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Abstract

Recently developments have generally replaced the magpetic ballast with
electronic ballast. Electronic ballast consists of AC to DC Converter (Rectifier) and DC to AC
Converter (Inverter). That used for converting DC to high frequency AC .The main component of
these circuits is power switching components such as Power Transistors and Power MOSFET.
The type of inverters, Push-Pull, Half-Bridge, Full-Bridge and Class E Resonant Inverter, are
important factors to the characteristics and efficiency of electronic ballast during design. Market
studies show that the majority of Inverter are Half-Bridge Inverter. So that, this thesis will focus
on the following analysis the principle, advantages and disadvantages of electronic ballast using
Half-Bridge Inverters. The driver switching’s circuit can separate 2 circuits base on type of
oscillating circuits, saturable reactor and IC oscillating circuit. These circuit are simulated by
Pspice program. Furthermore, In this thesis has develop power factor correction to obtain high

efficiency of electronic ballast.
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v o Q’l’ 1a 1 9/ a
L Vg vosvaeagandildnasa duiu livivsansmerwduniui ldvaea
2. Cy>>C, WAz Cy,>>C,

) v E 4
3. Power Factor ¥9anasaiaiuil sawdge (PF.=1) 1¥danaeaiiu pure R



911 equivalent circuit YDIIIVT series resonant i)arallel loads chlgﬂﬁ 9 Musn

1 4
asdgasmssianlddail

"
0 — i
1fjwe \Vnﬂw)
Vi) 4 T Rg )
o
a)S
a)” =
wo
0=2
ZO
Z,= L,
C,
1
@, =
LC,
o, =2xf,
p 1 2
fS ws

s luasesss lauuus

1. PIMAIQ uaz W,
a 3 j o -~ P =3 ;

NNEAMIAND [2] A1 V(1) sz Quaz W, usuden dudendl ey
widdesldd L ge, ¢ dr shldtaui@lumstlenussdunnaendias uas

Yinl¥e current crest factor (CCF) aw'li@ag

9y

Aniu sudenldil w, =110z Q=077

2. meL uaz G,

dieldi w, oz Q AezamnsomiAl Luas C; resonent 1RAMEAT 919du
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4.2 HANNSNINUVLIISHVUNT IC 1Wusvuadng

o a J d’ ] & 9 Jd o A
sfuadaduuiinzannnugiennueees Minmilesninldeinseindnde 1 an
Tiludaueeadion yazaunsoi il l$ 1dhuilesnn hideanamehaufiminzaw
a & e 9 s -] - s 1Y A oA . 9/ 9y
onidarh denavesaaadadnawaziiminun ualidedsde soudreueuunalasdes
< I aran o d' o 9/ =} L% dy
fAnITwazeeaLazAaNliammzaIves IcChiunlsiulasazen laslusreauntivi

&iwaues 29v59uadad lasld IC (wed IR 2155

!
Ry G5
b, 3 750hm Dy M, IRF720 .
- y 4 —
(e
Dg R, 26 0hm ] L 145 mH
v v
180 Ohm o 8 licowF F205
R X Y
Ry | T g ’l !
e FLUORESSENT
2I 3 Cr g vg M, IRF720 LAMP
J j C
D; 3 C&_* - com " \:[T
2dFFR ojtuF R =
- S = M0 0hm |
cro. 103 !

31l 27 2995 Half-Bridge Converter 111114 1R2155 1ilu#2 Drive MOSFET

nsvhamezlszaey e

1. L : (4 Passive Filter

2. D,-D, : wmii Rectifier mautlasTnszuaady 220 Taad i asauy
Bridge

3. ¢,C,,D,~-D,,R,: ‘ﬁWﬁH‘ﬁ High Power Factor Correction

4. c,,c, Fmdhifuansnsesnssua  waz M, M, vmihiidiu Half Bridge
Converter

5. IR2155 Wuduadadagranin 18 M, M, shau

2

v 1 4
Taovnszuaass valley Voltage azgndalilfsdau Oscillate aamdgs luasesil

1§ lednhmihimmzaude [R2155 sradrusaduniwdgs lufwuna ves M, M, 1o
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Gyl mes wemvln (MOSFET) 1wes IRF720 2 diwnadudiu  neufisziunasads

Tl assivmaduiudszys Tonued ¢, awsadumifemiaar,

!

! > * +——s

| A ‘ T

4 == |

; oeTect LA ab—e—g !
A o LEVEL®— PULSE A ——oHO
i FILTER i5 E f

T o — 7

} i R & " SEAD] E

] CEAD|_|PULSE

| l ._!’ —~—i_TIME GEN l { L—Tv"'

: éa s ab !

t < “ v

1 ‘ 156V T ]

: {4 !
Cri ' > W 0EAD OELAY -H +—si0

\ ] %a ceTECT TiME | S l | ;

! “—“ i . % :

| d\ { L

| i | + ——8$ COM

o= o= = :

e e e — —_—— —_—t

31U 28 naesrsesmeluves IR 2155

.
2 @

psiwludiuvesnsafundsdsnswus b asfiduyunavesusaita

waludhguenassiide 14 R21ss Fufuledfausiduninidgaldios Tnod
¥a seadinanmyludaiesegida (Self-Oscillating HalfBridge Driver) Faiilumanafifonu
o desnninldaammdinnvenses  uazannsodiuamd e wdems  day
Uszneufiddgfildaus iy IR21s5 fdail

1. R, unaudwmudivhnhiifanszuaiidhfiv v_ ves r2155

2. Dyfuaninszialwidn High Ouput o) wveelodlasldlaTen

193 FR 104

3. ¢, 1lud clamp us 811 Low Output (LO) i mAdeud 1 HO

4. C, Lﬁud’aum’fﬂumsﬁmuﬂnsvumi’hV uozgelunseeadiannaind

5. R, uag C, Audimuanidlums o Augas £=1/1 4*(Rt+150)*CT)

mshauisid IdoaesleFeziuume R, Fohmihiisifanssuauaz ¢, sau
fwinudis  Ta R, sxldfinuiideiadin o 18 merz Tedmeluiiuduea (cMos) 39

L L é 1 t @ M J .
Aunszua Mfies Taiuniesdmsdudufiozduvunaves M, uazdndauniteestif
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nuduNsziuvUnAYes M, ualessndauves HO Haliinsuasesdeds e iy
o \ 1 o o a 1 A J 4 4

LO Yhwmneu  waiedl M, a1 (on) svhld ussdudianasen C, innduises q Weds

¥90 M, Biviaw (off) , C, sxmedszgeenuudndaled  nwluled exihsesispioines
o . & o 4 d’ *
HUVFUA (Shun) Ao Fiueilalea (Zener Diode) FevzmIunuussRUHeMeloF i
\d \ L4 1 4 L. 1 é o s

Uszana 15.6 Taadnnunassienssaugelasass uozdiudu q degii 26 Fomldusedu
deen (HO uaz LO) Mfuvunaveswemmaiiundudimaouiianysel i duty cycle 50 % i

2 v od 0 QYo o a A a dw 2 o q9
nawwu warvaweniadsy  ildddsnugudaiiesninnisaiasidosas  Suhld

ANNIINITARVUIATATINTNUM G voNEmHA H3DNAVUIAVIIUNUTLYITA? 131%81411?!’3?1

o L 4
via@dnas 14

~ 9/ J U da a Jd
4.3 ﬂ‘lﬁ%‘ifﬂ5!1]%2]‘]]!7\2]‘]]119!!91'?\5]10‘llﬂ\'i‘ﬂaa‘lﬁﬁﬂlaﬂﬂiﬂuﬂﬁllﬂﬂ

[y} v Aa d
Saturable Reactor 01 #u1 19 IC iluevvadIas

15190 2 manlSsusudsuandnvesinaaao@nnsetinduuy Saturable Reactor 11

w19 1c fuduaiad

GLTLER I

{151 Saturable Reactor

o =y d
wuy 19 1C iusduading

1. 1M

2. MIBBAUYY

7 a Jd 3
3M1EnY N1y

4.n1suaguuasninug

a ¢
aINY

gn  ritesnnldeunsaiitn
MU MINZUAMSANYILAS
Tdmemsén
PRAUULN  (iloenIndes
ﬁmmqﬂﬁwmﬁmmzﬂu
14 Transistor (BUX84) a2
muauldon iiesnnily
gilnseliildnszualums
A9UAY (Current Control)
snaemsiaouutlag
anmdmsReutlfouaees

Mmlenasniswaen

Luws tiieewinld ic dlud
nanludsesmsen i
muzdemsii lindarite
158 (Commercial)

2.410A0M15A82393M1gLn 58l
14wy 1c 1R

3.19 MOSFET (IRF720)
aMNsAILANETE B
AILANAIUIIAY (Voltage
Control) 4

4 rwaensnlasuasnami

1% idedenmswann
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4.4 LUINNNTHANTamandannsoeting

.
*

3 a [ 3. Jda d a JAqQ Vo .
at9 lshamsmuiaaadaannseiindn1¥iued ( 19 Inverter 4111 Half-Bridge )

u

o Y A U]

=1 A o 9 o d’
daiiderdong Fusmevzduunsendiuden 18asil
) A A t o I J a 2 a
Limssumuifesnnadusiman Aannniwasaduuuunnu@n  Fuiain
o 4
MIHIIUNANNDG
2.M3IUAT Power Factor Y11 188101{189910n150 Power factor lisdufnviInnszue
o a 19 * a A ) o o
815 ludin hilsifesnmsifeumavesnszumiioufuus sy
3.MINIURNAININTITGIo Az FUTOU
4 Jdolnsaiflsznouduacesinng
91ndeidoNNA 1IN UTNENUIUT I IWI501119993980 Class E Resonant Inverter 17
99 ¥ L% da - &£ vad o o
Uszgndldaulutiaaradaiionseiind 14 Fenuauiand1gves 2995 Class E Resonant
Inverter NAe Huunaswionszuansdi , Maoulusaiudge | ¥nnuegdnsaireuds
tes, meenuvusoudieie  soudediseiniamguilounninmsiioulumy  Zero
- - 4 o 1 o/ é
Voltage Switching uaziiie 149 1us iy 2995 PLR ( Parallel loaded Resonant Inverter ) <43
4 b 4
szannsadhiltnisganaeaannseh ldasusis 3 duaeu Ae n1squlduaea, nisganasa

o d' Ad' ! ~ 9 J
uazmsirnuignzlnanswnszuaannunvaea

N

rWVL_‘,LT

L I’a..

3

] ) 4
3141 29 1aR9I997 WUFIUBI Class E Resonant Inverter
2 { o @ v [y g
Taaaasiannseiindyiina995u10 Class E lidanilsyneudidifg 4 daudail
1.2vsutlasnseyaaduiiunszuaase ( AC-DC Converter )

2.2905u1laenszuaasuiunssuaadu ( DC-AC Converter )



49

329958 Mz ( Matching Network or Matching Transformer )
4,99913 Twuuﬁ%ﬁﬂ Parallel-load Resonance
dy A o d A dyv o o o A Y
uenvINiind1ansdunesmeivia Clhss E  fdldhdunudszefiudanigs
a o 4 [ é é a LY : ~
nrusaeiinldlsy Tonifudiunilsvenes Hlagdndudreviludffaniugasde
a A & o . a . A a . o 9 o
fuvazadad Saumadaansatienssuaniiusine (nddsna1 Q>7)hawinas IiiuTnaa
y
dmiuussauseagegavazngminsuaiisgelssana 3.5-4 pvewnassis Iassaniu
< d‘ o 9 A [ ; (] é aa a
vunmngfieinnifauiundssie dediann Fusmunsoaslauantifiduuedsesdu
I's o =) LY a o d o A' LY d“
17951995 Class E fiouUfu39958 U305 1005 viiadu 1ddatl
Lilszantnmgendt iiiesnin lilinsgaudovazadads
2 5mugunseii Yseneudiursesies
Yoo a A a o A 0o a9y ' a v A oA
3.1 ¥dadavuiissduden ltaunsontugu @iz linnaniuseiennn
AN
o o A A Y A a
4auavesgUnsalvzdnas Mlesnnawisadenldnuiiniudgs (@wse
° A > [ A s d a ¢§
FMUARD 5-10 M1vBB UNBTIABT WA 1A)
sufursesytiasenszualassssuna udiinisaaleesnag Inaansedladg
ssdmeen wulunsanlasunasan vl sdone
Y
wennniiluilvgiuamaddidonsedind Hnsaunly@naregtuuy wu msld
1Ic dludadndyanudvaiad, 149iludaumis Power Factor Taold Boost Converter | 14

microcontroller AIUANIU IC a4
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5.1 wamstimeamariinuinelysunsa Pspice

E L T T T T P B

TOIN4007 . DINAOOT . LT o -

L D SN S R
Vs& : :0'1' -:i-\: . 02- -“ -C1.d7° . - ~1 - : : v - - . v . . .
T T e v I s

t L 3

P ° o o Jda d A Jd a .
zﬂﬂ 30 UAAINTTNTINTINTNIUYBY YADTAABANNIBUNAFUR Half-Bridge

Converter

70 e e e r e rEEm e e mm e, —————— e ———— —

ANANAYY)

________________________________________________________________

@ VLVLi1) —V(VZZ)

91431 uwamssAudianaseunasa (Vil-v22)
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sUN 32 UAAWTIAUN Out Put ¥89 Half Bridge Converter
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A e
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5.2 wWafllasemsiaduanas 910HasaNi1NIUTINAY Magnetic BaHast

GLF20mY - GrE100Y ) : © 10my/div.
...... DC| 4 i----DE} HOHL o F e (1BmME AdiVY -
: NORM: 1(8kS /

.........
' d Wd Wi ‘

....................................................................................................

319 36 nmvsussdyguUTIAUATONNARA LaENTZUAR IakuNaeR
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: : . 10ms/div
i ......... TR e S {10ms /div) -

SIE20mY ©  SIE=100Y 3

.............................................................

ettt et bbb et otodolobolode o el b4 S

ER AR PY

Wk%ﬂ%kﬂw-l+l+lﬂi+'

il

AT

.................................................

F b

gl 4-

o o o ' [ o
5UN 37 (WU) 31 square wave UTAWTIAUNANATOUNABANGOBITMITUA
P b4 . o a .
{014 Magnetic Ballast Naanzlnd  unz3y sine wave HaAs-
nszuad lnaruvaea

(819) HAAY V-I Characteristic Y94 nasaileld Magnetic Ballast
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10ms /div

...... 0011§{10msfdw)

ob ol fodoledele

TR

..................................................................................................

$oe 414

514 38 (uu) uansnszuad Inariunasa 1ileld Magnetic-Ballast

1 o A o W . A a 43
(AaW) !Lﬁ'ﬂ\i?ﬂiIHHﬂﬂ"lﬂ‘]JﬂN g THAAYU
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5.3 MINATBYIDINIF IR2155 Tuduneoumsenaiy-

k= 10v B B T00us /div
oC v0:v b H H
S S SO S r 110MS /s
R R SR REREE S SRCERTERTS EERTRRETTS PEPPTTRRS fereereeerieeeens
I :
| et —..__“_“_“ F_____,.-r-ﬂ- I H Vel
1': H ¥
~Traceti= ©?—¢ T R ‘B.150v avyg ‘6. r30v
Rise Fafi 1 1.600us Freq 3.448kHZ
.............. Duly ..Brat 097 . 0us
=Trace2= (—F Rmg 7.280v avg 7176V
Rise Faj 1 132 . 0us Frieq 3I.425xHzZ
................ cuty  sso:ex i erkt 92s.0us i !
4

911 39 uamsdygramsiuiianasey R, Hou COM (Trace 1) 1lugll square wave unz
v 4 . o 4 4 4 .
ussAuNanAsey C, Moy COM (Trace2) — n3wd 3425 kHz diletlounsedy 15 vy,

NATDUYYL no load

Oi=iov =10V ¥ : T0us/div
DC T0:1 : oC 101 ¥ H : :
: : : 1 : NORM:100MS /s
............ B R T L L L NORMEIOUMS e
: : ¥ : : :
:."# e U S, 4 .............. e o o < SR 5 ..... : J.........
5 = St T N ) —; T 3 é
=Tracel= e _ S.zoov 1 Rk 5.672v 1 ava ! 5.887v
: Freq I3 7B Dusity 66 (2% esrst 641 70us
=Tracezs P—p 12; 40V R:-:}‘b 8.320vV avg 6. 266V
i Fréeq 33:48KkHZ: D -ty . B0:i3% 1, 8rst  87:30us
i +
b

711 40 uemsdyanaussiudianasen R, Hiou COM (Trace 1) silugll square wave unw
usufianAson C, 1oy COM (Trace2) A2 34.48 kHz tiletlouussau 15 vy,

NATBUYUL no load
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=10V ¢ ENE=iov ¥ : : [ tous/div
DC 10:1 : DC 10:1 : I : :
: : H NORM 100MS/S

Py W NS NN otV e, Feemeireriiet B ausaaneas ey By oc oo o
o i
H 5
: ) 4
--------------------- : = :
=Trace2= P—-pP 33,20V Rma 12,17y : Avyg -2 . 020‘\"
Rise 14 ;00us Fad 1 1.400us : Freqg 34. T2xH=zZ
Duty 508;7% Brst  87:i90us S S,

51U 41 uaasdyanaussauiinnasen HO oY Vs (Trace 1) HAT LSIAUNANATEN LO

AU Vs (Trace2) Aina1md 34.72 kHz 1ifetlouns iy 15 vV naa@uye no load

Elf=iov SE=i0v I : : ‘; <—v2us/aw
10: H : I : H
NORM 100MS /s

sufi 42 dunmumoningdf 41
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CH 1 JTVNE > STV I ; ; L eus/div
DC 101 ;DG 10T H : : : :
: : 3 : 4 : : NORM:100MS /s

51 43 uerRsdguusWuifinnasen HO ey COM lag UTIRUTIANATEN LO M8

COM  fimad 55.5 kHz iiiaflounssdu 15 v, NATouYME no load

P I L Y AR LR O vard

h |
cH2 T } T0usydiv
oC 10:1 1 i (10usydiv)
......... : A NORM: 10{)MS /5

I
B R L L LA PR R R PR ; ...........................................
: ; 1
B T e s SR T PR O PR SIS
Rise 200.0ns Faji 8.300us Freq 56,18kHz
.............. Duty  49:ax @ Brst 79:80us @ i

317 44 nereedyaauusiduianasen Vs sy COM NIAI1D 55.5 kHz

dietleunssdu 15 v, NatauvUz no load
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jcH 1 ST 0V -mOu_a/di-v
DC 10:1 DC 10:1
: : : NORM 10MS/s
. M b
=Fracel= P—f 30: 40V Rm§s- 18;81Vv avyg 13 o8v
Rise 1.600us Falil 142.0us Freq 3.425kHz
................ Duty a48i3x i . Brit 875.0us i
=Tracetz- P—p 1440V Rmg 8. 990V Avd . 8UAFTV
Rise 1.000us Falt 1.000us Frieq  3.440kHz
........ Duly  50:3% .3'1 t 977.0us i il
1
T

11 45 urasdeaussufianasen HO Hley COM way ussduiian

AsBN LO Mty COM  finmd 3.4 kHz (fleflounssdu 15 v, naasuuus no load

............................

1998/10/14 03:16 18
: 10u5/d-v

NORM.1 ODMS /s

e I LTI T I JC I I I VP O DY

&

-Trace1= P—pP 35.2uv R 16:61V : £ 2. 528V
Freq 33 78kHZ : vay S0; 0% : Brst 88 agus
+ : : : :
=Filter=- =Ofl’set= =Record (Lengths= =Triggers=
Smoothing : ON CH1 : 0.0V Main ° 10K Mode : AUTO
BW  FULL CH2 : o.o0v Zoom : 2K Type : EDGE CH1 &
Delay : 0.0ns
Hold OFfFf : MINIMUM

191 46 1AW IAUNBBNINNT Half Bridge YU no load
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5.4 N1INANBIVBIIIVINIY IR2155

5.4.1 Manaavnoun1s1i5uilsas Power Factor

Stopped Y 1999/01 /17 _ 16:46:07
CHi=100V : CHZ2=500mV: L Sms/Zdiv
AC 100:1 : ac 11 : I (Smsydiv)
: NORM 200ks /s

R IR I LT T LT T T T T

Ml*n —1 64 ov

0.0ns

=Filter= =0Offset= =Record Length= =Triggers=
Smoothing .| ON CH1  ———==—e— Main : 10K Mode I AUTO
BW . FULL CHZ [ ——————— Zoom 10K Type . EDGE CH1 4
Delay :
Hold Off :

0.7us

e ey Jd ~ s ar
31N 47 yaasnszuad i iaa e (Trace2iflouny usaduaud

(Trace 1)

5.4.2 N1INAABIVDIDINIY IR2155 Iaeriin1515um1 Power Factor 182

Stopped

19899/03/15 02:17:23

e—— |
CHI=200mV: 1 :

CHZ=100V :
DG 100:1

“5Smsg /div

e e

&

=Tr ace1 =

-Trace_2=
=fiter= =0Offset= =Record tength= =Trigger=
Smoothing : OM CH1 : 0.010V Main © 10K Mode I AUTO
BW  FULL CH2 : 44v Zoom : S00 Tvpe : EDGE CH1 A&
Delay : 0.0Ons
Hold Off : MINIMUM

31l91 48 doyanauusedy (31 sine : Trace 1) 40z ATZUT A1UEA (input ; Trace 2)
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Stopped — 1999/03/15 02:33:44
CHI=10dBY ; : i : ; . 50Hz/div
(1 V30 H B : : H : : : :
: : : : : : : NORM

¥

.................................................

.................................................

......................................................................

=Filter= =0ffset= =Record Length= =Trigger=

Smoothing : ON CH1 . 0.010v Main : 10K  Mode : AUTO
BW . FULL CH2 : 44V Zoom : 500 Type : EDGE CH1 4
Delay : 0.0ns

Hold Off : MINIMUM

o S a Lo @ 1 da & o 9 9
q1l4i 49 uaasans Tudinddwue1e q fidadu vesdgonunszuadnudn



62

1899 /703 /15 02:24:33

Stopped
: CH2=100V : I <> 10us 7div

oC 100:1 I : :
: : + ! NORMISMS /s

+
: + :
.!. -
+
+
m=Filters =0¥ffset= =Record Length= =Triggeyrs
Smoothing : ON CH1 : 0.010V Main : 10K Mode ©: AUTO
BW I FULL CHZ : 44V Zoom : S00 Type : EDQE CH1
Detay : 0.0ns
Hold OFF : MINIMUM
~ o [y é] 1Y v
g‘lJYl 50 TYUIUUIIAUATUDBN UI3AUATBUNOBA)
Stopped 1999/03/15 02:30:49
CHi=1v <> 10us /div
DC 1:1 : :
: : NORM:SMS /s

3.040vV : Max 1.480V Mip ~1.560V
1.020v : Frée 31:85kHz Duty S1:0%
=Filter= =0O¥Ffset= =Record Length= =Trigger=
Smaoothing : ON CH1 : 0.01v Main : 10K ~ Mode I AUTO
BW ©: FULL CH2 : 44\ Zoom : S00 Type : EDGE CH1 4
Delay : 0.0ns
Hold OFF : MINIMUM

=h.

31

51 dyanunszuadiuesnvesiioniad (nszumiimana 1)
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Stopped 18989/03/15 02:35.06
CH1=50V : : o -4 B H ¢ e 10us /div
DC 10:1 : : I : : : :
B S UE-SUPUP e oo i NORMSMS /s
X 4
3 4
]

]
=Filters =Offset= =Record Lengths =Trigger=
Smoothing : ON  CH1 : 0.3V Main @ 10K Mode @ AUTO
BW : FULL CH2 : asv Zoom : 500 Type : EDGE CH1 &

Delay : 0.0ns
Hold Off MINIMUM

319 522 AYRYIVUTIAUNYT Drain - Souce YOI MOSFETSs

Stopped 1999/03 /15 02:34:11
CH1=50V : : : . : : ¢ +r10us/div
DC 10:1 ¢ : : ] : : : :
: : : : :  NORM:SMS Isﬁ

...................................................................................................

133.0v Mak 140.0v Min 6.000V
..98a:3ev. Freq 31:6SkHz: Duty 48:iax
3
+
=Filter= =0ffset= =Record Length=m =Trigger=
Smoothing : ON  CHTY : 0.1v Main : 10K Mode : AUTO
BW : FULL CH2 : aav Zoom : 500 Type : EDGE CH1 &
Delay : 0.0ns

Hold Off : MINIMUM

M 52 b FRYQ NI RUTVY Drain - Souce ¥BI MOSFETs @ gaiReafiugil 43 a aunsoda

Arld Hugae useduge - @1 1189910 Valley Fill Circuit
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gAINMIAUIVAININATIINN 3

LInput Power (W ,_, ) d1nsniad1 14 1asasa91nnTeq Digital Power Meter

2.0utput Power (W ) a@11303aA1 14 Tagasa9101AT 04 Digital Power Meter
output g1

3.Power Loss = Output Power — Input Power

W,

input

Vi,

4 Power Factor =

74
5.Efficiency Ballast = —22 %100 %

Input

Light,,,,.(Lumen)

6.Efficiency Lamp =
Woulpur

Light .. (Lumen

7 Efficiency System = — 2o ( )
W pua

8.Input Current (I ;) , Output Current (I ),Input Voltage (V ; ) ,Output Voltage (V .
,Lamp Voltage ) @11363071 10 1ntA5499101AT04 Digital Power Meter

peak

9. Current Crest Factor =
ms

10.Total Harmonics Distortion eunsatiufina1ld lasasaninmses Digital Power

,f Ia
Meter MIodmInnIngAs —=2

IFundamenlal
11. LIGHT OUTPUT (LUMEN) @1313a1181 189 1nms aanudiuas (LUX) a1635

13 Point by Point udiuNfuInmugas I=E+d’
I = ANudUNTaoIaIng
E= anuduuad (LUX)

d = 328NN (la9)

HINBLNE)
T16ABIANIAIUINVOUATOITIOY 1491 Specification vpaATBIIUAIANUIN
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MOTOROLA BUX84
[ ] T
SEMICONDUCTOR BUXS5

2 AMPERES

TRIPLE DIFFUSED
POWER TRANSISTORS
NPN SILICON
The BUX B84/85 are desi_gf\ed for high. voltagg,_ high_ 'speed 400 - 450 VOLTS

power switching applications like converters, inverters, switching 50 WATTS
regulators, motor controf systems.

SWITCHMODE
NPN SILICON POWER TRANSISTORS

SSECIFICATIONS FEATURES:

e VCEO(sus) 400V  BUX B4
450V BUX 85

® VCES(sus) 800V  BUX 84
1000 vV BUX 85

e Falltime = 0.3 us(typ)atic = 1 A

e VCgsay = 1 Vimaxiatic = 1A, lg = 0.2 A

—f 8 e F —td
MAXIMUM RATINGS L_‘ T 1 s
Al I
Rating Symbol | BUX 84 | BUX 85 | Unit o : i
A Il
1
Coltezzor-Emitter Voltage VCEOisusi| 400 450 vde AT F——‘ v l
Collec:or-Emitter Voltage VCES 800 1000 vde J . |
Emitze- Base Voltage VEBO S Vde z i I
Coliezzer Current Adc L !___'
- Zantinuous e 2 : v q. A
- Zsak(l 1 0 : —f iof-
eak (i) cMm 3 i . L‘-
Base Zurrent | Adc o
- Zeontinuous g 0.78 ! V)
- Feak{l} IsM 1.0 i T woms:
1. CIAERSINING AND TOLEAANCING PER ANSI
Reve-ss Base Current: i Ade YU, T2
- H 2. CONTROLUNG DIMERSION: Ot
Pask 'BM ! : 1 00M £ DEFDES & ZONE WHERE ALL 00V A0
Tota “ower Dissipation @ Tg = 25°C Po 50 | watts VEAD IRREGULARTIES A€ ALOWED.
De-zte above 25°C 400 ! mwW/eC PR
- ! { poe "o T wtx |
Ope-2ung and Storage Junction Ty T“g ; °C 1 | WL esne
Te~oerature Range -65t0 150 | : 14 __“;_:_ M
(1] 8% |
1 AL 47 .
THERMAL CHARACTERISTICS : 14 Lt
- - I__ﬂ.._.m_ "w
Charscteristc - Symbaol Max | Unkt N + Satecron
i L1
Ther—al Resistance, ROyC °CwW 1o Tawe L
Juncaon to Case 2.5 ﬁ !
[TRY
Theral Resistance, ROy cw - T *
Junczon to Ambien: 62.5 = =
M, m Lead Temperature T °C
for Scidering Purpose:
1.8~ from Case for 5 Seconds 275 c“f:_g&‘:‘

(1) Puse Test. Pulse Width = 6 ms, Duty Cycle 5 10%.
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BUX84 BUX85

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted}

r Characteristic

[

Symbol I

Typ

Unit J

OFF CHARACTERISTICS (1)

Collector-Emitter Sustaining Voltage
{IC = 100 mAdc, (L = 25 mH) See fig. | BUX 84
BUX 85

VCEO(sus)

400
450

Coilector Cutoff Current
{VCES = Rated Value}
(VCES = Rated Value, TC = 125°C)

ICES

-0
an

mAdc

Emitter Cutotf Current
{VEB = S5Vdc, IC = O)

EBO

mAdc

ON CHARACTERISTICS (11

OC Current Gain
(C = 0.1 Ade, VCE = 5 VI

hFE

30

50

Collector-Emitter Saturation Voltage
0C = 0.3 Adc. 18 = 30 mAdc)
(1C = 1 Adc, 1g = 200 mAdc)

i
VCE(sat) |
|

vdc

Base-Emitter Saturation Voltage
tIC = 1 Adc, Ig = 0 2 Adc})

VBE(sat) ‘

PN (.

Vdc

OYNAMIC CHARACTERISTICS

Current-Gain - Bandwidth Product
(IC = 500 mAdc, VCE = 10 Vde. f = 1 MH2)

MHz

SWITCHING CHARACTERISTICS

VCC = 250 Vde,ICc = 1 A
Storage Time 1B1 = 0.2A,1g2 = 0.4 A
Fall Time See fig. 2

Turn-on Time

0.3

0.5

us

3.5

us

0.3

Hs

Fall Time Same above cond. at TC = 95°C

1.4

Hs

(1} Pulse Test: PW = 300 us, Duty Cycle S 2%.



smmme e R

———

BUX84 BUX85

FIGURE 1 - TEST CIRCUIT FOR VCEO sust

FIGURE 2 - SWITCHING TIMES / TEST CIRCUIT
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International
=’ M.Recﬁﬁer

Data Sheet No. PD600291

IR21 55 (NOTE: For new designs, we

recommend IR’s new products IR2153 and 1R21531)

SELF-OSCILLATING HALF-BRIDGE DRIVER

I
Features
¢ Floating channel designed for bootstrap operation
Fully operational to +600V
Tolerant to negative transient voltage
dV/dt immune

' o Undervoitage lockout
o Programmable oscillator frequency
i
. 1
f

" 1.4x(Ry +150Q)x Cy
1 e Matched propagation delay for both channels
,® Micropawer supply startup current of 125 pA typ.
o Low side output in phase with Ry

' Description
The IR2155 is a high voltage, high speed, self-os-
" ciltating power MOSFET and IGBT driver with both
¢ high and low side referenced output channels. Pro-
prietary HVIC and latch immune CMOS technologies
enable- ruggedized-monolithic construction. The front
' ond features a programmable oscillator which is simi-
lar te the-555-timer: The output drivers feature-a high
pulse current buffer stage and an internal deadtime
designed for minimum driver cross-conduction. Propa-
* gation delays for the two channels are matched to sim-
plify use in 50% duty cycle applications. The floating
channel can be used to drive an N-channel power

Typical Connection

Product Summary
VOFFSET 600V max.
Duty Cycle 50%
fo+H- 210 mA /420 mA
VouTt 10 -20V
Deadtime (typ.) 1.2us
- Package

8 Lead PDIP

MOSFET orIGBT in the high side configuration that
operates off a high voltage rail up to 600 volts.

up to 800V

AR

LOAD

k
¥
La
i
- Vee ~ Vg 7
T .~
i R; HO
I i_ Cr Vs
- | com Lo

W(E
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' Absolute Maximum Ratings

Absofute Maximum Ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
; eters are absolute voltages referenced 1o COM. The Thermal Resistance and Power Dissipation ratings are measured
* under board mounted and still air conditions.

Infernational
TUR Rectifier

| Parameter Value
Symbol Definition Min. Max. Units |
1 Ve * | High Side Floating Supply Voltage 0.3 625
Vs High Side Floating Supply Offset Voltage Vg-25 Vg+0.3
Vo High Side Floating Output Voltage Vg-0.3 Vg + 0.3 v
Vio Low Side Qutput Voltage 0.3 Vcc +0.3
! VAT R Voltage -0.3 Vecc +0.3
VeT CT Voltage 0.3 Ve +0.3
lcc Supply Current (Note 1) — 25 mA
=8 Rt Quiput Current -5 5
dVgidt Allowable Offset Supply Voltage Transient — 50 V/ins
s Pp Package Power Dissipation @ T < +25°C (8 Lead DIP) - 1.0
i (8 Lead SOIC) —_ 0.625 W
, ReJa Thermal Resistance, Junction to Ambient (8 Lead DIP) —_ 125 oW i
4 (8 Lead SOIC) . - 200
Ty Junction Temperature — 150 ] [
Ts Storage Temperature -55 150 °C
: To Lead Temperature (Soldering, 10 seconds) —_ 300

f

' 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 alt supplies biased at 15V differential.

' Parameter- Value
'| Symbot Definition Min. Max. Units
Ve High Side Floating Supply Absolute Voltage Vg +10 Vg +20
Vs High Side Floating Supply Offset Voltage — 600 v
VHO High Side Floating Output Voltage Vs Ve
. Vio tow Side Output Voitage 0 Vece
) lcc Supply Current (Note 1) —_ 5 mA
X Ta Ambient Temperature 40 125 °C
Note 1:  Because of the IR2155's application specificity toward off-line supply systems, this IC contains a zener clamp

structure between the chip Ve and COM which has a nominal breakdown voltage of 15.6V. Therefore, the IC
i supply voltage is normally derived by forcing current into the supply lead (typicaily by means of a high value
¢ -resistor connected between the chip Vg and the rectified line voltage and a local decouptling capacitor from
t Vce to COM) and allowing the internal zener clamp circuit o determine the nomina! supply voltage. There-
1 fore, this circuit should not be driven by a DC, low impedance power source of greater than VoLamp.

! 2



International
TGR Reetifier IR2155

Dynamic Ele¢trical Characteristics
Veias (Vee, Ves) = 12V, C = 1000 pF and Ta = 25°C unless otherwise specified.

Parameter Value- I
| Symbot Definition Min. | Typ. |Max.| Units | Test Conditions
-t . Tum-On Rise Time — 80 | 120
Tum-On Rise Ti ns
1 Tum-Off Fall Time — 40 70
DT Deadfime 0.50 | 1.20°| 225 us.
D Ry Duty Cycle 48 50 | 52 %

Static Electrical Characteristics

Veias {Vcc, VBs) = 12V, CL = 1000 pF. Ct =1 nF and T4 = 25°C unless otherwise specified. The V)N, VTH and I|N
parameters are referenced 1o COM. The Vg and lg parameters are referenced to COM and are applicable 1o the
* respective output leads: HO or LO.

Parameter Value
Symbot| Definition Min. | Typ. | Max.| Units | Test Conditions.
fosc Oscillator Frequency 19.4 | 20.0 | 20.6 KkHz Ry =35.7 kQ
' 94 100 | 106 Ry=7.04kQ
Veiame Ve Zener Shunt Clamp Voltage 144 | 156 | 16.8 lcc =5 mA
Vers 2/3 Ve Threshold 7.8 8.0 8.2 \
Ycr 1/3 Ve Threshold 38 | 40 | a2
Veruy Ct Undervoltage Lockout — 20 50 2.5V < Vge < Vecuv
VAT+ Ry High Level Output Vottage, Vce - Ry — 0 100 IgT =-100 pA
— 200 | 300 lgr =-1mA
Vrr Ry Low Level Output Voltage — 20 50 mv lgr = 100 pA
— 200 | 300 lgr=1mA
Varuv RT Undervoltage Lockout, Voc - Ry — 0 100 2.5V < Vee <Veouy
Vou- High Level Output Voltage, Vgias - Vo — — 100 lo=0A
Voo Law Level Output Voltage, Vo — — 100 lo = OA
ik Qffset Supply Leakage Current — — 50 Vg = Vg = 600V
lags Quiescent Vgs Supply Current — 70 150
-lgasuv Micropower Vgg Supply Startup Current — 55 126 A
locc | Quiescent Voo Supply Current — | 500 | 1000] "
loccuy | Micropower Ve Supply Startup Current — 70 150
et Cr Input Current — [ 00017 1.0
VBsuv+ Ves Supply Undervoltage Positive Going 7.7 8.4 9.2
Threshold Vv
Vaesuv- Ves Supply Undervoltage Negative Going 7.3 8.1 8.9
. Threshold
| VesuvH Vgs Supply Undervoltage Lockout Hysteresis 100 400 — mV
-Veecuvs Vee Supply Undervoltage Positive Going 7.7 8.4 8.2
Threshold v
Vecuv- Vee Supply Undervoltage Negative Going 7.4 8.1 8.9
Threshold
Vecuvd | Vee Supply Undervoltage Lockout Hysteresis 200 | 400 — mV
los Output High Short Circuit Pulsed Current 210 250 — mA Vo =0V
lo. Qutput Low Short Circuit Pulsed Current 420" | 500 — Vo=15V
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'IR2155 ' International

TR Rectifier
Functional Block Diagram "

D A R I e

—— TIME GEN I
Sa s Q .
<>
~ 56V ;‘

't ead Definitions

! Lead
Symbol | Description
253 Oscillator timing resistor input,in phase with LO for normal IC operation
Cr QOscillator timing capacitor input, the oscillator frequency according to the following equation:
- - 1
. f=
s, 1.4X(HT +1SOQ)XCT
| where 150Q is the effective impedance of the Rt output stage
Ve High side floating supply
1HO High side gate drive output
Vs High side floating supply return -
| Vco Low side and logic fixed supply
40 Low side gate drive output R
;COM Low side return

Lead Assignments

A
T

8 Lead DIP
IR2155- !

' 4




International IR2155

IGR Rectifier
; \

10.92 [.430]
8.84 [.348) " . NOTES: _
6 lmeme=a i 1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982.
2. CONTROLUNG DIMENSION: INCH.
8 7 8 5| 741 [280)
6.10 [ 240 3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]
4, OUTLINE CONFORMS TO JEDEC QUTLINE MS-001AB.
It 2 3 a (5] MEASURED WITH THE LEADS CONSTRAINED TO BE
ER=EN == f PERPENDICULAR TO DATUM PLANE C.
I [['gz%] ~ (6] DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD
b PROTUSIONS SHALL NOT EXCEED 0.25 [.010]
0.39 [.015] *1
5.33 [.210]

MAX

4.06 [.160] !
2.93 [.115) A
¢ 0.558 [.022)
L 8 0356 [.014]
[®]o25 Lo ®lc[eB[aB) 0381 [o15]
0.204 [.008]
8 Lead PDIP 01-3003 01

e e mm e =



IR2155

- &% N

VCC\'M Vciave
Vce {
1
f
Rt 4 c N e
14 .
]
!
1
1
HO i
T
{
l
v
w | ‘ |

90%

HO 10%
e— DT

LO 90%

10%

]

Figure 3. Deadtime Waveform Definitions

International
TGR Rectifier

Rr (HO)
50% 50%

Rr (LO)

Figure 2. Switching Time Waveform Definitions

Infernational
TGR Rectifier

WORLD HEADQUARTERS: 233 Kansas St., Ei Segundo, California 90245 Tel: (310) 322 3331
IR GREAT BRITAIN: Hurst Green, Oxted, Surrey RH8 9BB, UK Tek ++ 44 1883 732020

IR CANADA: 15 Lincoln Court, Brampton, Ontario L6T 322 Tel: (905) 453-2200

IR GERMANY: Saalburgstrasse 157, 61350 Bad Homburg Tel: ++ 49 6172 9659Q

IR ITALY: Via Liguria 49, 10071 Borgaro, Torino Tel: ++ 39 11 451 0111
IR FAR EAST: K&H Bldg., 2F, 30-4-Nishi-lkebukure 3-Chome, Toshima-Ku, Tokyo, Japan 171 Tek 81 3 3983 0086-

IR SOUTHEAST ASIA: 1 Kim Seng Promenade, Great World City West Tower, 13-11, Singapore 237994 Tel: 65 838 4630
IR TAIWAN: 16 Fl. Suite D..207, Sec.2, Tun Haw South Road, Taipei, 10673, Taiwan Tel 886-2-2377-8936

Data and specifications subject to change without notice. 3/1/99

http/fwww.irf.com/
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Interhational

PD-9.315J

IRF720Q

HEXFET® Power MOSFET

* Dynamic-dv/dt Rating

® Repstitive Avalanche Rated D —

o Fast Switching Vpss = 400V

® Ease of Paralleling

¢ Simple Drive Requirements o RD_S(on) =1.8Q
. Ip = 3.3A

Description

Third Generation HEXFETs from Intemational Rectifier provide the designer
with the best combinatian of fast switching, ruggedized device design, tow

on-resistance-and cost-effectiveness.

The TO-220 package is universally preferred for all commerciaiHndustrial
applications at-power dissipation levels.to-approximately 50 walts. The low
thermal resistance and low package cost of the TO-220 contribute to its wide

acceptance throughout the industry.

TO-220AB
Absolute Maximum Ratings
Parameter Max. Unifs

Ip@ Tc=25°C | Continuous.-Drain Current, Vas @ 10V 3.3
Io @ Te'=100°C | Continuous Drain Current, Vas @ 10V 2.1 A
Tom Pulsed Drain Current © 13
Pp @ Fc=25°C | Power Dissipation- 50 W,

Linear Derating Factor 0.40 Wre
Vas_ Gate-to-Source Véltage +20 \%
Eas Single Pulse Avalanche Energy @ 190 mdJ
Iag Avalanche Current @ a3 A
Ean Repetitive Avalanche Energy @ 5.0 mJ
dv/dt Peak Diode Recovery dvidt @ 40 Vins
Ts Operating Junction and -55 to +150
Ts1a Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300 (1.6mm from case)

Mounting Torque, 6-32 or M3 screw 10 Ibfeln (1.1 Nom)

Thermat Reslistance
Parameter Min. Typ. Max. Units

Raic Junction-to-Case —_ — 25 )
Becs Case-to-Sink, Flat, Greased Surace — 0.50 — °C/W
Rasa Junction-to-Ambient — — 62




IRF720

Electrical Characteristics @ Ty= 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. [ Units Test Conditions
Vmrjoss Drain-to-Source Breakdown Voltage 400 | — — V| Vgs=0V, lp= 250pA
| AVipripss/AT,] Breakdown Voltage Temp. Coefficient — {0511 — | VPC |Relerenceto-25°C, lp= 1mA
Ros(on) Static Drain-to-Source On-Resistance — — 1.8 0 [Ves=10V, Ip=2.0A @
Vasan Qate ThresholdVoltage 20 { — | 40 V- | Vos=Vags, lo= 250uA
[:) Forward Transconductance 17| — | — S {Vpe=50V, lp=2.0A @
. N | — | — | 25 Vos=400V, Vas=0V
Toss. Drain-to-Source Léakdge Current — T — T m pA Vos=320V, VeemOV, Tr=125°C
less Gate-to-Source Forward Leakage —_ — | 100 A Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vgs=-20V
Qq Total Gate Charge - — | 20 lp=3.3A
1 Qp Gate-to-Source Charge- — | — | 33 | nC }Vps=320V
| Qs Gate-to-Drain ("Miller”) Charge — — 1 Vas=10V Ses Fig. 6 and 13 @
&m) Tum-On Delay Time — 10 | — Vpp=200V
4t; Rise Time — 14 — ns Io=3.3A
talol Tum-Off Delay Time - 30 — Re=18Q
[ Fall Tima —_ 18 | — Rp=56Q Ses Figure 10@
Lo Internal Drain Inductance — 45| — ge,,‘,',:ffgz'g?:-,
nH | from package
Ls Internal Source Inductance —_ {751 — and center of
die contact [
Cies Input Capacitance — 410 | — Vgs=0V
Coss Qutput Capacitance — [ 120 | — | PF |Vops=25V
Crss Reverse Transfer Capacitance —_ 47 | — =1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current _ — | 3a MOSFET symbol o
(Body Diode) ) A showing the
ism Pulsed Source Cumrent _ _ 13 irtegral reverse
{Body Diode) ® p-n junction diode. s
Vso Diode Forward Voltage —_ —_ 1.6 V| Ts=25°C, Is=8.3A, Vas=0V @
tor Reverse Recovery Time — {270 { 600 | ns |Ty=25°C, I=3.3A
Qn Reverse Recovery Charge — | 14 | 30 | uC |di/dt=100A/us @
fon Forward Tum-On Time Intrinsic tum-on time is neglegible (tum-on is dominated by Ls+Lp)
Notes;
® Repetitive rating; putse width limited by @ Isn<33A, dildt<65A/s, Voo<V(BR)DSS,
max. junction temperature (See Figure 11) Tys150°C
@ Vpp=50V, starting T4=25°C, L=30mH @ Pulse width < 300 us; duty cycle $2%.

Ra=25Q, las=3.3A (See Figure 12)
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Ip,

ent (Amps)

Drain Curre

.

Dram Current (Amps)

103 g

Hi

sotfe gi !! roe :::E —A%
o 1 bR
i . 54!
TYou <. 9V! 2 gv 4.8v)
3
o0 E 100
=3 1]
] 459 =5
3
A 4
g 3 - - S
1074 bagfpd | g 1071
4.5¢ 3
20us PULSE WIDTH| — 20us PULSE WIDTH
2t Tc = 250C " Tc = 150°C
w.w'l 109 101 ' 9 t0~1 100 10!
Vps; Drain-to-Source Voltage {volis Vps; Drain-to-Source Voltage (volts)
Fig 3. Typical Output Characteristics; . Fig-2. Typical Qutput Characteristics,
Tc=25°C Tc=150°C
[ 8 38 To = 3.94 ~
02 == £
% 3.0 -
c Z
4 2.5
. ' - Wi
01 _xso”c' - g § 2.0 //
. 73 ? E E g [
. 25% ‘z o 18 o
7 ¢S .
' s
/ / g 1.0 i
1001 = e N
O 0.5
" Vos ~ 850V ‘8‘
20us PULSE WIDTH o 0.0 VG5 = 10V
4 8 E] 10 .60 ~40 <20 0 20 40 60 B0 100 120 540 160
Vgs, Gate-to-Source Voltage (volts) T, Junction Temperature (°C)
Fig 3. Typical Transfer Characteristics™ Fig & Normalized On-Resistance

Vs. Temperature
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1000 Vos = OV, 7 = IMT
Ciss = Cgs *+ Cga. Cas SHORTED
Crss-= Cgg
0} Coss = €ds + Cgd
— \\ -
™
8 -
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Jpput Display functions
i -~ Displa; : 7 segment LED .
1 tom Voltage V Current A Nuaf-nbgrtzr?ﬁsplays: e
: h‘gum type. Floating input i 2 1DISPLAY, Displayed Value Maximum Reading
ted range rms) . BB , Ah:
. (range 300/600 V 50/100/200 mV (Ext. shuat inpurt) 8 V. A, W (each element) Hz' 199999
lputimpadance Input resistance approx. | Shunt: Input resistance x c V. AW, VA, var, PF, deg. Vpk
2 M0 (al mngesl)‘ppf '6 mQ + O.g;t,.d-l (all ranpaeg ’ (each elemant) -
Input Capacitance E: { shunt input resistance: D V, A, W, Apk, THD*, VHz, AHz, Wh,
apprno;‘ima!a 15pFin Approx. 100 ke Ah (each element), n (Efficiency)
1 paral
. “Total Hanmonic Distortion Analysis (Optional Featur d
[Frequency range DC., 2 Hz-200 kHz lysis (Op! eature) adde
~ - Unit cm ok MV, AW, VA, var, pk, Hz, h, deg, %
lastantaneous maximum [ The peak is 3.5 tmes the] The peak is 10 times the rango or . e y s o van, p " e COF:
apwable lnputfor 1 |range oc 1400 V, 60 A whichever s e R Display Update Rate : 0.25 5 (FAST), 0.5 s (MID), 2.0 s (SLOW) selectable
‘ whichever is less. Ext. Shuntinput: Peak value is 20 Response Time : Within two updata cycles
times the range o less (Time for displayed valua to setile within accuracy specifications of
Centinuous maximum | The peak is 1000 V or | The peak is 5 fimes the range of final valus after step change from 0% to 100% or 100% to 0% of
sltowable Input the RMS value is twice {the RMS value is twice the range, range, FILTER OFF)
P the range, whichever is | whichever is lass with a maximum
lass. of 35 A rms., Display Scaling Function
1 Ext. Shuntinput: Peak valua is 10 Significant digits : Selocted automatically acording to significant digits in the Voli-
times the range or less age and Cument Ranges °
Meximum common mode vollage {600 Vrms 600 Vrms g:asslgn Rato - 0.0001 - 10000
Cemmon mode rejection  [better than —80 dB better than —80 d8 fiable parameters : g;s":yg . ,’,‘?‘,‘a’ﬁ"d
ratio a1 600 Vrms between 1(0.01% of range) {0.01% of range) (Input open) 'spay © o
Input terminals and case Input cdlosed) Display C : CT ratio
{8t 50/60 H2) Display D : Power Scaling Factor
lnput terminals Binding posts Large binding posts _ Display Averaging Function
Ext. sht'lm input: 4 pin round Algorithm : Two algorithms can be salacted
- connector « Exponential averaging
Filjer Low pass filter (c fixed at 500 Hz can be switched ON/OFF + Moving averaging
AD conversion Simultaneous sampling of Voltage and Current inputs For Exponential averaging the Attenuation constant can ba  se-
Rasolution: 16 Bits lected and for the Moving averaging the number of averages can
Maximum convorsion rate. approx. 104 kHz be setto 8, 16, 32, 64, 128, 256.
Peak Over ranga detection l‘Aprfwoximam at 3.5 timas the input range the alarm LED will MATH Function
18 " : .
N (gx crest factor set to 6, approx. 700% of the range) Algorithm ; 2:;3'::; m‘:;;;m?f;‘:s:ﬁc::ﬁy ""3:“:: hilm'lloghorv ":
Range switching Manual, automatic and external via GP-1B/RS-232-C -  Di i ow e resultof Display
. Range Ca‘n be :#e?ed all elements simultaneous, or +. =/ or xDisplay B on Display 0. b
' . separate for each element Frequency Measurement
Auto range switching Range up: When tho peak value exceads 3.5 times of the Input © VI, V2, V3 AL A2, A3
‘a;ed range me measu'raego value ?xoe;ds 110% of the Operaling principle  : Reciprocal counting method ' '
E ra ¢ (-] on crast ris setto . i
Range:é::gwn: Vc\jlhan the Mmeasured value) mes lass than Frequancy ranges  : g«:‘ ;:r)\ge depends on the salected Display Update Interval (Auto
30% of the rated range
FAST :
Measurement mode The mode can be set for each element separately M?D : iﬁﬁg%m in
BMS: RMS measurement SLOW : 20/200/2k/20k/100 kH.
MEAN: Reclified Mean Calibratod to a RMS sine wave . R : z
measuremant Maximum reading . 199999
R DC.  Mean value measurement (DC component) Minimum reading  : FAST : 18.00 Hz
MID @ 9.000 Hz

sasurement Functions Accuracy

Accuracy

SLOW : 1.8000 Hz

© $0.05% of rdg

*+ Minimum input is £+30% of range

* Minimum Input frequency is 20% ol frequency range when Crest
Factoris set to 3

* When FILTER is switched ON, the input frequency must be less
than 200 Hz io obtain the specification accuracy.

item Voltage/Current I Power

W Digital Multipfication System
rest Factor Solectable 10 3 or &
isplay Accuracy bC oc

Within 6 months afler calibration (0.05% of rdg + 0.1% of ing) #(0.1% ol rdg + 0.15% of ng)
YOKOGAWA STANDARD 3oHz=1S 1kHz B0Hz =15 1 kHz

Conditions: ${0.03% of rdg + 0.05% of mg) +{0.05% of rdg + 0.05% of mg)

( ons:) 10Hz S f<30 Hz, 1 kHz <1 = 10 kM2 10HZ = f<30 Hz, 1 kKHz <1 = 10 KHz

Temperature: 23°C15°C
Humidity: 30% to 75% R. H.
Slupply voliage: specified supply voll
Input Waveform: Sine Wave
Common Mods Voltaga: 0 V
Fliter: OFF

Grest Factor: setto 3

At Power Factor: cosg=1

Withia 1 yaer after calibration

lage, 5%

1(0.1% of rdg + 0.2% of rng)

2Hz S (<10 Hz, 10kHz < f = 50 kHz

(0.5% of rdg + 0.5% of rng)

50 kHz < | = 100 kHz

(1% of rdg + 1.5% of mg)

100 kHz < { = 200 kHz

3% of rdg + 3% of mg)
Update interval condition
f& 10 Hz, MID

t = 2 Hz, SLOW

Compared with the 6 months Accuracy and (range error) x 0.5

50

2Hz (<10 Hz, 10kHz < { = 50 kHz

100 kHz < f < 200 kHz

Compared with the 6 months Accuracy and (range error) x 0.5

1(0.2% of tdg + 0.5% of ing)

(1.0% of rdg + 1.5% of tng)
kHz <{ S 100 kHz
#2.5% of rdg + 2.5% of rng)

{10% of rdg + 6% of ng)
Update interval condition
fZ 10Hz, MID

f & 2 Hz, SLOW

{oct of Power Factor

COSg=0  45Hz 1o 440 Hz: £0.15% of g

fective Input range

With input range at 10% to 110% the above specified accuracy is valid. With input at 110% to 130% the above spocified reading
accuracy umes 1.5. The display reading operates until 140% of the input range.

The specified accuracy at Crest Factor set to 3 times 1.5.

duryey at Crest Factor set o 6
A

werature cosfficient 510 18°C, 28 10 40°C | £0.02% of range/°C
spdy update rate 0.25 5 (FAST), 0.5 5 (MID), 2.0 s (SLOW)
fucwice of Filter SO0/60 Hz, Displayed accuracy $1% of mg I 50/60 Hz, COS¢ = 1

Displayed accuracy 2% of ng
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Computing Functions

Communication

+  [Active Power [Apparent Powsr [Reactive power] Powsr Factor | Phase Angle . Communication Specifications (GP-IB & RS-232-C) :
. W . (VA) {var, (PF) 1" (deg) ;GP-1B
Tipheee ; —— — " Elecuical specifications  : (EEE St'd 488-1978
Rl w VA=VXA | NOVRFEWE | | o | cost W0 | - Mechanical speciications : IEEE Sy sons 1o
Bl — - interface functions : SH1, AHY, TS, L4, SR1, RLL, PPO, DC1, OT1, CO
W VA= VixA van PRI Pl RS-232-C
‘ % let,3 1=1,3 - ;I(leag SWALw Gosr( Wy Transmission mode : Stant Stop Synchronization’
; TW VA ) . im1,3 {13 Baud Rate 1 75. 150, 300, 600, 1200, 2400.4800.9600bps
= Wi+ W, = VA1 + VA
-3 ER B L A sw. | Printer (Optional)
- 0 =£VA = cos"'(fVA) Printed Paramelers I Normal Mode: 14 free selectable numarical items from
: @ach channel, identical to the communica-
‘B [Wi VA Vix Al van _ [P tion parameters,
ig i=1.3 i=1,3 = V(VAR - Wi . However, only the measured data of the
k4 i=1,3 lrequeqcy previousty set will be output.
:g sw SVA= THD Mode:  Numerical printout of V, A, W, deg. .
5 BE |=Wiews V2 Av o Vag | V20 T Bar Graph printout of V, A, W, dog .
E £ =—3~(VA1+ VA) | = var: + vars ,1' 9 : Thermal line dot printing
o g‘ Al § et
a utput (Optional
Wi, VA = Vix A van p' ( P ) <
N iet23 ia123 VAR Wi bef of Gutput channels : Up 1o 14. However, only the measured data of the
»E € .2, =12 - i ( ; )2 -3 I . iifid ‘5.12, frequency previcusly set will be output.
=& 2 12bit .
e § z\/V?A £va Voltage : 35V DC at rated value or range {maximum, approx. 75V
[ N r OC, maximum output t 3
é E . 3 (VAs : \‘;IA\:) = van + van Accuracy . Display :cn;ura:y :;grg??a:gpg ror 1 mAl
op LW Temperature coefficient  : $0.05% of F. S,/ C
E |=WieWs Update rate ¢ {dentical to display update interval
Wi VA = Vix At van ___|PR [
% 121,23 i=1,23 = VAR WA |_ w, e cos My General Speciﬂcation;
k1 i=1,23 VA VA External Control and output signals
e TW T VA = i=1,2,3] ia1,2,3 Inpuvoutput signals : EXT-HOLD, EXT-TRIG, EXT-START, EXT-STOP, EXT-
3 R Wi+ W2 VA1 + VA2 T var I PF px) RESET, EXT-PRINT, INTEG-BUSY
4 a +Ws + VA =van svarn | LW - cos"(z w ) Input Leve! : TTL negative pulse
i L +van TVA SVA D/A cutput (optionat) . 14items fixed as default value and 14 free selectable
0 items at selectable modo,
e omputat D“]PG"d: ‘7“ De'pendjs‘jm 03.9?‘“‘15 \;mnnd ~1~0~1 ;r‘g?;gt.)'eo Printer output (optional)  : 14 items fixed as default value and 14 free selectable
" Range d items at selectable mode.
', and Arange land A range A range (varz0) However, common setting with items for communication
Maxtmum output,
D:;‘pll;y‘ 30000 30000 30000 +1.0000 |0.01 Communication output : 14items fixed as default viue and 14 free selectable
';.’" I::lo: items at selectable moc‘ie‘ o L
However, common setting with items for printing.
' 20.001% of 10.001%0f  {+0.0001  |Calaated from Warm up time : Approx. 30 min.
'Commuting _ VA range VA range the Power Factor, Ambient temperature and humidity range : 5 10 40°C, 20 to 80% A H. (no condensaton}
Accuracy with an addﬂ'm:‘h?J Storage temperature : =25 10 60°C {no condensation)
etor of 10.005 Insulation resistance : between voltage input terminals and case
. i between current input terminals and output terminals
Note 1: The apparent power (VA), feactive power (var), power factor (PF), and phase between voltage input terminals and current input termmals
angle (deg) measurement in this instrument are computed digitally from the between voltage input terminals of each element
voltage, current and active power. If the input is non-sinusoldal, the measured between current input terminals of each element
. values may differ from those obtained with instruments employing different between voltage input terminals and power plug
. measurement principles. between current input terminals and er pll
Note 2: When the Current or Voltage value is less than 0.3% of range, the VA and var will berwee: casre mgp pl;wer",;,rl:g ancpowerplug
be displayed 0, and PF/deg will be displayed as Error, Above: 50 MQ or more at OC 500 V
Note 3: Regarding the detected accuracy of the Lead and Lag, both voltage and current of Withstand Voltage : between voltage input terminals and case

the rated input are specified a1 50% or more for siausoldal wavelorms set at crest

factor 3, The detected Lead/Lag accuracy is £5 degree gver the frequency range

20 Hz to 10 kHz. .

N%le 4: When the phase angle display shows an angle smaller than 5 degree at 0° and

180°, the accuracy is not specified. .

Nota 5: If the scaling values set for each element differ from each otherin the case of L
computation, the number of display digits will be limited so that £ value does not

between current input terminals and output terminals
between voltage input terminals and current input terrunals
between voltage input terminals of each element
between current input terminals of each element
between voltage input terminals and power plug
between current input terminals and power plug

Above: AC 2200 V for 1 minute at 50/60 Hz

exceed 30000 (crest factor: 3) or 10000 (crest factor: 6) when the rated value is between case and power plug (
i input o each corresponding element. A voltage of 5 V (full scale) will be output 1500 V for 1 minute at 50/60 Hz :
from the D/A converter as the I value obtained when the rated value is input to Power supply : Setting Allowable Voltage range  Frequency ,
}  eachcomesponding element. 100V 9010 110V 481063 Hz ;
115 v 10010 132 V 481063 Hz i
200V 180 to 220 V 480 63 Hz 1
Integrator Function (Wh, Ah) 230V 198 10 264 V 481063 Hz l
Maximum display  : 300000 Vibration test condition  : Sweep test-Frequency 8 to 150 Hz sweep, all 3 drections :
According to the displayed value, the resolution will be changed. on tes : ‘0‘:1 ::inute q Y P. }P
F“EQUO"CY fange  : DCloSOkHz ) Endurance test-Frequency 16.7 Hz, alt 3 directions |
yodes : Stanfjard Integrauor] Mode (timer moda) amplitude 4 mm for 2 h -I.
Continuous Integration Mode (ropeat mode) Impact condition Impact test: Acceleration 490 nvs?, all 3 directions
. Manual integration Mode ! Free fall test-Height 100 mm, 1 time for each 4 sidas ,
'['lmer : When the timer is set, Integration will be stopped automatically. Power supply : 120 VA Max b
1 Setting range +000 h: 00min 16 999 h: 59 min Intemal clock accuracy  : 130 sec. in a month j
N {000 h: GOmia will be shown when manual External dimensions : Approx. 132 (H) x 426 (W) x 429 (D) mm ;
) . integration mode is selected.) Approx. 5.2 (H) x 16.8 (W) x 16.9 (D) inches i
Oisplay : Display Ashows  : Elapsed time Weight : Mode! 253120 Approx. 13 kg (29 Ibs)
Display 8/C shows : Watt Model 253130 Approx. 14 kg (31 Ibs)
I Display D shows :Wan, Wh, Ah, Hz Accessories : Power code : UL/CSA, VDE, SAA or
Output : For the output of the printer, communication and D/A, fourteen BS standard x 1 pcs.
free selectable items from the above can be set. Fuse 250 V/1.25 A (for 1001115 V) or
However, only the measured data of the frequency which has 0.63 A {for 2007230 V) » 2 pcs
been previously set will be output. (1 pc. is attached 1o the instument)
Count Overflow < lfintegration count overfiows the maximum displayable value, > Remote control D 1pe.

Real Time Counting
Accuracy

Timer accuracy
Remote Control

integration stops and the elapsed time is held on the display.

: The integration ime can be controlled REAL TIME.

: H(display accuracy + 0.05% of rdg)

: $0.005%

. Start, stop and reset can be remotely controlled by extemal

contact signals.

External shunt connector

1 pc. for 1 element
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Abstract - Time-domain analyses are given for the electronic
ballasts adapted from a self excited half-bridge series resonant
parallel loaded inverter operating in either high quality factor
(>2.5) or low quality factor (*21.0) conditions. The operational
prmcxplcs of the inverter applied as an electronic ballast are
described i in detail from which the voltage and current stresses
u?posed on switching devices can be determined analytically,
and a systematic design procedure can be, therefore, outlined.
Ili addition, practical considerations taking into account the
sforage time of the switching devices and the nonlinear
cf]aractcristics of the saturable core are addressed. The

computer simulations and experimental results from

lzboratorial prototype are used to verify the theoretical

predictions and discussions.

I. Introduction

E A great attention has been paid recently in the tech-
nology of designing and developing fluorescent lamp
electronic ballasts, because numerous benefits can be ob-
ta'iged by high frequency operation of the lamps. At high
requency operation, luminous efficacy of fluorescent
lamps is 10-20% higher than that of 60 Hz [1], flickers
fall to unnoticeable levels, and annoying humming as
well as stroboscopic effects can be omitted completely
9-7]. The size and weight of the inductors and capacitors
Ised for current limiting in the high frequency operated
electronic ballasts are much smaller than those in the tra-
d‘itional electro-magnetic ballasts. In addition, by imple-
menting intelligent control scheme to the electronic bal-
lasts, more energy saving from the lighting systems can
be achieved. There are many resonant inverters that can
serve as power stages of fluorescent lamp drivers. The
self excited half-bridge series resonant parallel loaded in-
Verter is one of the most popular topologiés and has been
developed into commercial electronic ballasts. In recent
years, several papers have been published and dedicated
in analyzing the series resonant paralle] loaded electronic
ballasts using fundamental approximation [8-10]. How-
ever, variations of the switching period due to the storage
time of the BJT switches and the nonlinear characteristics
of, the saturable core have not yet been analytically ad-
dressed. In particular, these variations become more criti-
cal for the electronic ballasts with low quality factors in

¥
!
!
k
+

Ext.6346; Fax:886-5-2720862

which the predescribed two effects primarily determine
the switching frequency.

This paper presents steady-state analyses of the self
excited half-bridge series resonant parallel loaded elec-
tronic ballasts taking into account the storage time and
the effect of the saturable core. The system state equa-
tions and operating constraints are first listed and ma-
nipulated from which sets of control curves, groups of
design rules, and steps of design procedures will be then
illustrated and addressed analytically or numerically.
Though the quantitative analyses in time-domain are
complicated and troublesome, they yield accurate results
when analyzing low Q systems. In practice, power
switches are non-ideal. Particularly, it is worth pointing
out that the storage time of the BIT is undesired long in
typical applications and play important roles in determin-
ing switching period. Including the storage time in the
analyses will make the paper become more uniquely
valuable.

a

I1. Operational Principle of the Electronic Ballast

A simplified schematic of the electronic ballast
adapted from the described self excited series resonant
parallel loaded inverter is shown in- Fig: 1. The key
components of this circuit are a series resonant tank
(Cr,Lr), two pairs of alternatively driven switches, and
three mutually coupled windings T1_I, T1_2 and T1_3
which~are employed for driving switches QI and Q2.
Each pair of switches consist of a transistor Q1(Q2) and
an anti-parallel diode D1(D2). Switching devices QI, Q2,
D1 and D2 take turns conducting to form a switching
cycle. It should be pointed out that with or without DI
and D2, the storage times of transistors vary widely
resulting in different behaviors of systems.

After power is applied to the circuit shown in Fig. 1,
the trigger which is formed by resistor R1 and capacitor
Cl along with the DIAC initiates the self-excited
processes; that-is, the DIAC triggers transistor Q2 and
then the system will run by itself. As C1 is charged upto
the breakdown voltage of the DIAC, the DIAC conducts
and a voitage pulse supplies to the base of Q2, thus
turning it on immediately. This causes a current flowing
through Cr, Lr, T1_I| and Q2, and inducing a positive
voltage on winding T1_2. The induced voltage takes over

#
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‘the role of the trigger and drives Q2 into deep saturation
while keeps Q1 off with a negative voltage induced on
T1_3. Once switch Q2 is continuously turned on, the
circuit establishes a resonant current in inductor Lr and
through the primary winding T1_l. This varing current
induces a change of magnetic flux densxty in the saturable
rcore TI. en ,the current drives the core into a
:saturation region, the voltage induced on T1_2 drops to
zero and the minority carriers stored in the base of Q2 are
drained out. The duration from beginning to discharge t the
minority carriers untxl the transistor being turned off is
, defined as the storage time of Q2. At the moment that Q2
'is tumed” “off,—it “completes the half-period operation;
'therefon: the switching frequency Sy can be determined

_ and, in addition, it can be shown that f; is higher than
the resonant frequency f;. Typical current and voltage
wavefbrms are depicted in Fig. 2(a) and 2(b). It should be

noted that the storage time (7/—1.) lasts for around

two-thirds of'onc-ha.lf sthchmg period 7/ Once switch

Q2 is truned ofﬁ the current flowing in Lr freely wheels
through D1 and during this time interval, switch QI is
turned on. Hence, transistor Q1 is tumed on at zero
voltage which resuits in eliminating trun-on switching
losses. However, this circuit has significant switching
| losses during the trun-off transition. Usually, therefore, a
. Jossless snubber capacitor (CQl) is supplemented in
parallel with Q1 to reduce turn-off switching losses to a
* negligible level. This phenomenon can be illustrated by
Fig. 3 in which the cross over area of collector current j.
and collector-emitter voltage w, in Fig. 3(b) is much
¢ smaller than that in Fig.3(a).
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Fig. 1 Schematic of the self excited half-bridge series
resonant parallel loaded electronic-ballast.
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Fig. 2 The inductor current, capacitor voltage, base

driving voltage and current waveforms.
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Fig. 3 Collector current and collector-emitter voltage
waveforms of the circuit operated (a) without
lossless snubber capacitor (CQ1) and (b) with
the capacitor (CQ1).

IIL. Analyses of the Series Resonant Parallel Loaded
Inverter

The series resonant parallel loaded inverter is the
kernel of the proposed electronic ballast. To yield useful
design information, theoretical analyses of such an
inverter become essentially critical. For without losing
the primary goal and purpose of writing this paper, we
make the following reasonable assumptions in the
analyses:

(1) The on-resistance of each switch is neglected.
(2) The effects of the lossless snubber are neglected.



A

3

(3) The arc voltage of the fluorescent lamp is much

T higher than those across the filaments so that the re-

. sistances of the filaments are negligible.

(4) Capacitance Cs1 >> Cr and Cs2 >> Cr.

(5) The power factor of the fluorescent lamp operated at

" high frequency is unity; that is, the equivalent imped-
ance of the lamp is pure resistance.

" “In the following, we will derive the equivalent circuit

from which the important parameters and equations can

E)e determined

ITL.1 The Equivalent Circuit
' According to the operational principles and assump-
tions metioned above, the schematic depicted in Fig. 1
¢an be further simplified and shown in Fig. 4. In the fig-
ure, usually, because of Csl >> Cr and due to the
switching actions, the dc source can be replaced by a
$quare-wave voltage one. That is, voltage ripples on Csl
and Cs2 during a switching period can be neglected. The
%mplitude of the square wave voltage source is Vs, where
¥s = 1/2Vin. Since at high frequency operation a fluores-
cent lamp can be approximated by a resistor [1}, the cir-
cuit becomes a second order low-pass filter. The parame-
ters of the equivalent circuit can be summarized as fol-
fows: Resonant inductor L=1[, resonant capacitor
C~=GC and R = R, represents the equivalent resistance of
the lamp. The natural frequency @, resonant frequency
@. and damped frequency ¢, are defined by

06 = 1/VI€ 0. = 00 JT-1/Q angos = 00 1= J4TT) ,

respectively. The angular switching frequency is denoted

by o, = 2nf;; that is, the switching period T= =30_". In

!
T
dddition, the characteristic impedance z, the quality
factor Q and damping factor ¢ are denoted by

’Z,=JL/C . Q=% and a=%RC,respectively.

*

3

II1.2 Analyses of the Circuit

i

f In order to determine the component values, the
dynamics of the equivalent network needs to be
investigated, and from which several time moments are
calculated so as the component ratings can be specified.
For the equivalent circuit shown in Fig. 4, the state
variable equations describing the dynmamics of the
network can be expressed as follows :
i

X = Ax+ Bu (n
E

yhere vector x denotes the system states, A and B are
gonstant matrices, and u is an input. Inductor current

i;(t) and capacitor voltage V() are chosen as state

Variables. Equation (1) can be rewritten and represented
Py the following equation sets:
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Fig. 4 A simplified equivalent circuit of that shown in F ig.

EPEACIE

o Y,
Ve e

S
dt

i (1)
v (1)

b

0

i ()
v(t)

The general solutions of (2) are given as follows:

)

. Vi
ii(t)=e™'(~Kicosau + Kisinwu) +E

&)

0<rg

=Ke™ sin(wat —ex)+%

ST

and

ve()=V, +K,Z; e sin(w -0, -0,)
. r @
=V, +K;Z,e™ sin(0,1-0,) , 0<¢ S?’
where

n, sl
A + Kicos 2L

Vi

(I =Ty
Kl:hﬂ+7€’ K= R

K=K+ K%, o= tan"(%),
2
0: = tan"(22) = tan” ({40 1),
04
6 =01+6: and, I =-ir(0).

At the steady state, there exist the following relationships:

T
i, (0)= "'iL(_zi) =={10,

and

®)

T,
Vc (0) = —VC(E-) - —l/‘_o . (6)
Using the relationships shown in (5) and (6), .0 and Vo
can be derived and shown as follows:

= (CnBz "Csz)
ke (4B, - 4,B,) @)
and



_AC, - AC,
@ Ale "AzBl ‘ (3)

where

=

ali
Yo = (ot 0s) B,==’/,

C= -;-/-e? —(——)[(a +maK)cos—T+(ma -aK)sm—]
L 2 2

L(a+ o), B=-1, G= L(a+Km.a)—

aly

o,T, n
e? +cos—4L ‘; cos.‘f)"_r-el
J= a.nd K=
. mdz; . mﬂ:
sin—2 sin

Thus, (3) and (4) can be determined and: represented in
terms of parameters defined above.

There are several time moments which should be
Lalculated for determining the component ratings. These
jnclude the time of 5, pand ¢ which satisfy the

following relationships:

i(0) =0, dir(tr)
: at dt

the calculations of | fand ¢, can help to determine the
dlod_e_’gg_gpm, capacitor_voltage and inductor current
ratings. Time ¢, and ¢, can be obtained readily, while 7,
needs to be solved using numerical method because j, (£,)
Jis a transcendental function. The expressions for ¢, and
s are shown following:

A -

dv:(ll)

=0 and =0,. Itis explicit that

€)

= —

O«

{

(10)
|

1
6 =—1(0:+26:) ,
[P
Since the steady state solutions for i(¢) as well as
, v+ (¢), and the critical time moments have been obtained,
we can utilize them when determining the component

ratings. For simplicity, we define the following
expressions: :

- M (t)==——+——cos[2(m,t 0 )]-—sm[z w0, -0 )]
M (f)am,,cos(m,,t 9,)+asin(o ,,:-e,) ,
Dy .

M,(l)==—-&-+m—:-cos[2(m,t—9,)]—;‘é—sm[z(m,t—e,)] ,
v M, (t)=o, cos(w,-0,)+asin(o,-8,) ,
1

Lsi(t) = [id(0)dt

1., . 2R v

=ZK;e“M.(:)-2K,E‘5;e Mz(:)+-E’,-t

Vex (8) = [VE (£)at

= 4l1<;z:e"-' Mi(t)=-2VsK:Zs —I—I-e"'Ma(t) +V
(013
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Vm(z)=jv2(:)d:=-i-K,’z‘e"’Ms(:) s

I (£) = JiX(1)d! -me*Mz(:)+£§—e*'M.(:) , and

Kse

Iu(t)=

The currents and voltages flowing through devices or
across them can be then determined in terms of the above
defined symbols.

R.M.S. inductor current:

Mt+-——t
2(1) R

% b
2 7‘/2 .2 2 T
I, = if(dt| ={=|I1,(=)~1,,(0
R ‘:7; i (1) ] {7; 1_7(2) wr(0)
(n
Peak inductor current;
=0 Ve '
Ly =it(tr) = Kre * sin6: +-R-' (12)
Peak switch current:
i . VS
Asy, = I, =Ke® sm61+-E- (13)
Peak diode current:
C,B, -C, B,
o, =li (0 =1, =122t
A B, - 4,B, (14)

R.M.S. capacitor voltage:

% o2l %
Ve '[FJ -vc(t)dt] = {-T-;-[Vm(-i-)—Vm(O)]} (15)
Peak capacitor voltage:

207)

aete?)
Voo =ve(tr) =Vs+Kioe = sinb;

-

(16)
II1L.3 Normalization

In order to readily and widely apply the derived
results in the design of the proposed ballasts, we
introduce a per unit (p.u) system which is defined as
follows:

]p.u[V]=V.=VA.., lp.u[Z]:R.u:Zs..,

lp.u[A]:V'«-Z_, 1p.u{0]=00 = Oser ,
2
1p.u[T]=-(£—=7§-, lp.u[L]:Z"-'/m“.-, and
1
lp.ll[C]=m—)-.

Based on the per unit system, the graphs which are useful
for designing the ballast are depicted and discussed in the
following section. The procedure of determining the kev
component values is, therefore, established.
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Fig. § Design curves for the deéign of the series resonant
parallel loaded electronic ballast. (Q: 0.72, 0.8~
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1V. Design Procedure
IV.1 Creation of Design Graphs

In designing the proposed electronic ballast, the given
parameters include only the input voltage ,, the
specification of a lamp such as arc voltage y,. and arc
current /., and the switching frequency. Except the pre-
mentioned parameters, all the parameters are unknown
and have to be calculated -or .determined by another
methods. Since graphs present more useful and explicit
information than equations do in designing a resonant
inverter, the results of V., /,, I, Vi I., and o
obtained in section I11.2 are plotted in Figs. 5(a)-S(e) as
functions of normalized switching frequency. These
graphs will be utilized in determining the component
values. The detail is shown in the following sub-section.

IV.2 Determination of Component Values

In order to make use of the analytic resuits derived
previously, the specified parameters (y,. , Ree and @,)
are first normalized to its corresponding base, and the
component values are then determined using graphic

approximation method. The normalized parameters are
collected as follows:

14 14
Arc(a) = A _ e p.u[V]
thw Vx . (17)
Ruem =1 p.u[Z] (18)
Viren
Lirewy = ﬁ'— = Vtretmy p.u[A]. (19)
o,
0, =—
@, (20)

In the above parameters, 4, is exclusively unknown.

(1)Determining the Q and ,



—

As can be seen from Fig. 5(d), the rms value of
capacitor voltage Ve(t) is quite dependent on the quality
factor Q and the ,, . In the figure there are many choices
of @ and o, which meet the requirement of Ve, = Vit -

Usually, a lower Q is chosen so as the component

stresses of the switches, the resonant inductor and-

capacxtor can be reduced. Also, a lower Q system
sscsses the property of low sensitivity but might yield
high current crest factor. If Q is determined to be Q1, one
caj read o, =@, from Fig 5(d). Thus, the natural
frequency we can be calculated using the following
equation:
' o

5

®g =

N (1}

ni
(2) Calculating the resonant component values.
0ﬂ°° the @, and Q are determined, the resonant

inductor and capacitor can be calculated using the
fo!lowmg relationships:

From the waveforms shown in Fig. 6(b), it can be seen
that the base current # , is zero at the time t = ¢,, thus,

we can obtain the following relationship:

l'L(h) = Juyury, (24)

where [ysr is the current that flows through the primary

@)

(22)
and
Am(n) = Qn-
J_/C_ r (23)

3) Constructxon of the switching period.
] mm—

The resonant devices can be determined primarily due
ta that the self-excited switching period is specified and
tnal!cd ‘as a constant value. However, there are many
variables such as the specifications of the saturable core
and the power bipolar junction transistor (BJT) which are
highly related to the switching pcnod. It can be observed
t!gat the switching period Tomiprises' two main time
intervals: (a) the time mtcrval of the core operated in non-
sataration region, and (b) the time interval during the
stotage time of a power BIT. EIhus, the selection of a

power BJT as well as the design of its base driver, and the
cimlce of a saturable core become relatively critical when
constructing the switching period.JA detailed description
m determining these values is presented as follows:

winding of the base driving transformer and drives the
core into its saturation region. Inductor current [y, is
determined by characteristics of the core and the number
of turns winded on it. In the design, we first specify the
t.; that is, en is fixed, and then find an appropriate
combination of a core and a number of tumns which can
yield this [y -

According to (3) and (24), ¢, can'be determined from
the following equation:

V.

1
Isn ~—
2 (1em %)

= (25)
(b) Selection of the power BJT and its base resistor R,

e™ sin{@ate — 1)

As described previously, the switching period com-
prises two primary time intervals. Hence, once ¢, is de-
termined, the storage time ¢, can be represented by the
following equation:

il
it (T

(26)

AThe storage time ¢, of a power BIT, however, is a

‘comphcated function of the forward base current 7,,, the

~t I-‘or[convcmcnce} the base driving circuit l§_l‘9§m\\

and shown in Fig. 6(a), of which its 'associated

waveforms are depicted in Fig. 6(b). Fig. 6(c) Tustrates

the B-H curve for the saturable core operating in the

circait. The interested two time intervals are: Interval 1:

gorc - non-saturation interval (0-¢,) and Interval 2 :

storage time (¢, -_72i)_

{(8) Determination of te
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reversed base current ., the current gain g in the

saturation mode, the collector current 7, and the minority
carrier life time ¢, in the base, and is represented in
equation (27) [11].

g’ = 1‘{,3 _%i_l_
i
y 27
where 5= 1_ In our case, J,, is not constant at all. Thus,

1y
for simplicity but without losing the accuracy, -3; is

replaced by its averaged value 7, whick equals to

Vea /R», where ¥, represents the averaged value over
the time interval of 0 to ¢.. Moreover, the collector
current is approximated to be j.. The lifetime ¢, and
the current gain § can be obtained from a simpie testing
circuit; which can be, usually, found in a power BJT data
book. As a summary, R can be determined from the
following simultaneous equations:

Vr:

Vegpn +-&[—G

T; .
L=——ti=TIn
2



. . yroa — VM:(.«\ M
it = i~ (——————*—), 29
i Ll ( R N|) 29
dira M

r1— =——=V72,

dir M (30)
= —Lj'Vr_zdt s -

{3 do GD

here N, and p, are the number of turns of the primary
inding' and the secondary winding of the driving
ansformer, respectively.

It is very troublesome to solve for R, directly from
8) to (31). The suggested approach to determine R, is
sing 4 computer simulation. For instance, using
e .STEP function in SPICE program running
cursively and iterately can finally yield a proper R, to
atisfy the above equations [12].

4)Dete§'mination of Component ratings

i
To corhplete the selection of components in the dasign,
heir current and voltage ratings need to be specified. Fig.
(a)~ 5(e) illustrate the ratings of several key components.
‘or exan;ple, givena Qand an @, , the peak current /.,

(b). I3 addition, it can be observed that the peak current
T volt;age varies widely with the changes of ..

Le

‘ T 1 R2

. > Q2

1 Y :

L L I7 9

: T 11 1€ 112
]
¢
§
: (@

e

i X’V\ i
KZ \‘\.\
e \m,

lowing through the switches can be read out from Fig.
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Fig. 6 (a) The base driving circuit of the schematic shown
in Fig. 1 for determining the core-non-saturation
interval.

(b) The related current and voltage waveforms of
the circuit shown in 6(a).

(c) The B-H curve for the saturable core operating
in the circuit shown in 6(2).

V. Computer Simulation and Experimental Results
To illustrate the design procedure, a laboratorial

electronic ballast is implemented, where its design
parameters are listed as follows : o T

2ol o LA L Bt L
<13 i dan
Vm=2Vx=|60V, Cs|=C11=lllF, N = f_ =£_'_°;f . 1.0
C =18#F, L =2.5mH, Zo THran
R =220hm, and f: =25KHz. We = 1 =z iGe e
e

The fluorescent lamp used in the design example is a
Two-D 38 watt lamp whose specifications are

Ve = 120Vims, Lie =300mAwma, and R =4000hm .

Fig. 7(a) and 7(b) shows the waveforms of the arc
voltage and current of the lamp, yielded from the
simulated and experimental results. They are found that
the results are highly consistant except at the peak of the
current. It is worth pointing out that the determination of
a proper storage time takes a lot of efforts because this
parameter (can be cohsidered as a coersive parameter)
varies with any change of most of the BIT parameters
and temperature. For an engineers approachi, circuit
simulators are helpful when determining this parameter
used in the design. :

Q":("""‘I\"l-i
a
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Fig. 7 (a) Simulated waveforms for the arc voitage and
current of the lamp.

(b) Experimental waveforms for the arc voltage
and current of the lamp.

- o

V1. Conclusion

In this paper, a self-excited half-bridge series resonant
parallel loaded electronic ballast has been analyzed in

detail. The closed form solutions for i, (¢) and yc(t) are

derived, on which the normalized design curves used for
selecting the component values and ratings are illustrated,
thus simplifying the design procedure as well. Based on a
time domain analysis and supported by computer
simulators, a systematic design procedure has been
outlined. To demonstrate the design procedures, and
Verify the analytic results, a prototype of the electronic
ballast is implemented. .

' There exist some discrepancies between the the pre-
dicted and the measured results, due to the assumption of
modeling the fluorescent lamp as a resistor. For further
I{mprovement of the comsistency, modeling the fluores-
cent lamp more accurate are indispensable.
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