KA75631/D

DIMMING BALLAST CONTROL IC

BALLAST CONTROL IC

The KA7531X is a ballast control IC improving power-factort The following
is the features incorporated in it. i includes PFC control block so that the
power-factor can be over 0.99 % and the high voltage at lamp driving block
can be maintained constantly. Besides, # prevents the inrush current of lamp
discharge and the spultering. The 3-siep soft start function aliows lengthen
lamp use. The dimming control functionis also incorporated to regulate
lamp's fuminance depending on the intensity of surTounding illumination.
The over-current profection, over-heating protection of power switch in
driving systems and non-load protection functions are also available.
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KA7531/D DIMMING BALLAST CONTROL IC

ABSOLUTE MAXIMUM RATINGS (T, = 25 C, unless atherwise specified)

Characteristic Symbol Vaiue Unit
Supply Voltage Vee 17 v
Peak driver output current o 500 mA
Operating ambient temperatute Torr -25 ~ +100 T
Storage temperature Tsre -65 ~ +150 T
ELECTRICAL CHARACTERISTICS
(Voo™ 12V, Ta = 25 'C, uniess otherwise specified)

Characteristic | symbot | Test Conditions | Mo | Tye | wax | una
Under Voltage Lock Out Section ‘
Start Threshold Voltage Vgr 10 108 | 116 v
UVLO Hyslaresis Vg 2.8 3.2 38 v
Start-Up Supply Current lsy Ve = 9V 0.6 14 mA
Operating Supply Current Jec Vec = 14V, No Load ) 14 mA
Reference section
Reference Voltage Veer 50 | 541 52 v
Load Regulation A Vagr 0 < lngr < S5MA § 20 myv
Prehesting Section
Preheating Frequency Fp Ves = OV, Ry= 33K, C, = 330pF 120 160 KHz
Prehesting Time Current o Ves = OV 7 27 uA
Preheating Dead Time Teo 2 4 HA
Osclilator Section
‘Amplitude Viosc) 3o 3.8 v
Normal Fraquency Fn 80 120 KHz
Normat Dead Time Too Ves =2V 1.7 37 [T
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KA7531/D DIMMING BALLAST CONTROL IC
ELECTRICAL CHARACTERISTICS
(Voo = 12V, Ta = 26 'C, uniess ofhenwise specified)
Characteristic Symbol |  TestConditions wn | Typ | max | ume
3-step Frequency Section ’
Preheating Voltage Range Vi Roc = 120K, Vps = 1.75V 0.7 13 v
Soft start Voktage Ramge Ver Roc = 120K, Vps = 1.75V 13 1.9 v
Fulipower Voltage Range Ver Roc = 120K, Vog = 1.75V 28 34 v
Dimming Voltage Range Vor Roc = 120K, Vg = 1.75V 35 4.1 v
Osciliator Section ‘
Dimming 50 % Frequency Fom Rpc = 120K, Vps = 1.76V 100 140 KHz
Dimming Current low Ro= 120k Q HA
Output Section for Baliast Control Part
Rising Time  (NOTE 2) Ta No Load 80 120 ns
Falling Time  (NOTE 2) Te No Load 20 60 ns
High Voltage Vou lo ™ 30mA 7 8 v
Low Voltage Vo lo ® 30mA 0.1 0.4 v
QOver Temperature Protection
High Temperature Voitage Vir 0.7 1.3 v
Reset Temperature Voltage Vry 2.1 29 Vv
Hysleresis Max Current hivs Ryys = 50K 80 120 A
Option Comparator
Option Comparator Voltage | Vosr | 24 | [ 32 ] v
No Lamp Protection
NolampProtectionVoltage | V. | 12 | | 17 ] v
Error Amplifier Section
Input Offset Voltage (NOTE 2) VioL 15 15 mv
input Bias Current tias -1 -0.1 1 uA
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KA7531/D DIMMING BALLAST CONTROL IC

ELECTRICAL CHARACTERISTICS
(Vec ™ 12V, Ta = 25 'C, uniess otherwise specified)

Characteristic | symboi |  Testconamions | Min | Typ | Max | umr
Error Ampiifier Section
Large Signal
Openioop Volage Gain (NOTEZ) ov1 60 100 d8

Source Isoumce 2 mA

Output Current | oo 2 mA
Output Voliage | Low Vio ) 1.2 v
Range High Vi 4 v
Unity-gain Bandwidth (NOTE2) usw 10 MHz
Phase Margin (NOTE2) MPH 57
Muitipiler Saction
M1 Input Voltage Range (NOTE2) Vi) 0 2 v
M2 input Voltage Range (NOTE2) Vier ‘!523- ‘—'zﬂ 1) vy
input Bias Current Toeasz -2 2 uA
Muttiplier Gain (NOTEZ) Gv2 VM1 = 0.5V, VMR = 3.0V 0.8 v
Current-Sense Section
input Offset Voltage (NOTEZ) Vios .10 10 mv
Input bias Current Tanss OV < Vg < 1.7V 5 2 5 uA
Deiay to Output (NOTE2) td(s) 200 500 ns
Zero-Current-Detact Section
Input Voltage threshoid Vna 1.2 18 v
Hyuomsh Vmsg 200 mvV
Input Low Clamp Voltage View Ioer=-100 p A 0.95 v
input High Clamp Vollage Vices I per= 3mA 6.1 7.12 v
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KA7531/D : DIMMING BALLAST CONTROL IC

ELECTRICAL CHARACTERISTICS
(Ve = 12V, Ta = 25 C, unless otherwise specified)

Characteristic | symbot |  Testcondtions | M | Ty | max | unn
Zero-Current-Detect Section
input Curment h 09 < Vper < 6V 5 pA
Input High/Low Vper € 0.9V -3
Clamp Diode Current led  Voer> 8V +3 mA .
Output Section for PFC part
Rising time  (NOTE1) Th No Load 100 120 ns
Falling time (NOTE2) Tz No Load 20 110 ns
High Voltage Vor 7 9 v
Phase Margin Vouz 0.2 15 v
Seif - Starting Section
Self - Starting Time (NOTE2) |  Tss | [ 2 ] | mus
Delay Timer Section
Dehy‘ﬂmor Current leo [ 14 umA
Detlay Timer Voltage Veo 25 35 v
NOTE1. Ve  ought to set up 10V after threshoid voitage approve.
NOTE2. GV2=Vo(My { VM1 x (VWM2-Vreli2) }
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KA7531/D DIMMING BALLAST CONTROL IC

PIN CONNECTION (top view)

24 SOP 22 spip

|1 @ 24 | Veet ano|1] @ 22 |yeet
out] 2 23 | ouz out1| 2 21
bef 3 22 | aND L | 3 20 | anD
Ren | 4 K 21 { vee R | 4 K 19 |v.,
A A
Tes] 6 7 20 | PFCOut Tl 5 7 18 | prc out
5 5
cls :1” 18 |y, cle 3 17 v,
D D
Ca| 7 18 .. Cel 7 16 | y...
R]| 8 17 | v, R] 8 15 |y,
nc| @ 18 | v - Rl ® 14 |y,
Ref 10 5 Ine c.| 10 13 |V
c, 11 14 Veomp Viet 1" 12 Vu
V| 12 13| v,

NMSUNG 403

ELECTRONICS




DIMMING BALLAST CONTROL IC

KA7531/D

KA7531 APPLICATION CIRCUIT (VER 3.1)
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KA7531/D DIMMING BALLAST CONTROL iC
PARTS LIST (KA7531/D)
Part Value Part Value Part Value
R1 18K 2 1”W R30 K Q NTC2 KTD-350
R2 0KQ 12w VR1 500K 0
R3 100K Q@ 12W
R4 51K 2 ct DApxF 250V
RS 3K Q c2 01 xF 250v | D1 1N4937
R6 240K Q  12W c3 4700pF 250v | 02 1N4g37?
R? 102 12W c4 | 4ro0pF 25V [ D3 1BV W
R8 7@ c5 583 800V | D4 14837
RS 2K Q ©8 103 40v | D8 1N4837
R10 3309 c? 104 18v | D6 62V O5W
R11 K2 12w cs 331 1w | D7 1N4B37
R12 62K 2 12w cs 103 wv | ps 1N4937
R13 150K @ c1o 0uF 18v | D8 1NAg3T?
R14 052 1w c11 104 v | pto 1N4937
R15 512
R16 680 2 c12 332 1ov | ot IRF830
R17 5109 ct4 100 4 F 28v | @2 IRF830
R18 680 2 c15 ATuF 4s0v | 03 RF830
R18 MR c16 162 v
R20 M2 c17 562 1000V
R21 ™M e c18 562 1000V | L1 BSF-2125
R22 Mg c19 103 e30v | T1 EE1619
R23 M0 20 103 630V | T2,T3,T4 E1S
R24 MO c2 tuk 10v
R25 052 1w (7] 22 uF 16V
R26 620K 2 c23 103 630V 80
R27 20K Q2 C24 103 830V | IC KA7531D
R28 430 2 TNR 12G471K
R29 1000 W NTC1 10D-11 FUSE 250V/2A
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KA7531/D

DIMMING BALLAST CONTROL IC

Pin Functions
Symbol sor | sow Functions
ouT 1 2 2 Qutput Pin. It drives powe switching elesments.
Ns outpui frequency(fo) varies from 50 [Khz) + 30 [Khz].
ourz | 23 21 | The output voltage level is Vce.
GND 1 1
GND 2 20 IC Ground
Ldet 3 3 Non Lamp Detect
Rivs 22 20 Over Temkperature Hysteresis Resistor
GND 1 1 # determines the frequency of internal triangular wave generation
circuit, and then fixed frequency determines output frequency at
GND 22 20 Outt and Ou2
Loer 3 3 it performs Dimming Control whech requlates, lamp intensity.
Ruvs 4 4 Delay Timer Capacitor
Cs 11 10 It determines soft-start period during first lamp fire starting.
c-a_g'v._ (=20 p A, dv=0.7V, di = 2 4sec)
Ve 13 12 Ermror AMP. Input
Vit 16 14 | Voo Voitage Multiplier Input
Veow 14 13 Error AMP. Output
Vrer 12 11 5V Reference
Vens 17 15 Current Sense for PFC
Vans 8 16 | Voltage Sense
Vzeo 19 17 Zero Currend Detect
Logr 20 18 Power Factor MOSFET Drive output
Tens 5 5 Temperature Sense it will be protected with 0.8V below
Vet 24 22
Vee
Vecz 21 19
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KA7531 SYSTEM APPLICATION
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KA75631/D DIMMING BALLAST CONTROL iIc

1. SYSTEM SUMMARY

This application note is about functions and designs of electronic ballast, which can drive
fluorescent lamp (32w*2) by using a KA7531 (ballast control IC)

1) Excelient power saving capabllity

»  Power Factor Cormrection
P Dimming Control

2) Stable strike and life extention of fluorescent lamp

» 3. Step Soft-start
»  Double Hot Spot generation

3) EMI / RF! and minimize radition noise
P Zero voltage switching ZVS)

4) Minimize eye-strain
P Softignition
»  Stable Lighting Output
§) Improvement of system reliability

P No load protection
P Over heating protection
P Emergency Shut-Down




KA7531/D DIMMING BALLAST CONTROL IC

2. SYSTEM BLOCK DIAGRAM (KA7531/D)
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DIMMING BALLAST CONTROL IC

KA7531/D

3. APPLICATION CIRCUIT

ication Circuit

3-1

KA7531 APPLICATION CIRCUIT
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KA7531/D DIMMING BALLAST CONTROL IC
3- -243

ITEM VALUE TTEM VALUE ITEM VALUE
R1 18 M@ 12w | o1 01 uF 250v] TNR 12G4T1K
R2 10 k2 12w | c2 01 uF 250v| NTC1 10D - 11
R3 100 k@ 12W | c3 4700 pF 250v]  NTC2 KTD5 - 350 (50k Q)
R4 51 kQ c4 4700 pF 250V
RS 33 k@ c5 563 soov[ D1 1N4937
R6 120 k@ cé 103 4v[ D2-D4 1N4148
R7 27 0 c7 104 16v] D5-D8 1N4837
RS 22 k@ ca 331 10V
R9 3 0 co 103 v 2Dt 18V W
R10 150 kQ c10 10 #F 16V
R11 2 1w c11 104 16v] aQ1-a3 IRF830
R12 1 M2 12w c12 10 #F 18V
R13 62 k&2 12W | c13 332 10V 11 BSF-2125
R14 60 k& ci4 47 uF v 23 Ei25
R15 51 Q c15 47 uF asovf T 125
R16 51 2 C16 222 saov] T2 EE1619
R17 34 Q c17 562 1000V
R18 300 k2 c1a 562 1000v] B KBL205
R19 300 k@ c18 103 630V ic KA7531
R20 390 k@2 c20 103 630V
R21 1 MO c21 103 6a0v| FUSE 250V/2A
R22 1 MQ c22 103 830V
R23 2 M@ c23 103 10V
R26 22 MQ
R27 22 kG
VR1 10 k9
VR2 500 k&

SAMSHRNG 411




KA7531/D

DIMMING BALLAST CONTROL IC

3-3 Trans SPEC (P.CBTOP VIEW)

T1:E128

...........

T2 : EE125

...........

...........

n2 n3
1L2:E128 L3:E128
O 00O O 0 0O O
:;m
nt
® O O O ® O OO
{TEM ¢ nl n2 n3 n1 Value Remark
T 0.35 120 Tum 11 Tumn - 1.9 mH
T2 0.25 32 Turn 24 Tumn 24 Turn
L2, 13 0.35 150 Turn - - 3.0 mH
412
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KA7531/D

DIMMING BALLAST CONTROL IC

4. FUNCTION BLOCK DESCRIPTION

4-1 Start-up Operstion

The KA7531 starts to operate when Vec is more than start threshold voltage [ 10V ], and operating
current is 10mA. If the Ve decreases less than UVLO (under voltage look ouf) hiysteresis width,
1C’s aperation will stop. And then all the internal cirouit begin to RESET, hold the stand-by stafe,
At this time of this function operate, stand-by state current is about 0.9mA.

4 - 2 Soft - Stsrt

The 3 - step - soft - start function is pre-heat filament for 0.7 [sec] with a {requency that has a 20KHZ

higher than normal coniral frequency of IC. And having high frequency (more than 20 KHZ)
decreased to normal frequency linearly for about 0.4 [sac].

TOKHz .

fo |
SM-Iz

.
C=i=q~ -0

: 1= 17 « A is charged through the
o ‘ 7 capasitor
5
Cs o 3 dV = Cs is charged to 4.3V which
43V + 1 is standard voltage.
Ves c1o dt = the charging time to 4.3V is
1.1 [sec)
10
“F GND
using by, C = | dt/dv
0 T C=10uF
0.7s8c  D.4sec !
4- 3 Over Current Protection
In this function, sensing a input and when input becomes over current state, the output of IC
will be shut-down. So this system is designed to have a function like that.
] T
K Vsns .
A R _—
4 $owe My ool
_ 5 R14 oz Stage
3 60K .
' | mm JE} T
+
R17
GND 342

i the voltage level of pin #16 becomes more than 3V, the output will be shut-down . in the
normal state, After removal of overcurrent state, IC's cutput is on-state. To make output on-
state, IC’s intenal latch must be removed. To get above function, UVLO must be changed

from off-state to on-state.

BAMSUNEG
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KA7531/D DIMMING BALLAST CONTROL IC

4 -4 No L.oad Protection
The KA7531 have a function sensing a 1 lamp insertion and a 2 lamp insertion or not.
In case of no load, this system have protection circuit operated and IC's output shut down.
When the insertion stale change from 1 lamp to 2 lamp, lamp reset function restarting from

R1B 1M

Ry Wr =
et —i—]

t2

Ldet

— i th NP X

A c20

)| e ¥

GND

R24
20K

HH

When the pin#3, of IC becomes lower than 1.4V, The output will be shut-down.
In the state of lamp insertion, DC voltage is devided by R18, R19, R21, R23.
DC link voltage in R23 is supplied to pin#3(Ldet) more than 1.4V

4- ec

This function is designed to protect system by shut-down of IC's output. Using a NTC
(negative temperature coefficiont) this systemn sense a emitting heat state of powser switching
component when sensed temperature is more than specified temperature.

Tsne _l

— Ko,
— A Rescnant &

4 Rhys Lamp Output

L) % Stage

3 - 3

T \9 R
1
R7 ce
GND SOK 104 NTC2

In this circuil, if the voitage level of pin#5 Tsns is less than 0.9V, IC's output is shul-down

Once the system is shut-down, This system is restarted with femperature hysteresis characteri-
stics by voltage level of pin#4. This circuit is designed so that shut-down at the temperature

of 80 C and restart at 50 C. The NTC have a value of 50k 2 at the temperature of 25 T.

AMSUN 414
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KA7531/D DIMMING BALLAST CONTROL IC

4-6 Dimming Control
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Current flowing into Rd is contolied by adjusting VR2(500K). And this makes output frequency
variable. In the end, dimming control is possible,
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Refer to Power Device (85, 3nd Edition) of SANSUNG Data Book. (Page 73 - 86)
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KA7531/D

DIMMING BALLAST CONTROL IC

5. FUNCTION COMPARISION TABLE { KA7521/7522/7531)

AMSUNG

ELECTRONICS

Parameter KA7621 KA7622 KA7531 Remark

1.P.F.C about 0.67 about 0.67 over 0.99

2. Soft-Start Function O o) (o]

3. Input Volitage Variation AC 220V -20% AC 220V + 50% AC 220V + 20%

Protection +50%
4. Ovor-Voltage Protection (o] (o] [e]
§. Emergency System O [o] o]
Protection

6. Over-Healing Protection o] [*] o

7. Non-lamp Diection [¢] (o] (o)

8. Dimming Control 100% ~ 10% 100% ~ 10% 100% ~ 10%

9, AVS-Driving O o] o

10. ZVS Guard Control - (o] -

11. Current Feedback Control - (o] -

12, Lamp reset - (o] - Preheating function
while lamp sedting
on Power-on stage

13. Input limit & Brown out - o] -

14. Low Temperature sense - o] -

for preheating time control
* KA7521 and KA7524 are constructed in a single construction fo KA7531
416




