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Abstract

Electronic Ballast is the electronic circuit which is used to drive the fluorescent lamp has
been developed in order to replace the magnetic ballast. This ballast consists of AC to DC
Converter (Rectifier) and DC to AC Converter (Inverter) that used for converting DC to high
frequency AC.

This thesis will focus on the studying about the components of electronic ballast both
theory and some products can be found in the market , for comparison between the advantages
and the disadvantages. The popular electronic ballast product is used to be the prototype for
developing the better electronic ballast circuit. In this thesis will emphasize in EMI reduction ,
power loss and power factor correction.

However the purpose of this electronic ballast is used with compacted lamp for energy
conservation. Consequently the important thing is to improve the efficiency and saving more

energy.
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Level [dBuv]
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100
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%ok zox 40k 100k 200k 400k 1M 2M 3M 5M 10M 30M
Freguency [H=z=]
LIM EN 55015 V QP Voltage QP Limit
LIM EN B S aEsy @7 AN Voltage AV Limit
QP Limit line AV Limit line
Frequency (kHz) Level (dBuV) Frequency (kHz) Level (dBpV)
9.000 110.00 0.150000 56.00
50.000 110.00 0.500000 46.00
50.000 90.00 5.000000 46.00
150.000 80.00 5.000000 50.00
150.000 66.00 30.000000 50.00
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Measuring
eguipment

F : ferite absorber
Test set-up for measuring magnetic feilds in
X,Y and Z direction
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421 manansgladuiifuileifuihmy Periodic function) dasoynsunf3id
(Fourier series)
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S@+T)=f() (4.2.1)
f@)=ay+ §[an cos(nat)+b,, sin(n a)t)] (4.2.2)
n=1
17 2T
Ty ap= o (j) f(t)dt ap== (j) f(&)cos(nowt)dt

b, = %? f(@)sin(nwt)dt w = 27f1
0

i
I (9

5 fAp ANNONANYA (Fundamental frequency) laeh i =T
2S00, Vi
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S(@)=ap+ §C,, cos(nat - g¢,) (4.2.3)
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Tas  C, =+al+52 By = tan"L (b, la,,)
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CHI : Irms 77.1 mA
@UNN1IFYINTEU)
CH2 : Irms 35.44 mA, Imean 35.25 mA

g
(1911 WN1TFBINTZUA)

ns1ugaamslSouounseuaney
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CH1 : Imean 31.35 mA (Nour1uamos)

CH2 : Imean 19.90 mA (a3 amos)
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LC Wawmos

CHI : Vpk-pk 54 V(four1u LC Hawas)
CH2 : Vpk-pk 53 V(MSI#1M LC Hamas)

A iLaAIATONYAR A HY D

wisueunamamsmieninssug

CHI : Vpk-pk 4.8V (¥9a3Q T1)
CH2 : Vpk-pk 5.1V (¥A02A T2)
CH3 : Vpk-pk22.8V (¥a030 T3)

CH4 : Vrms 53.9 V. (I159AUATOUYADA)
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CHI : Vims 53.9 V (1159AUATDUNADA)

CH2 : Irms 147.1 mA (Aszuanviann)
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vy
nIudmeesiaaed (Q1 uag Q2)

CHI : Vpk-pk 318 V (3397 Q1 ¥11911)
CH2 : Vpk-pk 309 V (37991 Q2 ¥19711)

CH3 : Vrms 52.4 V (11599 UATONNADA)

o

nsluaAsIRY nIue tazid

da 4 = v a
nnan Q1 VUSNLUINAUBUNN 185V

CHI : Vpk-pk 284 V
CH2 : Ipk-pk 908 mA
CH3 : Pmean 1.61 W

nilaaansIaY nIzaazRgs

Wit Q1

CHI : Vpk-pk 320 V
CH2 : Ipk-pk 496 mA
CH3 : Pmean 10.0 W
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200V

Ch4 200mA

M0T0hE e T

ASMLAAILSIAY ATZLELLAY

fdalnihi Q2

CH1: Vpk-pk 295V
CH2 : Ipk-pk 450 mA

CH3 : Pmean 10.8 W
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Power Factor Measurements:
RMS(Volts): Vo= 2204V
RMS(Current): | =« 72,07 mA
True Power: P=38.911W
Apparent Power: VA = 15.839 W
Power Factor: P/(VA) -~ 0.561

Cycle Frequency:

User Spec = 50.0 Hz
Calculated ~ 49,95 Hz

Povrer Factor Measurements:
RMS(Volts): V=220.0V
RMS(Current): | = 88.77 ma
True Power: . P=10,99 W
Apparent Power: VA= 19.53Ww
Power Factor: P/{VA)~ 0,563

Cycle Frequency:

- User Spec = 50,0 H2z

Calculated = 50.04 Hz

o w

99561708797 1
Adaszneuiidanediudumm = 0.561

@

AdaIihimeddunn = sor1w

NITNANDI

Asznoumdemedudunn = 0.563

- mdslwthmedmdunn = 1099 w

1w o w Jd
2) marszaeumdanzids ludmiedenivym

Power Factor Measurements:

Apparent Power: VA = 7.578 W
Power Factor: P/(VA) - 0.978

Cycle Frequency:
User Spec = 34,0 KHz
Calculated ~ 34.25 KHz

Power Factor Measurements:

RMS{Voits): V=51,66V
RMS(Current): | « 188.3 mA
True Power: P=9.603W

Apparent Power: VA =19.732W
Power Factor: P/(VA) - 0.987

Cycle Frequency:
User Spec = 28.0 KHz
Calculated - 27.78 KH2

RMS(Volts): V=56,17V
RMS{Current): [ =« 134, 9 mA |
True Power: P=7.413 W

299597087199 1
1w o w 9 s
Aszneuiidemediuerion = 0.978

o w

Mds lwdmd e niyn = 7413 w

NITNADDY

' w o w 4
mAasznoumdamediuieniyn = 0.987

o w

Maswfmsduenivn = 9.603 w
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Level [dBuVv]
12? TTTTTT ] =]
[ | i
\ | ] | !
| | |
100
\\\
8(Q
6 Q= ‘ ’
|| |
4G T
Zcf ;
O\ .E S k ‘ \[
| | | [ ! |
_16 o . VR74 (¥ GER , NN | SaEl |
9k 20k 40k 100k 200k 400k 1M 2M 3M 5M 10M 30M
Frequency [Hz]
+ +MES Philipsl fin AV
- ME S Philipsl pre PK
e iy 1N EN 55015 Vv QP Voltage QP Limit
b B 0 6 EN 55015 v AV Voltage AV Limit

TEST RESULT (339513081971 1 unusiudSungiinesuva)

AVERAGE DETECTOR
Frequency Level Transd Limit Margin Line PE
MHz dBuv dB dBpVv dB
0.159000 44.40 0.20 55.50 11.10 L1 FLO
0.289500 41.30 0.20 50.50 9.30 L1 FLO
0.546000 33.80 0.20 46.00 12.20 Ll FLO

0.609000 37.20 0.20 46.00 8.90 Ll FLO



Level [dBuVv]
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|
100/ S A S S S 0 O O O O O S
N
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1oy ' !
6 Q- T
; U e T
| o1l AR
4d i SRRy i
L/ a8t
7 4l ;
| | | l
2(Q et
O
| |
| | |
| | .
y P
%k 20k 40k 100k 200k 400k 1M 2M 3M 5M 10M 30M
Frequency [Hz]
x xMES Pl i alifpls. 2 Ekilnd OB
+ +MES Bhilfips 2/ |f9/n AV
--MES Philips2 pre PK
— LIM} § EIN* 550657 |VYyQP Voltage QP Limit
—LIM EN 55015 VvV AV Voltage AV Limit
TEST RESULT (2993naaesunurulSusigiinesusra)
QP DETECTOR
Frequency Level Transd Limit Margin Line PE
MHz dBpVv dB dBpv dB
0.240000 46.60 0.20 62.10 15.50 L1 FLO
0.483000 43.30 0.20 56.30 13.00 N FLO
AVERAGE DETECTOR
Frequency Level Transd Limit Margin Line PE
MHz dBpVvV dB dBpVv dB
0.244500 43.80 0.20 51.90 8.20 L1 FLO
0.888000 31.80 0.20 46.00 14.20 L1 FLO
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({93 L2 = 3.4 mH

Power Factor Measurements:

Power Factor:

Cycle Frequency:

User Spec = 50.0 Hz
Calculated = 49.97 Hz

RMS(Volts): V=2202V
RMS(Current): |~ 99.84 mA |
True Power: P=12.71W
Apparent Power. VA - 21.98W

P/(VA) - 0.578

Power Factor Measurements:

Power Factor:

Cycle Frequency:
uUser Spec =« 30.0 KHz

RMSEVOIts): V=47.80V
RMS(Current): I = 231.4 mA
True Power: P=10.97 W
Apparent Power: VA= 11.06W

P/(VA) = 0.992

Calculated = 29,86 KHz

musonulInlszansnmla 84.73 %

diell 12 =4.6 mH

PRt

23

Poveer Factor Measurements:

Power Factor:

Cycle Frequency:
User Spec - 50.0 Hz
Calculated = 50.04 Hz

RMS(Volts): V=2200V
RMS(Current): | = 88.77 mA
True Power: P=10.99wW
Apparent Power: VA = 19.53 W

P/(VA) =~ 0,563

Power Factor Measurements:

RMS{Voits): V=516
RMS{Current): | =« 188,
True Power; P =960
Apparenl Power. VA =19.73
Power Factor: P/{VA) - 0.98

Cycle Frequency:

User Spec = 28.0 KHz
Calculated ~ 27.78 KH2

6V
3 ma
3w
2w
7

musemuInlszansnin'ld

89.16%
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el L2 =5.2 mH

Power Faclor Measurements:
RMS{Volts); V=219.4¥

Apparent Power.
Powrer Factor: P/{VA) = 0,561
Cycle Frequency:
User Spec = 50,0 Hz
Calculated = 49.97 Hz

RMS{Current): | =79.91T mA|
- True Power: P=9843 W
VA =17.53 W

d' A W P= ) =1 {} [ 1 9
nTeelndaderiede lumunsadam 1a

dinll L2 =6.6 mH

Power Factor Measurements:

| Power Factor: P/(VA) = 0.541

Cycle Frequency:
User Spec = 50.0 H2
Calculated = 50.07 Hz

RMS(Volts): V=2204V
RMS(Current): 1= 73.76 mA
True Power: P=8.780W
Apparent Power: VA= 16.25W

d’ A s =1 ] V] U 9
nseelodadonieds liansaianlé

Y
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(101 L2 = 7.4 mH

A A v A =1 1 [ 1 9
Lﬂi@ﬂuﬂ?ﬂlﬁﬂﬂTU%QvliJﬁ'liﬂSQ’Jﬂﬂ'l\lﬂ

A A v oA =® 1 [ U 3y
Lﬂi@\?ll’é]')ﬂlﬂ&l'ﬁW"tlﬂuluﬁ']iﬂiﬂ’mﬂ'l"lﬂ

A1AU5EnBURIAY

@ a

1w

FandusuyneeIns

AAUsEnouiag

[

) o
ﬂﬂﬂ?ﬂ!@'lﬂ“/!ﬂ‘ll@ﬂ?ﬂﬂi

[ v b4
A1319% 6.1 mswaqﬂwamsmaam 9 1”ﬂ13’3ﬂﬂ5\1ll‘5ﬂ

Power factor Power factor mm‘ﬁ‘lums
A1 L2 Usgdnsnm o |
(Input) (Output) ANy
3.4 mH 0.578 0.992 84.73% 29.86 kHz
4.6 mH 0.563 0.987 89.16% 28.00 kHz
5.2 mH 0.561 = & -
6.6 mH 0.541 - - -
7.4 mH - = . -
M3 6.2 m3vaglnamsnaaesii o lumsSandd 2
, Power factor Aas Il A lums
M L2 Yszdnsnw o
Input Output Input Output aIny
3.4 mH 0.606 0.982 13.5 11.8 87.40% 30.7 kHz
4.6 mH 0.573 0.993 11.5 10.1 87.80% 28.0 kHz
52mH | 0638 | 0987 105 | 9.29 88.47% 26.8 kHz
6.6 mH 0.596 0.969 9.02 7.52 83.37% 25.0 kHz
7.4 mH 0.584 0.983 8.35 7.46 89.34% 24.2 kHz
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Level [dBuVv]

T

12 LT = L I S .
T
ol
IR
o T
T
|
|

0 ‘ |
9k 20k 40k

100k 200k 400k iM 2M3M 5M 10M

30M
Frequency [Hz]
x xXMES VaryL2=3.4mH_fin QP
+ +MES VaryL2=3.4mH_fin AV
we-MES - VaryL2=3.4mH_pre PK
——LIM EN 55015 V QP Voltage QP Limit
—LIM EN 55015 V AV Voltage AV Limit
L
TEST RESULT (39930Aa030¥ L, = 3.4 mH)
AVERAGE DETECTOR
Frequency Level Transd Limit Margin Line PE
MHz dBuVv dB dBuVv dB
0.276000 43.40 0.2 51 7.5 N FLO
0.519000 34.00 0.2 46 12.0 FLO
QP DETECTOR
Frequency Level Transd Limit Margin Line PE
MHz dBuVv dB dBpv dB
0.276000 48.10 0.2 61 12.8 FLO
0.496500 47.10 0.2 56 8.3 N FLO
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Level [dBuV]
12 et e = -
1 O v P LI, SSMSSINEESE, S §
| I
8 Q-— 5
6 M ]
4d = 'ﬁ
o) o % DU A [T O i o S | P O =1 [ 1
9k 20k 40k 100k200k 400k 1M 2M3M 5M 10M 30M
Frequency [Hz]
x xXMES VaryL2=4.6émH_ fin QP
+ +MES VaryL2=4.6mH_fin AV
~-MES  VaryL2=4.6mH_pre PK
—ILITM™EN £515015( V{IOR Voltage QP Limit
——LIM™ ENSS550 8T V<AV Voltage AV Limit
TEST RESULT (3995MAa09flyf L,=4.6 mH)
AVERAGE DETECTOR
Frequency Level Transd Limit Margin Line PE
MHz dBpv dB dBpv dB
0.253500 44.30 0.2 52 7.3 N FLO
0.505500 32.90 0.2 46 13.1 N FLO
QP DETECTOR
Frequency Level Transd Limit Margin Line PE
MH:z dBuVv dB dBpv dB
0.285000 44.90 0.2 61 15.8 L1 FLO
0.541500 37.00 0.2 56 19.0 FLO
0.793500 37.50 0.2 56 18.5 N FLO

66



Level

[dBuv]

120

10

Ill

uﬁ"“

2t e
| ; TH U ot
o L Al
9k ZOK 40k 100k 200k 400k 1M 2M3M 5M 10M 30M
Frequency [Hz]
X XMES VaryL2=5.2mH fin QP
+ +MES VaryL2=5.2mH_fin AV
MBS VaryL2=5.2mH_pre PK
— &AM EN 55015 V QP Voltage QP Limit
——LIM EN 55015 Vv AV Voltage AV Limit
TEST RESULT (2995nAaednly L,=5.2 mH)
AVERAGE DETECTOR
Frequency Level Transd Limit Margin Line PE
MHz dBuVv dB dBpv dB
0.348000 41.40 0.2 49 7.6 N FLO
0.456000 36.30 0.2 47 10.5 N FLO
QP DETECTOR
Frequency Level Transd Limit Margin Line PE
MHz dBpv dB dBpv dB
0.298500 47.40 0.2 60 12,9 N FLO
0.483000 45.20 0.2 56 11.1 N FLO
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Level [dBuv]
120

|__
|
|
|
|
!
i

2Q

=
b3
A%

4
|
|
|
»
l
l

I
|
|
i
flon £y P | [ |
9k 20k 40k 100k 200k 400k 1M 2M 3M 5M 10M 30M
Frequency [Hz]

+ +MES VaryL2=6.6mH_fin AV

MES VaryL2=6.6mH_pre PK
——LIM EN 55015 VvV QP Voltage QP Limit
— R LEM ( ENF55 Qa5 Jva) AN Voltage AV Limit

TEST RESULT (2993n09099l% L, = 6.6 mH)

AVERAGE DETECTOR
Frequency Level Transd Limit Margin Line PE
MHz dBpVv dB dBuVv dB

0.226500 43.40 0.2 53 9.2 N FLO



Level [dBnVv]

120 T T

100 A

Gl

40

0
9k 20k 40k 100k 200k 400k 1M

Frequency [Hz]

2M 3M 5M

10M 30M

X xXMES VaryL2=7.4mH_fin QP
+ +MES VaryL2=7.4mH_fin AV
"MES VaryL2=7.4mH_pre PK
——LIM EN 55015 V QP
—LIM EN 55015 Vv AV

Voltage QP Limit
Voltage AV Limit

TEST RESULT (339935MAa09l¥ L,=7.4 mH)

AVERAGE DETECTOR
Frequency Level
MHz dBuVv
0.316500 38.40

QP DETECTOR

Frequency Level
MHz dBpVv
0.316500 40.10

Transd Limit
dB dBpVv
0.2 50
Transd Limit
dB dBpv
0.2 60

Margin
dB
114

Margin
dB
19.7

Line PE
N FLO
Line PE
L1 FLO
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1) LO=5.6 mH

Tek HITN 25.0KkS/s 22 {Acqs
I T3
‘ -1

i Control

Mode
Lo A nIuEAIT Y I UNITUABUNNVDII9DT
o RG] F g5 & o e o e s | e TR Start
. - . : E . : 2 o T L o e 3,
SN S o Jamilsznouiidald 0.502
\/ Power Factor Measurements: ——
coooo | RMS(Volts): vV =2205V
. : RMS(Current): | = 63.74 mA
True Power: P=8317W

Apparent Power: VA = 14.05W Continue
Power Factor: P/(VA) = 0.592

X Cycle Frequency:
Chi 200 v JCh2l Uselj SpeCf SOHZ Line stop

vy M

Teas e e T
Input Control
F’;gg‘(g: I l Config Ready. utllity
2) L0=6.8mH
Tek HIJ 10.0kS/s 12 Acqs
b £} 1
: 4 Control
: Mode
Start
U L)
ﬂi'l%luﬁﬂﬂﬁiyimmﬂi&’uﬁ@u%’!ﬂ‘U’EN?I\‘J%E
Power Factor Measurements: VIS ¥ 1w o w Y
R AN Y2\ Tansenouiiaala 0.611
RMS(Current): | =61.32 mA
True Power: P=8.242W
Apparent Power: VA = 13,50 W Continue
Power Factor: P/(VA) = 0.611
Cycle Frequency:

@m 200 V éhz User Spec = 50Hz Line

easure.
Power
Factor

3 stop
1
easure : : . : : o
Input ontro
Power Po utilit
Factor | I Config 9 i
3) L0=8.2mH
Tek STIE 10.0kS/s 16 Acgs
R & o N ——
T R T T T T T ™
i : . i . : 4 Control
: I ; Mode
j i @ e & et w vk v 0 EHEREGE ¥ ains x 1K 0 e x sesmom o i (.. w o =
i . 31 LLﬁﬂQﬁﬂJﬂJTmﬂizilﬁﬂuW‘lﬂﬂJ’EN’N%i
+ Star
':‘: : : : | v 1w o w 'll 9y
s s e gl Tamalsznouiiagla 0.615
1 : i an AA-locqu | Pause
Power Factor Measurements:
RMS(Volts): V=220.1V
RMS(Current): | =60.11 mA
True Power: P=8.141W
Apparent Power: VA = 13.23 W Continue
Power Factor: P/(VA) = 0.615
Cycle Frequency:
o User Spec = 50Hz Line
- - Stop
Input Control f
T T




4) L0O=12.0mH

Tek HIE 25.0kS/s 13 Acgs
i { e § ]
| S § 1
—T T T T T =
: S -] control
. . ' . Mode
h . : Start
: \/ Pause
Foooee Vo . RMS(Volts): V=220.4V
: = 4 RMS(Current): | =59.01 mA
True Power: - 8.224 W
Apparent Power: VA = 13.01 W Continue
Power Factor: P/(VA) = 0.632
: 4 . Cycle Frequency:
Chi’ 200V @E 2 Uself Spec.- S0H2z LIne. Stop
ad i R SRR

easure
Power
Factor

Tek HITH 25.0kS/s
L

Input
I Cogflg

Control
Ready utility

—tei

5)L0=17.58 mH

= | i
71 1
T T T T T T T 2
: : ; : i il control
NI N Ry ol W P v
: y i Mode
: 1
s P RN Start
: : T
: - ; 1 3 1 )
SNOS SN SUNIE WS | N et TR
| § t i = T T
- 1 Power Factor Measurements:
-------------- RMS(Volts): vV =220.0V
RMS(Current): | =51.04 mA
True Power: P=7.931W
T W S Apparent Power: VA = 11,23 W Continue
Power Factor: P/(VA) = 0.706
. . ¢ Cycle Frequency:
[Chi™ 200V WU User Spec = 50Hz Line Stop
¥ ! i . i { E Y ]
. ; H { & R H ¥ 1
Teasure 3
Input Control
?gcv}'gi ] , I Config Ready Utility

6)L0=27.25mH

Tek HH 25.0kS/s

| control

Mode
Start
i iy
i " A0 0787 Pause
Power Factor Measurements:
RMS(Volts): V219,72V
RMS(Current): | =50.07 mA
True Power: P=7.924 W
Apparent Power: VA = 11.00 W Continue
Power Factor: P/(VA) = 0.720
[ . Cycle Frequency:
fe User Spec = S0Hz Li
Chi'Z60V @R - PeC=SOH? Lihe. Stop
Power. G Control RN
fosi Config NN Y

71

NI A T Y IUNTUADUNNVDINDT

Saadtsenounidld 0.632

NIHUTAITYRIUNITZUADUNNVD 99T

Jandlszneunideld 0.706

NS MLaRIT I NI ZUABURNUDIIIT

Tamalszneumdeld 0.720
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a 4o J 4
LO ¥UANNUAIAUUUNUINDTTDYA

1) LO=5.6mH
Tekm’uzs.okS/ls ‘G.ATC?S )

4 Control

Mode
i a
e NIMLAAITYRIUNTLUTDUNNVYDINDS
v 1w o w Ill 9y
v Mm@ sznauning la 0.538
- A0 Pause
Power Factor Measurements:
s RMS(Volts): V = 220.5V
i RMS(Current): | =67.69 mA
. True Power: P=8.037W
Lo ¥ ... .| Apparent Power: VA =14.93W Continue
. ; Power Factor: P/(VA) = 0.538
% 2 Cycle Frequency:
[chi™ 200V @B User Spec = S0Hz Line stop
: ; I AR )
Teasure
Input
Power utility
{—RFactor | l l Config Ready.
2) LO0=7.0mH
Tek ELITH 25.0KkS/s 10 Acgs
1 I 1 i
b e |

T T T T

Control

444 o

NIHUTAIT YNNI ZUABUNNUDIIDS
Start ), rpo o o .
Iamaalseneunideld 0.548

= 1 venllome  SIEEHAW | o8
Power Factor Measurements:

RMS(Volts): V=218.9V

RMS(Current): | = 65.93 mA

True Power: P=7.915W

Apparent Power: VA =14.43W | Continue
Power Factor: P/(VA) = 0.548

§ i g Cycle Frequency:
Ch1' 200V E@E 2 User Spec = 50Hz Line

easure
Power
Factor

stop

T
oo + ; o~ e ol
l , | 1put ontrol - EETRITT
Config Read Y

3) L0O=10.0 mH

Tek HIUE zs.okS/Is 1 [A_‘g(}s )

= .
: ; { control

Mode
v DIWLARS YOI BN T UABUNNVDIIDS
LY o w 9y
. N, ¢ Tamdalsznouniaeld 0.582
Powe}' Factor Measuremﬁe{;‘l Pause

ts:

RMS(Volts): V=219.6V
RMS(Current): | = 62.62 mA
True Power: P=8.007W

b o .| Apparent Power: VA =-13.75w | Continue
Power Factor: P/(VA) = 0.582

Cycle Frequency:

_;chi 00V mm 2 User Spec = 50Hz Line Stop
Peoavsl::e Input Control utilit
Factor Config Ready Y




4) LO=18.0mH

Tek 25.0kS/s 8 Acgs
! LT |
I S |
T T T - -
. . . i control
Joh Mode
Start
: 40 0077 Pause
Power Factor Measurements:
RMS(Volts): V=219.2V
RMS(Current): | =57.93 mA
True Power: P=28.062
Lo Apparent Power: VA = 12,69 W Continue
: Power Factor: P/(VA) = 0.635
. Cycle Frequency:
[chi 260V " @M User. SpeCf SDH.Z Line Stop
i i i i i i i
Power input  BEUMCEE  utilit
Factor Config Ready. Y

5) L0=22.0mH

Tek HITW 25.0kS/s 7 Acgs
I ik i
i| Control
Mode
Start
;
: 3 AN 0000 Pause
Power Factor Measurements:
r RMS(Volts): V=219.7V
RMS(Current): | = 57.02 mA
. . . True Power: = 8.000 W
L.........0....0....| Apparent Power: VA= 12.52W Continue
5 g : g Power Factor: P/(VA) = 0.638
. i Cycle Frequency:
A User Spec = 50
Chi' 200V @m 2 Usersp fiz.tiney Stop
'_ i W N i e,
easure :
Input Control | i
Power
’_Nrgctgr I | | Config Ready utility
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9k 20k 40k 100k200k 400k 1M 2M 3M 5M 10M 30M
L Frequency [Hz]
X xXMES Projectl_ fin QP
+ +MES Projectl fin AV
MES Projectl pre PK
[:——LIM EN 550547 QR Voltage QP Limit
——LIM EN 55015 V AV Voltage AV Limit
TEST RESULT
QP DETECTOR
Frequency Level Transd Limit Margin Line PE
MHz dBpV  dB dBuvV dB
0.217500 49.00 020 6290 1390 N GND
0.348000 4570 020 59.00 13.30 L1 GND
0.631500 3420 020 56.00 21.80 N GND
AV DETECTOR

Frequency Level Transd Limit Margin Line PE
MHz dBuV  dB dBuV dB

0.393000 3340 020 48.00 14.60 L1 GND
0.613500 38.60 0.20 46.00 7.40 N GND
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Frequency [Hz]
X xXMES Project3 fin QP
+ +MES Project3 _fin AV
- MES Project3_pre PK
——LIM EN 55015 Vv QP Voltage QP Limit
—0LIM EN 55015 v AV Voltage AV Limit

TEST RESULT (9asuumieSusinioanuuy a1edi 1)

AV Detector
Frequency Level Transd Limit Margin Line PE
MHz dBuV dB  dBuV  dB
0.321000 36.50 0.20 49.70 1320 N FLO
QP Detector
Frequency Level Transd Limit Margin Line PE
MHz dBuV dB  dBuV  dB
0.348000 43.30 020  59.00 1570 N FLO
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+ +MES Px iq €20

—MES Print2 pre
—LIM EN 550% 5|
—LIM BN, 55015 |V

AV
PHK
QP
AV

Voltage QP Limit
Voltage AV Limit

TEST RESULT (3995uumedSuniiosnuuy aef 2)

AV Detector
Frequency Level
MHz dBuVv
0.316500 37.50
0.604500 32.40

Transd Limit
dB dBuV
0.20 49.80

0.20 46.00

Margin Line

dB
12.30 L1~
13.60 N

PE

FLO
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H) [TDS754D] Data. Waveforms. CH 2200 mA 5mS
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CHI: Vrms 220.3 V (139AUDUNN)

CH2: Irms 65.67 mA (NIZLADUNMN)
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CHI : Irms 66.07 mA
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CH1 : Vpk-pk 58.1 V(neuruiamas)
CH2 : Vpk-pk 57.4 V(Hdasiufamoas)
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CH1 : Vpk-pk 5.2V (1a27A T1)
CH2 : Vpk-pk 5.9V (vaa2a T2)
CH3 : Vpk-pk 23.4V (¥aa2a T3)

CH4 : Vrms 57.5 V. (154AUATOUYIADA)
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CHI1 : Vpk-pk 57.11 V(neurulames)
CH2 : Vpk-pk 54.48 V(videriulaimas)
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CHI :Vpk-pk 49V (¥9a3AT1)
CH2 : Vpk-pk 5.5V (va0239 T2)
CH3 : Vpk-pk23.0 V (¥997A T3)

CH4 : Vrms 58.5V (I159AUATOUNADA)
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MIE13002*
MJE13003*

la preferred devi

SWITCHMODE SERIES
NPN SILICON POWER TRANSISTORS

These devices are designed for high-voltage,-high-spged power switch-
ing inductive circuits where fall time is critical. They are particularly
suited for 115 and 220 V SWITCHMODE applications such as
Switching Regulators, Inverters, Motor Controls, Solenoid/Relay
drivers and Deflection circuits.

SPECIFICATION FEATURES:

® Reverse Biased SOA with Inductive Loads @ Tc = 100°C

© Inductive Switching Matrix 0.5 to 1.5 Amp, 25 and 100°C
-1 @1 A, 100°C is 290 ns (Typ).

@ 700 V Blocking Capability

@ SOA and Switching Applications Information,

1.6 AMPERE
NPN SILICON

POWER TRANSISTORS

300 and 400 VOLTS
40 WATTS .

MAXIMUM RATINGS

Rating Symbol | MJE13002 | MJE13003 Unit
Collector-Emitter Voltage VCEO(sus) 300 400 Vdc
Collector-Emitter Voltage Vcev 600 700 Vdc
Emitter Base Voltage VEBO 9 Vdc
Collector Current — Continuous ic 1.5 Adc

— Peak (1) oM 3
Base Current — Continuous g 0.7 Adc

— Peak (1) Igm 15
Emitter Current — Continuous I3 225 Adc
—Peak (1) 1em 45
Total Power Dissipation@T 4 = 250C Pp 14 Watts
Derate above 25°C 11.2 mW/°C
Total Power Dissipation@T¢ = 250C Pp 40 Watts
"Derate above 25°C 320 mw/°c
Operating and Storage Junction Ty Tsig 65 to +150 ¢
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rguc 3.12 °c/w
Thermal Resistance, Junction to Rga 89 ocrw
Ambient . .
Maximum Lead Temperature for T 275 %
Soldering Purposes: 1/8* from Case
for 5 Seconds

(1) Pulse Test: Pulse Width = Sms, Duty Cycle < 10%.

,

J

—ll—p
Flozs 0@ A@][ @]

NO'

07107,

Al

!_m

|omd | beN | MAX | MW | MAX

5:&&@25(0.010)@] A®[B®]

TES:
1. DIMENSIONING AND TOLERANCING PER ANS!
Y145, 1982,
2

DIMENSION: INCH.
3. 077-01 THRU -06 OBSOLETE. NEW STANDARD

STYLE3:

I 2 COUECTOR.

3. EMTTER

WEEEEE

-
L

Designer’s Data for “Worst Case” Conditions

The Designers Data Sheet permits the design of most circuits entirely
from the information presented. Limit data — reoresenting device
characteristics boundaries — are given to facilitate “worst case’
design.

CASE 77-07
TO-225AA TYPE

3-789




MJE13002, MJE13003

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.)

[ Characteristic i Symbol ] Min [ Typ J Max ] Unit
OFF CHARACTERISTICS (1) i
Collector-Emitter Sustaining Voltage VCEO(sus) Vde
(ic=10maA, ig =0) MJE13002 300 - -
. MJE13003 400 C - o
Collector Cutoff Current Icev -mAdc
(Vcev = Rated Value, VgE(off) = 1.5 Vde) - - 1
(Vcey = Rated Value, VBg(off) = 1.5 Vdc, Tg = 100°C) - - §
Emitter Cutoff Current {11:Te} - g 1 mAdc
(Veg =9 Vdc, Ic = 0) ’
SECOND 8REAKDOWN
S. d Breskd: Colk Current with base forwerd biased Iso See Figure 11
Clamped Inductive SOA with base reverss biased RBSOA See Figure 12
ON CHARACTERISTICS (1)
DC Current Gein hee -
(Ic = 0.5 Adc, Vg = 2 Vde) 8 - 40
(g =1 Adc, Veg = 2 Vde) 1 - 25
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 05 Adc, Ig = 0.1 Adc) - - 05
(Ic = 1 Adc, Ig = 0.25 Adc) -3 - b
(Ic = 15 Adc, Ig = 0.5 Adc) - . 3
(Ic = 1 Adc, Ig = 0.25 Adc, T¢ = 100°C) - - 1
Base-Emitter Saturation Voltage VBE(sat) Vde
(Ic =05 Adc, Ig = 0.1 Adc) - - 1
(Ic = 1 Adc, Ig = 0.25 Adc) - - 12
(Ic = 1 Adc, Ig = 0.25 Adc, T¢ = 100°C) - - 1.1
DYNAMIC CHARACTERISTICS ‘
Current-Gain — Bandwidth Product fr 4 10 - MHz
(Ic = 100 mAdc, Vcg = 10 Vdc, f = 1 MHz)
Output Capecitance Cob - 21 - pF
(Vce-w Vdc,lE-O,f-O.l MHz) .
SWITCHING CHARACTERISTICS
Resistive Load (Table 1)
Delay Time (Veg =125 Vde, Ic = 1 A, t4 - 0.05 0.1 " s
Rise Time 181 =182 =02 A, tp - 26 us, t - 0.5 1 s
Storage Time Duty Cycle < 1%) tg - 2 Hs
Fall Time tf - 04 0.7 s
Inductive Load, Clamped (Table 1, Figure 13)
Storage Time (Ic =1 A, Vdamp = 300 Vdc, o - 17 4 s
Crossover Time lg1 =02 A, Vgg(off) = § Vdc, T = 100°C) t - 0.29 0.75 us
Fall Time i - 0.1 - Hs

(1) Pulse Test: PW = 300 us, Duty Cycle <2%.

3-790
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hFE. OC CURRENT GAIN

Ic. COLLECTOR CURRENT (uA)
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MJE13002, MJE13003

FIGURE 1 — DC CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION

V.VOLTAGE (VOLTS)

& T— z I
60 H—t = Ty = 259C
Ty =1500C 2
40 | w 15
40
o AN = ’
W ~ o
- —Q\\\ > 2 lc-ou—lu.u- 0SA 1A—15A
i BN | N
5
-559C : NR S g%
— ] el NI = \ \ \ :
10 i Y S \
8 f SN S 04
o = ey St N gl SN N
/T I P " N o NN T N
M— J S
4 Ll ] by g 0 ] T
002 003 005007 0.1 02 03 5 07 1 2 0002 0005 CO1 002 005 O01. 02 05 1 2
" 1g, COLLECTOR CURRENT (AMP) 18. BASE CURRENT (AMP) :
FIGURE 3 — BASE-EMITTER VOLTAGE FIGURE 4 — COLLECTOR-EMITTER SATURATION REGION
14 I ’ I l 035
TR R 0.30
12 F——VBE(ur) @Ic/ig =3
+=—VBE(on) @ VCE =2 /
Il | 7025 Ichg=3 /
: I [ A 2 7~
Ty=-559C A g 2020 A
..—--’J—' t //./ /a -2 § // P
as——1"TT1] 2s¢c ||+ 0.5 Ty=-559C 4L
EEE -] |4+ S L ,4/ o
| : o
—1= 0 >0.10 259C 1 1
u:_ 259C | 2)/
et
"‘___,,‘:5009 ' 0.0l | L4t —1 1 ‘slac
04 i , ;
002 003 005 007 0.1 02 03 05 07 1 2 002 003 005 0.07 0.1 02, 03 05 07 1 2
Ic. COLLECTOR CURRENT (AMP) 1c. COLLECTOR CURRENT (AMP)
FIGURE 5§ — COLLECTOR CUTOFF REGION . FIGURE 6 — CAPACITANCE
104 T T x x 500 -
[ Vce=250V o ~— ya 1’ U I ¥ 1T
| | 7 74 TR T 300 H Ty=25°C {1
1 | / / hps :
103 . 3 = = = 200 Civ !
Ty = 150°C 4 7 717 Z 100
102 1250¢ Z1 A7 177 =
,1' ra —7 s n
1000 z , 3
o =" 77 g
101 T VAW < 30 ™~
7 4 e 5 a. NN
e 7 3 h
20
5 \
<
100 ! lI/ \\\\ Cob
250 = 1
10-1 REVERSE FORWARD ‘
04 02 0 02 02 06 01 02 05 1 2 5§ 10 20 50 100 200 500 1000
VBE. BASE-EMITTER VOLTAGE (VOLTS) VR. REVERSE VOLTAGE (VOLTS)
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(¥
TABLE 1 — TEST CONDITIONS FOR DYNAMIC PERFORMANCE ’
RESISTIVE
REVERSE BIAS SAFE OPERATING AREA AND INDUCTIVE SWITCHING SWITCHING
+6V
IN4933
MJE210 Vee +125 Vv
- L
IN4933 MR826°
P - 0.0014F 333 = fic
] .
= L3 < Rg
§ ﬂ 0— Jzuzzz: Vetomp
S Outy Cycle S 10%  gqg| 1 1w p *Selected for > 1 kV
& Yy <10ns +6V o1
w j:l v
- mu:n{ 1k <t “ov -
270 | 3 . -
K 2N2006 .
. 0.02 uF MJE200
NOTE 47 %100
PWend Voo Adjusted for Desired (¢ *w
Rg Adjusted for Desired (g —Vgeg(off)
Vec=126 v
=41 Coll Data: GAP for 30 mH/2A Vee= 20V o
23 Ferroxcube Core #6656 1% now e o
g-(a Fu’"“"’::bl" (~;°° .| W Leotl = 50 mH Veiamp = 300 Vde D1 = 1N5820 or Equiv.
o> : J Rg=47Q -
t¢ Clamped OUTPUT WAVEFORMS } |26 s
ic 4103 v 1
g Adjusted t
18] jus’ o
& 'Clpk) Obuain I
b t Test Equi R R
-w qQuipment
: ln—-“—— lg}o— Leoit ‘lch' Scope-Tektronics ¢
z { =~ Vee 475 or Equivalent’ 85V _8
& Vee fv '
CE or Leoit g, !
w v o1 pk tr, % < 10 ns
= R ] N i Duty Cyclo = 1.0%
: Rg and Rc adjusted
Time etz for desired (g and I
FIGURE 7 — INDUCTIVE SWITCHING MEASUREMENTS TABLE 2 - TYPICAL INDUCTIVE SWITCHING PERFORMANCE
T
o A e | T tv tev i t te
= ] * AMP | °C us s us us s
L] STV o 0.5 25 13 0.23 0.30 035 | o030
1 clamp hle 100 1.6 026 | o030 040 | 036 R
ic ] tor =t AR i i ] 1 25 15 010 [ o1a 005 | 0.16
\ 100 17 0.13 0.26 006 | 0.29
A 15 25 18 0.07 | o.10 0.05 | o.16
100 3 008 | 0.22 008 | o.28
Vee —1 0% Velomp 10% - NOTE: All Data Recorded in the Inductive Switching Circuit in Table 1
1Co, —12% I
1g 90% Ig, Cex ©
_--.\_....-__.._......_.... '
e
TIME
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MJE13002, MJE13003

SWITCHING TIMES NOTE

In resistive switéhing circuits, rise, fall, and storage
times have been defined and apply to both current and
voltage waveforms since they are in phase. However,
for inductive loads which are common to SWITCHMODE
power supplies and hammer drivers, current and voltage
waveforms are not in phase. Therefore, separate measure-
ments must be made on each waveform to determine
the total switching time. For this reason, the following
new terms have been defined.

v = Voltage Storage Time, 90% Ig1 to 10% Vclamp

try = Voltage Rise Time, 16—90% Vciamp

tfj = Current Fall Time, 90—-10% I¢

tti = Current Tail, 10-2% Ic

tc = Crossover Time, 10% V¢jamp to 10% IC
An enlarged portion of the inductive switching waveforms

is shown in Figure 7 to aid in the visual identity of these
terms. ;

For the designer, there is minimal switching loss
during storage time and the predominant switching
power losses occur during the crossover interval and
can be obtained using the standard equation from AN-222:

PswT = 1/2 Vcclelted f
In general, try + tfj > t.. However, at lower test currents
this relationship may not be valid.

As is common with most switching transistors, resistive
switching is specified at 25°C and has become a bench-
mark for designers. However, ‘for designers of high
frequency converter circuits, the user oriented specifica-
tions which make this a “SWITCHMODE" transistor are
the inductive switching speeds (tc and tgy) which are
guaranteed at 100°C.

RESISTIVE SWITCHING PERFORMANCE

FIGURE 8 — TURN-ON TIME

FIGURE 9 — TURN-OFF TIME
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1C. COLLECTOR CURRENT (AMP) I, COLLECTOR CURRENT (AMP)
FIGURE 10 — THERMAL RESPONSE
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MJE13002, MJE13003

The Safe Operating Area figures shown in Figures 11 and 12 are
specified ratings for thess devices under the test conditions shown.

SAFE OPERATING AREA INFORMATION

FIGURE 11 — FORWARD BLAS SAFE OPERATION AREA FORWARD BIAS
10 There are two limitations on the power handling ability
s of a transistor: average junction temperature and second
g < - o R TR bre.akdown. Safe ?perating area curves indicate 'C‘VCE
= 2 I Y R [P S P N SRR limits of the transistor that must be observed for reliable
= >N D 10y S > :
s 1.0 ms operation; ie., the transistor must not be subjected to
<
S o5 Te- 5.0 ms greater dissipation than the curves indicate.
o N = % s on.
= T THERRATTINT (Sinre Pube) IO NERN g Th.e data of Flg.ure 11 is based on T¢ = 25°C; TJ(pk)
5 02 — - — — BONDING WIRE LIMIT T T T TN N is variable depending on power level. Second breakdown
@ == SECOND BREAKDOWN LIM(T | | NN N S |
= ol CURVES APPLY BELOW RATED VceQ X pulse limits are valid for duty cycles to 10% but must be
8 S o
5008 = derated when Tc 2> 259C. Second breakdown limitations
Sl WE1 do not derate the same as thermal limitations. Allowable
e ' I current at the voltages shown on Figure 11 may be found
g 10 2030 030 100 200 300 500 at ar.w case temperature by using the appropriate curve
VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) on Figure,13,
TJ(pk) may be calculated from the data in Figure 10.
At high case temperatures, thermal limitations will reduce
the power that can be handled to values less than the
FIGURE 12 — REVERSE BIAS SAFE OPERATING AREA limitations imposed by second breakdown.
15

REVERSE BIAS

For inductive loads, high voltage and high current
\ must be sustained simultaneously during tburn-off, in
most cases, with the base to emitter junction reverse

s

1c. COLLECTOR CURRENT (AMP)
o
»

biased. Under these conditions the collector voltage

| rc<ioec \ \\ V(o) =3V must be. held to a safe level at or below a specific value of
g1 1A \\— collector current. This can be accomplished by several

04 MET0 means such as active clamping, RC snubbing, load line
N\ 13003 - shaping, etc. The safe level for these devices is specified

N N as Reverse Bias Safe Operating Area and represents the

e 0200 300 @00 500 E00 7,,']'” 300 voltage-current conditions during reverse: biased turn-off.
VCEV. COLLECTOR-EMITTER CLAMP VOLTAGE (VOLTS) This rating is verified under clamped conditions so that

the device is never subjected to an avalanche mode. Figure
12 gives RBSOA characteristics.

FIGURE 13 - FORWARD BIAS POWER DERATING

LT T I
e SECOND BREAKDOWN
DERATING
\\\
0.8
= B,
g ~N
206 N
bt THERMAL
=z DERATING B
= -
< 04
&
Q
b \\
Z 02 AN,
e N
0 )
20 40 60 80 100 120 140 160

Tc. CASE TEMPERATURE (°C)
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