JOULWATT

JW1160

30V Boost LED Driver

Preliminary Specifications Subject to Change without Notice

DESCRIPTION

The JW1160 are boost converters with a 40-V
rated integrated switch FET, that drives LEDs in
series. The boost converter has a 40V, 1.5A
internal MOSFET; thus, it can drive single or
parallel LED strings for backlighting from small to
large panel size.

The default white LED current is set with the
external sensor resistor Rset, and the feedback
voltage is regulated to 200mV, as shown in the
Typical Application drawing below. During the
operation, the LED current can be controlled using
pulse-width-modulation (PWM) signal. It can be
applied to the CTRL pin through which the duty
cycle determines the feedback reference voltage.
The JW1160 does not burst the LED current;
therefore, it does not generate audible noises on
the output capacitor. For maximum protection, the
device features integrated open-LED protection
that disables the JW1160 to prevent the output
from exceeding its absolute maximum voltage
ratings during open LED conditions.

Company’s Logo is Protected, “JW” and “JOULWATT” are Registered
Trademarks of JoulWatt Technology Co.,Ltd.

FEATURES

Input Voltage Range: 2.7V to 5.5V

Integrated 40V, 1.3A Current Limit MOSFET

35V Open LED Protection 1.2MHz Switching

Frequency

200mV Reference Voltage

PWM Brightness Control

Under-Voltage Protection

Up to 90% Efficiency

Built-in Soft-Start Function

Thermal Shutdown

-40°C to +85°C Operating Temperature

Range

® Available in Green DFN-2*2-6L, SOT23-5
Package

APPLICATIONS

e Smart Phone Backlighting
Tablet Backlighting
PDAs, Handheld Computers, GPS
Receivers
Portable Media Players,
Portable TVs

e White LED Backlighting for Small and Media
Form Factor Displays
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JW1160 JoulWatt

DEVICEY PACKAGE TOP MARKING? ENVIRONMENTAL3
JWPGL]
JW1160DFNU#TR DFN2*2-6 Green
ywd oo
JWPHLOI
JW1160SOTA#TR SOT23-5 Green
ywd oo
Notes:
JIWC_ O I4#TR
1) Tape and Reel (If TR is not shown, it means Tube)
—— Package Code
Part No.
JW 000 Yyw 0Ooo
2) Linel: L Lot number Line2: L lotnumber
Product code Week code
JoulWatt LOGO Year code

3) All JoulWatt products are packaged with Pb-free and Halogen-free materials and compliant to RoHS standards.

PIN CONFIGURATION
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JW1160 JoulWatt

ABSOLUTE MAXIMUM RATING"

Over operating free-air temperature range (unless otherwise noted)

RV R O I o = SRR .-0.3V to 6V
S N et e et e —e e e e at——ee e e e Rttt ee et e eeee e e Rte et e e et nteee e e e nteeaeeaannteeeeaanreeeean -0.3V to 42V
JUNCHONTEMPEIALUIE).........oe ittt e et e e e et e e e et e e et e e e et e e e eaaeeeateeeenteeeeeateee e s enreens 150°C
T To LY 0 01T = (] (= T PRSP PS 260°C
StOrage TEMPEIATUIE........cce e e ie ittt e e e e e e e e et e e e e e e e e e e s e e st e bbb s reeaaeeeaaaaaeaeanas -65°C to 150°C
ESD Ring (Human Body Model, HBM) ........ouiiiiiiiieie ettt e e e e e e e e e e e e e ennes +2kV
ESD Ring (Charged Device Mode, CDIM).........ccuiiiiiiiiiieeiiiiee s esieeeeeesitieeeessnaeeeaeessseeeesssseeeessnssnee enneeas +1kV
RECOMMENDED OPERATING CONDITIONS®

Y PSPPSR 2.7V to 5.5V
A7 o1V T UUUR TP VIN to 30V
T [ T3 Co ) N SRRt 10pH
o] o]0 O=T oX- o] (o] SR P PR SUOUP PP 1uF(MIN)
(O 0] (o UL QL OF= o= oi 1 (o] A PRSPPI 1uF to 10uF
Operating JUNCLION TEMPEIALUIE.............cuviiiiiiieee et e e e e e e e e e e e aaaeeaaaeas -40°C to 125°C
THERMAL PERFORMANCE®? Ou  Or

3 N D SR PSPPSR 72 111 °C/W
T @ e T PP RURRRRR 200 130 °C/W
Notes:

1) Exceeding these ratings may damage the device. These stress ratings do not imply function operation of the device
at any other conditions beyond those indicated under RECOMMENDED OPERATION CONDITIONS.

2) The JW1160 includes thermal protection that is intended to protect the device in overload conditions. Continuous
operation over the specified absolute maximum operating junction temperature may damage the device.

3) The device is not guaranteed to function outside of its operating conditions.

4) Measured on JESD51-7, 4-layer PCB.
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JW1160 JoulWatt

ELECTRICAL CHARACTERISTICS

Vin =3.6V, Cin=10uF, Ta=25 °C, unless otherwise stated
Advance Information, not production data, subject to change without notice.
SYMBOL CONDITION
Input Power Supply
Input voltage Vin 2.7 5.5 \%
Under-Voltage Lockout Vuvio Vin Falling 22 \
Threshold Vin Rising 24 | 25 v
Under-Voltage Lockout
- g AVUVLO 200 mV
Hysteresis
Quiescent Current lo Ves = 400mV, no switching 0.2 mA
Shutdown Current IsHoN CTRL=GND 1 uA
Boost Converter
VREF PWM duty cycle 100% 193.5 | 200 205.3 mV
Feedback Regulation Voltage PWM duty cycle 10% 18.5 20 225 mV
PWM duty cycle 1% 1.65 2.2 3.25 mV
FB Pin Bias Current Irs Ves=200mV 0.001 MA
VREF Filter Time Constant trReEF 0.43 ms
Boost Switch RDS(ON) Ros(on) 05 Q
Switching Frequency fsw PWM duty cycle 100% 0.9 1.2 1.45 MHz
Switching Current Limitation locp 1.3 A
Over-Voltage Protection Vsw LED open detection 35 \Y,
CONTROL
CTRL Logic High Voltage VH 15
CTRL Logic Low Voltage Vi 0.4
CTRL Internal Pull-Down Reo 600 kQ
Resistor
CTRL Logic Low Time to ) ms
tso CTRL high to low 1
Shutdown
PWM Dimming Frequency
10 100 KHz
Range
Minimum PWM On-Time 40 ns
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JW1160 JoulWatt

Stable Dimming Range 1 100 %

LED Current

Thermal Shutdown Temperature Torp 160 °C

Thermal Shutdown Hysteresis Tote_hys 20 °C
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JW1160

PIN DESCRIPTION

DESCRIPTION
1 3 FB Feedback Pin for Current. Connect the sense resistor from FB to GND.
2 NA NC No connection.(Only DFN)
3 2 GND Ground.
4 1 SW Switch Node of Boost Converter.
5 4 CTRL PWM Dimming Control Input.
6 5 VIN Power Supply Input.
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BLOCK DIAGRAM
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JW1160

TYPICAL PERFORMANCE CHARACTERISTICS

Ta =+25°C, L = 10uH, Ciy = 2.2uF, Cout = 1dF, unless otherwise noted.
lout vs PWM duty cycle (2p10s, vin=3.8V)

Efficiency vs lout (vin=3.8V with 2p10s)
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JW1160

JoulWatt

FUNCTIONAL DESCRIPTION

The JW1160 is a high efficiency, high output
voltage backlight driver in small package size. The
device integrates 40V switch FET and is designed
for output voltage up to 30V with a switch peak
current limit of 1.3A. Its large driving capability can
drive single or parallel LED strings for small to
large size panel backlighting.

The JW1160 is a current mode, quasi-constant
frequency boost converter. The compensated is
integrated internally for maximum flexibility and
stability. The switching frequency is 1.2MHz, and
the minimum input voltage is 2.7V. During the on-
time, the current rises into the inductor. When the
current reaches a threshold value set by the
internal GM amplifier, the power switch MOSFET
is turned off, and the Schottky diode is forward
biased which lets the current flow towards the
output of the boost converter.

The JW1160 topology also has the benefits of
providing very good load and line regulations, and
excellent line and load transient responses.

The feedback loop regulates the FB pin to a low
reference voltage (200mV typical), reducing the
power dissipation in the current sense resistor.

Soft Start-Up

Soft-start is integrated into the IC to avoid high
inrush current spike during start-up. After the
device is enabled, the GM amplifier output voltage
ramps up very slowly, which ensures that the
output voltage rises slowly to ensure the smooth
start-up and reduce the inrush current.

Open LED Protection

Open LED protection circuitry prevents IC damage
as the result of LED load disconnection during
startup. The circuitry turns off the switch FET and

shuts down the IC when the SW voltage
exceeding the Vovp threshold persists for 3
switching cycles. As a result, the output voltage
falls to the level of the input voltage. The device
remains in shutdown mode until it is enabled by
toggling the CTRL pin.

Shutdown

The JW1160 enters shutdown mode when the
CTRL voltage is logic low for more than 1ms.
Although the internal switch FET does not switch
in shutdown, there is still a DC current path
between the input and the LEDs through the
inductor and Schottky diode. The minimum
forward voltage of the LED array must exceed the
maximum input voltage to ensure the LEDs
remain off in shutdown.

Current Program

The FB voltage is regulated by a 200mV reference
voltage. The LED current is programmed by an
external current-sense resistor in series with the
LED string(s). The value of the RSET is calculated
using Equation :

I _ VFB
LED —
I:QSET
Where:
I.ep = total output current of LED string(s)
Veg = regulated voltage of FB pin
Rset = current sense resistor
The output current tolerance depends on the FB
accuracy and the current sensor resistor accuracy.

LED Brightness Dimming

The JW1160 receives PWM dimming signal at
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JW1160

CTRL pin to control the total output current. When
the CTRL pin is constantly high, the FB voltage is
regulated to 200mV typically. When the duty cycle
of the input PWM signal is low, the regulation
voltage at FB pin is reduced, and the total output
current is reduced; therefore, it achieves LED
brightness dimming. The relationship between the
duty cycle and FB regulation voltage is given by
Equation:

Vg = Duty*200mV

Where:
Duty = duty cycle of the PWM signal
200mV = internal reference voltage

Thus, the user can easily control the WLED
brightness by controlling the duty cycle of the
PWM signal. The PWM frequency is in the range
from 10kHz to 100kHz, and the recommended
minimum PWM duty cycle is 1% for no blind
dimming.

As shown in Figure 1, the IC chops up the internal
200mV reference voltage at the duty cycle of the
PWM signal. The pulse signal is then filtered by an
internal low pass filter. The output of the filter is
connected to the GM amplifier as the reference
voltage for the FB pin regulation. Therefore,
although a PWM signal is used for brightness
dimming, only the WLED DC current is modulated,
which is often referred to analog dimming. This
eliminates the audible noise which often occurs
when the LED current is pulsed in replica of the
frequency and duty cycle of PWM control.

VBG

g
CTRL
EA output
701 E
N FB

Figure 1. Programmable FB Voltage Using PWM Signal.

Under-Voltage Lockout

An under-voltage lockout prevents operation of
the device at input voltages below typical 2.2V.
When the input voltage is below the under-voltage
threshold, the device is shut down, and the
internal switch FET is turned off. If the input
voltage rises by under-voltage lockout hysteresis,
the IC restarts.

Thermal Shutdown

If the typical junction temperature of 160 C is
exceeded, an internal thermal shutdown turns off
the device. The device is released from shutdown
automatically when the junction temperature
decreases by 20°C.

Operation with CTRL

The enable rising edge threshold voltage is 1.5V
and the falling edge threshold voltage is 0.4V.
With the CTRL terminal is held below the falling
edge threshold voltage the device is disabled and
switching is inhibited. The IC quiescent current is
reduced in this state. When input voltage is above
the UVLO threshold, and the CTRL terminal
voltage is increased above the rising edge
threshold, the device becomes active. Switching
enables and the soft-start sequence initiates.
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JW1160

APPLICATION INFORMATION

The JW1160 device is a boost converter which
can drive single or parallel LED strings for small to
large size panel backlighting and illumination.

Design Requirements

For this design example, use the parameters listed
in Table 1 as the input parameters.

Table 1. Design Parameters

Design Parameter Example Value
Input Voltage Range 2.7V t0 5.5V
Output LED Number in a String 8

Output LED String number 2

Output LED Current per String 40mA

Inductor Selection

The selection of the inductor affects power
efficiency, steady state operation as well as
transient behavior and loop stability. These factors
make it the most important component in power
regulator design. There are three important
inductor specifications, inductor value, DC
resistance and saturation current. Considering
inductor value alone is not enough. The inductor
value determines the inductor ripple current.
Choose an inductor that can handle the necessary
peak current without saturating. Following
Equation 3 to Equation 4 to calculate the inductor's
peak current. To calculate the current in the worst
case, use the minimum input voltage, maximum
output voltage and maximum load current of
application. In a boost regulator, the input DC
current can be calculated as Equation:

*
I VOUT IOUT

L(DC) —
Vin™n

Where:

Vour = Boost output voltage

lout = Boost output current

VN = Boost input voltage

n = Power conversion efficiency

The inductor current peak-to-peak ripple can be
calculated as Equation:

1

( J

Where:

Al p-py = inductor peak-to-peak ripple

L = Inductor value

fs = Boost switching frequency

Vout = Boost output voltage

VN = Boost input voltage

Therefore, the peak current I ) seen by the
inductor is calculated with Equation :

. Al 5 )
=gt 2

Inductor values can have £20% tolerance with no
current bias. When the inductor current
approaches saturation level, its inductance can
decrease 20% to 35% from the OA value
depending on how the inductor vendor defines
saturation current. Using an inductor with a
smaller inductance value forces discontinuous
PWM when the inductor current ramps down to
zero before the end of each switching cycle. This
reduces the boost converter's maximum output
current, causes large input voltage ripple and
reduces efficiency. Large
provides much more output current and higher
conversion efficiency. For these reasons, a 10uH

inductance value

JW1160 Rev.0.12
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JW1160

inductor value range is recommended for most
applications.

Schottky Diode Selection

The JW1160 demands a low forward voltage,
high-speed and low capacitance Schottky diode
for optimum efficiency. Ensure that the diode
average and peak current rating exceeds the
average output current and peak inductor current.
In addition, the diode reverse breakdown voltage
must exceed the open LED protection voltage.
ONSemi MBRO0540 is recommended for the
JW1160.

Output Capacitor Selection

The output capacitor is mainly selected to meet
the requirement for the output ripple and loop
stability. This ripple voltage is related to capacitor
capacitance and its equivalent series resistance
(ESR). Assuming a capacitor with zero ESR, the
minimum capacitance needed for a given ripple
can be calculated with Equation :

C _ (VOUT — VIN )* IOUT

ouT — *f *
VOUT fS VRIPPLE

Where:
VriepLe = peak-to-peak output ripple

The additional part of the ripple caused by ESR is
calculated using: VRIPPLE_ESR =I0OUT X RESR.

Due toits low ESR, VrippLE_Esr could be neglected
for ceramic capacitors, a 1uF to 10uF capacitor is
recommended for typical application.

A 1uF output capacitor is suggested for 10/8/6-
Series LED applications. For high output current
applications like 3S6P, larger value output
capacitors of 2.2uF is recommended to minimize
the output ripple.

LED Current Set Resistor
The LED current set resistor can be calculated by
Equation:

| _ VFB
LED —
RSET

Thermal Considerations

The allowable IC junction temperature should be
considered under normal operating conditions.
This restriction limits the power dissipation of the
JW1160. The allowable power dissipation for the
device can be

determined by Equation :

160°C — T,
P St
JA

Where:

TA is the ambient temperature for the application.
0,4 is the thermal resistance junction-to-ambient
given in Power Dissipation Table.

Power Supply recommendations

The device is designed to operate from an input
voltage supply range between 2.7V and 5.5V. This
input supply must be well regulated. If the input
supply is located more than a few inches from the
JW1160, additional bulk capacitance may be
required in addition to the ceramic bypass
capacitors.

Layout Considerations

As for all switching power supplies, especially
those high frequency and high current ones,
layout is an important design step. Use wide and
short traces for high current paths. The input
capacitor Ciy needs to be close to Viy pin and GND
pin in order to reduce the input ripple seen by the
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JW1160

IC. If possible, choose higher capacitance value
for it. The SW pin carries high current with fast
rising and falling edge, therefore, the connection
between the SW pin to the inductor should be kept
as short and wide as possible. The output
capacitor Cout should be put close to Vour. It is
also beneficial to have the ground of Cour close to

the GND pin since there is large ground return
current flowing between them. FB resistor should
be put close to FB pin. When laying out signal
ground, it is recommended to use short traces
separated from power ground traces and connect
them together at a single point close to the GND

pin.
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PACKAGE OUTLINE

Pin1
BOTTOM VIEW

QUADRANT ASSGNMENTS FOR PN 10RENTATDN N TAPAE

o O

ProcketQuadrants

DFN2*2-6 UNIT: mm
D A3
. Al [
Pinl | R MILLIMETER
! SYMBOL
6 MIN NOM MAX
‘ A 0.70 0.75 0.80
| Al 0.00 0.02 0.05
S O _ N 1 A3 0.203 REF
T ni]
b 0.25 0.30 0.35
‘ D 2.0BSC
‘ E 2.0BSC
| L’% El 1.50 1.60 1.70
‘ D1 0.90 1.00 1.10
TOP VIEW
SIDE VIEW e 0.65BSC
L 0.174 0.25 0.326

SprocketHoks

ﬁ

Package Type

Pin1 Quadrant

DFN-2*2-6L

Q1
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PACKAGE OUTLINE

SOT23-5 UNIT: mm

|

w & A ! I 0 MILLMETER
L M—A CL IS ﬁi SYMBOL MIN NOM MAX
Al T -
A 1.05 - 1.25
Al 0.00 — 0.15
el A2 1.00 1.10 1.20
é iii D b 0.30 - 0.50
o c 0.10 - 0.20
D 2.82 2.92 3.02
E 2.60 2.80 3.00
El E Bl 1.41 - 1.71
e 0. 95 (BSC)
L 0.27 0. 60

% o 0 0° - ge
Pin#1
. ot

e

QUADRANT ASSGNMENTS FOR PN 1 ORENTATDN N TAPAE
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—
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TAPE AND REEL INFORMATION

Reel UNIT: mm

|
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|
|
|
| L i

Y I
| W2
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Package Diameter ® Thickness W1 Width W2 w4
DFN2*2-6 17842 12.30+2 9.5+2 58+4
SOT23-5 17812 12.30+2 9.5%£2 58+4
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Carrier Tape UNIT: mm
. PZ (Dl PO — B T
1 + —| [ —
o 019 4o o094 4 ofo
1]
L
®2
z ﬂ & ~&— e—céy 2
Ay YA
P1 >B SECTION B-B
|
| el
|
A0
SECTION A-A
Note:
1) The carrier type is black, and colorless transparent.
2) Carrier camber is within 2mm in 200mm.
3) 10 pocket hole pitch cumulative tolerance:+0.20.
4) All dimensions are in mm.
Tape dimensions (mm)
Package
PO P2 P1 A0 BO W T KO o1 2 B F
DFN 2*2- | 4.00+ | 2.00+ | 4.00+ | 2.30+0. | 2.300. | 8.00+0. | 0.250. | 1.10+0. | 1.50mi 1.750. | 3.500.
1.00min
6 0.10 0.10 0.10 20 20 30 20 35 n 10 10
4040 | 2040 | 400 | 3.23+ 313+ 8.0+0 0.25+0. 137+ 1.55+ 1.75+0 | 3.50+0.
SOT23-5 1.00min
1 1 1 0.2 03 3 2 0.2 0.15 1 1
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IMPORTANT NOTICE

® Joulwatt Technology Co.,Ltd reserves the right to make modifications, enhancements,
improvements, corrections or other changes without further notice to this document and any
product described herein.

® Any unauthorized redistribution or copy of this document for any purpose is strictly forbidden.
Joulwatt Technology Co.,Ltd does not warrant or accept any liability whatsoever in respect
of any products purchased through unauthorized sales channel.

® JOULWATT TECHNOLOGY CO.LTD PROVIDES TECHNICAL AND RELIABILITY DATA
(INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE DESIGNS),
APPLICATION OR OTHER DESIGN ADVICE, SAFETY INFORMATION AND OTHER
RESOURCES, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING
WITHOUT LIMITATION ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

Copyright © 2021 JoulWatt

All rights are reserved by Joulwatt Technology Co.,Ltd
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