50mV to =50mV, 32.0 32.55 33.1 Hz/V
2.7V < Vpp < 8.5V ® 31.8 33.3 HzV

AGyryppy | Gain Variation with Supply 2.V <Vpp < B.5V 0 0.5 %N

AGyrremp) | Gain Variation with Temperature (Note 2) & -0.03 0.03 %G

INL Integral Nonlingarity 04 0.4 %

® | -05 0.5 %
torm CLR Pulse Width to Reset TNT, Figure 2 20 s
INT and GLR Not Connected

tiNT INT Low Time, TNT Connected to CLR Figure 3, C, = 15pF ) 1 Is

Nate 1: Stresses beyond those listed under Absolute Maximum Ratings Note 2: Guaranteed by design and not tested in production.

may cause permanent damage to the device. Exposure to any Abselute Note 3: Measured at least 20ms after power on.

Maximum Rating condition for extended periods may affect device Note 4: Tested in feedback-loop to SENSE* and SENSE-.

reliability and lifetime.

LT HNER 3



LTC4150
T'I'Pl(ﬂ'. PEBFOﬂmI'-InCE CHﬂﬂI’-ICTGﬂISTICS Ta=25°C, unless otherwise noted.
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LTC4150

m

PIN FUNCTIONS

SENSE* (Pin 1): Positive Sense Input. This is the nonin-
verting current sense input. Connect SENSE* to the load
and charger side of the sense resistor. Full-scale current
sense input is 50mV. SENSE* must be within 60mV of
Vpp for proper operation.

SENSE™ (Pin 2): Negative Sense Input. Thisis theinverting
current sense input. Connect SENSE™ to the positive bat-
tery terminal side of the sense resistor, Full-scale current
senseinput is 50mV. SENSE™ must be within 60mV of Vpp
for proper operation.

Ce* (Pin 3): Filter Capacitor Positive Input. A capacitor
connected between Cf* and Cp~ filters and averages
noise and fast battery current variations. A 4.7pF value
is recommended. If filtering is not desired, leave G¢* and
Cf™ unconnected.

C¢~ (Pin 4): Filter Capacitor Negative Input. A capacitor
connected between Gf* and Cg~ filters and averages
noise and fast battery current variations. A 4.7uF value
is recommended. If filtering is not desired, leave G¢* and
C¢~ unconnected.

SHDN (Pin 5): Shutdown Digital Input, When asserted low,
SHDNforcesthe LTC41501nto itslow current consumption
power-down mode and resets the part. In applications
with logic supply Vg > Vop, a resistive divider must be
used between SHDN and the logic which drives it. See the
Applications Information section.

POL (Pin 6): Battery Current Polarity Open-Drain Qutput.
POL indicates the mostrecent battery current polarity when
INT is high. A low state indicates the current is flowing out
of the battery while high impedance means the current
is going into the battery, POL latches its state when INT
is asserted low, POL is an open-drain output and can be
pulled up to any logic supply up to 9V. In shutdown, POL
is high impedance.

GND (Pin 7): Ground. Connect directly to the negative
battery terminal.

Vpp (Pin 8): Positive Power Supply. Connect to the load
and charger side of the sense resistor, SENSE* also con-
nects to Vpp. Vpp operating range is 2.7V to 8.5V, Bypass
Vpp with 4.7pF capacitor.

CLR (Pin 9): Clear Interrupt Digital Input. When asserted
low for-more than 20ps, | CLR resets INT high. Charge
counting is unaffected. INT may be directly connected to
CLR. Inthis case the LTC4150 will capture each assertion
of INT and wait at least 1pis before resettingit. This ensures
that INT pulses low for at least 1yis but gives automatic
INT reset. Inapplications with a logic supply ly Ve > Vip,
a resistive divider must be used between INT and CLR.
See the Applications-Information section.

INT (Pin 10); Charge Count Interrupt Open-Drain Output.
INT latches low every 1/(Vsense * Gyr) seconds and is
reset by a low pulse at GLR. INT is an open-drain output
and can be pulled up to any logic supply of up to 9V. In
shutdown INT is high impedance.

4150fc

LT IR
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LTC4150
BLOCK DIRGRAM

Iy
CHARGER J=—g=—#LOAD i E
W
QFLOW/
UFLOW
COUNTER
CONTROL [~|UP/DN
< LOGIC
et b POLARITY
DETECTION
1sarl
.
i <
Figure 1, Block Diagram
CLR 50% 50%
IoLR
INT / T 5'(.5% 50%7{4
LT tinT
Figure 2. CLR Pulse Width to Reset INT, Figure 3. INT Minimum Pulse Width, CLR and INT Connected

CLR and INT Not Gonnected
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IGR Rectifier

Data Sheet No. PD60028-M

IR2111(S) & (PbF)
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Features

® Floating channel designed for bootstrap operation
Fully operational to +600V
Tolerant to negative transient voltage
dV/dt immune
® Gate drive supply range from 10 to 20V
® Undervoltage lockout for both channels
® CMOS Schmitt-triggered inputs with pull-down
® Matched propagation delay for both channels
® Internally set deadtime
® High side output in phase with input
® Also available LEAD-FREE

Description

The IR2111(S) is a high voltage, high speed power
MOSFET and IGBT driver with dependent high and
low side referenced output channels designed for half-
bridge applications. Proprietary HVIC and latch
immune CMOS technologies enable ruggedized
monolithic construction. Logic input is compatible with
standard CMOS outputs. The output drivers feature a
high pulse current buffer stage designed for minimum
driver cross-conduction. Internal deadtime is provided
to avoid shoot-through in the output half-bridge. The
floating channel can be used to drive an N-channel

HALF-BRIDGE DRIVER
Product Summary

600V max.
200 mA /420 mA
10 - 20V
750 & 150 ns
650 ns

VOFFSET
lo+/-
Vourt

tonsoff (typ.)
Deadtime (typ.)

Packages

&

8-Lead PDIP 8-Lead SOIC

power MOSFET or IGBT in the high side configuration which operates up to 600 volts.

Typical Connection

V.

o — bt

(=

\
g

TO

—

LOAD

-

(Refer to Lead Assignments for correct pin configuration). This/These diagram(s) show electrical connections
anly. Please refer to our Application Notes and DesignTips for proper circuit board layout.

www.irf.com
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International
ISR Rectifier

IR2111(S) & (PbF)

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-

eters are absolute voltages referenced to COM. The thermal
under board mounted and still air conditions. Additional

resistance and power dissipation ratings are measured
information is shown in figures 7 through 10.

Symbol Definition Min. Max. Units
Ve High side floating supply voitage -0.3 625
Vs High side floating supply offset voltage Vg -25 Vg +0.3
VHo High side floating output veltage Vs - 0.3 Vg + 0.3
Vee Low side and logic fixed supply voltage -0.3 25 v
Vio Low side output voltage -0.3 Ve +0.3
Vin Logic input voltage -0.3 Vee +0.3
dVg/dt Allowable offset supply voltage transient (figure 2) - 50 Vins
Pp Package power dissipation @ Tp < +25°C (8 Lead PDIP) — 1.0
(8 lead SOIC) = 0.625 id
Rthya Thermal resistance, junction to ambient (8 lead PDIP) - 125 /W
(8 lead SOIC) - 200
Ty Junction temperature — 150
Ts Storage temperature -55 150 °C
TL Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions

The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the

recommended conditions. The Vg offset rating is tested with all supplies biased at 15V differential.

Symbol | Definition Min. Max. Units

Ve High side floating supply absclute voltage Vg + 10 Vs + 20

Vs High side floating supply offset {o'oitage Note 1 600

VHo High side floating output voltage Vg Ve Vv

Vee Low side and logic fixed supply voltage 10 20

Vio Low side output voltage ' 0 Vee

ViN Logic input voltage 0 Vceo

Ta Ambient temperature -40 125 °C

Note 1: Logic operational for V.

DT97-3 for more details).

s of -5 to +600V. Logic state held for Vg of -5V to -VBs. (Please refer to the Design Tip

www.irf.com
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International IR2111(S) & (PbF)

ISR Rectifier

Dynamic Electrical Characteristics

VBias (Vce, Ves) = 15V, CL = 1000 pF and Ta = 25°C unless otherwise specified. The dynamic electrical characteristics
are measured using the test circuit shown in figure 3.

Symbol| Definition Min. | Typ. |Max.| Units |Test Conditions|

ton Turn-on propagation delay 550 | 750 | 950 Vs =0V
toff Turn-off propagation delay - 150 | 180 Vg =600V

tr Turn-on rise time = 80 130

tf Turn-off fall time — | 40| 6 | ™

DT Deadtime, LS turn-off to HS turn-on & 480 650 | 820

HS turn-off to LS turn-on
MT Delay matching, HS & LS tum-on/off - 30 —

Static Electrical Characteristics

VBIas (Vce, VBS) = 15V and Ta = 25°C unless otherwise specified. The Vin, V1H and ljy parameters are referenced to
COM. The Vg and Ig parameters are referenced to GOM and are applicable to the respective output leads: HO or LO.

Symbol| Definition Min. | Typ. | Max.| Units Test Conditions
ViH Logic 1" input voltage for HO & logic ‘0" for LO 6.4 —_ — Veg = 10V
9.5 — — Vee = 15V
12.6 — — Veeo = 20V
Vi Logic “0" input voltage for HO & Iogic “1” for LO - — | 38| V Vcg = 10V
- — 6.0 Vce =15V
— — 8.3 Vee = 20V
VoH High level output voltage, Vg)as - Vo - — 100 lo =0A
VoL Low level output voltage, Vo - - 100 oW lo =0A
ILk Offset supply leakage current — - 50 VB = Vg = 600V
loBs Quiescent Vps supply current — 50 100 VIN=0Vor Ve
lacc Quiescent Vg supply current —_ 70 180 bA ViN=0Vor Vggo
1N+ Logic “1” input bias current - 30 50 Vin=Vce
IIN- Logic “0” input bias current - — 1.0 ViN =0V
VBSUV+ VBs supply undervoltage positive going threshold 7.6 8.6 9.6
VBsuv- VBs supply undervoltage negative going threshold 7.2 8.2 9.2 v
Vocuvs | Vee supply undervoltage positive going threshold 7.6 8.6 9.6
Veouv- Ve supply undervoltage negative going threshold 7.2 8.2 9.2
los Output high short circuit pulsed current 200 250 - Vo =0V, ViN=Vee
mA PW <10 us
lo- Output low short circuit pulsed current 420 500 — Vo =15V, Viy =0V
PW<10us

www.irf.com 3
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IR2111(S) &(PbF) International
IGR Rectifier
Functional Block Diagram
’

HV
LEVEL 4
SHIFT

w
‘DETECT R

PULSE

PULSE

GEN

=]}

R HO
FILTER s |

b

Lead Definitions

Symbol| Description
IN Logic input for high side and low side gate driver outputs (HO & LO), in phase with HO
VB High side floating supply
HO High side gate drive output
Vs High side floating supply return
Ve Low side and logic fixed supply
LO Low side gate drive output
COoM Low side return

Lead Assignments

[ ] vee — VB El E Voo gind Vs z]
[Z]mw Ho [7] [z]nw Ho [7 |
[3] com vs [6] [3] com vs 6]
4|Lo 5 [f]w 15
8 Lead DIP 8 Lead SOIC
iIR2111 IR2111S

Part Number

www.irf.com
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International
IGR Rectifier IR2111(S) & (PbF)
IN Voo = 18V HV =10 to 600V
1'2 01 10KF6 J N
e R T o %uKFeI 100
6
HO ) .
fa IR2111 4 TQ IOKFG£ l H% >50 Vins
LO . %ﬁ%ﬁ i~ n
j (1) Fe

Figure 1. Input/Output Timing Diagram Figure 2. Floating Supply Voltage Transient Test Circuit

Vg = 16V

IN(LO)

N 50% 50% 3
IN(HO)

Figure 4. Switching Time Waveform Definition

IN L)
A 50%

IN(HO)

LO, HO

10%

Figure 5. Deadtime Waveform Definitions Figure 6. Delay Matching Waveform Definitions

www.irf.com
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International
IGR Rectifier
1500
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1000 fe=-- e e
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Figure 11B_Turn-On Time vs Voltage
400
380
[)
€130
£
= 250 - Max
2 200 +——=
§ ] L'——n_._ = A S -
= Typ
(é 100
D P |

Turn-On Rise Time (ns)

10 12 14 16 18 20

VBIAS Supply Voltage (V)
Figure 12B Turn-Off Time vs Voltage

400 —

350 et
300
250
200
150

Max

100 o
Typ —l—n_._._.

50

10 12 14 16 18 20
VBIAS Supply Voltage (V)

Figure 13B Turn-On RiseTime vs Voltage

www.irf.com



International
ISR Rectifier
200
)
£ 150
@
E
=
E 100 Max
’5 .
E e =
= I Typ
0 o . 4]
50 -25 0 25 50 76. 100 125
Temperature (°C)

Deadtime (ns)

Logic "1" Input Threshold (V)

Figure 14A Turn-Off Fall Time vs Temperature
1250

1000 N~
7500 fl-- - - %P - LT (B TyP. |
Mn
m - - 1T R R e CNCNCN.)
250
0
50 25 0 25 50 75 100 125
Temperature (°C)
Figure 15A Dead Time vs Temperature
15 I
12
Min
9 Q) 3 o
6
3
0 | | .
-50 -25 0 25 50 75 100 125
Temperature (°C)

Figure 16A Logic “I” Input voltage for HO &
Logic “0” for LO vs Temperature

www.irf.com

Tum-Off Fall Time (ns)

1250 I

1000

Deadtime (ns)

Logic " 1" Input Treshold (V)

IR2111(S) &(PbF)

150

100

Tyo

0 - ! -
10 12 14 16 18
VBIAS Supply Voltage (V)

Figure 14B Turn-Off Fall Time vs Voltage

-------

~
3

o
8

N
3

10 12 14 16 18 20
VBIAS Supply Voltage (V)

Figure 15B Dead Time vs Voltage

19

12
3

o T T
10 12 14 16 18 20
Figure 16B Logic “I” Input voltage for HO &
Logic “0” for LO vs Voltage

135



IR2111(S) & (PbF)

150 320

115
o
L 9
g 100 160
2 f
5 75 30
a i
2 !
a /’ﬂ’
T o
(=3
: |

0 }

1E+42 1843 1B+ 1545 1E+6

Frequency (Hz)

Figure 31.1R2111 T, vs. Frequency (IRFBC20)
Raate = 33Q, Voo = 15V

150

125 .

._.
=
=

-
w

o
o

Junction Tem perature (°C)

<

1E+2

320V 160V

30y

w
=3

>
NN

.
SS

#

1E+] 1B+

Frequency (Hz)

1Et5 1Et6

Figure33. IR2111 T, vs. Frequency (IRFBC40)
Raate =15Q, Vce = 15V

12

136

International
IR Rectifier
150 320v
160V
125 /
£ 100 i
2 |
3 F Al aov
75 |
& /
5 50 /
. 2l
8 5 i {
: |
a
0 |
1E+2 1B+3 144 1E+5 1E4+§
Frequency (Hz)
Figure 82. IR2111 T, vs. Frequency (IRFBC30)
Raate = 22Q, Vec = 15V
4 3200 160V 30v
| ?
125 f
€ 1/
[ /1
575 1/
a /I /
& 50 ',/5
§ y /'
© 25
: |
el
0 : . :
1242 1843 1244 1E+5 1E46
Frequency (Hz)

Figure 34. IR2111 T, vs. Frequency (IRFPC50)
Reate = 10Q, Vec = 15V

www.irf.com



International
IR Rectifier
320
150 -
160
12
e f
s 100
g /
g. 75
5 50 /f 30V
A p ’
2 » ‘:--'/..-f"
E
0 L
1242 1843 1244 1845 124

Frequency (Hz)

Figure 35. IR2111S Ty vs. Frequency (IRFEC20)
Rgate = 33Q, Vee =15V

320V 140w

—
w
p=

30V

—
[
o

—

=

P=9
b

-
&
~
M.

uw
=3
I

r
o

Junction Tem perature (°C)

|
o 1L LU H
1542 1843 1844 1B+ 1E+6

Frequency (Hz)

Figure 37. IR2111S T, vs. Frequency (IRFBC40)
Raare = 15Q, Vee = 15V

www.irf.com

Junctbn Tem perature C)

137

IR2111(S) &(PbF)

320y l40v
150

N [ o

|
Af]

._.
o
b=
T—

15 /
) / /)
Y J ?/
25 | T I
0 T | I | T I

1E+2 1E+3 1B+4 1E+5 1E+6

Frequency (Hz)

Figure 36. 1R2111S T, vs. Frequency (IRFBC30)

Junctbn Tem perature °C)

Raate =22Q, Vec = 15V

3201 140v 307
T i

o
o
=

—
ra
o

-
=
=

% /)

. i/ {110

1E+2 1243 1844 1E45 1B+6

Frequency (Hz)

Figure 38. IR2111S T, vs. Frequency (IRFPC50)

Raate = 10Q, Vce = 15V

13



IR2111(S) &(PbF)

Case outlines

International
IGR Rectifier

10.62 [.430]
8.84 {348} F_ :
ONICI=I=N=1E RO
ls 7 6 5 ] 741 .280]
p | 810 [.240]
'L g 3 :4_] (=]
i??["fOJH = e e "
115 [045]) ~ b
- 1.22°7.050]
00 [o1s]q l— |
i {; 7\ 5.33 [210)

MAX

E= 1‘
t —

man] !{

NOTES:

1. DIMENSIONING & TOLERANGING PER ANSI Y14.5M-
CONTROLLING DIMENSION: INCH.

DIMENSIONS ARE SHOWN N MILLIMETERS [INCHES),
OUTLINE CONFORMS TO JEDEC OUTLINE MS-001AB.
MEASURED WITH THE LEADS CONSTRAINED T BE
PERPENDICULAR TO DATUM PLANE C

DIMENSIGN. DOES, NOT INCLUDE MOLD PROTUSIONS. MOLD
PROTUSIONS "SHALL"NOT EXCEED 0.25 [.010].

‘;"_L_ =

1982.

\,:H{jl_m 0.[.004]

]{9!0.25[.010}@;0[Aia|

NOTES:

1. DIMENSIONING & TOLERANCING PER ASME Y14.5M-1994,
2. CONTROLLING DIMENSION: MILLIMETER

3. DIMENSIONS ARE SHOWN N MILLIMETERS [NCHES),

4. OUTLINE CONFORMS TO JEDEC OUTLINE MS-012AA.

8-Lead SOIC

*jf‘
e

2,93 [115] fJ U 2
- ——
| ' 0.568 [022] : .
TN L 54g 366 014] 7.62 [ 300}}
g y 03801
&X Lol 191025 Lotg] Bc [+ 6) S\ 0204 '{.ms]J
01-6014
8-Lead PDIP 01-3003 01 (MS-001A8)
i WCHES | MILLMETERS |
1T TP B OMIMI | wax | M | wax
6 _FOOTPRINT A | 0532 | 0688 | 135 |1.75
80221 026] A1 0040 | 0098 | 0.10 | 0.25
H H H FF b | 013 | 020 | 033 | 051
BN795 & ot € | 0075 | 0098 | 019 | 025
H r-;; D 189 | 198 | 480 |5.00
1\ A 324 E -l QDA@ .46 [.265) : : : ';::7“3':“ 3:3 mgigo
i e1] 025 BASIC_ | 0.635 BASK
H | 2284 | 2440 | 5.80 ] 6.20
- 4 _L_k K | 0099 |.0196 [ 025 [0.50
L | 016 _|.050 | 040 |1.27
X 127 0501 <] ’* 8X1.78 [.070) PP F o
— Kx45°

~5
8X ¢ —
(@

@ DIMENSION DOES NOT INCLUDE MOLD PROTRUSIONS,
MOLD PROTRUSIONS NOT TO EXCEED 0.15 [.008].
@ DIMENSION DOES NOT INCLUDE MOLD PROTRUSIONS.
MOLD PROTRUSIONS NOT TO EXCEED 0.25 [.010].
DIMENSION IS THE LENGTH OF LEAD FOR SOLDERNG TO
ASUBSTRATE. 01-6027
01-0021 11 (MS-012A4)
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DC COMPONENTS CO., LTD.

RECTIFIER SPECIALISTS

TECHNICAL SPECIFICATIONS OF FAST RECOVERY RECTIFIER

VOLTAGE RANGE - 50 to 1000 Volts CURRENT - 2.0 Amperes
FEATURES
* Fast switching
* Low leakage ‘ﬁ
* Low forward voltage drop
* High current capability - DO-15

* High current surge
* High reliability

MECHANICAL DATA

* Case: Molded plastic _ole034009)
* Epoxy: UL 94V-0 rate flame retardant 1.0M(I2Ns.4) 028 (0.7)

* Lead: MIL-STD-202E, Method 208 guaranteed
* Mounting position: Any

* Weight: 0.38 gram .300 (7.6} i
.230 (5.8) .
T] 14036
I"i o zer O
1.0 (25.4)
MIN.

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS

Ratings at 25 °C ambient temperature unless otherwise specified.

Single phase, half wave, 60 Hz, resistive or inductive load.

For capacitive load, derate current by 20%.
Dimensicns in inches and (millimeters)

SYMBOL FR201 | FR202 | FR203 | FR204 | FR205 | FR206 | FR207 [UNITS
Maximum Recurrent Peak Reverse Voltage VRRM 50 100 200 400 600 800 1000 | volts
Maximum RMS Voltage VRMS 35 70 140 280 420 560 700 Volts
Maximum DC Blocking Voltage Voc 50 100 200 400 600 800 1000 | Volts
Maximum Average Forward Rectified Current
at TA = 75°C o =5 s
Peak Forward Surge Current 8.3 ms single half sine-wave
superimposed on rated load (JEDEC Method) FeM 10 s
Maximum Instantaneous Forward Voltage at 2.0A DC VE 1.3 Volts
Maximum DC Reverse Current
at Rated DC Blocking Voltage TA = 25°C I wR aAmps

R

Maximum Full Load Reverse Current Full Cycle Average, 100 uAmps
.375*(9.5mm) lead length at T L = 55°C
Maximum Reverse Recovery Time (Note 1) trr 150 ] 250 I 500 nSec
Typical Junction Capacitance (Note 2) Ci 40 pF
Operating and Sforage Temperature Range T4, TsT1G -65 to + 150 °C

NOTES : 1. Test Conditions: IF = 0,5A, IR = 1.0A, IRR = 0.25A
2. Measured at 1 MHz and applied reverse voltage of 4.0 valts

NEXT BACK EXIT
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RATING AND CHARACTERISTIC CURVES ( FR201 THRU FR207 )

140
FIG. 1 - TYPICAL FORWARD CURRENT FIG. 2 - MAXIMUM NON-REPETITIVE FORWARD
DERATING CURVE SURGE CURRENT
25 = 105
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= =
= 20 e
= o

S 75
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© 15 [ (JEDEC Method

O 60
Q o
e
< \ 2
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FIG. 3 - TYPICAL INSTANTANEQUS FIG. 4 - TYPICAL JUNCTION CAPACITANCE
— FORWARD CHARACTERISTICS
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FIG. 5 - TEST CIRCUIT DIAGRAM AND REVERSE RECOVERY TIME CHARACTERISTIC
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NOTES: 1 Rise Time = 7ns max. Input Impedance =
1 megohm. 22pF.
2. Rise Time = 10ns max. Source Impedance =
50 ohms.

e DC COMPONENTS CO., LTD.
®
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by MUR420/D

SWITCHMODE™ Power Rectifiers

... designed for use in switching power supplies, inverters and as free

wheeling diodes, these state—of-the—art devices have the following features:

S o 3

MUR420
MUR460

= Ultrafast 25, 50 and 76 Nanosecond Recovery Times RS RO
e 175°C Operating Junction Temperature E——— 5
¢ Low Forward Voltage
* Low Leakage Current
¢ High Temperature Glass Passivated Junction
* Reverse Voltage to 600 Volts ULTRAFAST
Mechanical Characterlistics: RECTIFIERS
) 4.0 AMPERES
+ Case: Epoxy, Molded 200-600 VOLTS
¢ Weight: 1.1 gram (approximately)
* Finish: All External Surfaces Corrosion Resistant and Terminal Leads are
Readily Solderable
¢ Lead and Mounting Surface Temperature for Soldering Purposes: 220°C
Max. for 10 Seconds, 1/16” from case
» Shipped in plastic bags, 5,000 per bag
* Available Tape and Reeled, 1500 per reel, by adding a “RL" suffix to the
part number
» Polarity: Cathode indicated by Polarity Band
+ Marking: U420, U460 ._....H_.
CASE 267-03
PLASTIC
MAXIMUM RATINGS
MUR
Rating Symbol 420 460 Unit
Peak Repetitive Reverse Voltage VRRM 200 600 Volts
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR
Average Rectified Forward Current (Square Wave) IF(AV) 4.0 @ TA=80°C | 4.0 @ Tp =40°C | Amps
(Mounting Method #3 Per Note 1)
Nonrepetitive Peak Surge Current IESM 125 70 Amps
(Surge applied at rated load conditions, half wave, single phase, 60 Hz)
Operating Junction Temperature and Storage Temperature T, Tstg -651t0 +175 °C
THERMAL CHARACTERISTICS
Maximum Thermal Resistance, Junction to Ambient RoJa See Note 1 l °CfW—|
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage (1) VF Volts
(IF = 3.0 Amps, T = 150°C) 0.710 1.05
{iF =3.0 Amps, T = 25°C) 0.875 1.25
(iF = 4.0 Amps, T j = 25°C) 0.890 1.28
Maximum Instantaneous Reverse Current (1) iR A
(Rated dc Voltage, T = 150°C) 150 250
(Rated dc Voltage, T = 25°C) 5.0 10
Maximum Reverse Recovery Time trr ns
(IF = 1.0 Amp, di/dt = 50 Amp/us) 35 75
(lF=0.5 Amp, iR = 1.0 Amp, IReC = 0.25 Amp) 25 50
Maximum Forward Recovery Time tir 25 50 ns
(IF = 1.0 A, difdt = 100 A/us, Recovery to 1.0 V)

(1) Puise Test: Pulse Width = 300 us, Duty Cycle < 2.0%.

SWITCHMODE is a trademark of Motorola, Inc.
Preferred devices are Motorala recommended choices for future use and best overall value,

Rev 3

© Motorola, Inc. 1996



MUR420 MUR460

iF, INSTANTANEOUS FORWARD CURRENT (AMPS)

Pr(av), AVERAGE POWER DISSIPATION (WATTS)

MUR420 142
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NOTE 1 — AMBIENT MOUNTING DATA

Data shown for thermal resistance junction—to—ambient
{RgJa) for the mountings shown is to be used as typical
guideline values for preliminary engineering or in case the tie
point temperature cannot be measured.

TYPICAL VALUES FOR Rgga IN STILL AIR

Mounting Lead Length, L (IN)
Method 1/8 174 | 1/2 | 3/4 Units
1 50 51 53 55 | °C/W
2 RoJA 58 59 61 63 | °C/W
3 28 °C/W
MOUNTING METHOD 1

P.C. Board Where Available Copper
Surface area is small.

vl Yyoy

MOUNTING METHOD 2
Vector Push—In Terminals T-28

; = | I
s
-4—|_——‘ |<~|_—l-

MOUNTING METHOD 3

P.C. Board with
1-1/2" x 1-1/2” Copper Surface

/"_"‘“ Board Ground Plane

144
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PACKAGE DIMENSIONS 145

D NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,
1 T 2. CONTROLLING DIMENSION: INCH,

K INCHES | MILLIMETERS
| DIM| MIN | |_MIN |
l A 0am |0 940 | 965
Il B[ 01% | 0210 | 483 | 533 |
D [ 0048 | 0052 | 122 | 12
K 1000 | — [ o540 —
A STYLE 1:
PIN 1. CATHODE
2 ANODE

CASE 267-03
ISSUE C

Rectifier Device Data
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Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters which may be provided in Motorola
data shests and/or specifications can and do vary in differentapplications and actual performance may vary overtime. Alloperaling parameters, including “Typicals”
must be validated for each customer application by customer’s technical experts. Motorola does nol convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
ordeath may occur. Should Buyer purchase or use Motorola products for any suchunintended or unauthorized application, Buyer shallindemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of persenal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

Mfax is a trademark of Motorola, Inc.
How to reach us:
USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Lid.: SPD, Strategic Planning Office, 4-32-1,
P.O. Box 5405, Denver, Colorado 80217. 1-303-675-2140 or 1-800-441-2447 Nishi-Gotanda, Shinagawa-ku, Tokyo 141, Japan. 81-3-5487-8488

Customer Focus Center: 1-800-521-6274

Mfax™: RMFAX0@email.sps.mot.com —~ TOUCHTONE 1-602-244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Lid.; 8B Tai Ping Industrial Park,

Motorola Fax Back System _ US & Canada ONLY 1-800-774-1848 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
—hitp://sps.motorola.com/miax/

HOME PAGE: hitp://motorola.com/sps/
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T T
FAIRCHILD

SEMICONDUCTOR m

FQP630
200V N-Channel MOSFET

General Description

These N-Channel enhancement mode power field effect
transistors are produced using Fairchild’s proprietary,
planar stripe, DMOS technology.

This advanced technology has been especially tailored to
minimize on-state resistance, provide superior switching
performance, and withstand high energy pulse in the
avalanche and commutation moede. These devices are well
suited for high efficiency switching DC/DC converters,
switch mode power supply, DC-AC converters for
uninterrupted power supply, motor control.

Features

* Low gate charge ( typical 19 nC)

April 2000

QFET™

QA, ZOOV, RDS(O{'I] =0.4Q @VGS =10V

Low Crss ( typical 35 pF)
Fast switching

100% avalanche tested
Improved dv/dt capability

D
Dg - T0-220
FQP Series
S
AbSOIute MaXimum Ratings Te = 25°C unless otherwise noted

Symbol Parameter FQP630 Units

Vbss Drain-Source Voltage 200 "

In Drain Current - Continuous (T = 25°C) 9 A

- Continuous (T¢ = 100°C) 5.7 A

Iom Drain Current - Pulsed (Note 1) 36 A

Vass Gate-Source Voltage +25 \

Eas Single Pulsed Avalanche Energy (Note 2) 162 mJd

lar Avalanche Current (Note 1) 9 A

Ear Repetitive Avalanche Energy (Nete 1) 7.8 mJ
dv/dt Peak Diode Recovery dvidt (Note 3) 5.5 Vins

Pp Power Dissipation (T = 25°C) 78 W
- Derate above 25°C 0.62 Wi

T TsTa Operating and Storage Temperature Range -55 to +150 "

T Maximum lead temperature for soldering purposes, 200 G

1/8" from case for 5 seconds
Thermal Characteristics

Symbol Parameter Typ Max Units
Rayc Thermal Resistance, Junction-to-Case e 1.61 "C/W
Recs Thermal Resistance, Case-to-Sink 0.5 - °C/W
Rgaa Thermal Resistance, Junction-to-Ambient - 62.5 *CwW

©2000 Fairchild Semiconductor International

Rev. A, April 2000
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1. Repetitive Rating : Pulse width limited by maximum junction temperature
2,L.=3mH, Ias = 9A, Vpp = 50V, Rg = 25 Q, Starting T = 25°C
3.1gp < 9A, di/dL = 3001AVs, Vo, = BVpgg Starting T, = 25°C
4. Pulse Test : Pulse width < 300us, Duty cycle = 2%

5. Essentially independent of operating temperature

Electrical Characteristics - 2s5:cuniess othenise noted
Symbol | Parameter Test Conditions | Min | Typ ! Max | Units
Off Characteristics
BVpss Drain-Source Breakdown Voltage Vs =0V, Ip =250 pA 200 - - Vv
ABVpss Breakdown Voltage Temperature Ip = 250 pA, Referenced t0 25°C | — | 0.20 _ VPG
I ATy Coefficient
Ioss ) Vpg =200 V, Vgg =0 V — - 1 oA
Zero Gate Voltage Drain Current Vps = 160V, Tg = 125°C - — o o
lgssk Gate-Body Leakage Current, Forward | Vgs =25V, Vpg=0V = - 100 nA
lgssr Gate-Body Leakage Current, Reverse | Vgg=-25V, Vpg=0V = - -100 nA
On Characteristics
Vesn) | Gate Threshold Voltage Vps = Ves, Ip = 250 pA 2.0 = 4.0 v
Rpsn) | Static Drain-Source VA=l ‘.
=10V, Ip=4.5A - 5 4 Q
On-Resistance S5 7 i 0
9Fs Forward Transconductance Vps =40V, Ip=4.5A (Note 4) - 4.4 4 s
Dynamic Characteristics
Ciss Input Capacitance Vps =25V, Vgg =0V, - 420 550 pF
Coss Output Capacitance f=1.0MHz - 85 110 pF
Crss Reverse Transfer Capacitance - 35 45 pF
Switching Characteristics
td(on) Turn-On Delay Time Vop =100V, Iy 59 A - 785 136% ns
- i - s
t Turn-On Rise Time Rg=25Q n
ta(otn) Tum-Off Delay Time - 47 110 ns
t Tumn-Off Fall Time NelaCi DM 64 140 ns
Qg Total Gate Charge Vps =160V, Ip =9 A, - 19 25 nC
Qgs Gate-Source Charge VINES T - 3 - nC
Qgq Gate-Drain Charge (Note 4,8) | _ 9.5 & nC
Drain-Source Diode Characteristics and Maximum Ratings
Is Maximum Continuous Drain-Source Diode Forward Gurrent - - 9 A
fsm Maximum Pulsed Drain-Source Diode Forward Current - - 36 A
Vsp Drain-Source Diode Forward Voltage | Vgs =0V, [g=0 A - - 1.5 V
ter Reverse Recovery Time Vgs=0V,Ig=9A, - 150 - ns
Q Reverse Recovery Charge dig / dt = 100 Alus (Notedlgl” & | 0.68 - uc
Notes:

©2000 Falrchild Semiconductor International

Rev. A, April 2000
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Typical Characteristics
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Figure 1. On-Region Characteristics
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Figure 3, On-Resistance Variation vs.
Drain Current and Gate Voltage
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Figure 5. Capacitance Characteristics
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I Reverse Drain Current [A}

Vgs. Gate-Source Voltage [V]
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Figure 2. Transfer Characteristics
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Figure 4, Body Diode Forward Voltage
Variation vs. Source Current
and Temperature
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Figure 6. Gate Charge Characteristics

©2000 Falrchild Semiconductor International
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Typical Characteristics (coninueq)

z SI). Thermal Response

€ J

Ve Drain-Source Voltage [V)

Figure 9. Maximum Safe Operating Area
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Figure 7. Breakdown Voltage Variation Figure 8, On-Resistance Variation
vs. Temperature vs. Temperature
10
| P 3
10° _—-r“—‘—-—v—ﬁ- mﬁﬁ;;ﬂ:” g
Fmmeie = -lr ot ,
— | i L =
= | ! < 4
E "B > §
5 4 =
(&] | i | Q
£ d 1/ £
5 10" - A E
a i o &
| i
L
10“ ! . o L ); 1 L
10 10" 10 25 50 75 100 125 150

T, Casa Temperature [C]

Figure 10. Maximum Drain Current
vs. Case Temperature
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Figure 11. Transient Thermal Response Curve
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Gate Charge Test Circuit & Waveform
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Unclamped Inductive Switching Test Circuit & Waveforms
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Peak Diode Recovery dv/dt Test Circuit & Waveforms
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lq » Body Diode Forward Current
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Body Diode Reverse Current
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Package Dimensions
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Figure 1

’art Number: 4077312911

‘requency Range: Medium Permeability, 77 (ui=2000) & 78 (ui=2300) materials
Jescription: 77 ROD

Ppplication: Inductive Components
Vhere Used: Open Magnetic Circuit
'art Type: Rods

Aechanical Specifications
Jeight: 9.200.(g)

'art Type Information

"essed Fair-Rite rods are used extensively in high-energy storage designs. These rods can also be used for inductive
ymponents that require temperature stability or have to accommodate large dc bias requirements.

he A" dimension can be centerless ground to tighter tolerances.
igure 2 rods have a 0.6 mm (.024") maximum chamfer on the end faces.
or frequency tuned rod designs see section Antenna/RFID Rods.

or any rad requirement not listed here, feel free to contact our customer service group for availability and pricing.
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Mechanical Specifications

Fair-Rite Products Corp.
Your Signal Solutiong,

Ferrite Components for the Electronics Industry
PO Box J,0One Commercial Row, Wallkill, NY 12589-0288

Fair-Rite Product's Catalog

Dim mm mm nominal inch
tol inch misc.
A 8.00 +0.35 0:315 -
B - - = =
e 38.10 +0.75 1.500 -
D - - - -
E - - = =
= < - y =
4 “ - i >
J % = - A
< - “ - 5

lectrical Specifications

Typical Impedance (£2) |

Electrical Properties

.egend

' Test frequency
'referred parts, the suggested choice for new designs,have shorter lead times and are more readily available.
e column H(Oe) gives for each bead the calculated dc bias field in oersted for 1 turn and 1 ampere direct current. The actual dc H field in

the application is this value of H times the actual NI (ampere-turn) product. For the effect of the dc bias on the impedance of the bead material,
see figures 18-23 in the application note How to choose Ferrite Components for EMI Suppression.
. ¥z turn is defined as a single pass through a hole.
Ll/A - Core Constant

o Effective Cross-Sectional Area
| - Inductance Factor (Tl}z)

JAWG - Number of Tumns/Wire Size for Test Coil

Part Data Sheet, 4077312911 155
Printed: 2013-07-03
2).2.09 .58
aration
Land Patterns
V W X Y Z
ref
Winding Information
TUrhs Wiy Wirg 1st Wire 2nd Wire
Tested Size Length Length
Reel Information
Tape \Mdth R ot .Parts 7" \Parts 13 "] Parts 14 "
ﬁjm S = L, el R8T Real Reel
Package Size
BN W Bt
()
Connector Plate
@ Hogs A f # Rows

| o Effective Path Length
Vg Effective Core Volume
NI - Value of de Ampere-turns
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Ferrite Material Constants

Fair-Rite Product's Catalog
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2)8)09.% S

Specific Heat .. B e
Thermal Conductmty O nensnaniih b
Coefficient of Linear Expansion Wi

Compressive Stpength
Young's Modulus
Hardness (Kfioop)
Specific Gravity ...\ st B} Ak

~-.0.25 caligirC
_ ,3 5-4, Smw,Cm oC
~ 8-10x10%GC
Tensile Strength ............ (% il
S 15x10¢ kaymm
1650 |

z47gicma

The above quated praperﬁes ara z‘ypiea! for Fa#-Rite MnZn. and N:Zﬁ fsmtes.

See next page for further material specifications.
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A MnZn ferrite for use in a wide range of high and low flux density
inductive designs for frequencies up to 100 kHz,

Pot cores, E&I cores, U cores, rods, toroids, and bobbins are all
available in 77 material.

Complex Permeability vs. Frequency

10000 - T
R P F ‘Fﬁ;
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1 R ]
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M 1% T P\t
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I
1
i |
b |
Yd ﬁ
10 - : — - —
104 10® 10% 10"

Frequency (Hz)

Measured on an 18/10/6mm toroid
using the HP 4284A and the HP 4291A.

Initial Permeability vs. Temperature
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| | | i
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1000 | 4 e
i i | # g
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Temperature(°C)

Measured on an 18/10/6mm toroid at 100kHz.
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2006

77 Material Characteristics:

Property Uit Symbol Value
Initial Permeability 2000
@ B < 10 gauss g

Flux Density gauss B 4900
@ Field Strength oersted H 5
Residual Flux Density gauss B, 1800
Coercive Force oersted H, 0.30
Loss Factor {1 1o tandiy, 18
@ Frequency MHz 01
Temperature Coefficient of ac 07
Initial Permeability (20 -704C)

Curie Temperaturs: °C ¥ »200
Resistivity f1cm o 1x10?

Incremental Permeability vs. H

10000
St
% it ot LN
Ky 1000 - i |
—t- H
\
A\
} \l
|
z
100 Srmmtiemtec .
0.0 0.10 1.00 10.00
H(oersted)
Hysteresis Loop
5000

B
{gauss)

b

3

! ’

0.5 0 05 1
H (oersted)

Measured on an 18/10/6mm toroid at 10kHz.
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Amplitude Permeability vs. Flux Density
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Measured on an 18/10/6mm toroid at 10kHz.

Power Loss Density vs. Temperature

P
mW/cm?3) "

100

B0 P B R T e

0 20 40 60 80 100 120
Temperature(°C)

Measured on an 18/10/6mm toroid using the
Clarke Hess 258 VAW.
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.2 D) xens

Power Loss Density vs. Flux Density
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Measured on an 18/10/6mm toroid using the
Clarke Hess 258 VAW at 100°C

Flux Density vs. Temperature

{gauss)
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Temperature (°C)

Measured on an 18/10/6mm toroid at 10kHz
and H=5 oersted,
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Contactless Charger and Coulomb Counting Paradigm
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ABSTRACT

The main problems of the conventional electrical plug
and outlet with direct metal contact for ac power distribution system
that employed in dc system are voltage conversion, risk of electric
shock, arc discharge and galvanic isolation. Therefore, the
development of battery charger by enhancing coulomb counting
paradigm and cylindrical contactless transformer is introduced in this
paper. By combining these two methods, the battery charger can be
achieved the arc free, high power density transferring and
controllable output voltage. Thus, the state of charge (SOC) of the
battery with coulomh counting paradigm can be observed and

monitored as well. Mainly, this project is focused on Li-ion battery

that widely used in portable devices such as smart-phone, laptop,
tablet device, etc. Additionally, High frequency diode clamp
multilevel mverter is used to transfer power through cylindrical
contactless transformer with characteristic of Li-ion battery,
coulomb counting paradigm can able to monitor the SOC and depth
of discharge (DOD) more precise compared to other method.
Keyword: Cylindrical Transformer, Contactless, Battery, Coulomb
Counting
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