RICHTEK

RT8498

18V Multi-Topology LED Driver with Dimming Control

General Description

The RT8498 is a current-mode LED driver supporting wide
input voltage range from 3V to 18V and output voltage up
to 18V. With internal 350kHz operating frequency, the size
of the external PWM inductor and input/output capacitors
can be minimized. High efficiency is achieved by a 100mV
current sensing control. LED dimming control can be done
from either analog or PWM signal. The RT8498 provides
an internal soft-start function to avoid inrush current and
thermal shutdown to prevent the device from overheat.

The RT8498 is available in the SOT-23-6 package.

Ordering Information

RT8498
Ii Package Type
E : SOT-23-6

Lead Plating System

G : Green (Halogen Free and Pb Free)
Note :

Richtek products are :
» RoHS compliant and compatible with the current require-
ments of IPC/JEDEC J-STD-020.
» Suitable for use in SnPb or Pb-free soldering processes.

Marking Information

47=: Product Code
DNN : Date Code

47=DNN
A

Features

e High Voltage : VIN Up to 18V, VOUT Up to 18V

e Built-In 2A Power Switch

e Current-Mode PWM Control

e 350kHz Fixed Switching Frequency

e Analog, PWM Digital or PWM Converting to Analog
with One External Capacitor

o Internal Soft-Start to Avoid Inrush Current

e Under-Voltage Lockout

e Internal Over Voltage Protection to Limit Output
Voltage

e Cycle-by Cycle Current Limit

e Thermal Shutdown

Applications

e GPS, Portable DVD Backlight
¢ Display Cabinet Lamp and Room Lighting
o IP Camera

Pin Configuration
(TOP VIEW)
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Functional Pin Description

Pin No. Pin Name Pin Function
1 SW Switch node of the PWM converter.
2 GND Ground.
3 DCTL Digital dimming control input.
4 ACTL Analog dimming control input. Effective programming range is 0.65V to 1.2V.
5 Vielo S_upply voltage input. For good bypass, connect a low ESR capacitor between this
pin and GND.
6 ISN Current sense input. Voltage threshold between VCC and ISN is 100mV.

Functional Block Diagram
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Operation

The RT8498 is specifically designed to be operated in
Buck, Boot and Buck-Boost converter applications. This
device uses a fixed frequency, current-mode control
scheme to provide excellent line and load regulation. The
maximum duty ratio of RT8498 is 100% (typ.), and the
minimum on time is 150ns (typ.)

The current through the sense resistor is set by the
programmed voltage and the sense resistance. The voltage
across the sense resistor can be programmed by the
analog or digital signal at the ACTL pin. By adding a 0.47uF
filtering capacitor on the ACTL pin, the PWM dimming

signal on DCTL pin will be averaged and converted into
analog dimming signal on the ACTL pin. Vact. =0.65V +
0.55 x PWM dimming duty ratio. The RT8498 provides
protection functions which include over- temperature, and
switch current limit to prevent abnormal situations.
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Absolute Maximum Ratings (Note 1)
e Supply Input Voltage, VCC -0.3Vto 21V
o SW Pin Voltage at Switching Off, ISN -0.3Vto 21V
o DCTL, ACTL Pin Voltage -0.3V to 21V
o Power Dissipation, Pp @ Ta =25°C
SOT-23-6 0.48W
o Package Thermal Resistance (Note 2)
SOT-23-6, 6, 208.2°C/W
¢ Junction Temperature 150°C
e Lead Temperature (Soldering, 10 sec.) 260°C
¢ Storage Temperature Range —65°C to 150°C
e ESD Susceptibility (Note 3)
HBM (Human Body Model) 2kV
Recommended Operating Conditions  (Note 4)
¢ Supply Input Voltage, VCC 3V to 18V
¢ Junction Temperature Range —40°Ct0125°C
o Ambient Temperature Range —40°Cto0 85°C
Electrical Characteristics
(Vcec = 12V, No Load on any Output, Ta = 25°C, unless otherwise specified)
Parameter Symbol Test Conditions | Min Typ ‘ Max ’ Unit
Overall
Supply Current lvec -- -- mA
VIN Under Voltage Lockout VIN Rising 21 | 2.55
Threshold Voo VN Falli 1.8 2.2 2.6 v
IN Falling ) . .
Shutdown Current ISHDN VpeTL < 0.1V -- -- 10 A
Logic-High | VbpcTL H 0.65 -- --
Enable Voltage \%
Logic-Low VpCTL_ L -- -- 0.2
Current Sense Amplifier
Input Threshold (Vvcc — VisN) VacTL > 1.25V 96 100 104 mV
Input Current lisN VisNn = 12V -- 20 -- pA
LED Dimming
érJ?rlgrg]]tDlmmlng ACTL Pin Input IACTL 0.65 < VacTL < 3V 9 _ _ uA
#ﬁixgﬁ;“;‘t”xcﬁul_”e”t on VACTL.ON | (Vvec — Visn) = 100mV ~ | 133 | 14 | Vv
'I&ECI?_LCurrent Off Threshold at VAGTL OFF 057 | 065 072 Vv
DCTL Input Current IbcTL 0.3V < VpcTL £ 5V -- 0.5 -- uA
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Parameter Symbol Test Conditions Min Typ Max Unit
DCTL Input Logic-High | VbcTL H 2 - - y
Voltage Logic-Low VbeTL L - -- 0.1
PWM Boost Converter
Switching Frequency fsw - 350 -- kHz
SW Rps(oN) - 0.1 - Q
SW Current Limit LM _sw 2 25 - A
Over Voltage Protection Vce _ovp 183 | 19.6 | 20.9 \Y,
Over Voltage Hysteresis -- 0.6 -- \%
Temperature Protection
Thermal Shutdown Temperature | Tsp -- 150 -- °C
Thermal Shutdown Hysteresis ATsp -- 10 - °C

Note 1. Stresses beyond those listed “Absolute Maximum Ratings” may cause permanent damage to the device. These are
stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated in
the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions may
affect device reliability.

Note 2. 64a is measured under natural convection (still air) at Ta = 25°C with the component mounted on a high effective-
thermal-conductivity four-layer test board on a JEDEC 51-7 thermal measurement standard.

Note 3. Devices are ESD sensitive. Handling precaution is recommended.

Note 4. The device is not guaranteed to function outside its operating conditions.
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Typical Application Circuit
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Figure 1. Buck Configuration

L D1
~n g
— RT8498

1 sw VCC
3ipcTL

VINO

ISN
/ Analog Dimming 4

OT ACTL
C

3
Option I

Figure 2. Boost Configuration

L D1
VINO 1 N Pk
C
T-"

RT8498

1] sw vee|®
UL o—3ipetL

= C4
. . 4 ISN
1T / Analog DlmmlngoT ACTL
C3

:_[Option GND

Figure 3. Buck-Boost Configuration
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Typical Operating Characteristics
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RICHTEK RT8498

Efficiency vs. Input Voltage Efficiency vs. Input Voltage
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Power On from VIN
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Application Information

The RT8498 is specifically designed to be operated in
Buck converter applications. This device uses a fixed
frequency, current-mode control scheme to provide
excellent line and load regulation.

LED Current Setting

The LED current can be calculated by the following
equation :
_ (Wee —Visn)
ILED(MAX) = " Rernar
SENSE
where (Vvce — Visn) is the voltage between the VCC and
ISN pins (100mV typ. if ACTL dimming is not applied) and

the Rsense is the resister between the VCC and ISN pins.

Current Limit

The RT8498 can limit the peak switch current with its
internal over-current protection feature. In normal operation,
the power switch is turned off when the switch current
hits the loop-set value. The over-current protection function
will turn off the power switch independent of the loop control
when the peak switch current reaches around 2.5A (type.).

Over-Temperature Protection

The RT8498 has over-temperature protection (OTP)
function to prevent the excessive power dissipation from
overheating. The OTP function will shut down switching
operation when the die junction temperature exceeds
150°C. The chip will automatically start to switch again
when the die junction temperature cools off.

Inductor Selection

Choose an inductor that can handle the necessary peak
current without saturating and ensure that the inductor
has a low DCR (copper-wire resistance) to minimize 1°R
power losses. Inductor manufacturers specify the
maximum current rating as the current where the
inductance falls to certain percentage of its nominal value,
typically 65%. In Multiple-Topology application where the
transition between discontinuous and continuous modes

occurs, the value of the required output inductor, L, can
be approximated by the following equation :

For Buck application :
- VOUT} Vout
L= x| 11—
[fXNL { VIN(MAX)}
The ripple current Al and peak current Ipeak can be
calculated :

- | Vout _Vour
Al |:f><L :|><|:1 Vin }

Al
IPEAK = IOUT+7L

For Boost application :
- | VN __VN
L {foIL}{1 Vou'r}

The ripple current Al. and peak current lpeak can be
calculated :

= | N _
AlL |:f><|_:|><[1
lout xVourt | | Al
nxVIN 2

VIN }
Vourt
IPEAK =L
For Buck-Boost application :
L= |Nour | 4___ Vour

Al xf VIN + VouTt
The ripple current Al. and peak current lpgak can be
calculated :

— | Vour __ Vour

Al [fo }[1 VIN +VOUT}

(VN + Vour )xlout | Al
nxVIN 2

IPEAK {

where,

Vout = output voltage.
VN = input voltage.
lout = LED current.

f = switching frequency.

M = efficiency

Copyright ©2016 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.

DS8498-00 July 2016

www.richtek.com
9



RT8498

RICHTEK

Schottky Diode Selection

The Schottky diode, with their low forward voltage drop
and fast switching speed, is necessary for RT8498
applications. In addition, power dissipation, reverse voltage
rating and pulsating peak current are important parameters
of the Schottky diode that must be considered. The diode's
average current rating must exceed the average output
current. The diode conducts current only when the power
switch is turned off (typically less than 50% duty cycle).

Thermal Considerations

The junction temperature should never exceed the
absolute maximum junction temperature Tjmax), listed
under Absolute Maximum Ratings, to avoid permanent
damage to the device. The maximum allowable power
dissipation depends on the thermal resistance of the IC
package, the PCB layout, the rate of surrounding airflow,
and the difference between the junction and ambient
temperatures. The maximum power dissipation can be
calculated using the following formula :

Pomaxy = (Tumax)y— Ta) / Bua

where Tax) is the maximum junction temperature, Tais
the ambient temperature, and 6,4 is the junction-to-ambient
thermal resistance.

For continuous operation, the maximum operating junction
temperature indicated under Recommended Operating
Conditions is 125°C. The junction-to-ambient thermal
resistance, 0y, is highly package dependent. Fora SOT-
23-6 package, the thermal resistance, 0,4, is 208.2°C/W
on a standard JEDEC 51-7 high effective-thermal-
conductivity four-layer test board. The maximum power
dissipation at Ta = 25°C can be calculated as below :

Ppmax) = (125°C — 25°C) / (208.2°C/W) = 0.48W for a
SOT-23-6 package.

The maximum power dissipation depends on the operating
ambient temperature for the fixed Tymmax) and the thermal
resistance, 6,a. The derating curves in Figure 4 allows
the designer to see the effect of rising ambient temperature
on the maximum power dissipation.

0.6
Four-Layer PCB

05

AN

03

02

Maximum Power Dissipation (W)

0.0

0 25 50 75 100 125
Ambient Temperature (°C)

Figure 4. Derating Curve of Maximum Power Dissipation

Layout Considerations

PCB layout is very important when designing power
switching converter circuits. Some recommended layout
guide lines are as follows :

» The power components L, D1 and C4 must be placed
as close to each other as possible to reduce the ac
current loop area. The PCB trace between power
components must be as short and wide as possible
due to large current flow through these traces during
operation.

» The input capacitor C1 must be placed as close to the
VCC pin as possible.
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D1

S VIN
Y :{:1 % CiN
R
SENSE Locate input capacitor as
ISN VCC ACTL (3 close to VCC as possible.
Power trace must be wide
and shot when compared s GND
to the normal trace. i
——C4 H
1
¥
L SW GND DCTL
T GND

Place these components
as close as possible.

Figure 5. PCB Layout Guide
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Outline Dimension
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Symbol Dimensions In Millimeters Dimensions In Inches
Min Max Min Max
A 0.889 1.295 0.031 0.051
A1 0.000 0.152 0.000 0.006
B 1.397 1.803 0.055 0.071
b 0.250 0.560 0.010 0.022
C 2.591 2.997 0.102 0.118
D 2.692 3.099 0.106 0.122
e 0.838 1.041 0.033 0.041
H 0.080 0.254 0.003 0.010
L 0.300 0.610 0.012 0.024

SOT-23-6 Surface Mount Package

Richtek Technology Corporation
14F, No. 8, Tai Yuen 1%t Street, Chupei City
Hsinchu, Taiwan, R.O.C.

Tel: (8863)5526789

Richtek products are sold by description only. Richtek reserves the right to change the circuitry and/or specifications without notice at any time. Customers should
obtain the latest relevant information and data sheets before placing orders and should verify that such information is current and complete. Richtek cannot
assume responsibility for use of any circuitry other than circuitry entirely embodied in a Richtek product. Information furnished by Richtek is believed to be
accurate and reliable. However, no responsibility is assumed by Richtek or its subsidiaries for its use; nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of Richtek or its subsidiaries.
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