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Ordering Information

Note :

RichTek Pb-free and Green 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.

100% matte tin (Sn) plating.

General Description
The RT9364 is a high performance white LED driver. It
integrates current sources and automatic mode selection
charge pump. The part maintains the high efficiency by
utilizing an x1/x1.5 fractional charge pump and low dropout
current sources. The small equivalent x1 mode open loop
resistance and ultra-low dropout voltage of current source
extend the operating time of x1 mode and optimize the
efficiency of Li-ion battery in white LED applications.

The RT9364 supports up to 4 white LEDs and regulates a
constant current for uniform intensity. The part implements
a 4-bit DAC for brightness control. Users can easily
configure the LED current from 1.25mA to 20mA by a serial
pulse. The dimming of white LEDs current can be achieved
by applying a pulse signal to the EN pin. There are totally
16 steps of current could be set by users. The operating
voltage range is 2.8V to 5.0V. Internal soft start circuitry
effectively reduces the in-rush current while both start-up
and mode transition. The load is disconnected from VIN

while shutdown and the shutdown current is less than
1μA. RT9364 is available in a WQFN 3x3-16L package.

Features
85% Average Efficiency Over Battery Life
Support Up to 4 White LEDs
80mV Typical Current Source Dropout
Support Up to 80mA Output Current
1% Typical LED Current Accuracy
0.7% Typical LED Current Matching
Soft Start Function
Auto Charge Pump Mode Selection
250kHz Fixed Frequency Oscillator
Output Over Voltage Protection
16-Step Brightness Control
Low Input Noise and EMI
Low 0.3μμμμμA Shutdown Current
RoHS Compliant and 100% Lead (Pb)-Free

80mA 4-Channel Charge Pump White LED Driver
 with Low Dropout Current Source

Applications
Mobile Phone, DSC, MP3
White LED Backlighting
LCD Display Supply

Pin Configurations
(TOP VIEW)

WQFN-16L 3x3

Marking Information
For marking information, contact our sales representative
directly or through a RichTek distributor located in your
area, otherwise visit our website for detail.
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Package Type
QW : WQFN-16L 3x3 (W-Type)

Operating Temperature Range
P : Pb Free with Commercial Standard
G : Green (Halogen Free with Commer-
      cial Standard)

RT9364
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Typical Application Circuit

Figure 1. For 4-WLEDs Application Circuit

Figure 2. For 3-WLEDs Application Circuit

Figure 3. Brightness control by pulse dimming
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Functional Pin Description
Pin Number Pin Name Pin Function 

1 C1N Negative Terminal of Bucket Capacitor 1. 

2 C2N Negative Terminal of Bucket Capacitor 2. 

3 C2P Positive Terminal of Bucket Capacitor 2. 

4 C1P Positive Terminal of Bucket Capacitor 1. 

5 AGND Analog Ground. 

6 PGND Power Ground. 

7 VIN Power Input Voltage. 

8 EN Chip Enable (Active High), and connects to GPIO pin of MCU. 

9, 15 NC No Internal Connection. 

10 LED 4 Current Sink for LED4. (If not in use, pin should be connected to GND) 

11 LED 3 Current Sink for LED3. (If not in use, pin should be connected to VIN) 

12 LED 2 Current Sink for LED2. (If not in use, pin should be connected to VIN) 

13 LED 1 Current Sink for LED1. (If not in use, pin should be connected to VIN) 

14 VOUT Output Voltage Source for LED1 to LED4. 

16 VNG Charge Pump Output. 

Exposed Pad GND Exposed pad should be soldered to PCB board and connected to GND. 

 
Function Block Diagram
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Electrical Characteristics
(VIN = 3.6V, VF = 3.4V, CIN = COUT = CFLY = 1μF (ESR = 30mΩ), ILED1 to 4 = 15mA, TA = 25°C, unless otherwise specification)

Absolute Maximum Ratings   (Note 1)

Supply Input Voltage------------------------------------------------------------------------------------------------------ −0.3V to 6V
Other I/O Pin Voltage ----------------------------------------------------------------------------------------------------- −0.3V to 6V
Power Dissipation, PD @ TA = 25°C
WQFN-16L 3x3 ------------------------------------------------------------------------------------------------------------ 1.47W
Package Thermal Resistance   (Note 4)
WQFN-16L 3x3, θJA ------------------------------------------------------------------------------------------------------- 68°C/W
Junction Temperature ----------------------------------------------------------------------------------------------------- 150°C
Lead Temperature (Soldering, 10 sec.) ------------------------------------------------------------------------------- 260°C
Storage Temperature Range -------------------------------------------------------------------------------------------- −40°C to 150°C
ESD Susceptibility   (Note 2)
HBM (Human Body Mode) ---------------------------------------------------------------------------------------------- 2kV
MM (Machine Mode) ------------------------------------------------------------------------------------------------------ 200V

Recommended Operating Conditions   (Note 3)

Junction Temperature Range-------------------------------------------------------------------------------------------- −40°C to 125°C
Ambient Temperature Range-------------------------------------------------------------------------------------------- −40°C to 85°C

Parameter Symbol Test Condition Min Typ Max Units 
Input 
Input Supply Voltage VIN  2.8 -- 5.0 V 
Under-Voltage Lockout Threshold VUVLOH VIN Rising 1.8 2.2 2.6 V 
Under-Voltage Lockout Hysteresis   50 200 400 mV 
EN Pull Low Current  VEN = 1.8V 0.1 1 7 uA 
Quiescent of x1 Mode IQ_x1 x1 Mode, VIN = 5.5V, LED off 0.3 0.8 2 mA 
Shutdown Current ISHDN VEN = 0V, VIN = 5.5V 0 0.4 7 μA 
Output 
x1 Mode to x1.5 Mode Transition 
Voltage 

VTRAN VLED= 3.4V, ILED1to 4 = 15mA 3.4 3.5 3.7 V 

Mode Transition Hystersis   50 200 500 mV 
ILEDx Accuracy ILED-ERR 100% Setting, ILED1 to 4 -8 -- +8 % 
Current Matching ILED-LED-ERR 100% Setting, ILED1 to 4 -5 -- +5 % 
Enable 
EN Low Time for Shut Down TSHDN  3 -- -- ms 
EN Low Time for Dimming TLO  0.5 -- 500 μs 
EN High Time for Dimming THI  0.5 -- -- μs 

Logic-High Voltage VIH  1.5 -- -- V 
EN Threshold 

Logic-Low Voltage VIL  -- -- 0.4 V 
Frequency 
Oscillator Frequency fOSC  190 250 375 kHz 
Protection 
Over Voltage Protection VOVP VIN − VOUT 4.5 5.5 6 V 
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Note 1. Stresses listed as the above "Absolute Maximum Ratings" may cause permanent damage to the device. These are for

stress ratings. 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 for extended

periods may remain possibility to affect device reliability.

Note 2. Devices are ESD sensitive. Handling precaution is highly recommended.

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

Note 4. θJA is measured in the natural convection at TA = 25°C on a low effective thermal conductivity test board of

JEDEC 51-3 thermal measurement standard.
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Typical Operating Characteristics

Efficiency vs. Input Voltage
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x1.5 Mode LED Current vs. Temperature

16

17

18

19

20

21

22

23

24

-40 -25 -10 5 20 35 50 65 80 95

Temperature

LE
D

 C
ur

re
nt

 (m
A

)

(°C)

VIN = 3.2V

ILED4
ILED2
ILED1
ILED3

LED Current vs. Input Voltage

10

12

14

16

18

20

22

24

26

2.8 3.2 3.6 4 4.4 4.8 5.2 5.6

Input Voltage (V)

LE
D

 C
ur

re
nt

 (m
A

)

LED Vf = 3.3V

LED2
LED4
LED1
LED3

x1.5 Mode Quiescent Current vs. Temperature
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VIN = 3.7V

x1 Mode Dimming Operation
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Applications Information
The RT9364 uses a fractional switched capacitor charge
pump to power up to four white LEDs with a programmable
current for uniform intensity. The part integrates current
sources and automatic mode selection charge pump. It
maintains the high efficiency by utilizing an x1/x1.5
fractional charge pump and current sources. The small
equivalent x1 mode open loop resistance and ultra-low
dropout voltage of current source extend the operating
time of x1 mode and optimize the efficiency in white LED
applications.

Input UVLO
The input operating voltage range of the RT9364 is 2.8V
to 5.5V. An input capacitor at the VIN pin could reduce
ripple voltage. It is recommended to use a ceramic 1μF or
larger capacitance as the input capacitor. This IC provides
an under voltage lockout (UVLO) function to prevent it from
unstable issue when startup. The UVLO threshold of input
rising voltage is set at 2.2V typically with a hysteresis
0.2V.

Soft Start
The RT9364 employs a soft start feature to limit the inrush
current. The soft-start circuit prevents the excessive inrush
current and input voltage droop. The soft-start clamps the
input current over a typical period of 50μs.

Mode Decision
The RT9364 uses a smart mode selection method to decide
the working mode for optimizing the efficiency. Mode
decision circuit senses the output and LED voltage for
up/down selection. The RT9364 automatically switches
to x1.5 mode whenever the dropout condition is detected
from the current source and returns to x1 mode whenever
the dropout condition releases.

LED connection
The RT9364 supports up to 4 white LEDs. The four LEDs
are connected from VIN to pin 10, 11, 12 and 13
respectively. If the LED is not used, the LED pin should
be connected to VIN directly. Figure 2 shows the
connection for 3-WLEDs application, pin 10 is connected
to VIN.

Selecting Capacitors
To get the better performance of RT9364, the selection of
peripherally appropriate capacitor and value is very
important. These capacitors determine some parameters
such as input/output ripple voltage, power efficiency,
maximum supply current by charge pump, To reduce the
input and output ripple effectively, the low ESR ceramic
capacitors are recommended.  For LED driver applications,
the input voltage ripple is more important than output
ripple. Input ripple is controlled by input capacitor CIN,
increasing the value of input capacitance can further reduce
the ripple. Practically, the input voltage ripple depends on
the power supply impedance.  The flying capacitor C1 and
C2 determine the supply current capability of the charge
pump and to influence the overall efficiency of system.
The lower value will improve efficiency, but it will limit the
LED's current at low input voltage. For 4 X 20mA load
over the entire input range of 2.8V to 5.5V, it is
recommended to use a 1μF ceramic capacitor on the flying
capacitor C1 & C2.

Brightness Control
The RT9364 implements a pulse dimming method to
control the brightness of white LEDs. Users can easily
configure the LED current from 1.25mA to 20mA by a serial
pulse. The dimming of white LEDs' current can be achieved
by applying a pulse signal to the EN pin. There are totally
16 steps of current could be set by users. The detail
operation of brightness dimming is showed in the
Figure 3.

Over Voltage Protection
The RT9364 equips over voltage protection function.  When
LED is open, the voltage between input and output will be
clamped at a certain voltage level.
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Figure 4
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Layout Consideration
The RT9364 is a high-frequency switched-capacitor
converter. Careful PCB layout is necessary. For best
performance, place all peripheral components as close to
the IC as possible. Place CIN, COUT, CFLY1, and CFLY2
near to VIN, VOUT, CP1, CN1, CP2, CN2, and GND pin
respectively.

A short connection is highly recommended. The following
guidelines should be strictly followed when designing a
PCB layout for the RT9364.

The exposed pad, PGND, AGND must be soldered to a
large ground plane for heat sinking and noise prevention.
The through-hole vias located at the exposed pad is
connected to ground plane of internal layer.

VIN traces should be wide to minimize inductance and
handle the high currents. The trace running from battery
to chip should be placed carefully and shielded strictly.

Input and output capacitors must be placed close to the
part. The connection between pins and capacitor pads
should be copper traces without any through-hole via
connection.

The flying capacitors must be placed close to the part.
The traces running from the pins to the capacitor pads
should be as wide as possible. Long traces will also
produce large noise radiation caused by the large dv/dt
on these pins. Short trace is recommended.

All the traces of LED and VIN running from pins to LCM
module should be shielded and isolated by ground plane.
The shielding prevents the interference of high frequency
noise coupled from the charge pump.

Output capacitor must be placed between VNG and
VOUT to reduce noise coupling from charge pump to
LEDs.
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Outline Dimension
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SEE DETAIL A

Dimensions In Millimeters Dimensions In Inches 
Symbol 

Min Max Min Max 

A 0.700 0.800 0.028 0.031 

A1 0.000 0.050 0.000 0.002 

A3 0.175 0.250 0.007 0.010 

b 0.180 0.300 0.007 0.012 

D 2.950 3.050 0.116 0.120 

D2 1.300 1.750 0.051 0.069 

E 2.950 3.050 0.116 0.120 

E2 1.300 1.750 0.051 0.069 

e 0.500 0.020 

L 0.350 0.450 0.014 0.018 

 
W-Type 16L QFN 3x3 Package

Note : The configuration of the Pin #1 identifier is optional,
but must be located within the zone indicated.

DETAIL A
Pin #1 ID and Tie Bar Mark Options
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专注于微波、射频、天线设计人才的培养 易迪拓培训 
网址：http://www.edatop.com  

 

射 频 和 天 线 设 计 培 训 课 程 推 荐 

 

易迪拓培训(www.edatop.com)由数名来自于研发第一线的资深工程师发起成立，致力并专注于微

波、射频、天线设计研发人才的培养；我们于 2006 年整合合并微波 EDA 网(www.mweda.com)，现

已发展成为国内最大的微波射频和天线设计人才培养基地，成功推出多套微波射频以及天线设计经典

培训课程和 ADS、HFSS 等专业软件使用培训课程，广受客户好评；并先后与人民邮电出版社、电子

工业出版社合作出版了多本专业图书，帮助数万名工程师提升了专业技术能力。客户遍布中兴通讯、

研通高频、埃威航电、国人通信等多家国内知名公司，以及台湾工业技术研究院、永业科技、全一电

子等多家台湾地区企业。 

易迪拓培训推荐课程列表： http://www.edatop.com/peixun/tuijian/ 
 

 

射频工程师养成培训课程套装 

该套装精选了射频专业基础培训课程、射频仿真设计培训课程和射频电

路测量培训课程三个类别共 30 门视频培训课程和 3 本图书教材；旨在

引领学员全面学习一个射频工程师需要熟悉、理解和掌握的专业知识和

研发设计能力。通过套装的学习，能够让学员完全达到和胜任一个合格

的射频工程师的要求… 

课程网址：http://www.edatop.com/peixun/rfe/110.html 

手机天线设计培训视频课程 

该套课程全面讲授了当前手机天线相关设计技术，内容涵盖了早期的

外置螺旋手机天线设计，最常用的几种手机内置天线类型——如

monopole 天线、PIFA 天线、Loop 天线和 FICA 天线的设计，以及当前

高端智能手机中较常用的金属边框和全金属外壳手机天线的设计；通

过该套课程的学习，可以帮助您快速、全面、系统地学习、了解和掌

握各种类型的手机天线设计，以及天线及其匹配电路的设计和调试...

课程网址： http://www.edatop.com/peixun/antenna/133.html 

WiFi 和蓝牙天线设计培训课程 

该套课程是李明洋老师应邀给惠普 (HP)公司工程师讲授的 3 天员工内

训课程录像，课程内容是李明洋老师十多年工作经验积累和总结，主要

讲解了 WiFi 天线设计、HFSS 天线设计软件的使用，匹配电路设计调

试、矢量网络分析仪的使用操作、WiFi 射频电路和 PCB Layout 知识，

以及 EMC 问题的分析解决思路等内容。对于正在从事射频设计和天线

设计领域工作的您，绝对值得拥有和学习！… 

课程网址：http://www.edatop.com/peixun/antenna/134.html 
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专注于微波、射频、天线设计人才的培养 易迪拓培训 
网址：http://www.edatop.com 

CST 学习培训课程套装 

该培训套装由易迪拓培训联合微波 EDA 网共同推出，是最全面、系统、

专业的 CST 微波工作室培训课程套装，所有课程都由经验丰富的专家授

课，视频教学，可以帮助您从零开始，全面系统地学习 CST 微波工作的

各项功能及其在微波射频、天线设计等领域的设计应用。且购买该套装，

还可超值赠送 3 个月免费学习答疑… 

课程网址：http://www.edatop.com/peixun/cst/24.html  

 

HFSS 学习培训课程套装 

该套课程套装包含了本站全部 HFSS 培训课程，是迄今国内最全面、最

专业的 HFSS 培训教程套装，可以帮助您从零开始，全面深入学习 HFSS

的各项功能和在多个方面的工程应用。购买套装，更可超值赠送 3 个月

免费学习答疑，随时解答您学习过程中遇到的棘手问题，让您的 HFSS

学习更加轻松顺畅… 

课程网址：http://www.edatop.com/peixun/hfss/11.html 

ADS 学习培训课程套装 

该套装是迄今国内最全面、最权威的 ADS 培训教程，共包含 10 门 ADS

学习培训课程。课程是由具有多年 ADS 使用经验的微波射频与通信系统

设计领域资深专家讲解，并多结合设计实例，由浅入深、详细而又全面

地讲解了 ADS 在微波射频电路设计、通信系统设计和电磁仿真设计方面

的内容。能让您在最短的时间内学会使用 ADS，迅速提升个人技术能力，

把 ADS 真正应用到实际研发工作中去，成为 ADS 设计专家... 

课程网址： http://www.edatop.com/peixun/ads/13.html 
 

我们的课程优势： 

※ 成立于 2004 年，10 多年丰富的行业经验， 

※ 一直致力并专注于微波射频和天线设计工程师的培养，更了解该行业对人才的要求 

※ 经验丰富的一线资深工程师讲授，结合实际工程案例，直观、实用、易学 

联系我们： 

※ 易迪拓培训官网：http://www.edatop.com 

※ 微波 EDA 网：http://www.mweda.com 

※ 官方淘宝店：http://shop36920890.taobao.com 

 
 

专注于微波、射频、天线设计人才的培养 

官方网址：http://www.edatop.com 易迪拓培训 
淘宝网店：http://shop36920890.taobao.com 


