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ABSTRACT

The objectives of this project are to study, test, design and implement an
- electronic ballast for a 250 W high pressure sodium lamp replacing a conventional
" magnetic ballasft. The proposed ballast offers advantagés sU_Ch as light weight, vsimplé
structufe and high power factor. Also, it gives less losses than the .fnagnetic ballast thué
higher efficiency. The power factor is more than 0.85 and total harmonic distortion of
input current (THDi) is less than 30%. This designed circuit consists of 5 parts: EMI
filter circuit, rectifier circuit, valley fill circuit, inverter circuit and LCC resonant circuit.
The test has been performed together with measurement under various conditions
compared with the test of the magnetic ballast. The test has also been performed with
the change of various circuit topologies of the electronic ballast. The design under
several conditions is given. Testing conditions are different. From the test, it is found
that the power factor is more than 0.9, THDi is less than 25% and input voltage is
between 200-245 V. The ballast lumen factor is greater than 80% .The total system
efficiency is more than 90%. In order to increase the efficiency, the improvement of
ignition circuit should be made. Output power should be increased in order to increase
light intensity. The development of the proposed electronic ballast should be made in

order to be applied to various types of high pressure sodium lamps.
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2.5.4 20359R11051805 (Inverter)

29958uasiaes (ulsasulas LLSJ@T‘I«LVLW WINIZURA

mmﬁqn ﬁagj%mﬂgmmu Teun

1. Wasuuanewlasiaas (Flyback Convertor)

2. Wasiisanauiiasianas (Forward Convertor)

3. Wr-wanawiasiaad (Push-Pull Convertor)

4. ;aWyUIndnawiaiines (Half-Bridge Convertor)

5. yjau’%m‘fﬂaunaﬁ@as‘ (Full-Bridge Convertor)

Wuussawlwlinszussay




2.5.4.1 20953anu3ad (Half Bridge Inverter)
= A o o o A~ e a € a € o A . s
Lﬂ%’)x‘l’ﬂi‘ﬂﬁ'aﬁﬂuﬂﬂd’l%ﬂﬂzﬂidvlmmﬂmE]x'iQﬂﬂ5Mﬁ’J@l‘HLLSG@%'ﬂﬂﬂﬂia&lq‘ﬂﬂimﬂz

A 4 é @ a A a 3 o o A
&Iﬂ']ﬂiﬁiuqm%ﬁﬂ%%\ﬂlGGLLS\‘IQ%E’JWI’!@] lagazfiaiag Sy Uas S, mmuaaununmmmp

FINULEAIIUNINA 2.12

w
£
T
b
[ ot
"
(W
¥

4 Z
AN 2.12 2933aanL30d

Tafv84219978aWL3AD (Half Bridge Inverter)

1. Fi’lLLiﬁﬁ%ﬁ@mﬂiauﬁ’m‘i@l%\mm:ﬁElq(ﬂﬁ’mizuaﬁfi’]Lﬁ'\ﬁﬂﬁ%tidﬁ%ﬁﬁﬁ%
Buna

2. m:tmﬁvlﬁﬁﬂmmﬁvgmauﬂ'ﬁaﬁau

3. ldvamnaiNes 2 a2 ?ﬁqﬂimﬂ'@n'j’rmmuuwuau’%@ﬁ? WSRO MANITTUE
"l%ashumamﬂugﬁﬂﬁuhﬂﬁ

4. msaammuiuﬁwa%ﬂaizjamﬂ

2.5.5 2093151%UuRY (Resonant)

AT s lauwny fa 1asndasdusasiwihdsnanmsmrinlwisesndsznauly

o

Y T = A A da & o o4 d
a8 R, L, C aa gANIaauFuadlFzIandlaniIe R iNaTw b AU NISa IR UINm

3 &
= e = ]

Tha X uaz X, i eenufivmniFandt anudislowuwud (£)29953louuui

snansnde ldmuuunde wuueaunsuiulnaa (Series loaded Resonant : SLR), Wil
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Yyunulnaa (Parallel loaded Resonant :PLR) URZUUUBRNIN-TUI (Series-Parallel
loaded Resonant : SPLR)

aumimmﬁmmuﬁuﬁuﬂs:ﬁ;LLazéhmﬁmﬁwﬁa

1
XC=E , X, =ol (2.1)
ammimmﬁlﬂmmuﬁﬁa
1 1 1
=, C=———,L= ——— 2.2
4 27LC 4’ 2L ar* fiC (22)

9/ L2 vV a & ° v ¢ A ) as d o o/ acd 1
feasnIiiaslauuuria i lies Xe uaz X, danrinnu davi lananedtigu
Uiuanud (), Ysue C wIs Yiud L -
wa A = ) s ) ’ :
qmauuwm’uaq'msu,ﬂsmmuﬁﬂﬁa AunaiaasRNIN ( Quality Factor : Q)
I LRy P s A o )" B
2891995 WiknSunanlfuananuanasaslaounus (anvasslawnuritaunianig)
A 4 < ] & e A ' ° '
fitla bandwidth va¥393%ULed 1 Q HeziudauangunnaesseyhaanInimu
Taalugrsanunuauinesla tdn Q Jd1anuaasdn93sazdl bandwidth Wae @1 Q
RUIDAIWIDA LN

O = gl — S (2:3)

L
T/\W Cs
o ‘ |l
I ©
XL -4XCs
= .
Vin P Rac Vo
Q o

o & o
AN 2.13 ')Gﬁ]ﬁL?I‘IYLL%%'YI at&nmnuvxa 26
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lma'«m{[mmuﬁagﬂm TugneAnaslaunwuy anTzuan nalniiasasd

Agaga BuRuaudiiddgariiiu R 'Lumoqﬂuﬂa%:ﬁmwhﬁu 0 laviy

Z=\R*+(x,-X.)

Wasnnfianudislownwuy X, = X,

Z= R

INMNT 2.13 2 LAFTUNIIUIIOUAD

Warsunnelanyadlgas

v I.-R

0 ! ac

mn
ﬁgﬁ]ﬁaummﬂﬁﬁaﬁﬁum olan

v,(Jo) _

1

v (R + JIX, X D)

vln(ja))_\/ 5
1+ 0, {

104010

0 o,

0]

N

0]

;

(2.5)

(2.6)

@2.7)

(2.8)

(2.9)

(2.10)

(2.11)



18

=
o
s
Lt ]

|

H’ = »
ATRDAT PUUNEY
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NINn 2.14 ﬂi’]Wﬂ’)ﬁNﬁ&lW%ﬁi:Vu’J’Na&JWLLﬂu‘EﬂUﬂ’n&lﬂ‘UE]d’ldﬂiLiI‘IiLL‘l«L%‘Y]E]‘l«j;ﬂi&l

2.5.5.2 209sislgunwriawiniiulnan (Parallel loaded Resonant :PLR)

L
O j O
XL
<
Vin Cp = -1XCp § Rac Vo
O O

A Q-
AN 2.15 29933 T nnivwunulnan

Tur9asslaunnrivuin luan e AtRerslauuy anszuan nabuisasaziien
ga au'ﬁmeﬁi’lmgaq@lumqqmuﬂaﬁ]:ﬁmlﬂuaﬁfu@?

L _ 1,1 _ 1 (2.12)

Z, X, X. joL

oL

= " 2.13
1-w’LC ( )

ZLC
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ANMINA 2.15 L laFUNIILIIa N8

v, =(; —ig)(—jXc, ) == —ig)(JX,,) (2.14)

Vi = JX 0 = - 1) X ¢,) (2.15)
ﬁaﬁ“ﬁ’uﬁ’lﬂaumamam

v ==X o

. _iR)(jXCP)+jXL g

ﬁgﬂﬁaummﬂﬁﬁaﬁfmmbu

v,(jo)| 1
v, (jo)| ) )
o

wl’ a)PQP

a = I

BHWUANT

2.17)

o

-
} o B

s 3 ¢
RIBDIT FRUENT

- o o ¢ i a o & o o ¢
ANN 2.16 ﬂﬁqWﬂﬁquﬁuwuﬁizﬂﬁqﬂﬂNWLLﬂuTﬂUﬂ'ﬂNﬂ"ﬂaﬁ'NﬂiLiI‘ﬁLL%uﬂm%’lu
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2.5.5.3 209315 [UNRIULUNBUNTN-DUI (Series-Parallel loaded Resonant :

SPLR)
L
Ya's r\‘ Cs
O—J i O
XL XCs
Vin Cp = 4XCp =» Rac Vo
O O

= &
M 2.47 2svsilauunriiuuaynIu-au
Twaesslowuwrinuveaynin-vum fﬂzLﬂmwsﬁsamwnﬂmuwﬁaul,ﬂsuﬁ'u
asslauuuiawmdhdiony lusnaziifaslouuwismasanslowsuiauniuaz -

ﬁﬂi:LLavlmgmqﬂ d’mﬁmmmuﬁﬁ]:ﬁnsxn,l,a"lmaﬁwqﬂ

AMNNINA 2.17 22 ldFunsUIIauda

Ve = =i )=iX e, ) =—(i; i) (X ¢, ) (2.18)
Vi = JX i =G =1)(GX¢,) (2.19)
Worisutnelanyednees
v, _ =G, — i )(jX¢,)

Vi~ —i)(iX e, )i J X, +ic X (2.20)



ﬁgﬁ]ﬁaummﬂﬁﬁaﬁfum ela

v,(jo)| 1

vin(ja))l_ 2
z{w_} +QSZ[£_&

ve ¥
YWIOVDI Cpmvl,ﬂ 39

]
lam
C,= :

N\ 12777

A
9/ Qs

w1284 C, wrlaasd

oAt A
T LAY

(Cs 'Cp)_(cs 'Ce)z(cp 'Ce)
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2.21)

(2.22)

(2.23)

(2.24)
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unn 3

N1FBBALUUIIIT

3.1 Unw
TnunfazingwaifziumIsanuuursTasaaslansainddilsenavuas 4
P=3 a = A a '3 6
2995 A8 1993098183 1o LAz 199TT HINTLUE 29BN 29950 ULBTLADT UZ99T

LCC L3 Lmuuu

3.2 wasdidule

Electro Magnetic Interference ( EMI ) Lﬂu’mﬁliﬂiadm’mﬁmﬂ’mﬁL'ﬁ@lﬁ]’m
EATRPUIEREET N A E e qﬂmtﬁﬁl"ﬁﬁ'x Fillters zlidany Resistor twmzazyiliiiaana
.v"s”a_il, (Loss') & lun1saanuuy EMI Fillter axdosdnilefanmaAanas Insertion Loss WAz
Attenuation 9893uufiaziAedndas Taslulassnuiiladenlsaidulefamesiuy
Typical> Commercial Fillter ﬁm%avlé’muﬁammﬂ "fﬁLleNﬁli Comerciél filter with

capacitors to ground

]
~

Typical Commercial Filter Lﬂuﬁansamﬁwﬁmgn’lﬁi’auﬁ'uqﬂnsrﬁﬁlﬂuﬂﬁ
nasay LLazqﬂmtﬁma‘ﬁLﬁﬂmaﬁﬂﬁﬁuq fiflpemauioiaana %aluﬁﬁma;jwﬁmaﬂﬁ
HWINTNARBLAUEIE T UL, TUV, VDE, CSA Uas FCC S9mInasauilt EMI test
house S’fmzﬂiwg}"w‘é@Lﬁ'mﬁ'um*sm‘%sl:uLaﬂmiﬁy'mmﬁﬁm’maﬁnﬂu@ia@mmm@mG]
é’ansaammﬁazgﬂauqanﬁﬁaﬂﬁ'us:mwa TT type LLa:ﬂ'ﬂQn%amnnguﬁmmﬂ
MeuanrafinaaIneslszng sansassfiafimananudsadulwuaUnad

a ]

ﬂs:ﬂauﬁaUé’hLﬁuﬂs:qmymaiﬁuﬁuﬁuvgmanmﬁvgmmmsl"lw;jmﬂmn@i‘ (Hot to

U

Neutral) uazdLivlizgan 2 GTavlﬂz;jfmHmnﬁé‘i‘ioL‘TJumﬁﬁﬁ'mmswum:l,l,a%"'ﬂm
(leakage current) "lﬁ”u’mﬁq@ém%’u@,mumﬂﬁﬁaamsqﬂmtﬁﬁﬁmmﬂumu fnau
a1t lna (leakage inductance) ﬁﬂgﬂﬁﬁlﬁgﬁ%ﬂ@ﬁmnﬁ'mumamﬁn 9
audnmsvasunulasmsusnaasiaeaniiy 2 va Famansorldlasmaiuanaiata 2
aulken vz ldununmmnelsemasesd (ferrite toroid core) luunsassinafiamsnit

arnlnuafuandrsaanldiuaansaslnuatndlasmsifivdnanumisnihh i ina

winiuaanieaiud W lunssadu Ssidaiduniiaioauga T type $2uNwNY
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nnuaunduazlnuandraanty senanfilusesssdsnavlddsasddznauisan
leunIsaasiasauniioniilay
a 6 &) s g L2 o ow& o (d’d 1 cl' [ %3
MBaaes Wuaiilasnwisasdildnnsatndnianylhidamadfauilasusan
.é <A o 9 c; ) s 3 g/ o s a = 6 ar I3 Qs
g deaidadrtnumuiulsatauusiaunuliiasinusiauwin Misaeiialuen
7 1 &) a [ 73 A (% a an 6 [ 24 a &
drumnbidwdadudlasssuneluniandansunslug  fnzfeaanloa
( Zincite ) w30 Innifisuaanlod anwusidnvaIRITIRMBALLIAINLIIaUE Ao
Qo 1 4 1] Q Q» 1; Qs g: Qs L7
Aoisuifszwivanudumudensia AFUNIAITTIWUAZ LU UT VD INTIGUGIE)
-2 @y I a 'Y & o o A A 2o e '
foudiluanudusSwdmihdudmamlag vasasfilivamumuazsaulinizus
' | ) — ¥ a e o P
Tuarumadirfionn wdninszaipad1slaidussdisurasnin ARSI BUINT 6D
aynsuuszswIUindahldiiomsGaanszulufianiassdafisnwauringnu s
) a A ° ) i ) o T i W 2 [
dsumusiafisaunsninlulFnwnenulWnszussay Gelalaafiiunldtasnn
sl limunsaldnuled MIANIIRTaINIsIa TNt e s laaRa TN
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nIzuEas s letay I MANUEIUMUES L BUTIGWNULUSIANUIIUNIUIZAARS
AI 3 1 A -1 @ o s QU u
uasnIzuandnatnaendinwwdss  lunisiRanldriauasnSaiaesiinanzguny
awuﬁuﬁaojﬁagamaaﬁumaaU’Né’@ﬁ
@ o ] A pi 708 -~ ) v & =
1) TOULTIAUTIRTRATEUIIU  TeanURaNDaIT LTI R 1T
Qmam%maomsﬁlﬁ'ﬁmné’aazmuiu BELNDINTNINNEINF aanlae LUTIINITIAH
dl 1 a dl o an 4 ' a {d‘ o A [ a
Aunauniofiefiiandfnawnislud  smrSaiaainmaninmifisueanlodaziiaons
wssaudaudred ( dsznnm 27 1ad ) unsaufigwaisaeiizuinuiazandmue
o ar ' d A ;3‘ . 1 =
INFMILAINTELRALRNNZRY mmuagﬂummamﬁamas‘
' =} s a» ‘é ]
2) FINTTURGIFA Wio WAITIIUVDINATFIFN Fegnursournszawean bl
T@amwﬁamumaaﬁaa?goq@ﬁlﬂuﬁqLLﬂsﬁﬁﬁﬁ’tggqqﬂlmwsﬂaaﬁ'u

]
1 ] 4

3) Mydnuatdaiiias Manudaglisnmlitaessluiesinm
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3.3 29951389n3sud

Tulassnuitlaiden a3 nansussiaduaauuuuties 1 e lwwsasesls

laloaias 4 d2 lumadenlflaleamdsinazliquanifddy 5 Uszmsda

1.

FEIENINTANUNIZURNTZTNLG (Inrush ; g, )ns:uanszmmnﬁ@%u
dasutasdiadine Wl %ﬂlummzfuﬁaLﬁuﬂs:ﬁ;"lajﬁﬂi:ﬁ;agjl,amh
ANUEIUNIHTBIWITIZEWIN Aaflanudunuursludiiulizg (ESR)
AU R, whiiu

Vou(DC)

nzwgnIzsn I/ =
MR + ESR

(3.1)

é’aammmﬂummag’nq@"lﬁ”%’mm: / Aoy ) Lﬂuns:uagaqﬂﬁl,ﬁmmz
misdafvtszafaimeiiiashldlnszuanariudilalasaznieluszoziom
guglao ez muannissaumsriauseslnnszussdy (/50 S
%3a 20 TaFIWIN ) m:uaﬁ’]mui‘fﬁmgamﬂuazvl,aﬂ:’ﬁm:LLéﬁauﬂg‘jﬁ'ﬁmu
939

AaTMUNILULF IUNEFATY ( Forward Bias : I, ) Lﬂumnsmazgoq@ﬁ
Ialoanwldloslinugonon Tasvluaasiidruinndn 1.5 89 2 1haas
nIzuUNG

§ATININULTINU IULERNIUFIFN ( Peak Reverse Bias: PRB) w3aaam
MINULHAUTOUNAUFIER ( Peak Inverse voltage : VIP) Waisde
vl,@ﬂaﬂLmuu‘%mfﬂzﬁLLsaéi'umnﬂiaaf[mcﬂLi'ia"l,uLLaaﬂé'uwhﬁ'mmﬁuﬁmﬁv!@
Ya92993 udiiiodanuuisndlnsssnuussswlunasnsuaniin 2 1 vas
wsIaugIgaaaLnGuasiil 2.83 1y veslsean RMS

nszussalne ( Leakage Current ) iilusnszuafilnaiiialalonluisanses
nrsuslelunesnst dseniilaaihudrtidtosmntinlafesdiriniu

anwlalaafltlulasswazidulalaaidirialduaduiuuusasasnaadlas

@ o

Anamamildausumssdalui

Pn = Vi I cos@ (3.2)
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[ [ fa & a &4 o L
G]’]?quaﬂ‘ls}mzuama@aLaﬂ‘mauﬂﬁﬂﬂﬁwu@I‘l’JLﬂu

~a s o e & o &
ANANITANUBAITRRES 250 a9

duunaiuIwinizuaady 220 Taaq
asznsumaliedn 0.95

IMNFUNININAT A IdnTeuafi nariwlalaa 1.20 wayd wdLiiadan3993
AINANMIM I ULV ATIA NI I UA LA Lo Laarinaui 70 % BaIRnadILad

sztﬁ’iﬁvlﬂlaﬂﬁﬂﬁiLﬁBﬂNﬁlﬁG’]%ﬁ]zﬁﬁﬂﬂﬂi:LLﬁa%}ﬁ 2.04 uavil aundaianlalaauses

KBL 400 V 6 A Samdaaariosamaladne

3.4 wesnatadila
Iwihiiganiiuen PE laolassninsuiadlaleadulnan Wonltlalaa mur 4100
NUNTIUR 4 A, L3961 1000 V 1 C1, C2 = 68uF, C3, C4 = 1pF, R1 = 15 (2,

R2 =220 ()

4
13791 3.1 HAaN17 simulate

R1=150) , R2 =220Q) , C1,2 = 68 uF
Harmonlg C3.4 =47 \F C3.4 =1 yF C3.4 =2 yF
g 402mA 419mA 466mA
I3 13% 7.10% 4.20%
ls 9.40% 3.80% 5.30%
l7 1.10% 2.30% 7.20%
lo 5.40% 5.20% 7.20%
4 4.40% 4.30% 5.10%
lia 1.20% 1.80% 3.20%
l1s 0.50% 0.60% 2.50%
li7 0.20% 0.90% 3%
ho 1.10% 1.70% 3%
THD% 17.64% 11.70% 15%
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wanM 3% 1w995MUsznaulUfY Coeaye : C1, C2 talaa : D1-D3 uaz

R1, R2 @431 3.1 C1, C2 9zgn Charge N3zusWu D1, D3 1us24 Valley Region 1Tl

Vline, peak a . a & e o
— 287 JeNU = Vi, TWAAANNHALALY (distortion) VBIRTYUITH

9 V=
9/ e et @ A as . A o 1 4 [ a6 3
nyzuaenwd litianlndidesdyanm Sine Ssazvlnszuganiuelindanss 318

o ; &
ﬂi‘ﬂl]?i‘lﬂ'] Power factor 1a3433371%

3 62__
& i ba
i
my/74a 1
Ac 6 v~ boas 3
i 6? V Rz
- T

ke

it ]

) £
AN 3.1 233388508

4 , "
AN 3.2 Han7 simulate 1WATRLRIAR



Stopped | 2009/03/08 05:17:08
CHI=20v : CHz=100V : H ; : © Bmsydiv
DC 100:1 : DC 100:1 : I : : © (Smsydiv)

=Tracel= P-P ~ 7.200v :  Rms 1.328¥ © Freq 5.000kHz
=Trace2= 'P=p  223.0v. ' ~Rms | 235.0v . Freq 100,04z
' : . : ; 5 .
T : ] s ViDIY
. » g . ' 8 & ‘ - 20 v
L " =Filter= =0ffsei= =Record Length= | =Trigger=
Smoothing : OFF CH1 : 0.0v Main : 10K- Mode : RUTO - -
BW @ FULL CH2 : oV Zoom @ 10K Type : EDGE CH2 4
' Delay : - - 0.0ns

Hold OFF @ MINIMUM

4 A
AINN 3.3 gﬂwamimaaa’msmam S8

3.5 29958ulIastansuuusiusad
Iudasnfusssunszugasadnliiussdunssugaduanuigs Tamdanls

la% IR2513 sfndug uuszdunamnananud 65 kHz lasRenlduamnaias

IRF840 Nun3zuala 8 A, 500 V, Rogen = 0.8 {2, Vgs= 10V

NN 3.4 21995uaENG IRF840
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IR2153 RT vs Frequency

1000000 pe——monepperyry L
%] T I £
[ .
100000 I 1)
T - S I — "
~ | TR [~
px . R \‘
¥ 10000 —e—330pf L B .
by —— 470pF !ﬂ.‘ B i
& ™ =2
= InE — CT Values LT N .
o 1000 2.2nF - =5
——ATnF - -
K|
—a—100F K Pl
100 ™ = oA
10
10 100 1000 10000 100000 1000000
RT {ohms) ’
A [ AI lvv [y » w e o«
AN 3.5 usesnstiuanudlaglaaanuwninnuaitnuiey
Bt
A
LatE eleie]
I
| e }
— E+45)
3 WEL st
o 7 £
40 ( I IRFE4
st | LiRT HO *—'———-—-"-;w—‘ == T
13K g .
: et we |2 ‘li 0
4 l!" kY s
¢ oo PR My < S
I
o

A ] a v Qs A
NINN 3.6 mmaamgywm‘lmuuamﬂamm IR2153
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P . a
AMN 3.7 HaN1T Simulate 2995duesiaes

2009/02/717 15:36:46 NORM:.100MS /s Bus fdiv
Stopped 1 (Bus /div)
: - CH1: ON -
200 /div - 10001
pC i ov
.................................................................................................. . § OFF
B0V /div 10:1
pC 0.0v
CH3: ON
BY fdiv 1001
DC 0.00v
CH4: OFF
50V /div 10:1
pC 0.0%

Record Length

: 2 ] ] ; hain: BK
SJ: ....... T _‘L ............................ R R Zoom: BK
= TI’aCB‘IE:IP—P 255.@'\‘" tlax 232.[!‘!' : Hin 3—24.00:\’ Filter
Rms © 153.7v  © Avg I 113.6V . Freq: 65.36kHz ' | smoothing: OFF
............. DA SO0/3% o C V()7 o N\E) T T e ON B FULL
Trace3: P-P . 11.40V “Max 1 8.600V “"Min =2.800V Trigger
. Rms © 5.231¥ . Avg i 8.516Y . Freq: 65.36kHz Mode: AUTO
......... L Dutyl a1.2% i .i.i..i....|Type  EDGE
: : : : : : : : Source: CH1 4
CH3
CH Position To position
3div | -1div_ | 0div__| +1dv__| +3div -1.00div

A o a (4 4
AN 3.8 L3I 1NN WITARLIDILADT
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Stopped ! 2009703709 21:20:42
CHi1=200v : CHz=10V H ; g C o lus/div

pC 1001 DC 1001 - H : : ¢ (lusfdiv)
: : : : : : NORM:100MS /5

=Tracel=

ar| ...... Du‘ly "E": ..... E 4 b ek ......... : .........
=Trace2= Mak 14:40v R : Freq 8.333WHz
3 Duty 33;3% ; L : :
: N ; : . i Y ¢ CHz
CH2 Coupling Probe Tnvert JACQ Hod| | @Ffset
AC GND 1001 ON oN |7 Jov
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : o Main : 1K Mode © AUTOD
BW : FULL CHZ : 0.0v Zoom 1K Type . EDGE CH1 4
Delay D.0ns

Hold OFf :  MINIMUM
A s
NINN 3.9 Dead Time VBIRTYT I

3.6 29939AKABA
ﬁw%’umsq@maaﬂmﬁslwmmé’ugaﬁfmzl"fi"msL‘ﬂﬂmmuﬁmhmﬁ'aﬁ 2997LT
Qs g: e/ Qs L/ dl " a A
launwiiuveynsutiulnag (SLR) unazlvdanumeg (gain) launfigaliifiunile 3
'ﬁnm'lfi?ﬁgwaaﬂﬁfmméi'umL‘iT'WTaoﬁ@hmnndmmé’uﬁ‘li‘lumsa}waaﬁﬂmé’]aummﬁu
) o I L e/ e/ s ¥ Q- A) dl [ o a
qamaawamﬂumaa’twuaLLﬂmﬂsaﬂmLLsa@ug{wuLwamaqwaaﬂ FRSUIILT

Toruwnriuuvawiuiulnaa (Parallel loaded Resonant: PLR) sansalisanuens

]
° 3 °

) 4 LY \ Y o o @ A '
wnndmiele uadsagslsfenumnussduandnd fanarnliussauanaandanlaunn
d‘ o & 8/ L L3 e s ; dl !
waflazgamaan SuiudpdldndaulanSuusdugsmnetislunmsyanaaa
Tulasenuiidafonldasnslouunriuuueynsu-suu (Series-Parallel loaded
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o

iUl Frnunsdindussauaudndeandn

1
\
gr
B

Vin Cp 5

4 y
nnn 3.10 'JO?]SL?I‘HLL%%YTLLUU?J‘lioﬂi&l-‘lm']%

r=1

C, %égnéjﬂi‘aﬂszqﬂul,ﬁu g %zmaﬂszﬂﬂﬁma@%ammﬂ 1,000 — 2,000 V &
mnwa'«gﬂmaﬂvlﬁ fafienutislauuuy c, 'ﬁ@iammuaga:ﬁ‘éuﬁuﬂwﬁg\au']nwmﬁau
\aavaray Twamiefi L uas CSQ:LﬂumuﬁﬁoﬂszLLaLLa:LLioé'ulﬁ'Lﬁmwaaiwﬁ“umaﬂ
da 'l

aaNnasgs 1IEC929 latmuaenudslouuuwisniutsasdoiinnsadn Ly

=i

'J"lmsfl@hayﬂuﬁw 25 - 75 kHz  lulassswidannenadislawnurivinny 65 kHz

e L8

mmTa;&aﬁaa@‘[mﬁﬂummﬁug\a 250 1016 ARNANIZLRARRBALYINAL 2.0 A LAz

s

ANAUTIABATONRBBALYINIL 125 V uaziwua L = 232 uH

PNFUNIN (2.22)

i y
C,=—"2 — ald C, = 38 nF
Vi *270 - f

am,

MNFUMIN (2.23)

[

C=—— led C.= 25 nF
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llﬁ

AT 841 Han"3 Simulate 2993 LCC LS BN

2009702717 151559
Stopped

A3

NORMEOMS/s  20us/div

(2Dus /div)

AAAD AR AN

TraceS P—P 144, 0\'

/VVVVVV\

7z.00v ~72.00¥
Rms 5 43.58Y Avg i=-1.713¥ Freq: 71.43kHz
Duty: 48.8% ol S OTUUOE SOUOUUNE SYUUUONE SRR
CH3 v/DIV
VAR

A Q- =)
AN 3.12 WSIAUEUNR 60 Taad

CH1: OFF
200% /div 1001
DC oy
CHz: OFF
50V /div 101
pC o.0v
CH3: ON
100v/div - 100:1
DC ov
CH4: OFF
S0V fdiv 1011
DC 0.0v
Record Length
Main: 10K
Zoom: 10K
Filter
Smoothing: OFF
BW: FULL
Trigger
Mode: AUTO
Type: EDGE
Source: CH1 4

CH3

V/DIV

100 v
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< o a
nnn 3.14 LA RDUNG 180 11a6

2009/02/17 15:18:28 NORM:100MS /s 10us /div
Stopped L (10us #div)

. < : CH1: OFF
200v/div  100:1
bc ov

.................................................................................................... CH: OFF
50V /div 101
DC 0.0v
CH3: ON
100V /div 10021
DC 1315
CH4: OFF
50V fdiv 10:1
/ DC 0.0V
Record Length
Main: 10K
Zoom: 10K
Filter
Smoothing: OFF
................................................................................................... BW: FULL
Traces P-P : 272. 0\" Hax 168.0V © Min —104 IW Trigger
Rms @ 92.02V Avg 30.46Y : Freq_ 70.4ZkHz Mode: AUTO
............. DUty MR e i I T e PR EDGE
Source: CH1 4
CH1
CH1 VDIV V/DIV
VAR 200 ¥V
4 Qo 6
NINnNn 3.13 LLS\‘]@‘MSRV!@ 120 I’m(ﬂ
2000/02/17 15:22:48 NORM:100MS/s  10us /div
Stopped 3 (10us/div)

: : : : - P ] CHTL OFF

: : : : : : : 200% /div 1001

3 ] 3 1 : : g DC oy

................... et R e OFF

§ § : : ] : § 50v/div. 1001

: ; ; : ; : ) DC 0.0v

................... i R o oM
: : ; v " F : 50V /div 100:1
: : B : ; : g DC 0.0V
. ......... ................................................ ......... CH4: OFF
, : : : ] : ; ; sov/div 10:1
AR ANNAGY ATV A AN A LI
34_: v H 4 H 5 2 AL
I \/ : \/ \J \/ \/ : \/ \Record Length
E : : : : Main: 10K
............................. e et Zoom: 10K
Filter
Smoothing: OFF
................................................................................................... BW: FULL
Tracea: P-p i 72,00V Max : 35.00V Min :-36.00¥ Trigger
Rms @ 22.31V Avg I-213.6mv Freq: 70.4ZkHz Mode:  AUTO
............. Duty: 80.7% o i.eiieeieiiee...| Type  EDGE
Source. CH1 4
CH3
CH3 V/DIV v/DIV
VAR S0V
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2009702717 15:24:26 NORM:100MS /s 10us /div
Stopped 3 (10us /div)

: . : CHT. OFF
200v/div 10001
pC oy

................................................................................................... Ch: OFF
50V /div 101

DC 0.0V

.................................................................................................. ohe: oM
50V Fdiv 100:1

DC 0.0v

CH4: OFF

B0V /div 10:1

DC 0.0v

Record Length

Main: 10K
Zoom: 10K
Filter
Smoothing: OFF
.................................................................................................. BW: FULL
Tracea: P-p 1 102.0¥ Max i 50,00V Min 05200 Trigger
Rms } 30.93v Avg i=-1.140¥ : Freq, 7D.42kHz Mode: auTo
............. D NN et NP EDGE
Source: CH1 4
CH3
CH3 VDIV v/DIV
VAR A\
A e a 6
A 3.15 u39AUBUNA 240 1aad
2009 /02717 15.26:55 NORM:100MS /s Bus/div
Stopped J (Sus /div)
. - : CH1: OFF
200V /div 10001
DC ov
................................................................................................... cHes OFF
50V Fdiv 101
DC 0.0V
CH3: ON
50V /div 100:1
bC n.ov
CHA: OFF
50V /div 101
DC 0.0v

Traces P—P;
Rms
Duty 50. 4%

170. O‘il'
61.20v

Record Length

Main: 5K
Zoom: BK
Filter

Smoothing: OFF
BW! FULL
Trigger

Mode: AUTO
Type: EDGE

Source: CH1

CH3

CH3 v/DIV
VAR

A L =3
NN 3.16 LIIGUBUNA 260 Tad

w/DIV
50 v
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A e Qv Qs (=3 a d‘
NN 3.18 Han1T Simulate ﬂiZLLﬁLLaZLLS\W]%Uaaﬁa@TﬂLaﬂﬂiﬂ%ﬂﬁ(("ﬂ gIUINNINN 3.17)

YOROGAWA ¢ Uover:m m m = 49us 5MSss
CHd 16Apk Iover:m m m = 49U 5MS/s CH4
E:i fgﬂugg << Maim?ﬂu > ] 1 Have Display
' OFF [N
Terninal
5a  Sen
4 1 Range
10Apk
® VU Zoon
x1
-[& Position
08.00067
: : 1 Label
o :
0.000s : hE : : : 40, 000us CH¢
Stopped 23 111 Z009,03,07 03:05:50|

A a ' ar €a & a (4
NINAN 3.19 LSIAURLASNISLRATIDURRAAUIARADLANNTAUNK
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4
Unn 4
HARaN1INA&al
41 uni
Tuunidum s smad alaNNIadnFULLLENIURAEN ‘[mﬁwmmé’uge
o dl v J o Q- dy o a 13 k24
250 1016 Agsangmularinul Fnmmessuuaztiniindrasslsznaumeldsnine
1 d‘ £ J -] =1 > ¥ & o < d' ]
6199 Axdrtunndisuifisuiudamsdsiiaunndn ussidfouulasgiuuuedneg ves
o €a & o [ 4 o d‘ d’ d.
wsUamasaannIading lagrhuuaianlulunmsesnuuuluansnsi 5.1 lagnesaun
) lé = ﬁl [} s t v Qs S/ 13 v dq’
amazend 9 SalFeaulvmimesavuandrsns wisaanle wadalng 5 a9
1. mMInagauLaztwinaasndiznaunisinirastamadsiaunuan
e R ) [ o ea & a 6
2. MINARALLAZTUNNAaIflsznaums I astaanatannsaing
3. mmagaumMshimlaussaninihdudunaiimanufouuss £ 10% asud
200 fiv 245 laad pestsmaaaiinnseinanisanslSomfsuivdaaad
 FRALNWAAN |
j o % Ca & = [ 4 d‘ o s d‘ d' d{
4. PIINARALNITNNRIAITRRIRGARNNIBRNFL NN SUSU R suanuiiie
muquﬂ%mm@hﬂé’nsﬁa‘amﬁwawaa@lvlw
5. mﬂﬂ’%ﬂmﬁﬂuwamsﬁuﬁﬂmaaﬁﬂszﬂauma"l,wqﬂmazﬁagawmmeaaﬁa

RATRAUNWRANLAZURRIRADLANNTARNST

A 9/ o ar ‘a & =
@159 4.1 Torwualun1Teantuusaiasias alennsaing

PR HEHGAL Jainue
Anamag Wi 250 196
szuyWidleuidn 200-245 1aq
Araadsznaumas Wi > 0.90
@hmmﬁmﬁﬂumaanmm"lvdﬂqmaﬁmﬁuvgm < 25%
¢ Ballast Lumen Factor > 80%
Use@NTAN > 85%
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Tasiamas, sniaes uazvnaalv fAhanmmaesavuaziufindresdlsznay
ma"[WWﬂuTmamuf’:ﬂiznau

1. Uaaasaldnnsafindauiuy

2. Tassufiaunuwmnan 8%s ATCO % OMG 250-06

L

3. Bnflimaidmiunaaalafouanudugd DWa AEC ju TZ 4000

& o

4. ma@‘lsm;ammauga 250 T4 §¥a Osram 3u HQL(MBF-U) dvaaa E27

wesasdanlFluntInesauuaziwiindrasdsznaunms Wi lulaveaui
dsznavuaae
1. Multi Meter 8% a Hewlett Packard i;u 4194 A

<

2. Mixed Signal Oscilloscope E‘i 2 Yokogawa ;'u OL 1540C

3. Power Analyzer fi#a Yokogawa % PZ400

o/

4. Power Quality Analyzer fl¥a Fluke S;u 43B

13

5. lluminace Meter E3a Minolta $4 T-1M

4.2 msnagauuaziuinasadsznaunis e niaaradaiaunnindn

lunmsnesauuaziininaiafUsznaunie 18 R FAT RO LN AR AT HIZIL

¥
Wwer ~A

mInagauLazinfinFnandaude g laaah

mInaFeUiRind Ui RussNIzLEN IR UBUNALAzATaNWRaaTBITANEG T
WNLKEAN

gﬂﬂﬁuﬁtym;\mmaﬁuua:ﬂszLLa@Tﬂu’éuwmaaﬁamaﬁmﬁmnumﬁn LRGN
W 4.1

gﬂﬂﬁ'uﬁmumgmn,mé'uua:ﬂsmaﬂs'awaamlaaﬁama@%ﬁmLmumﬁﬂuamﬁa
mwii 4.2

JUARUETY YN UL UV U AN R EATBITRAFATRAUNIAAN ULEAIGINTWT 4.3



Stopped 3 2008/10/08 04:34:41
CH1=500Y @  CH2=50V ] 10ms /div
i DC 10021 : DC 100:1 : (10ms /div)
! NORM 10[IkS/s

e

-Trace1— P-P  340.0V Max . M:n -220 oy
; Rms  147.0V Avg  11:22v Freq 51].I]l]Hz
N Duty 52:0% 1 1. e, UL N
-Tracez- P-P  54.00% Max 28,00V Mm 36 00V
; Rms  17;45¥ Avg  1.132v Friq 50;00Hz
Duty 51; l]% : - ¥E N :
=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ov Main : 10K ~ Mode : AUTO
BW :© FULL CHZ : 0.0v Zoom : 10K  Type : EDGE CHZ £
Delay : 0.0ns
Hold Off :  MINIMUM
ﬂ‘lﬂﬁ 41 Eﬂﬂi:LLﬁLLﬂ:LLidﬂuﬁuw@
3 1998/05/22 12:35:44
CHI=50V : CH2=10V 10ms 7div
DC 100:1 : DC 100:1 :
: ] ) ] NORM 100k3fs

Minh -16:80V
Freq 50 00Hz
: : : : CH2
CH Position To Position
-3div_| -1div_| Odiv ] +idiv_| +3div 0.0]div
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : 2.0V Main © 10K Mode : AUTO
BW [ FULL CH2 : 3.0V Zoom @ 10K Type : EDGE CH2 4
Delay © 0.0ns
Hold Off :  MINIMUM

4 a L]
AINN 4.2 LLSIABILASNILURAIDURAAG
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Stopped [— | 2008/710/07 225832
CH1=500v CHz=500V E : : : 2s/div
DC 100:1 : DC 100:1 : I : : ¢ (2s/4div)
SRR I SO RO SOV : NORMIS00S /5
L
Th
=
=Tracel= Max  180.0v :  Rmws  S81:55V :  Avg -14:00Y
. Freq 2.500Hz : : : : s
=Trace2= Haxk 20;00v . Rmis 3.283y Avg 538.9mY
Y 4k Wcivree RPN\ W7/ A i :
3 4 o % ] 5 3 CH2
" CHZ V/DIV ; : § § § Vgglwv
YAR ;
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : o Main © 10K Mode : AUTO
BW  FULL CHZ : o Zoom : 10K Type ! EDGE CH2 4 -
v Delay : 0.0ns

Hold Off :  MINIMUM

| o
NINN 4.3 LL5IaND W2AANRDA

Qs as 1
4.3 nMmadsuuaziniinanasadlsznounisiniinesaaradaiannsefind
lumInagavuaztiuindrasdisznaunis K10 a8 BLANNIARNE Buaz

Qs Qs

wimInasavuaztuiinaniugudne g laaek

4.3.1 m3aalsznaudias ilfnszuauazusiansassesdniesines
Qs 3 9/ = 6 & o & a I3
mnaseuiasadddsznaumi Wihuaisasdunesiaesusmansiaunwnan
A o bt o 1 = as
Favmyiatuiinualas Power Analyzer (Yakogawa 4 PZ-4000) dNaMINARAUAI
NINT 4.4
fygnawssuLaznzusdunavaInIBuneiiaes uaadlunmni 4.5

NN ATIAUULAZNTIUENTONNAINIIITDUIOSLAET UEAIluMNT 4.6
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4 s a
AINN 4.5 LIIAULAZNIe LLﬁﬂlW!@]

YOKDGAUA 4 UDVer:m = m = 40us SMS/s
Oy CH4  10Apk  Iover:w = m w 40us  SMS/s
Elenentl ElementZ Element3 Elementd ZA =B
Urns [V 1 148.68 130.22 0.0000k 0 .0000k 148.68 130.22
Umn [V 1 165.14 130.10 9 .0000k 9 .0000k 165.14 136.10°
Udec [V 1 -148.68 9.93 0.0000k -0.0007k -148.68 9.93
Uac [V 1 1.16 130.22 0.0000k 0 .6000k 1.16 136 .22
IrnsiA 1 0.698 1.3906 0.000 0.000 ©.998 1.300
Imm [A 1 8.197 1.288 0.000 0.000 6.107 1.288
Idc [A 1 -96.997 0.0168 0.000 0.900 -0.997 0.910
Iac [A 1 0.014 1.300 0.000 0.900 9.614 1.300
P [y 1 0.0144k 9.1691k -0.000k 0.000k 0.0144k 0.1691k
S [Va 1 6.0145k 9.1693k 0.000k 0 .900k 9.9145k 9.1693k
Q [var 1 0.0026k 0.0078k 0.800k 0.000k 9.0020k 0.0078k
A [ 1 ©.9904 9.9989 Error Error 9.9904 0.9989
¢ [ 1G 7.94 G Z2.65 Error Error 7.94 2.65
fU [Hz 1 Error 64.935k Error Error
fI [Hz 1 Error 65.789k Error Error
U+pkIV 1 -146.85 186.11 0.0848k 0.0018k
U-pkIV J -151.85 -186.12 -0.0047k -0.0042k
I+pkIn 1 -6.665 1.917 9.813 0.015
I-pkin 1 -6.132 -1.913 -0.916 -0.014
CftU [ ] 1.62 1.43 Error Error
Cf1I [ 1 1.35 1.48 Error Error
FfU [ ] 1.00 1.11 Error Error
Ff1 I 1 1.61 1.12 Error Error
Z [ 1 1.5219k 106.18 Error Error 1.5219k 169.18
Rs [ 1 1.5073k 1006.6?7 Error Error 1.50673k 100 .97
Stopped 71 111 2009,03,06 21:06:36
A Qs 3 A 3 e
NN 4.4 nsuuiindrasadsznaunawfivessesduiiesiaes
YOROGAWA 4 Upver:s = = = 40ms  2.5MS/s
My ,CHY 19Apk Iover:im m = = 40ms 2Z.5MS/s CH4
Eﬂé ?gnngg << Muim%ODOOO >> : ] Wave Display
oN
Terninal
50 Sen
4 I Range
16Apk
D U Zoon
x1
©) Position
0.900
......... 7 —
CH2 - -10.00:A :
Soogs - 200N : T 40. 000ms CH4
Stopped 10 111 2009,03,06 21:25:45
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YOKOGAWA 4 Upver:m m = = 100us 5MS/s
»CH1 609Upk Iover ' m m = m 1061s S5MS/s Display
gni fg?hgég =<< mim?no >> : : 4 Format
Have
Wave
Setting
CH3 - -300,0°Y :
0.000s . . 160. 000us
Stopped 163 111

2009,/63,/08 00:34749

A . (]
NINN 4.6 L3I UNITUREAIDUNRNDA

4.3.2 miaaidsznauniae A nszuguazusI AR DIIsTDRIND S IR DS
sznaunulsasaladia

o 3 a 6 ey A o o
NMINARBUIAAIBIALTEN ?JU‘YI'NVLW‘W'WJ 83997 Ua Uz MALRENRTIINN5 A

tufinwalag Power Analyzer (Yakogawa 3% PZ-4000) Snaminagauasnn 4.9

REYDUIDALLIIAULASN TS

@

a &a a € 6 ~
BunasesnINaINauazduieiinat ugaslunind 4.7
R TIARLRZNTZUEAT

Y]

ga a & & a
FUNRDAIIITIIRLALNRULIZDULIDILGDT LL@@‘IGI%J‘I’]WY] 4.8
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YDROGAWA 4 Uover:m m = = 49ns 2.5MS/s
»CH4 10Apk IovEr:m m = m 40ns  2.5MS/s CH4
gné ?3?63§3 : << Muin:%DUDOD >> : : : WYave Display
on
Terminal
|5 Sen
4 I Range
10Apk
=
3 VYV Zoon
xi
&) Position
0.000
......... ‘ —
A - Y
0.000s ! o : : } : : 3 40. 000ms - CH4
Stopped 4 111 2009,03/,07 06:41:11
4 [ P ,
NMNAN 4.7 LLN@%LL&:ﬂS:LLﬁﬂWV&@I
YDKOGAWA 4 Uover:m m m m 100us SHMS/s
O\ ,CH1  690Upk Iover:m m m m 1001 5HS/s CH1
gni fgoogg << Mqin!?ﬂo >> : " ; Wave Display
: : ON
K U Range
606Upk
© U Zoon
x1
‘1@ Position |
0.000
: : 4 Label
R - |
0.000s : T : : : : : : 100. 000us CH1
Stopped 2 111 2009,03,,08 00:99:58

4 Qs )
NINN 4.8 LIIAULRSNITUIAIDUNRNOA



Uover:s = = m

YOKOGAUA 4
€\ CHZ 10apk
Eiementl

Urns[v 1 196.94
Um IV 1 218.70
Udlc IV 1 196.90
Uac [V 1] 4.08
Irmsfla 1 1.159
Im A 1 1.270
Idc-Ia 1 1.143
IacIn 1 0.191
P W 1 0.2259k
S Iva 1 6.2283k
Q Ivar 1 ©.6399k
A I 1 ©.9853
¢ I[° 16 9.84
fU [Hz 1 Error
fI [Hz 1 Error
UspkIV 1 206.15
U-pkiv 1 189.090
I+pkin 1 1.406
I-pkla 1 06.842
CfU [ 1 1.05
CFI [ 1 1.21

- FFU I 1 1.00
FFI [ 1 101
Z I® 1 169.88
Rs [2 1 167.39

Stopped. 54

111

Iover:ms = = m

Element2
155.96
155.38

0.08
155.96
1.202
1.188
6.010
1.202
0.1822k
0.1874k
0.00993k
0.9988
2.64
64.935k
64.935k
223.17
=223.75
1.776
-1.75?7
1.43
1.48
1.11
1.12
129.78
129.63

Element3
0.0000k
9 .0000k
9.0003k
0 .60060k

.000

.000

.901

.009

.000k

.00k

.900k

Error
Error
Error
Error
0.8949k
-0.9047k
9.820
-6.916
Error
Error
Error
Error
Error
Error

SO0

40us
40us
Elemnent4
9.0800k
9 .0000k
-9 .0006k
9.0000k
.000
.600
.po1
.000
000k
. 000k
000k
Error
Error
Error
Error
9.9030k
-0.00630k
0.917
-0.918
Error
Error
Error
Error
Error
Error

SO

2009,03,07 00:48:44

5MS/s
SMS/s
ZA
196.94
218.70
196.96
4.08
1.159
1.270
1.143
9.191
9.2250k
9.2283k
B.6390k
9.9853
9.84

o ~Label

43

CHZ
Wave Display

PN

Terminal

OFF

5A Sen Eon

4 I Range

16apk

D U 2oon
x1
@ Position |

0.000%

CHz

A Qs [} = o =)
AN 4.9 Mitufindassisznaumaiifivessasnadlatazduiiesiaas

as o Qs [ as [-3
4.3.3 mﬂnn"nlsznmJmaﬂﬂﬁ'lnszuauazusoamlaeuamaefﬁmnwsaﬁmf

o & Y fa & P T o o A
ﬂﬁiﬂﬂ@aU?ﬂﬂﬁﬂdﬂﬂizﬂGUYHGTNWWmﬂdﬁﬂﬂﬁﬁ@QLaﬂﬂiﬂuﬂﬁ%GﬂWﬂﬁiﬁﬂﬂuﬂﬂ

Halay Power Analyzer (Yakogawa j1 PZ-4000) HaN1INASALEIATWA 4.14

f MU IULAR TR B UN AT RANAdBENYTa NG Laalwani 4.10

NN AUTITBLALNIEURATBURAOA ISR RRBLANN T AN Uraslunwh 4.11

s

FYYIUUTIAT

ar fa & a [ o
BURRBATIIILANTRADRNTNTAUN LLﬁ@GI%ﬂ']W'Y] 412

SN TELRATBNRRANITURAIRaALANNIOANS uaasluning 4.13
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< o a
AINAN 4.11 LLIAULRLNIE LL&E]%‘V!G]

YOKDGAUA 4 Uover:ms m = m 49ms Z2.5MS/s
HCHZ 10Apk Iover:w = m = 40ns  2.5MS/s nispiay
g:é ?googg << Main:%UDOOO >> : : a Format
Wave
Wave
Setting
CH2 D -10.00°A d
CH1 D -00.0°V :
0.0005 ° : : : 3 40. 000ns
Stopped 5 111 : 2009/03,07 03:63:38[_
J Q- a : :
AN 4.10 meuua:m:uaauﬂ@
YOKDGAWA 4 Upver:m m m m 400 EMS/s
(\90H4 10napk Iover' s m m m 400 S5HS/s CH4
g:z ﬁ{:.ﬂg;g << Hain:?OO >> A ; WYave Display
: OFF pH]
Terminal
51 Sen
4 I ﬁange
10Apk
P U Zoon
x1
‘1 Position
0.000
: : 4 Label
i LA :
0.0005 : B : : : 40. 000us CH4
Stopped 23 111 2009,/03,07 03:95:50




YOKOGAWA 4 Uover:m = m w 40ms  2.5MS/s

0\ ,CH4 10Apk Jover:m w = = 40ns  2.5MS/s CH4
cHs Po300.00Y : X< Maini100000 >X : : : Wave Display

OFF DN

Terninal

54  Sen
I Range
10Apk

d VU Zoon
x1

) Position

0.9007.
......... R i | P (5 S /P AMEAC - —
e ~ : : : :
0.000s : y ; ] ; : ' ao.o0oms | CH4
Stopped 4 : 111 260‘3/03/0? 63:05: 04|
ﬂ'lﬂﬂ 4.12 LA UATOUNRA
YOKOGAUA 4 Uover:s = = m 40ms  2.5HS/s
O\ ,CH3  300Vpk  lover:m m = = 40ms  2.5MS/s CH3
CHa ;. 10-00A 3 X< Maini100000 >3 2 : : Wave Display
o
4 U Range
300Upk
@ U zoon
x1
......... E)—T’Dsitil:m
0.900x
..................................................................................... ’ —
Sio0es 1 100 E 5 5 : : : 40.000ns CH3
Stopped 4 111 2009/03/0? 00:43:31]

< .
NNAN 4.13 NITUFAIDUNRDN
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YOKOGAUA 4 Uover:m = m = 100s oMS/s
\,CH4 1Aapk Iover:ms m m m 40us 5MS/s Display
Elementl ElementZ Element3 Element4 =A 0 Format

UrmsV 1 178.96 156.79 0.0000k 0.00600k 178.96

Umn [V 1 198.77 156.15 0.0000k 0 .0000k 198.77 Numeric
Udc IV 1 178.96 9.26 0.0001k -0.0009k 178.96

Uac [V 1 8.99 156.79 0.0000k 0 .0000k .99 W« Item Amount
Irmsla 1 1.135 1.065 9.000 9.000 1.135

Imn A 1 1.260 1.952 0.900 9.000 1.260 All
Idc A 1 1.134 0.008 9.901 0.001 1.134

Jac Ia 1 ©.615 1.965 9.000 9.000 9.915

P W 1 0.2030k 9.1668k 0.000k -9 .900k 0.2030k

S [Va 1 06.2030k 9.1670k 0.900k 9.000k 0.2030k

Q [var 1 06.9032k ©.0078k 0.900k 9 .000k 0.0032k

A L 1 6.9999 6.9989 Error Error 0.9999 |@ Function
o I° 6 8,91 G 2.68 Error Error 9.91

fo [Hz 1 Error 65.789% Error Error ———— Irns
fI [Hz 1 Error 64.935k Error Error  -———————u

UspkIV 1 181.18 225.72 0 .6048k 9.0018k —F——

U-pkIV 1 176.99 —-225.17 -0.0048k -0.0042k -————————o

IspklaA 1 1.191 1.579 9.916 9.9019 —m———

I-pkia 1 1.100 -1.573 -0.914 -6.919 ————

Cfu [ ] i.91 1.44 Error Error —-———

CFfI [ ] 1.05 1.4B Error Error —m——

Ffu [ ] 1.00 1.12 Error Error —————

FFI I 1 . 1.00 1.13 Error Error ————

27 I .1 152.73 147.18 Error Error 157.73.
“Rs. [ 1 152.71 147 .62 Error Error 157.71
Stopped 23 111 2009,03,07 03:06:27

4 s 1 a A & r-S
AN 4.14 naTunineass Usznoun iWithaasissadsdnnsaiing

° - = [ aw
4.4 manadasunmaantiiadinisila amu]aoLmnu'lﬂﬂ'nﬁm!mmuamaﬁ'
SidnnsefindiNgunuliaataaziaunmiuan

'Lums‘ncﬂaaumsv‘hmmﬁaLLsaﬁuvLWWWﬁmﬁuvgmﬁmsmﬁUuu,ﬂaa + 10% 99L§ 200

=< & 'y e = a & A a Y € A = & .
ﬂﬂ245IjaﬂmﬂﬂﬂﬂaqﬁﬂﬂLﬂﬂﬂiauﬂﬁuﬁnﬂ%ﬂuvﬂUUﬂUUaﬂqﬁ@ﬁuﬂuﬂlﬂ“ﬂﬂﬂqﬂuuuq

1
=

ﬁayjaﬂ"lﬁﬂ'uﬁnmnL@ﬁaaﬁai’@ﬁﬁnﬁswﬁa@ﬁaﬂTHSLLﬂsu Excel ItNaANINTYNS %Y 89

JaaaaalannTadndnsa NS U A URUT R RATRAUN AR
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A Q- 1 a = o o ; Qs Qs
A1319N 4.2 mi*nﬂaauuuﬁﬂmmmu,m:ua,auwuﬂwf,mwwmwyuawumgm Uﬂﬂ’]ﬁ@?

mﬁ@Lmum§nLﬁaLmﬁuﬁmaumﬁmsmﬁwuﬂaaé’uwi 200 119 245 1186

Vin Vout lin lout Zin Zout THDv THDi
(has) Mad) | ond) | mend) | deviuy | (lavu) (%) (%)
200 127.73 | 1734 | 1.731 | 15539 | 73.787 1 10.5
205 | 127.47 | 1.83 1.829 | 11211 | 69.687 1 10.4
210 | 127.68 | 1.916 | 1.916 | 109.63 | 66.646 1.1 9.9
215 | 128.81 | 1.999 | 1.997 | 107.77 | 66.486 1.1 9.5
220 128.5 | 2.088 | 2.086 | 10546 | 61597 1.1 9.3
225 130 2.1 2.1 10546 | 614 1.2 8.8
230 | 13158 | 222 222 | 10338 | 89.128 | 12 ~N\\8s -
235 | 13208 2.3 2.3 | 101.856 | 57.36 1.2 8.3
240 | 13245 | 2401 | 2399 | 99.94 | 5522 1.2 8.3
245 | 133.17 | 249 2.49 98.56 | 53.63 1.2 8.2

as

luen 7371 4.2 nnmsnare U windILIIa s, NI, BuRLanTd, anuAaNaw

A & o ¢ a & E o o AW v o
TN 245 I’?ﬂ@l ’Uaﬂllﬂﬂ']ﬁ@ﬁjuﬂLLﬂuLﬂﬂﬂ"ﬂ']ﬂ%%unﬂﬂvl@]ﬂqﬂ'ﬁWﬂa@]ﬂiqw

Fyanulwdeulvmahowliaussaulniduunaiimaufauilad £ 10% aaud 200
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<l “ A& 4 o w : & & o &
A71979N 4.3 ﬂ’]iﬂ@aauuuﬂﬂmmaﬂw“ﬂ’], ANNINIDTUNALADT VDILRIRE

5LﬁnmaﬁﬂﬁlﬁaLLsaé'uvLWWwT’mﬁuvg@ﬁmsmﬁmuuﬂaoéﬁu@i 200 £19 245 1ag

Vin Vout lin fout Zin Zout THDv THDiI
Mas) | (aad) | @ent) | wend) | (evw) | (eviu) (%) (%)
200 134.4 0.92 1246 | 217.83 | 107.85 1.3 19.3
205 133.8 0.915 1278 | 22457 | 104.68 1.3 18.8
210 133.6 0.914 1.308 | 229.96 | 102.16 1.1 19.6
215 133.7 0.915 1.342 | 23548 | 99.689 1.1 19.3
220 133.6 0.915 1.373 | 241.01 | 97.315 1 19.1
225 133.7 0.916 1.405 | 24622 | 95.151 1.1 204
' 236 Y 135.9 0.919 1433 | 250.32 | 93.508 0.9 19.9
235 132.8 0.911 1.464 | 257.75 | 90.714 1 20
240 133.4 0.916 1501 | 262.41 | 88.932 1.1 19.7
245 133.3 0.916 1535 | 268.18 | 86.859 1.1 19.2

Tua13199 4.3 Wunmanesauliuindinsiaw, nszug, BuRuaud, AnuRaLNey

Qs

CRIRTRTN

2 & o fa & A € & o o AW e =
04 245 I’)a@l VBILUINIFABLANNIDUNT 'ﬁ']']ﬂuuu']"llaﬂqﬂﬂqﬂqiwaﬂ@ﬂiqw

w.fiau‘lmmsﬁﬁmmﬁaLLS@@TﬂWW%‘TﬂuSqu@ﬁﬂWSLﬂﬁﬂuLLﬂaa + 10% §9Le 200

m’lmemé’uﬂiawaa@Lﬁaﬁmsmﬁwuﬂaausaé’uﬁmﬁum@ WRAIIUNINN 4.15

mﬂwmmma"l,wﬂqﬁuw@Lﬁaﬁmsmﬁwuﬂmusaﬁuﬁmﬁuwﬂ URAILWAINN 4.16

m']wmm:uavLWWﬂm'amaa@Li‘lai’lmﬂﬂ&'muﬂammé’uﬁmﬁuvg@ LRAILWNINN 4.17

Pa oA €a A a a g = o
ﬂi’]Wﬂ’laNWLLG]%‘IIB%V!GIL&JEJ?Jﬂ’]SLﬂaU%LLﬂa\‘iLLS\?(ﬂu@‘l’]ua%Vgﬂ LL&@GI%J’I’]WY] 4.18

P A oA ea A A a e g a a
ﬂi’]Wﬂ’]B&lWLLﬂ%‘ﬁ‘ﬂﬂﬂa(ﬂL&lallﬂ’]‘il,ﬂﬂU%LLﬂﬂdLL?G@%@]’]%GWVg@] LL&@‘IGI%I]’WW‘Y] 4.19
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136
E 134 -
<
§ i32
£ 130
€ 128 el Vlamp (Electronic Balast)
<
a% 126 - === Vlamp(Magnetic BallastX
124
200 205 210 215 220 225 230 235 240 245
usaiudunm (Tond)
P | % ) o = @ A
AN 4.15 nvusauassunsaatlalliwilaiusiauaune
3
~ 2.5
i
g 2
£ 15 o
& . , i ic Ballast
% v| U S Sy Sy SN -O-—Ilq(EIetrpnlc allast)
"% 05 . ' == lin(Magnetic Ballast)
0
200 205 210 215 220 25 230 235 240 245
usasusunm (aad)
AINN 4.16 ﬂiﬂWﬂi:LLﬂa%‘Vg@L&laLﬂaﬂuLLﬂaGLLﬁﬂﬂua%w‘ﬂ
3
g 25
g
2 2
&
§ 1.5
- =¢=|lamp (Electronic Ballast)
E 05 =&=llamp (Magnetic Ballast)

200 205 210 215 220 225 230 235 240 245

- - «,
ussiuBuwen (aas)

A o o o v o
NN 4.17 ﬂi’]Wﬂi:LLﬁY}‘Hﬂﬂ(ﬂLlJaLﬂaU%LLﬂaGLLiGﬂ%E}%W’@I
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Anfiuauddunn (aasin)

300 -
250 -
200 -
150 - &,

100 -

; =g==Zin(Electronic Ballast)
50 - =&g=7in(Magnetic Ballast)

200 205 210 215 220 225 230 235 240 245

o o s,
useiuduns (and)

AINN 4.18 ﬂﬁﬂﬂuwuﬂwﬁauwmumﬂa wuﬂaunwuaum

o

dunan (ani)

Anfiuau

o

120 -
100 -
80 1 g
40 | " =¢=—Zlamp(Electronic Ballast)
20 - —#— Zlamp(Magnetic Ballast)

200 205 210 215 220 225 230 235 240 245

o o o,
uzsnuduwa (aad)

A ~ ~= H d i Qv ~
AN 449 nnwduRuantinasailaidouulausanduna
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o @ & 3, o w . & & o &~
AN3519N 4.4 ﬂqiﬂﬂaaﬂuuﬂﬂﬂqﬂqa\'ﬂvjﬂq, ANNILIDIUNALADT VAIURARATUALUN Y

mﬁmﬁaLLN@"M[WW'W’TWSW!@ﬁmnﬂﬁﬂmmmﬁm@i 200 119 245 1ad

Vin Pin Pout Sin Sout Qin Qout Power
(lad) (W) (W) (VA) (VA) (VAR) | (VAR) | Factor
200 214.4 198.7 346.8 221.1 272.6 97 0.61

205 227.5 210.1 375.5 233.2 298.8 101.1 0.61

210 239.9 221.1 402.5 244.6 323.2 105 0.6

215 253.5 2325 430.8 257.3 348.4 110.1 0.59
220 265.6 242.8 459.8 268.1 375.3 113.7 0.58
225 272 249.8 473 275.8 3875 | 1168 0.58
230 291 265 512 292 421|123 | 'o._57
235 308.6 275.7 540.9 304.1 447 1284 | 056
240 318.8 288.3 576.3 317.9 480 133.9 0.55
245 332.5 299.6 608.6 330.1 509.7 140 0.55

Tues 1N 4.4 1Iumanasauiuningisinad Wi, dwesunaisas vaeta

maﬁﬁﬁmmumﬁnLﬁaLLNG’]’MWW’]ﬁmﬁuwﬂﬁmnﬂﬁUmmmé’otwi 200 119 245 a6

VI AAN AT RALNWIAR NN WU TN FiINIsWRaaNTIW
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P e A4, o ) & & o &
f1979n 4.5 ﬂqiﬂ@laaUUu'ﬂﬂﬂqﬂqaﬂ‘lW‘N'}, ﬂ']LW']L')E]iLLWﬂL@]ai UBIURKNTIRG

SLﬁﬂmaﬁﬂﬁLﬁaLm@TuVLWW'meﬁuvg@ﬁmnﬂﬁsuuﬂaoé’ou@i 200 89 245 l1ad

Vin Pin Pout Sin Sout Qin Qout Power
(8¢ (W) (W) (VA) (VA) (VAR) | (VAR) | Factor
200 177.8 | 1545 | 1842 | 167.4 48 64.4 0.97
205 1815 | 158.1 188 171 49 65.2 0.97
210 1856 | 1619 | 1923 | 174.9 50.2 66.1 0.97
215 1904 | 166.3 | 197.3 | 179.4 51.5 67.3 0.97
220 1942 | 1702 | 201.8 | 183.4 52.8 68.5 0.97
225 | 1995 | 1745 | 2067 | 187.9 54.1 69.6 0.97
230 | . 203.9 | 1785 | 2112 192 5.3 707 097
235 | 20615 181 214 194.4 56.1 70 0.97
240 2123 | 1866 | 2203 | 2203 57.9 72.8 0.96
245 217.7 | 190.8 | 2256 | 204.6 59.5 73.9 0.96

Tue3197 4.5 1Wunsnarauuina1ings Wi, denmwiesunaaasvasla

ma@T‘ﬁLﬁﬂmaﬁnafolaLLsaé'ule*Nﬁé’mﬁuvgﬂﬁmnﬂﬁwuﬂmﬁum 200 84 245 Taduad

Taasauiaunwnanantwingad lariin1swiaan

NN Average Power Input Lladmaifsuudssussaudruduna uaaalunmni 4.20

nWe Average Power Output tafimsiasuudasuniaududuna usasluniwi

4.21

n3 A1 Apparent Power Input ilafimatasuutasuniaududune usaslunini 4.22

N3N Apparent Power Output Lilaiimsilfsuudlasussanaudune LROIIUNINA

4.23

N3WA1 Reactive Power Input LiadnaiUasuuilasussanduduna WRAILUAWA 4.24

n3 e Reactive Power Output tafimailfsuudasussqusnuduna uaaslunind

4.25
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n3NA Power Factor LilafimaiuRunudaiussausuduna LRAILWAWT 4.26

nyNA1 %THDv tWalimsilfsuuilasussaududnune URAILWAIWA 4.27

NN %THDi Lﬁaﬁmsmﬁwuﬂaouﬁﬁuﬁmﬁum LRAILUAIWA 4.28

350 -
300 -
T 250 -
e
£ 200 - P
a PRI S e
,é 150 - «=¢p===Pin(Electronic Ballast)
fé 100 - =% Pin(Magnetic Ballast)
=
50 -
0
200 206 210 215 220 225 230 235 240 245
usauBuna (lond) _
| a o o A
NN 4.20 NN Average Power Input aLURsuUIaILIOREUNG
_. 400 -
s
€ 300 -
8
€ 200 | B
T
,?;E 100 - ==fp==Plamp(Electronic Ballast)
=
3::’,; 0 === Plamp(Magnetic Ballast)
i~
200 205 210 215 220 225 230 235 240 245
usasudune (Tond)

A A cil @ A
NN 4.21 N30 Average Power Output Liatilaauutladissauauna
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Apparent Power Input
(VA)

700 -
600 -
500 -
400 -~
300 -
200 - Gummdye
100 -

==g==Sin(electronic Ballast)

=& Sin(Magnetic Ballast)

200 205 210 215 220 225 230 235 240 245

usauduvn (ond)

NN 4.22 N5 Apparent Power Input L8R uliasussaudune

Apparent Power Output

400 -

300 - ¥ A

200 - B oyl ¢  =o¢=Slamp(Electronic
Al 0a 7 " Ballast) '
é 0

== Slamp(Magnetic Ballast)
200 210 220 230 240

usasudune (aas)

o A o o A
AN 4.23 N3 Apparent Power Output LalURaullasussauaune

Reactive Power Input
(VAR)

200 - === Qin(Electronic Ballast)
provesseGmmnntly =& Qin(Magnetic Ballast)

200 205 210 215 220 225 230 235 240 245

usasudune (Taad)

= P a “ a
NN 4.24 N7 Reactive Power Input Liatlsuudadusiauauna
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160 -
140 -
19
“;’g 120 -
& > 100
g5 o
§ ;g' 60 - wngpem Qlamp(Electronic Ballast)
g0 40- «g8= Qlamp(Magnetic Ballast)
20 -
0
200 205 210 215 220 2256 230 235 240 245
wsaudiuns (Taas)
o . A A v A
MAN 4.25 N30 Reactive Power Output LIBIRsMULURILIIOUEUNS
1.2
f I
£ 08
g o
506 - o
g 04 - o= i PF vpatfanasfidiriveeiind
] e .
o 02 =g 1 PF aaaTasnasfaiiauniumén
0
2000 205 210 215 220 225 230 235 240 245
usenudunm (fand)
o ¢ & “ A
NN 4.26 NN Power Factor LlatAnuulaiussauduna
>
[a]
I
E 06 - o .
BN == % THDv(Electronic Ballast)
04 === %THDv(Magnetic Ballast)
0.2 -
0

200 205 210 215 220 225 230 235 240 245

o - o,
ussudunm (ani)

r . - -
NN 4.27 NN %THDv Lﬁamﬁwuﬂmuﬁmuauwm
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% THDi
)

. e . =g % THDi(Electronic Ballast)
5 ~~%THDi(Magnetic Ballast)

200 205 210 215 220 225 230 235 240 245

- o,
wsasuduya (laan)

o oA - o A
AN 4.28 N3 W %THDi mmﬁaauuﬂamsmuawgﬂ

<l a A . [ ) ) Y fa & P
191971 4.6 ﬂ’]iﬂ@]aaULﬂSUULﬂ El]Jﬂ’]Wﬂﬂ‘IIﬁa\‘iﬁ’J"m‘ﬂa@uama@amﬂﬂ‘iauﬂB(L&la

Pl o o ¢ a (<3
WU BUAUTRRIRATRALNINREN

Vin Magnetic Ballast Electronic Ballast
(I’:a@T) Luminous Flux(Im) | Luminous Flux(lrﬁ)
200 27300 15300
205 28900 15900
210 31000 16400
215 32700 16800
220 34700 17600
225 34800 18100
230 37400 18500
235 38900 19100
240 40900 19400
245 43100 20300

Tuan319% 4.6 mﬂﬂ%ﬂmﬁaudwﬂﬁﬂfﬁdaaaﬁotﬁaLLsaé’u@i”mamgﬂﬁmsLﬂﬁwuﬂm
& ] =3 6 as 6€a & a €¢4' = e as & a
aaue 200 09 245 Taq wsdtasnaaslannsaindiaSouiAsunuUasaaTiains

mﬁﬂmﬂffuﬁﬂﬁagaﬁ"lﬁﬁwmswﬁa@mww
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50000 -

£ 40000
5
T 30000 1 __
] mgees | uminous Flux(Electronic
e 20000 - . Ballast)
g 10000 - === |_uminous Flux(Magnetic
-l Ballast)

0

200 205 210 215 220 225 230 235 240 245
wsanuiunn (aas)

o . { a [N
AN 4.29 N3 Luminous Flux LﬁaLﬂaﬂuLLﬂaameauwm

4.5 n1MAsaUAIIRTBNTARNEABIA AnsaRndilarmslSuuasnanad
w‘iamuqu:J‘%mmﬂé’nidma'hamamaaa'lﬂ |

Tunisnageumatnuastesssailnniafindidarnislsufouanufiiie
muquﬂ’%mmfhw&”n%damﬁwamaaﬂ"l,w Tasmst§uannud mnfuﬁﬁa;&aﬁ‘lﬁ
v a

TufinnnasasdiatauirinnnaaaeaalUsunsa Excel tNa@n#I i wl a3uaanae

SlannTading




A Q 1 L as a =Y ar
M13191N 4.7 NInagauuine INAY, LINAU,NIZUF, BUNLLA 'H»‘I?,"ll 8IURRIER

AdnnsafindlalSua g

f Vin Vout fin lout Zin Zout
(kHz) Qaae) | (had) | mentd) | @awdl) | (Jevin) | (eviw)
61.35 221.1 133.42 1.018 1.55 217.27 86.059
62.11 220.18 133.42 1.066 1.525 218.9 87.488
63.29 220.88 133.21 0.98 1.483 225.27 89.85
64.1 220.39 132.44 0.961 1.455 229.37 91.011
65.79 220.27 133.52 0.917 1.373 240.23 97.239

‘ 66.23 219.1 133.87 0.902 1.34 242.94 " V \ 99.9

‘,6‘7.‘11 219.33 133.6 0.879 1.309 249.5,7 : 102.09
68.49 219.14 135.43 0.814 1.205 269.36 112.41
69.44 218.92 136.04 0.778 1.16 281.36 117.27
70.42 219.29 137.13 0.728 1114 301.2 123.15

dl 3 o 2 ' s a a & A Qs
1%9\'\5’]07] 4.7 Lﬂuﬂqiﬂﬂﬁﬂﬂuuﬂﬂﬂ'\ﬂﬁqwLlﬁ\?(ﬂu, NIILR, dUNLLAKD \adsu
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@hmmﬁLﬂamuquﬁ’lﬁavlw“?ﬂﬂﬁmaamaoﬁamaﬁalﬁﬂmaﬁné mnﬁfuﬁﬁﬁagamwﬁam

Ny

NINLEAILTIARATaNRAaaldari TN TS UL REUAND LaaIlBNIND 4.30

ANNLEAINTELE A aYNNTUS UL R uanud uaaslwnInd 4.31

ANLEAIBNRLAUS L a¥iNNIUTULURBuaNND waaslwAInT 4.32
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(laas)

WTIAUATANURDA

138
137 -
136 -
135
134 -
133
132
I31
130

61 62 63 64 65 66 67 68 69 70
raaid(kHz)

o o . d i i
AINN 4.30 ﬂSWWLLSG(ﬂuﬂiEJ&maaﬂLﬁaLﬂﬁﬂuLLﬂmﬂ')’mﬁ

nszuslih (waui)

1.8 -
1.6 -
14 1 4
12 1

08 - e NFUADUNR

06 1 ‘ ' = nszugiinann
04 - ’

02 -

61 62 63 64 65 66 67 68 69 70

anutikHz)

A A o o
AN 4.31 nannzusilalaswlasaun

anfuaud (Taiu)

350 -
300 -
250 -
200 -
150

100 -
50 -

s B RULAUTR NS

e SALAUTIRDA

61 62 63 64 65 66 67 68 69 70

a3 (kHz)

A a r=] mﬂl dl i
AN 4.32 nnduAuaudiiafsuulasanad
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o as o s Y A & a A o
@13191 4.8 managauiinfinaniaifha 9 vaslamadaldnniafindiiiadsy

ﬂ’)’]&lﬁ
F Pin Pout Sin Sout Qin Qout Efficiency

(kHz) | (W) W) (VA) | (VA) | (VAR) | (VAR) | (%)
61.35 217.8 191.9 225 206.8 56.6 77.2 88.1
62.11 214.2 188.9 221.5 203.5 56.1 75.6 88.18
63.29 209.3 184 216.6 197.5 55.7 71.8 87.97
64.1 204.6 179.6 211.8 192.8 54.8 70.1 87.77
65.79 195 170.1 202 183.3 52.7 68.4 87.01
66.23 190.8 166.2 197.6 179.4 51.5 677 87
67.11 186.1 161.5 192.7 174.9 50.2 67.1 86.78-
68.49 172.4 148.3 178.4 163.2 45.9 68.3 86.02
69.44 164.7 141.2 170.3 157.8 43.6 70.5 85.73
70.42 154.5 134.5 159.7 152.8 40.4 72.5 87.05

lua3199 4.8 lunmnasautuiindmiasliing1s 9 Usznaudisen Average

Power, fin Apparent Power, 1 Reactive Power Lilatiudmanufiiiiasiuquidslnif

NRAAURMRADLANNTARNE mnﬁfuﬁﬁﬁaQaﬁ"l@‘i’ﬁﬂmiwﬁaﬂﬂﬁw

ATINAN Average Power tilavhnsdsuiddonanad uaadlumni 4.33

ATINEN Apparent Power LilavinnisdSuidasuenat uaadlunnwh 4.34

N5IWAN Reactive Power La¥inn1sUsutdfuunenad uaaaluniwi 4.35

AMWAT Power Efficiency (%) Lavinmydsuidfswanad uaadlunni 4.36
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250
g 200
1™
o
2 150 -
g === Average Power Input
o 100 -
% =g Average Power Output
E
o 50
>
g
62 63 64 65 66 67 68 69 70
anutikHz)
o o o =
AN 4.33 N5 Average Power tiatdfsuuilasanud
_ 250 -
g
Z 200 -
g
150 -
3
o I~, - ,
e 100 4 " === Apparent Power Input
) i v
g 50 - =g Apparent Power Output
a
< 0
63 64 65 66 67 68 69 70
anti(kHz)
7 o = a
AN 4.34 N3 Apparent Power Liataguitasninan
— 90 -
© 80 -
g 70 -
S 60 -
% 50
0. 40 - =~=&==Reactive Power Input
o
3 30 == Reactive Power QOutput
g 20 -
S 10 -
(<
0

63 64 65 66 67 68 69 70

arwi(kHzZ)

) . A o oA
AN 4.35 N3N Reactive Power Liatlaguiidasanan




88.5
88
87.5
87

86
85.5
85
84.5

Power Efficency(% )

865 -

61

62

63 64

65 66

paiti(kHz)

67 68

69 70

o P2y = :s'
AN 4.36 N3 Power Efficiency(%) 1atdfsuli/asnanud

o : o &, & &/ a & o ) o ¢
17791 4.9 ﬂ'ﬁ‘ﬂﬂﬁall'ﬂ%ﬂﬂﬂ"lLW']L'J?JTLLW?IL@]Eﬁ, ANAINUNALNEWRTUTYI T, AWane

fodadng vastamanaanntefindiladiuanad

F PF THDv THB™ Didroinons Efficiency
(kHz) (%) (%) Flux(im) (Im/w)
61.35 0.97 1 18.5 20400 93.66
62.11 0.97 0.9 19 19800 92.43
63.29 0.97 1 19 19500 93.167

64.1 0.97 1.1 19.3 18800 91.88
65.79 0.97 1.1 19 17500 89.74
66.23 0.97 0.9 18 17000 89.09
67.11 0.97 0.9 18.8 16400 88.12
68.49 0.97 0.8 19.1 14600 84.68
69.44 0.97 0.9 19.2 13700 83.18
70.42 0.97 0.9 193 | 12600 81.55
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A =] P as ) 9 Qo
A1319N 4.10 mstﬂmumﬂumammuﬁﬂmaaﬁﬂs:ﬂau"lvxlﬁﬂLLazmagammmmawa

MEsTRAALNBRANLSzURREABIARNTO AN

[ J I3 I
nMIInatadAlsznauas 9

TG TRAUNWRAN

TamraaLANNIadng

wsauduna (1ad) 220.21 220.54
nazusduna (Lewd) 2.088 0.915
aslwiduna (Tad) 265.6 194.2
ussauaseunaaa (LIaq) 128.5 133.6
nszusfinsaunaes (waui) 2.068 1.373
fasinihfivaee (Jad) 242.8 170.2
éN THDv (%) 1.1 1

¢ THDI (%) 9.3 19

A Power Factor 0.58 0.97

@N Power Loss 8.58 12.3
@1 Power Efficiency 91.4 87.64
@1 Luminous Flux (Im) 34700 17600
@1 Luminous Efficiency (w/im) 130.64 90.62
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fasinihfinaea (ad) 176 214.3
#1 THDv (%) 1.1 R\
@1 THDI (%) 18.6 727
1 Power Factor 0.96 0.59
¢1 Power Loss 11.95 9.8
¢ Power Efficiency 88.04 90.19
fi1 Luminous Flux (Im) 19400 23700
@1 Luminous Efficiency (w/Im) 97.04 99.74
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International
TR Rectifier

Data Sheet No. PD60062 revO

{NOTE:For new designs, we recommend
IR’s new productiR$2153D)

IR2153(D)(S) & (PbF)

SELF-OSCILLATING HALF-BRIDGE DRIVER

Features

e Integrated 600V half-bridge gate driver

e 15.6V zener clamp on Vce

e True micropower start up

e Tighter initial deadtime control

o Low temperature coefficient deadtime

e Shutdown feature (1/6th Vec) on Ct pin

e Increased undervoltage lockout Hysteresis (1V)
e Lower power level-shifting circuit

e Constant LO, HO pulse widths at startup

e Lower di/dt gate driver for better noise immunity
e Low side outputin phase with RT

Product Summary
VOFFSET 600V max.
Duty Cycle 50%
TeTp 80/40ns
Velamp 15.6V
Deadtime (typ.)

1.2 us

o Internal 50nsec (typ.) bootstrap diode (IR2153D) Packages

e Excellent latch immunity on all inputs and outputs
e ESD protection on all leads
e Also available LEAD-FREE

Description

The IR2153D(S) are an improved version of the
popular IR2155 and IR2151 gate driver ICs, and incor-
porates a high voltage half-bridge gate driver with a front end oscillator similar to the industry standard CMOS
555 timer. The IR2153 provides more functionality and is easier to use than previous ICs. A shutdown feature
has been designed into the CT pin, so that both gate driver outputs can be disabled using a low voltage control
signal. In addition, the gate driver output pulse widths are the same once the rising undervoltage lockout
threshold on Vo has been reached, resulting in a more stable profile of frequency vs time at startup.
Noise immunity has been improved significantly, both by lowering the peak di/dt of the gate drivers, and by
increasing the undervoltage lockout hysteresis to 1V. Finally, special attention has been payed to maximizing
the latch immunity of the device, and providing comprehensive ESD protection on all pins.

8 Lead SOIC

8 Lead PDIP

Typical Connections
IR2153(S) IR2153D
ANV 600V AAA 600V
»t MAX MAX
VCC VB VCC VB
S — S +—
E L
= HO WA = = HO —VW— =
RT Vs ] RT Vs |
% '_1' % }—;‘
J_ cT Lo tL _L cT LO }:L
Shutd J COM Shutdowﬂ% coMm
] [Fla” e
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IR2153(D)(S) & (PbF)
NOTE:For new designs, we recommend
IR’s new productiRS2153D

Absolute Maximum Ratings

International
IGR Rectifier

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM, all currents are defined positive into any lead. The thermal resistance and
power dissipation ratings are measured under board mounted and still air conditions.

Symbol | Definition Min. Max. Units
Vg High side floating supply voltage -0.3 625
Vs High side floating supply offset voltage Vg-25 Vg +0.3
VHO High side floating output voltage Vg-0.3 Vg +0.3
Vio Low side output voltage -0.3 Voo +0.3 v
VRT R pin voltage -0.3 Vec+0.3
Ver Ct pin voltage -0.3 Vec+0.3
Icc Supply current (note 1) — 25 -m A
JARrT |- Rt pin current -5 . 5
dVg/dt Allowable offset voltage slew rate -50 50 Vins
Pp Maximum power dissipation @ Ta <+25°C (8 Lead DIP) — 1.0 W
(8 Lead SOIC) — 0.625
Rthya Thermal resistance, junction to ambient (8 Lead DIP) — 125 9
(8 Lead SOIC) —_ 200 b |
Ty Junction temperature -55 150
Ts Storage temperature -55 150 °C
TL Lead temperature (soldering, 10 seconds) — 300
Recommended Operating Conditions
For proper operation the device should be used within the recommended conditions.
Symbol | Definition Min. Max. Units
VBs High side floating supply voltage Vee-0.7 VeLampe
Vs Steady state high side floating supply offset voltage -3.0 (note 2) 600 \Y
Vee Supply voltage 10 VeLamp
lcc Supply current (note 3) 5 mA
Ty Junction temperature -40 125 °C
Note 1:  This IC contains a zener clamp structure between the chip Vg and COM which has a nominal breakdown

voltage of 15.6V. Please note that this supply pin should not be driven by a DC, low impedance power source
greater than the Vi amp specified in the Electrical Characteristics section.

Note 2:
more than 5V.
Note 3:
voltage at this pin.
2

Care should be taken to avoid output switching conditions where the Vg node flies inductively below ground by

Enough current should be supplied to the V¢ pin of the IC to keep the internal 15.6V zener diode clamping the

www.irf.com
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o~ o[
TeR Redlher NOTE:For new designs, we recommend
IR’s new product iIRS2153D

Recommended Component Values

Symbol |Component Min. Max. Units
RT Timing resistor value 10 — kQ
Cr Ct pin capacitor value 330 — pF

IR2153 RT vs Frequency

" 1000000 R =
. e ==is <
— e
100000 i NS
N ] LY %
A N Y <
N ~]
§ 10000 —e— 330pf IS [
>
é ——470pF \j‘; : - Ea i
2 ——1F " — CT Values \“\I! U]
& 1000 ——2.20F ; =
‘ s
—%—4.7nF = S
K
—eo—10nF \*\' r4
100
10
10 100 1000 10000 100000 1000000

RT (ohms)
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NOTE:For new designs, we recomimend
IR’s new productiRS2153D

Electrical Characteristics

Veias (Vee, VBs) = 12V, CL = 1000 pF, Ct =1 nF and Ta = 25°C unless otherwise specified. The V|, VTH and ||y
parameters are referenced to COM. The Vo and lp parameters are referenced to COM and are applicable to the
respective output leads: HO or LO.

International
IGR Rectifier

Low Voltage Supply Characteristics

Symbol{Definition Min. | Typ. | Max. |Units [Test Conditions
Vecuv+ | Rising Vg undervoltage lockout threshold 8.1 9.0 9.9
Vecuy- Falling Vo undervoltage lockout threshold 7.2 8.0 8.8 \Y
VecuvH | Ve undervoltage lockout Hysteresis 0.5 1.0 1.5
laccuv Micropower startup Ve supply current - 75 150 pA Vee<£Vecuv-
lacc Quiescent Vg supply current — 500 950
Veramp | Vec zener clamp voltage 14.4 15.6 16.8 A lcc =5mA
Floating Supply Characteristics
Symbol Definition - Min. | Typ. | Max. |Units |Test Conditions
laBsuv Micropower startup Vs supply current — 0 10 Vee £ Vecuv-
laBs Quiescent VBS supply current — 30 50 kA
VBSMIN Minimum required Vs voltage for proper - 4.0 5.0 \ Vec=Veccouv+ + 0.1V
functionality from RT to HO
Lk Offset supply leakage current — — 50 HA Vg = Vg =600V
VF Bootstrap diode forward voltage (IR2153D) 0.5 — 1.0 \'4 IF = 250mA
Oscillator 1/O Characteristics
Symbol|Definition Min. | Typ. | Max. |Units |Test Conditions
fosc Oscillator frequency 19.4 20 20.6 KHz Rt =36.9kQ
94 100 106 RT =7.43kQ
d RT pin duty cycle 48 50 52 % fo < 100kHz
IcT CT pin current % 0.001 1.0 UA
IcTuv UV-mode CT pin pulldown current 0.30 0.70 1.2 mA Vec=7V
VeT+ Upper Ct ramp voltage threshold — 8.0 —5
VeT- Lower CT ramp voltage threshold — 4.0 i \
Vcrsb | Ct1 voltage shutdown threshold 1.8 2.1 2.4
VRT+ High-level RT output voltage, Vcc - VRT — 10 50 IrT = 100uA
— 100 300 IRT=1mA
VRT- Low-level RT output voltage — 10 50 IRT = 100pA
— 100 300 mv IRT=1mA
VRTUV | UV-mode RT output voltage — 0 100 Vee£Veouv-
VRTSD | SD-Mode RT output voltage, VcC - VRT — 10 50 IRT = 100pA,
Ver=0V
— 10 300 IRT = 1mA,
Ver=0V
4 www.irf.com
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IR2153(D)(S) & (PbF)

ISR Rectifier :
“R NOTE:For new designs, we recommend
IR’s new product{iRS2153D
Electrical Characteristics (cont.)
Gate Driver Output Characteristics
Symbol| Definition Min. | Typ. | Max. |Units [Test Conditions
VoH High level output voltage, Vgias -Vo — 0 100 lo=0A
VOL Low-level output voltage, VO — 0 100 mv lo=0A
VOL_UV | UV-mode output voltage, VO e 0 100 lo=0A
Vec<Vecuv-
tr Output rise time — 80 150
tf Output fall time — 45 100 nsec
tsd Shutdown propogation delay — 660 —
td Output deadtime (HO or LO) 0.75 1.20 1.65 usec
Lead Definitions
Symbol | Description
Vee Logic and internal gate drive supply voltage
Rt Oscillator timing resistor input
Cr Oscillator timing capacitor input
COM IC power and signal ground
LO Low side gate driver output
Vg High voltage floating supply return
HO High side gate driver output
VB High side gate driver floating supply
Lead Assignments
\_/ _/
] vee va[e] (] vee vele]
(=] »r o [7] (2] o 7]
(5] or vs [5] (5] er vs [€]
[4] com (5] [4] com to[5]
8 Lead PDIP 8 Lead SOIC
IR2153D 1IR2153(S)

NOTE: The IR2153D is offered in 8 lead PDIP only.

www.irf.com
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International

o [
NOTE:For new designs, we recommend IVR Rectifier
IR’s new productIRS2153D
Functional Block Diagram for IR2153(S)
oL
: » '
| R é ] a :
! * LEVEL PULSE R HO
I - 2
: - é { SHIET !FILTER‘: 5 :
— I
[ RgQ DEAD | _|PULSE _IE Vg
i > TIME GEN | |
! >— 4 A I I
| [ Re2 i 1 ! Vee
: ) 156V & : X
Cr $—4 d
| = ,
! _@! TIME . :
l —
! DETECT p Wiy L7 o
L BN O a/glocacro \ A0 _/YVY AP/ 170922010\ = )
Functional Block Diagram forIR2153D
T
K oty
: I
3 !
1 R %V " a I
| > 1 R —$Ho
e h it {ree ;
N I
| R Q"] — peap |_|PuLsE _‘IE —oV,
I —| TiME 7] cen I ps
| >—- i D14
I ; S a ' l
1 | Re g <« $Vee
: = 15.6V ¥ :
S
! I R/2_|__ LOGIC DEAD $LO
| | = TIME ]
| _@l I
' ==
: DEEI'“E-!CT A = I com
L o e 5
NOTE: The D1 is a separate die.
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TeR Rectifier IR2153(D)(S) & (PbF)
NOTE:For new designs, we recommend
IR’s new product IRS2153D
— 1092 [430]
A 884 [ 348] NOTES:
B o= e=e i 1. DIMENSIONING & TOLERANCING PER ANS! Y14.5M-1982.
5 7 5 3 2. CONTROLLING DIMENSION: INCH.
7.11 [.280]
610 [ 240] 3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INGHES].
4 OUTLINE CONFORMS TO JEDEC OUTLINE MS-001AB.
1 2 3 4 MEASURED WITH THE LEADS CONSTRAINED TO BE
=3 & I PERPENDICULAR TO DATUM PLANE C.
i [[gzg]] S (6] DIMENSION DOES NOT INGLUDE MOLD PROTUSIONS. MOLD
b PROTUSIONS SHALL NOT EXCEED 0.25 [.010].
0.39 [.015) ,l 1
MIN, T
/'. Y & 4 \ 5.33 [.210]
D QAT e
4,06 [160] Ir I g B
2.93 [.115] | | SO f I 8X 0" - 15 ;‘1 b
I ’ , __j l__ 0558 [.022] >
: L 8K 0.356 [.014]
I@Iozs [_010] ®|C |B©|A©|
BX ~ el gy 0381 [015]
b 0.204 [.008]
8 Lead PDIP 01-3003 01
! RECOMMENDED  FOOTPRINT o [ WLLVETERS
— MIN MAX MIN MAX
8% 0.72 [.028] A |.0532 | 0688 | 135|175
HAHAHA] A1 |.0080 | 0098 | 010|025
8 76 5 B [o14 o8 |03 [o046
é H C |.0075 | .0098 | 0.19 0.25
— | D |83 [as6 [ 480 [ags
AdYL o 3 A [.255) 8 1.78 [070] E | 150 |57 | 381|399
i U e | 050 BASC | 127 BASC
H I I - €1 |.025 BASIC 0.635 BASIC
@} [ 1 [ 5B H [.2284 [ 2440 [ 580 [6.20
X 3% 127 [050] = b= ¥ K [on Jo9 [o2s [o4s
L |.016 050 0.41 1.27
. A\ .7 Ji
l—— K x 45°
* )
[ ) A y
uimlislimivy !
.l L T (&l s ‘] L ]
g M 8L BXC
(105 @A O[O
NOTES 4. QUTLINE CONFORMS TO JEDEC OUTLINE MS-012AA.
’ (5] DIMENSION DOES NOT INCLUDE MOLD PROTRUSIONS.
1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982. MOLD PROTRUSIONS NOT TO EXCEED 0.25 [.006)
2. CONTROLLING DIMENSION: MILLIMETER. @ DIMENSION IS THE LENGTH OF LEAD FOR
3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES] SOLDERING TO A SUBSTRATE.
8 Lead SOIC 01-0021 08

www.irf.com
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V cLame
Vecuv+
ﬁs/:(
! Ry
2Bt ——— —

LO

b __

[ _4_

HO

Figure 1. Input/Output Timing Diagram

R (HO)

Ry0)

90%

Figure 2. Switching Time Waveform Definitions

Ry
50% 50%

Figure 3. Deadtime Waveform Definitions
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LEADFREE PART MARKING INFORMATION

Part number——| R Y0000

Date code —— YWWZ Ig ?R A

IR logo
Pin 1 __‘ ?XXXX——'
Identifier i
Lot Code .
? MARKING CODE (Prod mode - 4 digit SPN code)
P Lead Free Released
Non-Lead Free
Released
Assembly site code
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PD-9.376H

[EXFET® Power MOSFET |

Dynamic dv/dt Rating
Repetitive Avalanche Rated
Fast Switching

Ease of Paralleling

Simple Drive Requirements

lescription

hird Generation HEXFETs from International Rectifier provide the designer
ith the best combination of fast switching, ruggedized device design, Jow

IRF840

° Vpgs = 500V
RDS(on) = OBSQ
s 'D = 80A

n-resistance and cost-effectiveness.

he TO-220 package is universally preferred for all commercial-industrial
pplications at power dissipation levels to approximately 50 watts. The low
iermal resistance and low package cost of the TO-220 contribute to its wide

cceptance throughout the industry.

bsolute Maximum Ratings

Parameter Max. Units

0@ Tc=25°C Continuous Drain Current, Vgs @ 10 V 8.0
p @ Tc=100°C | Continuous Drain Current, Vas @ 10V - 15.1 A
DM Pulsed Drain Current @ 32
’%p @ Te=25°C | Power Dissipation 125 W

Linear Derating Factor 1.0 W/°C
/as Gate-to-Source Voltage +20 \
Zas Single Pulse Avalanche Energy @ 510 mJ
AR Avalanche Current ® 8.0 A
ZAR Repetitive Avalanche Energy @ 13 mJ
v/dt Peak Diode Recovery dv/dt @ 3.5 V/ins
I Operating Junction and -55 to +150
lstG Storage Temperature Range : °C

Soldering Temperature, for 10 seconds 300 (1.emm from case)

Mounting Torque, 6-32 or M3 screw 10 Ibfein (1.1 Nem)
'hermal Resistance

Parameter Min. Typ. Max. Units

3aic Junction-to-Case - — 1.0
ecs Case-t0-Sink, Flat, Greased Surface — 0.50 — °C/W
3aia Junction-to-Ambient — — 62
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Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
V(BR)DSS Drain-to-Source Breakdown Voltage 500 | — — V | Vaes=0V, lp= 250pA
AVErypss/AT,| Breakdown Voltage Temp. Coefficient — | 078 | — | V/°C | Reference to 25°C, Ip= TmA
Rbsion) Static Drain-to-Source On-Resistance — — 1085| Q {Vas=10V, Ilp=4.8A ®
Vasih) Gate Threshold Voltage 2.0 — 4.0 V | Vps=Vgs, Ip= 250uA
Ots Forward Transconductance 4.9 — — S | Vps=50V, Ip=4.8A @
. — — 25 Vps=500V, Vgs=0V
lpss Drain-to-Source Leakage Current — 250 HA Vos=400V. VeaOV, Trm125°C
lass Gate-to-Source Forward Leakage —_ — 100 nA Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vgs=-20V
Qg Total Gate Charge — — 63 Ip=8.0A
Qgs Gate-to-Source Charge — | — | 93 { nC |Vps=400V
Qgd Gate-to-Drain ("Miller") Charge — — .32 Ves=10V See Fig. 6 and 13 @
td(en) Tum-On Delay Time o 14 — Vpp=250V
t Rise Time — 23 — - Ip=8.0A
Yoo Turn-Off Delay Time w 49 =] Re=9.1Q o
1 Fall Time — {20 | — Ro=31Q See Figure 10® .
Lo Internal Drain Inductance ety \ 4.5 1/ 2 ?.mf?& 2‘%?,? ) V ;-
nH | from package G(:
Ls Internal Source Inductance — i 75— {and center of L”:‘:%
die contact s
Ciss input Capacitance — | 1300 | — Vgs=0V
Coss Output Capacitance — | 810 | — | pF |Vps=25V
Crss Reverse Transfer Capacitance = 1120 | =— f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current s B4y MOSFET symbol b
{Body Diode) : A showing the
Ism Pulsed Source Current AN/t o - integral reverse ¢
(Body Diode) @ p-n junction diode. 8
Vsp Diode Forward Voltage — o 2.0 V | Ty=25°C, Is=8.0A, Vgs=0V @
tre Reverse Recovery Time — | 460 | 970 | ns |T4=25°C, |r=8.0A
Qrr Reverse Recovery Charge — 42 | 89 | pC |di/di=100A/us @
ton Forward Tum-On Time Intrinsic turn-on time is neglegible (lurn-on is dominated by Ls+Lp)
Notes:

@ Repetitive rating; pulse width limited by
max. junction temperature (See Figure 11)

@ Vpp=50V, starting T)=25°C, L=14mH
Re=25Q, ias=8.0A (See Figure 12)

® Isp<8.0A, di/dt<100A/us, Vpp<V(BR)DSS

Tust50°C

@ Pulse width < 300 us; duty cycle <2%.
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lsp, Reverse Drain Current (Amps)

Capacitance (pF)

2300 Vos = OV, f = 1Mz
N Ciss = Cgs + Cgd» Cds SHORTED
\\\\\ Crss = Cga
2000 \ Coss = Cds * Cgd
\ ‘\c1
S35
1500 \\
N )
1000 \ <
~5\\- Cosq\
N
N ™
500 .
. Crss 1
>
‘\\\\*‘===;;1;;
. .
100 1ol

Vps, Drain-to-Source Voltage (volts)

Fig 5. Typical Capacitance Vs.
Drain-to-Source Voltage

f
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Fig 7. Typical Source-Drain Diode
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Ip, Lrain surrent (AMps)

IOR) IRF840

Vps - AN
X} D.UT.
0 9
\L :ﬂ' Voo
™~
0 N 1oV
Pulse Widih < 1us
Duty Factor < 0.1%
N v
0 N Fig 10a. Switching Time Test Circuit
N
Vps
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A\ 90%
0 | l
. o I
| | !
o | | [
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Tg, Case Temperature (°C) : tdion) . r . Wiy 4
Fig 9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms
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t1, Rectangular Pulse Duration (seconds)
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case .
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Vps )

Vary tp to obtain
required las

Fig 12a. Unclamped Inductive Test Circuit

V(BR)DSS

Vps

— ——— -

lags — —

Fig 12b. Unclamped Inductive Waveforms
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Fig 13a. Basic Gate Charge Waveform
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TaoP 3.6A |
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5.1a
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NN

25
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Starting T, Junction Temperature(°C)
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Fig12¢. Maximum Avalanche Energy
Vs. Drain Current

Current Regulator

=

la Ip

Curreni Sampling Resistors

Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505

Appendix B: Package Outline Mechanical Drawing — See page 1509
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Appendix C: Part Marking Information — See page 1516

Appendix E: Optional Leadforms — See page 1525
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MUR105 THRU MUR160
1.0 AMP. ULTRA FAST RECTIFIERS

VOLTAGE RANGE
CURRENT
1.0 Ampere
FEATURES —_—
* Low forward voltage drop ' T
* High current capability - 10727 1.0(25.4)
» High reliability : oo MIN.
"+ High surge current capability ' L| I__
* Ultra fast 25,50,75 Nanosecond Recovery Times :
MECHANICAL DATA : 205(5.2)
* Case: Molded plastic ;1664.2)
* Epoxy: UL 84V -0 rate flame retardant
- % Lead: and Mounting Surface Temperature for sol- _
dering Purposes 220°C Max for 10 Seconds 1/ Lt
” .034(.9)

16" from case 7024,3(7)1 =t o8
* Polarity: Color band denotes cathode end DA _1_
* Mounting Position: Any
* Weight:0.34 grams : -

Dimensions in inches and(milimeters) |

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS
Rating 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%

MUR | MUR | MUR | MUR | MUR | MUR | MUR
TYPE NUMBER , SYMBOLS | “io5" | 110 | 115 | 120 | 130 | 140 | 160 |UNMS
Maximum Recurrent Peak Reverse Voltage Vram 50. | 100 | 150 | 200 | 300 | 400 | 600
Maximum RMS Voltage Vams 3 | 70 | 105 | 140 | 210 | 280 | 420 | V
Maximum D. C Blocking Voltage - Voc 105 | 100 | 150 | 200 | 300 | 400 | 600 \"
Maximum Average Forward Rectified Current Seefig. 1 Ircav) 1.0 @Ta =110C 1.0 @TA =100C A
Peak Forward Surge Current,8.3 ms single half sine — wave i "a5 A
superimposed on rated load(JEDEC method) Fsm
Maximum Instantaneous Forward Voitage 1.0A(Note 1) Vg 0.975 1.25 v
Maximum D.C Reverse Current @Tp =25°C I 2.0 5.0 pA
At Rated D.C Blocking Voltage @ Ta = 100°C R 50 150 pA
Maximum Reverse Recovery Time(Note 2) TrR 25 50 nS
Typical Junction Capacitance (Note 3) C, 2% pF
Typical Thermal Resistance Junction to Ambient(Note 4) Roza 50 TW
Operating and Storage Temperature Range Ty, TstG ~65to +150 <

NOTES: 1. Pulse test:t, = 300ys, duty cycle<2%
2. Reverse Recovery Test Conditions: I = 0.5A, g = 1.0A, Izg =0.25A.
3.Measured at 1 MHz and applied reverse voltage of 4.0V D.C.
4. Lead length = 3/8" on P.C. Board with 1.5" x 1..5" ‘copper surface

JINAN GUDE ELECTRONIC DEVICE CO., LTD.
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RATINGS AND CHARACTERISTIC CURVES
- MUR105 THRU MUR160 SR
FIG.1 - FORWARD CURRENT DERATING CURVE .
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Micro Commercial Components
21201 ltasca Street Chatsworth
CA 91311

Phone: (818) 701-4933

Fax: (818)701-4939

MUR405

THRU

MUR4100

Features

e High Surge Capability 4 Amp suPer r:'a.St
. tm llng\:\(:?: Voltage Drop Recovery Rectlfler
e Ultra Fast Switching Speed For High Efficiency 50 tO 1 000 VOItS
Maximum Ratings

e Operating Temperature: -55°C to +150°C
o Storage Temperature: -55°C to +150°C
e Typical Thermal Resistance 20°C/W

DO-201AD

*Pulse test: Pulse width 300 psec, Duty cycle 1%

MCC Device Maximum Maximum { Maximum
Catalog ‘Marking | Recurrent RMS DC :
Number Peak Voltage | Blocking B
Reverse Voltage :
Voltage
MUR405 MUR405 50V 35V 50V
MUR410 MUR410 100V 70V 100V A
MUR415 MUR415 150V 105V 150V Cathode
MUR420 MUR420 200V 140V 200V g o
MUR440 MUR440 400V 280V 400V —= 1&5
MUR460 MUR460 600V 420V 600V
MURA480 MUR480 300V 550V 800V D,
MUR4100 MUR4100 1000V 700V 1000V
Electrical Characteristics @ 25°C Unless Otherwise Specified o fate
Average Forward IFay 4.0A Ta = 55°C
Current
Peak Forward Surge lrsm 150A 8.3ms, half sine
Current
Maximum
Instantaneous DIMENSIONS
Forward Voltage e M
MURi2o400 | VF | Tagv | lm=AOA G |7 el e
MUR480-4100 1.85V Ta = 25°C* B = 250 — 5.40
Maximum DC C .048 .052 1.20 1.30
Reverse Current At Ir 10uA | Ta=25°C B
ssltteazg C Blocking 50uA | Ta= 100°C
Maximum Reverse
Recovery Time
R o aao Trr fors | 1:=0.5A, Ig=1.0A,
MUR480-4100 75ns Ix=0.25A
Typical Junction Measured at
Capacitance MUR405-460 I 80pF 1.0MHz, Vg=4.0V
MUR480-4100 J 50pF

www. mccsem/il.com




MUR405 thru MUR4100

Figure 1
Typical Forward Characteristics
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Evaluation of an electronic ballast circuit for HID lamps with passive power factor
correction

Christian Brafias, Francisco J. Azcondo, Salvador Bracho
Dept. of Electronic Technology, Systems Engineering and Automation
University of Cantabria
Ave. de los Castros s/n. 39005. Santander. SPAIN.

Phone No: +34 942 200873

Fax No: +34 942 201873

E-mail: {christian, azcondo, bracho} @teisa.unican.es

Abstract - This paper evaluates a new design of electronic ballast
using the standard EN61000-2-3 [1] and the recommended crest
factor of the lamp current as references. The solution under
study is based on a dc to ac resonant inverter whose input
voltage is taken from a valley-fill ac-dc passive converter, The
dc output of the valley fill circuit has a ripple of 50%. The
output power dependence on the input voltage makes necessary
an active compensation technique to stabilise the lamp power.
Experimental results prove that the proposed solution is
suitable to achieve high efficiency and low cost electronic ballast
for low-medium power lamps,

1. INTRODUCTION

High frequency resonant dc to ac converters are an
alternative to the traditional electromagnetic ballast. They
can achieve better control in the turn-on transition and good
stabilisation of the steady-state operation point. The research
on electronic ballast for high intensity discharge (HID) lamps
is quite recent and is mainly focused on the design of an
optimum resonant tank and control circuit, assuming that the
lamp equivalent resistant Ry, is constant at high frequency
[2]. The resonant inverter dc input voltage is obtained by
rectifying the utility line voitage. However, electronic
ballasts are required to comply with power quality
specifications such as EN61000-2-3 which defines the
maximum value of total harmonic distortion (THD) index, as
well as the maximum amplitude of each harmonic separately
up to 39™ order. Besides the limits given by the standard, the
ballast should meet specifications regarding size, weight,
efficiency and cost that make them valid for a practical
application.

Maximum Value Expressed
as a Percentage of the
Fundamental Harmonic of
the Line Current
2%

30% x Power Factor
10%

7%

5%

3%

32%

Harmonic Order (n)

B e]wnmwinN

i1 39

Table 1. Hammonic limits for class C equipment

0-7803-7474-6/02/317.00 ©2002 IEEE

II. VALLEY FILL CIRCUIT

The two basic techniques for power factor correction (PFC)
are known as active and passive solutions [4]. The active
solutions are derived from the classical dc to dc switched
converter topologies: buck, boost and buck-boost. The boost
converter (see fig.1) is widely applied because it easily
emulates a resistance under the condition of keeping the
output voltage higher than the maximum input voltage [3].

Fig.1. Boost converter.

As is observed in fig.1, a boost-derived converter requires
two rather bulky elements: The boost inductor Lp, that
sustains the low frequency input current plus the switching
frequency ripple and the output capacitor C,, that filters the
low frequency component of the energy supplied from the
utility line. In addition, the circuit requires the switches A;
and D,, as well as a control circuit that increases the
complexity and cost. On the ‘other hand, passive PFC stages
are simpler but they generally require voluminous reactive
elements [4], due to the low frequency operation. The
passive valley fill PFC [5] does not require an inductance
and can be implemented with low cost components resulting
in a compact size.

oL

D1
Load

Line
Iaput

ca T TCI

Fig.2. Valley-fill circuit.
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In the valley-fill circuit, shown in fig. 2, capacitors C1 and
C2 are effectively in paraliel via D2 and D3 when the input
line voltage is lower than each capacitor voltage. When the
input voltage exceeds the load voltage the bridge rectifier Bl
conducts, therefore D2 and D3 are reverse biased, providing
the load current directly from the utility line. D1 starts
conducting when the input voltage exceeds the sum of the
voltages of C1 and C2. The resistance R2 limits the current
that charges the capacitors Cl and C2, introducing losses
that, in a practical case, may imply an efficiency reduction of
around 1%. The network C3, C4 and R1 has the effect of
extending the conduction angle at low values of the line
voltage. This feature improves the PF and reduces the THD
index. A detailed mathematical study of this circuit can be
found in [6]. In this paper, the harmonic content of the line
current is evaluated by parametric simulation using SPICE,
bearing in mind the standard EN61000-2-3. A power
consumption of 70W was emulated. The simulation results
are shown in fig.3 (&) and (b) and are summarised in table 2.
From fig. 3 (b), it is possible to calculate the THD index of
each line current waveform according to (1).

n{rms)
THD(%) = ____u"ﬂ

1(rms)

0}

Considering the lowest value of THD, it is observed in table
2 that, for an output power of 70W, a suitable design of the
valley-fill circuit is R=15(, R,=220Q, C,;=68uF and
C3’4=1 ]J.F

600mAY — &
L [ A i B
400mA : \
A / ...._1\ % ———
200maA fof——1——x} P BN
]. A § I8 ')
CNl ¢ 4 - t B
0A . s — : X

. < —7 - R

. SV R . 2

~4DOMmAT— N A )

. o NAE - -
20ms 25ms3 30ms 35me 40ms 45ms 50ms
ooy -I(V1) Time

(2)
500mA
g
400mA
300mA =
200mA 1§+ - .
100mA |- i S
oA : R A Ao A s P
OHz 0.2KHz 0.4KHz 0.6KHz 0.8KHz 1.0KHz
vev (V1) B Frequency

Fig.3. (a) Simulated line current and (b) Fourier analysis.

R;=1502, R,=2200), C,,=68uF
Harmonic C3,4=.47HF C3'4=1 },I.F C3'4=2}1F
I 402mA 419mA 466mA
I3 13% 7.1% 4.2%
15 9.4% 3.8% 5.3%
1, 1.1% 2.3% 7.2%
I, 5.4% 5.2% 72%
1y 4.4% 4.3% 51%
I;s 1.2% 1.8% 3.2%
Iis 0.5% 0.6% 2.5%
Ty 02% 0.9% 3%
Lo 1.1% 1.7% 3%
THD% 17.64% 11.7% 15%

Table 2. Simulation results

The simulated output voltage of the valley-fill circuit is
shown in figure 4.

350V T
= i
300V i ;
g i-
if N n \\'
200V LI X .
WA A By
100V o T . TR
L . . A W
-1 [
100ms 105ms 120ms 125ms  130ms.
* V{vo)

Fig.4. Simulated dc output voltage from the valley-fill circuit.

As can be observed in fig 4, the major shortcoming of the
valley-fill circuit is the heavy ripple of the dc voltage. To
preserve the small size of the circuit, an active compensation
of the input voltage variation is implemented in the resonant
inverter stage. This compensation ought to achieve a good
crest factor (CF) value to prevent the lamp from excessive

ageing [8].

Tiomp

I

CF= &)

1amp (s
I, UTILITY TO LAMP ELECTRONIC BALLAST

The valley-fill rectifier in addition to a class D resonant
converter makes up the proposed ballast circuit.

Fig.5. Class D LC,C, resonant inverter supplied by a valley-fiil
circuit.
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The resonant converter has been designed according to the
sequence given in [7].

Parallel Resonant | Characteristic Parallel Quality
Frequency Impedance Factor
1 R,
@ = Z =w/lL= —_lamp
e JLc " P e, o z,

Table 3. Parallel parameters of the LC,C, inverter

The design of the resonant inverter takes into account the
power variation induced by the ripple of the input voltage
and the necessary frequency sweep to compensate such
power deviation. This feature allows us to control high-
pressure sodium (HPS) lamps and metal halide (MH) lamps,
of similar power, with the same inverter. The switching
frequency was established at 100kHz. The values of the
resonant inverter components are summarised below:

L Cs
283uH | 18nF

Vae

230V

G
4.70F

ZP
2500

@y
141kHz

Table 4. Resonant inverter components

The experimental results are given for HID lamps of 70W.
The selected HPS lamp, manufactured by OSRAM, was the
NAV70E. The lamp parameters were obtained from its
datasheet: Vigm=70Vims Ziamy=1Ams, then Rym,=70Q. The
MH lamp HSI-TD-70W is manufactured by Sylvania with
the following parameters: ¥ium,=123V s, J1amy=0.57Ams, then
Ri.mp=21482. Figure 6 shows the experimental ¥ voltage
obtained at the output of the valley-fill circuit.

Tek 10.0ks/s

239 Acgs

€1 RMS
2170V

Fig.6. Experimental dc output voltage from the valley-fill circuit.

Expression (3) calculates the power supplied to the lamp asa
function of ¥, and the switching frequency w.

)]

From (3), Piamp varies with V., which contains 50% ripple.
The experimental results, obtained when working at the
selected aw/@,=0.7 for the HPS lamp are shown in figs. 7 and
8. In fig. 7, it is observed that the crest factor of the lamp
current exceeds the maximum recommended in [8],
CFha=1.17.

Tek G 10.0kS/s

237 Acgs

s Sims

Fig.7. 100Hz ripple of the lamp current. Measured CF=1.86.

On the other hand, in figure 8 the waveforms in the lamp
show not only 2 variation of the power but also that there is a
lamp dynamic resistance (¥ium=A¥tamp/ Allamp), Which in thxs
particular case is approxlmately Fiomp ==302,

Tak Run: 10.4MS/s Sample RS DPO Brightness: 45 %

. i vs. v characteristic of the lamp with no feedback
compensation.

In order to evaluate the stability of the whole system lamp-

ballast, the expression for the ballast output impedance is of
interest.

@

Expression (4) is depicted in fig. 4 as a function of the
normalised switching frequency ¥, taking into account
that Z,=250€2 and a capacitor ratio of C,/C=0.25.
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Fig. 9. Output impedance for the proposed ballast.

From fig. 9, for &/@,=0.5, the output impedance Z, of the
ballast is equal to zero. At this switching frequency, the
inverter behaves as a voltage source and the circuit would be
unstable for loads with negative dynamic resistance such as a
discharge lamp. The stability criterion is that the sum of the
incremental output impedance, z,, and the lamp dynamic
resistance should be positive. According to that, for the
operation point aw,=0.7, the stability is guaranteed since
2,=722Q is sufficiently higher than | 7, | =309

IV. CONTROL CIRCUIT

Although the ballast assures that the lamp current is limited
because of the overall positive output impedance, the power
variation caused by the input voltage ripple needs
compensation. The proposed control circuit is shown in fig,
10. The switching frequency is generated by a VCO based on
a 555 timer. The analogue circuit AD633 multiplies fractions
of the lamp voltage and current in order to obtain a sample of
the instantaneous lamp power. In this way, not only the
short-term power deviation is compensated but also the
inverter will supply constant power regardless of the lamp
resistance variation caused by ageing.

I—me
YWy | LW ce
R211 100 j—W‘
\ I 560402

MOSFET Driver

2 j Cr :I—
10Q Lamp
102
0
fo l AN
s _ | "1

555 TIMER + ADS33 XY
s Y Ve
2 M v
Cos S
. 120
T 1«
VE

Fig. 10. Experimental lamp-ballast system.

The control variable, which is used to compensate the effect
of the ripple of the dc bus voltage, is the switching frequency
®. The transfer function V¢V, (fig.10) of the open loop
uncontrolled ballast was extracted experimentally (see fig.
11). It shows little phase deviation within a BW of 1KHz,
which is enough to compensate the 100Hz perturbation
caused by the input voltage. Thus, a type I controller tuned to
achieve an overall cut-off frequency at 1IKHz is designed to
compensate the ballast system.

Galo (dB)

20Hz JkHz 2kHz SkHz 2kHz BkHz 12kHz  20kHz

!
2
20Hz JkHz 2kHz 8kHz. 2kHz 8kHz 12kHz 20kHz
Frequency )
®)
Fig. 11. Small signal response of the experimental ballast. (a) Gain.
(b) Phase.
C;
R; R,
Yy
]
Rpias V.
Vref

Fig. 12. Type | controller.

The following circuit parameters were calculated for the
controller of fig. 12

R; Rlﬂs Cr Rf
5.6kQ | 27k | 22nF | 12kQ

Table 5. I controller parameters
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Finally, it is pointed out that as the voltage V,.; defines the
lamp power level, it can be used for implementing a
dimming control.

V. EXPERIMENTAL RESULTS

A practical prototype has been developed in the laboratory.
Fig. 11 shows the experimental waveforms obtained for HPS
and MH lamps when the power compensation circuit
controls the inverter. The measured power supplied to HPS
lamp is 65.9W. In the case of the MH lamp the measured
power is 64.2W.

Tek 25.0kS/5

93 Acgs

€1 RMS
72.2V
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913mA
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®)

Fig.11. Experimental waveforms measured in the HPS lamp (a)
and in the MH lamp (b) under the control of the power
stabilisation circuit. Upper trace: lamp voltage. Lower

trace lamp current.

In both cases, the 100Hz modulation of the lamp current
Al is greatly reduced. As a consequence of that, the lamp
current crest factor is CF=1.642 for the HPS lamp and 1.628
for the MH lamp. In both cases, below the maximum
recommended by the standard. The i vs. v curves of the
lamps are shown in fig. 12.

Tek Run: 10.4MS/5  Sample (EEN

®)

i vs. v characteristic of the lamps under the control of the
power stabilisation circuit. (a) HPS lamp. (b) MH lamp.

Fig.12.

As a result of the control circuit action, the lamp equivalent
resistance is kept approximately constant, Ry,,,~79€2 for the
selected HPS lamp and 272Q) for the MH lamp. The control
circuit produces the frequency modulation of the lamp
current. This is an advantage since spreading the lamp power
spectrum is one way to prevent acoustic resonance [9]. The
waveforms in the utility plug are shown in fig. 13.

Tak 5.00k5/s 4 Acgs

250w 10.0ms
Fig.13. Experimental waveforms measured at the ballast input.

Upper trace: line voltage. Middle trace: line power. Lower
trace: line current.
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The overall efficiency of the ballast is 1=0.94 for the HPS
lamp and 1=0.91 for the MH lamp. In both cases it is higher
than the typical value of efficiency n=0.83, reported for
traditional electromagnetic ballast of 70W [9]. Taking the
data from the measurements shown in fig. 13 a PF=0.945 is
obtained. The harmonic components below the 19™ order of
the line current are shown in figure 14. Harmonics of higher
order were neglected due to their low amplitude.

Tek GHTM 5.00k5/5 10 Acgs
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Fig.14. Hammonics of the line current.

The amplitude of the harmonics are summarised in fig. 15.
100 T

_________________________________

B Experimental

MEN 6100023 |_

"Harmonic Value (%)

1 3 s 7 9 M 13 15 1718
Harmonic Component

Fig. 15. Amplitude of each harmonic in contrast with the maximum
value allowed by the standard EN61000.

Substituting in (1), a THD=14% is obtained. Despite the
relatively good value of THD (well below 30%), 2 more
detailed analysis reveals difficulties to meet the standard
requirements. From table 5, it is observed that the amplitude
of the 13" harmonic is considerably higher than the
specification. To fully meet the standard a line filter such as
simple RC shunt or resonant trap filters is required. This is
the main reason for limiting the application of this circuit to
low power loads

CONCLUSIONS

The evaluation of the valley-fill circuit as a passive PFC to
be used in ballast for HPS lamps has been carried out. The

high PF value and the good THD index indicate that this
circuit should be considered as an alternative to active
solutions. One of the main benefits is the considerable
attenuation of the third harmonic of the line current. The
proposed control circuit has been demonstrated to be
effective in maintaining the crest factor below the maximum
value recommended by the standard. On the other hand, the
operation at controlled variable frequency is an alternative
that prevents acoustic resonance, especially recommendable
for MH lamps. In spite of these good preliminary results, it is
necessary to point out that the circuit requires additional
filters to meet all the limits established by the standard
EN61000-2-3. The efficiency reduction, which results from
the inclusion of a resonant trap or a RC shunt filter, limits the
application to low power loads.
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