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• ±1% Vref Voltage Accuracy to set LED Current

• PWM Controlled Dimming

• Soft Start Limits In−Rush Current

• Open Feedback Protection

• Open LED Protection

• Short LED Protection

• LED String Cathode Short to ground Protection

• Max Duty Cycle Above 90%

• SOIC−14 Package

• This is a Pb−Free Device

Typical Application
• TFT−LCD TV Panels

• LCD Monitor Panels

MARKING
DIAGRAM

http://onsemi.com

See detailed ordering and shipping information on page 15 of
this data sheet.
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Figure 1. Block Diagram
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PINOUT ASSIGNMENT
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Figure 2. NSC29001 Pinout

PIN DESCRIPTION

Pin # Symbol Type Description

1 VIN Input VIN supply input. Small 1.0 �F low ESR bypass capacitor required from VIN to GND.

2 VREF Output 5 V / 10 mA reference voltage. Small 1.0 �F low ESR bypass capacitor required from VREF to
GND.

3 GND Ground Analog ground.

4 PWMin Output PWM dimming control input.

5 RT Output The resistor connected between RT and GND sets the switching frequency

6 FBP Input The reference voltage for the feedback (FBN). Reference level can be adjusted from 0.5 V up to
3.0 V using an external voltage divider.

7 STBY Input The converter enters in standby mode when STBY is floating or pulled high. When STBY goes
from low to high the circuit will discharge the capacitors on the COMP pin and keep PWMout high
to discharge the output capacitor. STBY must remain high for 50 ms before the part enters
standby mode.

8 OVP Output This pin provides the overvoltage protection for the converter. When the voltage at this pin
exceeds 1.2 V, the boost converter stops immediately and the device enters standby mode.

9

(FBN). Rep PWMoutLED56.thBY ietween  co. Etage divnnected b high1 g
ET
191witching fLED18 Tc
(ET
59.cur ca1.282 373.266 .90725.52.945 re
f
552.189 265.833 .90725.52.945 r
f
191.282 289.871 361.49.5607007 re
f
BT
890 0 8 75.2882 255..03465 2
195 m
sTj
.00Tj
ET
1 g
355.465052 35.2.95917307 re
f
59.754 372.359 35.2
19617707 re
f
BT
890 0 8 111.4016 3470882614 2
195 m
sTj
0mming coo3.433 290839 .907.95917307 re
f
59.754 372.839 .907219617707 re
f
BT
890 0 8 158.1165 323.8 Tm
(Ou
195 m
sTj
ET
143.433 265.833 .907.95917307 re
f
59.754 372..778 .907219617707 re
f
BT
890 0 8 198.822 280.8 Tm
-.0
195 m
sTj
.00022ds 1.2 control inpcitor)5drivTJ
ET
191.282 333.014 .907.95917307 re
f
552.189 357.959 .907.95917307 r
f
191.282 372.359 3612
196177007 re
f
BT
890 0 8 75.2882 255..007e
f
095965 6Tj
ET
59.1754 403.994 .90194oS24364 re
f
59.754 264.926 .30709.31707 re
f
BT
890 0 8 111.4016 34707.603
f
095965 6Tj
1.9047 -6290839 .90194oS24364 re
f
59.754 264.839 .90709.31707 re
f
BT
890 0 8 158.1165 323.9591 Tm
095965 6Tj
1T
143.433 388.63 .907194oS24364 re
f
59.754 264..778 .90709.31707 re
f
BT
890 0 8 198.822 280.8 Tm
-.0095965 6Tj
.00021mming  361
ET
191.282 388.63 .907194oS24364 re
f
552.189 373.266 .90194oS24364 r
f
191.282 387.723 361709.317007 re
f
BT
890 0 8 75.2882 255..007e
f184oS7566Tj
ET
59.1754 388.63 .907169
BT9945 re
f
59.754 357.052 35.1-.0047707 re
f
BT
890 0 8 111.4016 34755.419 T184oS7566Tj
 g
229.946839 .90169
BT9945 re
f
59.754 357.839 .9019.0047707 re
f
BT
890 0 8 158.1165 323.2( iI3184oS7566Tj
 7 361733 265.833 .90169
BT9945 re
f
59.754 357..63 .90719.0047707 re
f
BT
890 0 8 198.822 280.8 Tm
-.184oS7566Tj
Tw
(standprovides thideusen ET
sensentersdrr 50cur ca1 ofntersltage divp 361
MOSFET)755.1 voIt moclurvola buil591 10/TT1 0 TD
19 31.28�)Tj
/TT2 <00ef>f
.5386 0 TD
-.8084 Tc
(F lo3 10 mAi.282 -4870915
-.0016 Tc
[(exc2Tw
[(The resis(b51 10/TT1 61733 265.83ET
191.282 333.014 .tim52.189 290.778 .9719.0047707 r
f
191.282 289.871 361719.0047707 re
f
BT
890 0 8 75.2886 34755.47e
f184oS7566Tj
ET
59.1754 388.63 .90711119.8084.945 re
f
59.1754 387.723 35.5.83)Tj
7 re
f
BT
890 0 8 111.4016719.009815 Tm
19 1912)Tj

1723 35.5.83)Tj
603
f
095965 6Tj
1.9047 -6290839855.69711119.8084.93.811 -9.6024 T57.839 .901.83)Tj
7 re
f
BT
890 0 8 1839 .9019.0000363 Tm
19 1912)Tj


839 .901.83)Tj
Tm
(Ou
195 m
sTj
ET
143.433 265.833 .9011119.8084.9e
f
59.754 372..778 .91.83)Tj
7 re
f
BT
890 0 8 1..63 .90719.00 Tm
-.019 1912



NCS29001

http://onsemi.com
4

ATTRIBUTES

Characteristics Values

ESD protection (all pins)
Human Body Model (HBM) (Note 1)
Machine Model (MM)

2 kV
150 V

Moisture sensitivity (Note 2) Level 1
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ELECTRICAL SPECIFICATIONS VIN = 12 V, TAMB = –40°C to 85°C; typical values are at 25°C

Symbol Parameter Condition Min Typ Max Unit

VIN (VIN Pin)

IVIN Operating Supply Current VIN = 12 V; PWMin = 5 V; no load,
STBY = 5 V

5 mA

ISHUTDOWN Shutdown Mode Supply Current PWMin = GND
Ambient temperature 25°C

STBY = 5 V

12 uA

UVLO Under Voltage Lockout
Threshold

VIN Rising 7.5 8 8.5 V

�UVLO UVLO Hysteresis  475 mV

Tstartup Startup time Time from standby falling edge to
steady−state Vboost operation with 30%

dimming pattern − (Note 6)

 100 ms

VREF (VREF Pin)

VREF Vref voltage REF bypassed with a 1 �F capacitor to
GND

4.95 5 5.05 V

Line_Reg Line Regulation VIN = 8.5 V to 24 V at I_REF = 10 mA 0.08 0.20 %

Load_Reg Load Regulation 0 mA < I_REF < 10 mA at VIN = 12 V 0.6 mV/mA

ICC (Vref) Iref output current VREF bypassed with a 1 �F capacitor
to GND

10 mA

GATE (GATE, RT Pins)

VOH_GATE GATE output high voltage VIN = 12 V 7.5 10 15 V

ISOURCE GATE short circuit current 0.33 0.45 A

ISINK GATE sinking current 0.33 0.45 A

TRISE GATE output rise time Output voltage rise−time @ CL = 1 nF,
10−90% of output signal (Note 6)

− 40 ns

TFALL GATE output fall time Output voltage fall−time @ CL = 1 nF,
90−10% of output signal (Note 6)

− 20 ns

ROH Source resistance 13 �

ROL Sink resistance 6.0 �

DLSS_MAX Maximum Duty Cycle (Note 6) 93 95 %

FOSC Boost Switching Frequency
range

100 500 kHz

±�FOSC Frequency Accuracy −10 +10 %

VRT RT pin output voltage 0.85 1 1.15 V

PWM DIMMING (PWMin, PWMout Pins)

VOH_PWMout PWMout output high voltage VIN = 12 V 7.5 10 15 V

�D_DIM PWMout/PWMin Duty cycle
Tolerance

0.98 1 1.02 %

8
8  .09.3103 Tm
-071 15.74i97
BT
8 0 0 T0 0 8 127.0488 209.319 6.5
02.746 250.016 35.887 .92
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ELECTRICAL SPECIFICATIONS VIN = 12 V, TAMB = –40°C to 85°C; typical values are at 25°C

Symbol UnitMaxTypMinConditionParameter
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APPLICATION CONDITIONS

Symbol Parameter Condition Min Typ Max Unit

VINIC VIN pin voltage  8.5 12 18 V

VINInductor Inductor input voltage 8.5 80
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STANDBY ON AND OFF SEQUENCE

Figure 5. Entering Standby Mode
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Figure 6. Power Up State Machine
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SOFT START WITH PWM INPUT
Figure 7 below shows an example of a soft start when the device is powered up from standby with a PWM input. The PWM

signal here is at 100 Hz with a duty cycle of 30%. In this case the LED reaches 100% of its programmed value in 100 ms. This
time can be decreased if the PWM signal runs at a higher duty cycle.

100ms  with 30% dimming duty cycle,
100Hz

Vfbp

Vfbn & LED
current

LED current reaches 100%
when Vfbn crosses Vfbp

Soft start with PWM dimming active

Vcomp is kept during
dimming off

PWMin and PWMout

Back light LED brightness gradually
rise to the set value

Figure 7. Soft Start with PWM Input

GATE AND PWMOUT PIN DRIVER CIRCUIT
Since external transistors are required for the boost converter and PWM dimming functions, the device contains an internal

10 V regulator to drive the gate of these transistors. In the case of the PWM transistor this also functions as a level translator
for the PWMin input pin. When selecting external components it is important that the transistor has enough gate drive to ensure
low RDS(on) for the expected current.
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OUTPUT CAPACITOR and OUTPUT VOLTAGE RIPPLE
Calculating the output voltage ripple will size the output capacitor value. The output voltage ripple equation below takes

into account the parasitic impedance (ESR) of this output capacitor:

�VCOUT �
IOUT � �1 � D2

�

COUT � Fsw
	 ESR � IOUT

(eq. 10)

�VCOUT �
IOUT

COUT � Fsw
��1 �

Ipeak � L � Fsw

VOUT � VIN

�	 ESR � IOUT (eq. 11)
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SIZING THE Rcomp RESISTOR for the LOOP STABILITY
Combining Equations 2 and 16 gives the following expression for IOUT:

IOUT �
Vf

2 � L � Fsw

2 � �VOUT � VIN
� � �RCS � Gi

�2
(eq. 20)

To obtain the small signal equation, partial derivates of the output current are calculated with respect to the control voltage Vc
and the output voltage VOUT.

IOUT

VOUT

�
VC � L � Fsw

�VOUT � VIN
� � �RCS � Gi

�2
∂

∂
(eq. 21)

IOUT

VOUT

�
VC

2 � L � Fsw

2 � �VOUT � VIN
�2 � �RCS � Gi

�2
�

IOUT

VOUT � VIN

∂

∂
(eq. 22)

From the AC model below the control to output transfer function can be calculated:

Figure 8. Control to Output Transfer Function

H(s) �
VOUT(s)

VC(s)
�

VOUT(s)

I(s)

�
IOUT(s)

VC(s)
(eq. 23)

H(s) � ZOUT(s) �
IOUT(s)

VC(s)
(eq. 24)

ZOUT(s) �

�ESR 	
1

sCOUT
�� Req

�ESR 	 1
sCOUT

�	 Req

� Req �
1 	 s � ESR � COUT

1 	 s � COUT
�ESR 	 Req�

(eq. 25)

Where

Req �
Rac � R1

Rac � R1

R1 �
1

IOUT(s)

VOUT(s)

�
2 � �VOUT � VIN

�2 � �Rcs � Gi
�2

Vc
2 � Fsw � L

�
VOUT � VIN

IOUT
(eq. 26)

The dynamic resistance rAC(LED) is evaluated using the LED specification.

RAC � Rsense 	 rAC(LED) � nbLED (eq. 27)
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Theory
The control to output transfer function is expressed following the formula below:

H(s) � H0 �
1 	

s
wz

1 	 s
sp

(eq. 28)

Where

Ho �
IOUT

VC

� Req �
VC � L � Fsw

�VOUT � VIN
� � �RCS � GI

�2
�

RAC � R1

RAC 	 R1

∂

∂ (eq. 29)

Ho �
2 � IOUT � L � Fsw

�VOUT � VIN
�� �

1

RCS � Gi

�
RAC � R1

RAC 	 R1
(eq. 30)

fp �
1

2�� �ESR 	 Req� � COUT

(eq. 31)

There is also a right half plane zero:

fz �
1

2�� ESR � COUT
(eq. 32)

As the boost converter also operates in DCM, there is also a right half plane zero regulated to high frequency:

frhpz �
2 � fsw

2�� D
(eq. 33)

Type II compensation is used to compensate the two dominant poles fp of the control to output transfer function.
The compensator zero has to be placer at the fp frequency of the transfer function.

fp �
1

2�� (ESR 	 Req) � COUT

� f
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