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This thesis presents a systematic design of an electronic ballast starting circuit. Three types of
starting circuit were studied, namely instant starting, frequency control preheat starting, and load circuit control
preheat starting. Design criteria stem from ballast specifications, design constraint, as well as operation
characteristics of the lamp ballast system. All types of ballast must be designed according to the ballast
specifications. Design constraints and operation characteristics are different depending on the ballast type. As
some of the circuit components in the lamp ballast system and its operation are nonlinear, exact circuit analysis
and design could hardly be done. Fundamental frequency approximation analytical technique, linear lamp
model, as well as graphical technique were used to establish the circuit equations and design criteria. Both

computer simulations and experimental results were used to verify the design procedures.
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Sine Voltage SquareVoltage Sine Voltage Square Voltage
peak rms peak Rms peak rms peak rms
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Ve(V) 9028 6384 9000 6383 602 425 620 430
1(4) 29.17 | 20.63 | 29.04 | 20.63 2.73 1.93 2.73 1.93
Viamp(V) 141.42 100 146 99.89 | 141.42 100 147 100.6
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V() 146.4 103.5 115 115
Vu(V) 180.8 130 190 134
L,(4) 0.840 0.6 0.96 0.634
Ve(V) 615 435.3 598 4354
I(4) 2.35 1.66 2.44 1.65
0, 77.5 71.5 71.5 77.5
0, 72.2 72.2 72.1 72.1

86



87

)

{ 1 o 1 % Ia g a
A15197 3.14 m3sseuNoumvossaUILaznILIaa1N € VDU TNBDLANNIDUNTNUNIT

PANADANIVANAIIANUD F 145D 7, =280 V

Sine wave Square wave
Peak rms peak Rms
Vy(V) 178.2 126 140 140
Vu(V) 204 145 212 150
L,(4) 0.84 0.6 0.95 0.612
Ve (V) 616.8 4322 593 436
1.(4) 1.964 1.389 2.080 1.387
o, 88 88 91 91
0, 72 72 76 76

I

A = 1 @ 1 o aa a
A1519% 3.15 MsTeueuM UL IAULALNTEUEA 9 ﬂlﬂﬂﬂﬂﬁWﬁﬁﬂmﬂV]ﬁﬂuﬂﬁﬂNﬂTﬁ

ANADANILANAIIANUD T 115U V.= 350 V

Sine wave Square wave

Peak rms peak Rms

V() 222.8 157.5 175 175
V) 250 178 el 182
LyA) 0.84 0.6 0.98 0.65
Vi (V) 611.9 432.7 595 432.8
IyA) 1.646 1.164 1.76 1.16

0, 88 88 94 94
0, 71.4 71.4 71.5 71.5

A5 190N 3.13 - 3.15 uaawamslsouneuAIve s IAULATNTEUEAN 9 YBIINVT

1 9 o a d‘ d‘ Y] a 4 o I
ﬂlm%qul‘lﬁ'ﬂﬁ’ﬂﬂ YUY ADA LLZ‘IZ"U‘EIMVIN']HTJﬂ@ LiJ’E)EﬂﬂaulliQﬂuﬂ@ﬂﬂlﬂﬂ’ﬂunﬂim@ilﬂu
4 = ~ <3 1 Y Y o 1 v A A A v I ~ ~ 1
"lmuuazﬁmaﬂu %mmﬂﬂwaﬁlﬂmﬂmﬂu uanaenuNiaasuviasnetlumvasun

4 A £
ﬂ@ﬂﬂlﬂ\iﬁ]\iﬂﬂﬁgﬂﬂﬂﬂu 9 %qwu



88

o Ia I A da = 1 9 9
34 ﬂ’]ﬁ@E]ﬂLLUUUaa'lﬁ@]@l,aﬂ‘VIﬁﬂlzlﬂﬁ‘ﬂEl!ﬂ‘ﬁa@ﬂIﬂUllﬂ’]ﬁQuqﬁﬂa@ﬂﬂ'JUﬂjJﬂ'Jﬂ'Nﬂﬁiﬂaﬂ

s J

o a3 a
ﬂ1§ﬂﬂﬂllﬂﬂﬂﬁﬁWﬁﬁﬂmf‘l‘VI5EJ‘L!ﬂﬁ‘Vl11ﬂ"I3Quqﬁﬁa@ﬂﬂﬂﬂﬂuﬁﬂﬂjﬂﬂiiﬁaﬂ i]%cl"lgf/jﬂ-
o [ J @ @ { 4 @
%‘i?mgafﬂ‘ﬂ‘i‘uaﬂﬂﬂixﬂ@ﬂﬁaﬂy‘a(fundamental component) @Ngﬂﬁ 3.52 1i® Vs AouITIAY
A s o A s g A o A A A A
aaﬂmmaunaim'a5gﬂﬂau'lmumﬂﬂizﬂaummawaﬂgamaagﬂﬂauamaam R/- DAY
4
drumuldvasa R, fAoanudmmuduyavesviasalgeesmand 1az1ITyAaEA

]
Usznevudsdnnuisz C, C, uag PTC thermistor

L R [2 RA2 :
[L9 +
+
VS /\D R[amp % I/lamp
- =C
ph
AW
Rf/ 2 Rf/ 2 k.

51/ 3.52 29 sAuyave A AABIANNTOINANINTYANABALDIAIUANAILIIDS 111an

U

A 1 o Y o A o w
msaena1glniel 993 Inaaldvenimuavesnisesnuuy  YaS1NAvY8IN1I00N-

a o a o Ia < a  J Y
HUL tazwgAnssumsiiuluazlnfvostaaiaasm@nnsetng laelszanmlv PTC

Inductor(mH) Current(Apeak)
3

T ] T T T T T T T 1.5
| | I | | | | .
! [ Af‘:\60?Vpeak rated Open Voltage line ! '
P S L N (9 (.
. A . T, line”, . .
¥ e &I 91006 19 F53 N \<
2L ~ e I
280V, .
G chey 217 4A
230V, i
e st s Sy et I
ST .
e e
q : P : : 0
] 5 10 15 2 40 45 =1u}

Equivalent Capacitor(nF) I

{ v o 1 [ { A
7141 3.53 anwduiiusszndn L M ¢, Afsan 7, Tumsesnuy



89

. < a X . 4 a 1
thermistor lﬂu'Ni]ﬂﬂﬂlﬁ@\ﬁ]’lﬂﬂ?’lﬂﬁ’lﬂﬂ’]”ﬂ]@ﬂ PTC thermistor SlUﬂ']'Jgﬁﬁa@ﬂﬁﬂﬁj'Nué}'J

= |l A o ' o I ¥ v o d 3

‘JJﬂﬂ‘l’iillJ,iﬂﬂ fﬂi'ﬂ']’t’]ﬂlL’U’]JGHJJNﬂ‘l!"l"llﬂQﬂﬁT’JfﬂgVl?bl‘ﬂulﬂﬂj"mﬁuwuﬁﬁg‘ﬂ’ﬂﬂ L uay ng
[} o 1 o A Y1 A

dmsy v, 3 /1 Aegli 3.53 wazldawes Luag ¢, Tumsai 3.16

I

{ 1 % a g a
A1519% 3.16 M L uag Cig m@ﬁﬂaa1ﬁﬁ@mﬂﬂi@uﬂﬁﬂuﬂ'liillﬂﬁﬂ@ﬂ

puulilimsgu ldvaoa
Voel) L) C. (nF)
230 1.44 19.10
280 1.79 15.80
350 2.27 13.20

4 12 1 1 =] 1 @ ] 1
iiesnde linsiwawesaanuilszquaazad wag linswmanuduniu
. =q 9o ' Y v & o o I = ~
Y04 PTC thermistor N1gMnuana1guldvasa aniudmsy ¢, iuavesdunuilszyiiau-
Y o o q ¥ A v L = I'%
yanu C, ounsuiu ¢, i lienusa@en ¢, uaz ¢, lanasadaanslugdi 3.54 mnaw
o 1 4 X ' 3 1
nsfmuaigUnsalazlasen lumsgu lanasadslsznevdenszuagu ldnasa (7,) use-
o 1 1 1 Y % { ' Y
Aunseuviaoaygu ldvana (7,) Asaumsn 2.70 uaz 2.71 wazna lumsguldvaea (1)
{ ] { o
Tasfimaifenaidunuilszges ldvnamduinasigim uagmsiden PTC thermistor 3819 7,

' ~ A ' ¢ v o ) A o . ' o &
e tph ﬂaummaaﬂmqﬂﬂim li']ﬁf)\i‘l/l']ﬂ’l'lllﬁﬂclmﬂﬂ’lﬂ‘]_l PTC thermistor NOUAIU

' Y d? 5% CZR . o v
narlumsguldvaen (1) wiuediuguauAves PTC thermistor uazinaslulfh
v v
(P) 1iloul PTC thermistor §11% PTC thermistor Hgaimgii(7) gaiu dunlsaanaiiannse

< v o Jdo A
Llﬁﬂ\uﬂuﬂ31llﬁiJWN‘ﬁﬂ\‘iﬁiJﬂ'liT] 3.16

t
ph ref C
th

S dt = e F T (3.16)
i e

o= ﬁ?el”!l‘ﬂi$ﬂﬂ‘]J”Iﬂ1iﬂi$fﬂ”lfJﬂ’JHJ§}’ﬂlﬁJ€l\i PTC thermistor



90

Preheat Capacitor(nF) I

100

V=230V, C,=19.1nF

' ' ' ' '
' ' ' ' '
R RS S [ G, [Ipp—

V,, =280V, C, =15.8nF

a0

a0

70

BOf--m-d-amo- bemm oo LA

50 F----

40F----

[
P
R

30f----d----- — i (i e O SESEE oo

1771 V=350V, C,=13.2nF [~

SE L _ B LN
[
1
1
1
|
F L.
'
|
|
|
I P
'
'
|
|
|

5 40 45 S0
Ignition Capacitor(nF) I

{ ¥ o ' @ o o 1
U1 3.54 Adniussznag C, AU C, AU V. 3 fn

u] 5 10 15 20 25

0
[

Y 1
v

A = a a SN Y o . QG Y
Ho991nH I NUs HNTeT 1N AYRIVLIAVDY PTC thermistor anlglumsean-
[ z = . I o 1 A d‘ Y [ d'
HUY ANUUNITIAaDN PTC thermistor 32 13I5MIMHUANT Iph tazi@onanine IMnaeaun

Houl#iu PTC thermistor Tunaguldminumasnunldinuguynives PTC thermistor 194

1
s T oW a 1Y d' Y o d? K
Iawmdugungil 7, wasnunilenldiy PTC thermistor 33 UnoYMY L, Ry 10T £, N0
v [ Y
aumsf 3.17 wauiilieamgiives PTC thermistor d4GUNYN T, VUBGAUAY-

auif@ PTC thermistor Asaumsh 3.18 laenaly ¢, fiAniesdsenuisoaziasmenusnluay-

{ X g 1 a a
M3 3.18 Fuiunaven1ssz1eANUFoUHIU PTC thermistor 1auiyd 1Hgangives PTC
. S a 9
thermistor 11 UAUMIF AT
Energy =IPdt =15 % Rpge %t (3.17)

1
Energy =P ><tph = E X 5(TRef —TA)x tph + Cm(TRef —TA) (3.18)

H H v 4
U7 3.55 nammvesnasnuiivzihIigumngil PTC thermistor tWANds 7, dny

U

PTC thermistor 3 Y1 A9 S1076, C1118 waz CI119 uazuunsiderdulauanininw

v o ' @ { U . @ < ) @
duiussznitandsnuiflowldiun PTC thermistor AU R, vauzitu el 7 = 425 mA d1m3y



91

1 o 1 A = o 1 A Y 9 ] o A
t, uand1iL 3 Aamaumsi 3.17 Taelimsdsue ¢, e liidunsiugandsnuiiy
v 1
AMANIAYDY PTC thermistor 919 3 YUIA &9 PTC thermistor LaazvUInIziiNa1gu Idviana
1 LY d' =) . d' Y 1 a =3 d‘
uaANA1aAUINgUT 3.55 eN13A1ADA PTC thermistor N1H 7, 110031 0.4 Fu1W AiinAs-
o ] A A4 A Aq Y
$11 1EC929 Amua’ld 2 vina fle S1076 waz C1118 lufifivzidenving 1076 WlH ¢,

- < .
Uz 1.1 3ud Tanudwniu R, vaziduilszan 100 Towu ilonagouranisoontuL

Energy(J)

20 T T T T T T T T T

u} 20 40 =n] a0 100 120 140 160 180 200
PTC resistance

{ v o 7 @
Tllﬁ 3.55 mmmJWu‘ﬁmmwaNmuazmméﬁumumm PTC thermistor

U
| Preheat current(Apeak) I Preheat voltage(Vpeak) I

2000

200

1800

180
1600 160
1400 - ddd = - b o L L e - 140
1200

120

100

1000

300 @9

G500 60

o | o
400 - -] L-Cig=I5RE- - - -7 - - -

20

/
Q_
o3
Ul
So_
S
B!

200

0

[}
L
[}
[aa}
(X5}
=
i)
T
.
{am}
.
i1
{hy}
(]

Ignition capacitor(nF)

v o J 1 [
310 3.56 ANwdNIUIENIN L, wag v, AU C,



92

iWeunua R, C

ph’

{ v o d 1
uag C, Mmuaumsh 2.66 uaz 2.68 Tdanuduiuiseningz, uas
@ A o = Y v o 1 [ [ o 1 @
v, 1 ¢, wazilioth ludeunsmez Idanuduiugsening 7, du ¢, dmsy v, 3 m dagl
A MY o I 1 @ ~ Y < A A A
N 3.56 %1ﬂ§ﬂ%$llﬂ‘lﬂﬂ1ﬁﬁlﬂﬂlma$ﬁ'J’]Jﬁgil“ﬂﬂ’ﬂll@nuﬂ'lu R, AUZEU UaNTataon PTC

thermistor U11A S1076 16 100 oWy faa1319% 3.17

131991 3.17 A1 L, €, wag €, dmsuusadulnlase 3 a1

Vp(V) L(mH) C,(uF) C,,(nF) C,,(nF)
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280 1.79 18 86 15.80
350 227 15 58 13.20

v

= o o Ay o A
E‘]J‘V] 3.57-3.64 lLﬁﬂQWﬁﬂTﬁEU']af]\iﬂ']iCVI']\T]uGUf]Q'JﬂﬂiV]iJﬂ']Qﬂﬂimslu:]\ﬁ]iT‘Waﬂﬂ]u‘ﬂ

P % ' A s A A v
ponuuuld Tael¥lisiunsy MATLAB uagmwisiimosaiuasen 3.17 e ldainio

v )
a K

ssuneuiunanisnaaod g lnaReagavudaimssiaoamsiiau Iasldus wuoonvuss

a s s o & ¢ = | A = o Y
suneswesitiunsgaau laniuazgiaduamaoy dennsal 7, i 280V naganudiu-

< "W 9 o 3 <
nu R/ YMZWRWUININD 2.5 Q Lag R/h Yz Touu 4.25 11Uy Rf"Uﬂ!ZLElu

= ' Y o a s s A < 7
glh/l 3.57 ﬂizuaqu"lml,amsmuaaﬂmmaunasmasmm Vs Lﬂu"lcuu



V:50V/DIV, 1:0.2A/DIV, TIME:20}Ls

3

{ 1 o ' J I~ 4
11 3.58 nszuaguldiazus wuasounaoavazgu ldvasansdl 1 iulai

V:500V/DIV, 1:2A/DIV, TIME:20s

A o ~ g 7
E’IJ‘VI 3.59 Ltiﬂﬂlﬁgﬂ‘l’i'di?)@]Lm%ﬂiguﬁiﬁaﬂﬂlmgﬂﬂﬁa@ﬂﬂim Vs Lﬂuhlmu

V:50V/DIV, 1:0.2A/DIV, TIME:ZOMS_

A o 1 T J ~ IS 4
gﬂﬂ 3.60 LLiQﬂN@]ﬂﬂi@MLLﬁ%ﬂi%LLﬁW1uﬁa@ﬂW@‘@m‘iﬁL“ﬁuﬁﬂ‘im Vs ulu%u



V:50V/DIV, 1:0.2A/DIV, TIME:204s

A ' ] @ a s s A 3 A A
21]‘1/] 3.61 ﬂigllﬁquqﬁklﬂﬂﬁﬁﬂuﬂaﬂm@i@u&')@ilﬂﬁ]ﬁﬂim Vs L‘].I“L!ﬁl'ﬁaflll

V:500\/DIV, 1:2A/DIV;, TIME:204s

= o = =
E‘]J‘VI 3.63 Lliﬂﬂuﬂﬂ‘l’iaﬂﬂlmgﬂigllﬁiﬂﬁﬂﬂlmz‘gﬂﬁﬁ’ﬂﬂﬂim Vs Wufmmaswy



95
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