RICHTEK

RT8300

4-CH 150mA Constant Current LED Driver

General Description

The RT8300 is a 4-CH 150mA constant current sink LED
driver capable of driving four channel constant currents
with good matching ability and wide range VF variations.

The RT8300 provides four channel constant currents with
less than 3% differences in output current value among
the 4-CH and ICs respectively. The constant current output
is adjustable from 5mA to 150mA via an external resistor
(RiseT). The LED brightness can also be adjusted via the
PWMI pin with pulse width modulation from 0% to 100%.
Thus allowing for wide VF variation. Moreover, the RT8300
provides Dynamic Headroom Control (DHC) function which
can generate feedback signal to DC/DC control loop and
regulate the output voltage of the RT8300.

The RT8300 features LED open/short protection. If any
channel has open or short condition, that particular output
channel will be turned off and the FAULT pin will pull low.
The RT8300 also supports Over Temperature Protection
(OTP). When OTP is triggered, all output channels will be
turned off and the FAULT pin will pull low.

The RT8300 is available in DIP-16 (BW) and SOP-16
packages to achieve optimized solution for PCB space.

Ordering Information

RT8300 Ii

Package Type
N : DIP-16 (BW)
S : SOP-16

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.

Features

e 4 Constant Current Output Channels

o Wide Power Supply Voltage Range : 5V to 24V

e Maximum Constant Current Output Voltage : 60V

e Low Dropout Voltage : 600mV at 120mA Output
Current

e Constant Output Current Accuracy Between
Channels : <£3%

e Dynamic Headroom Control (DHC) Function

e Constant Output Current Range : 5SmA to 150mA

e Support 400ns Narrow PWM Pulse

o Fault Detection for OTP, LED Open/Short

¢ ROHS Compliant and Halogen Free

Applications
o LED Backlight

Marking Information

RT8300GN
RichTek RT8300GN : Product Number
RT8300 YMDNN : Date Code
oGNYMDNN
RT8300GS
RT8300GS : Product Number
RT8300 YMDNN : Date Code
GSYMDNN
[ ]
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Pin Configurations

(TOP VIEW)
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Functional Pin Description

Pin No. ) . .
Pin Name Pin Function
DIP-16 (BW) SOP-16
3 3 PWMI Constant Current Output Channel Enable/Disable Input.
High : Enable, Low : Disable
2 4 VIN Power Supply Input.
1 5 FB Feedback Control Voltage Output.
Constant Current Set Pin. Connect to an external resistor to
5 6 ISET :
adjust constant current output.
6 7 FAULT Open Drain Output for Fault Detection.
7 8 SLP LED Short Protection Voltage Set Pin.
4.11, 14 1,2,9.16 |GND Ground. The exposed pad mus_t be soldered f[o a Ia!'ge PCB
and connected to GND for maximum power dissipation.
10, 9,12, 13 11to 14 ::EB:' to Constant Current Sink Output.
8 10, 15 NC No Internal Connection.
Function Block Diagram
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o o o o
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Absolute Maximum Ratings (Note 1)
¢ Supply Input Voltage, Vin —0.3V to 32V
o Output Voltage LED1 to LED4 —-0.3V to 70V
e FB, PWMI, FAULT, ISET to GND —0.3V to 28V
o Power Dissipation, Pp @ Ta =25°C
DIP-16 (BW) 2.5W
SOP-16 1.176W
o Package Thermal Resistance (Note 2)
DIP-16 (BW), 6, 40°C/W
SOP-16, 64a 85°C/W
o Lead Temperature (Soldering, 10 sec.) 260°C
¢ Junction Temperature 150°C
¢ Storage Temperature Range —65°C to 150°C
Recommended Operating Conditions  (Note 3)
e Supply Input Voltage, VN 5V to 24V
« Junction Temperature Range —40°Cto 125°C
o Ambient Temperature Range —40°C to 85°C
Electrical Characteristics
(Vin = 24V, Ta= 25°C, unless otherwise specified)
Parameter Symbol Test Conditions Min Typ Max Unit
Under Voltage Lockout Vi VIN Rising -- 3.6 -- v
Threshold UVLO :
VIN Falling -- 3.1 --
Output Voltage VLEDx LED1 to LED4, all CHs off -- -- 60 Y
LED Current Accuracy ILEDX2 VLepx = 0.6V, RiseT=900Q2 116.4 120 123.6 mA
. ILEDXx = 120mA, VLEDX = 0.6V, _ o
LED Current Matching di_EDx2 RiSET = 9000 +0.5 +3 %o
Output Current vs. Output o V| epx within 0.5V and 3V, o
Voltage Regulation foldVLEDX RiseT = 900Q - 0.1 205 | %NV
Output Current of SLP IsLp Vg p=043Vto 2V -- 16 -- pA
, VsLPH Viepx = 14V -- 2 --
SLP Pin Voltage \%
VsLpL VLepx = 3.03V -- 043 --
Open LED Protection (OLP) . .
Voltage VoLp VLEDx 50 mV
PWMI Input Logic-High VPWMIH Ta= -40°C to 85°C 2 - --
Voltage Logic-Low | VewmiL | Ta=-40°C to 85°C - - 0.8
VEBH IFBH = 90pA - 3.3 --
Feedback Voltage Vv
VFBL IFBL=1MA -- 0.2 --
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Parameter Symbol Test Conditions Min Typ Max Unit
I VEg= 3.3V - 50 --
FB Pin Output Current FBH FB hA
IFBL VEg=0.2V - 1 -- mA
VLEDx = 50V, all CHs off, _ .
Output Leakage Current loH PWMI = Low 0.5 pA
Thermal Protection . R
Temperature Torp Junction Temperature -- 140 -- C
Thermal Protection . o
Temperature Hysteresis ATotp Junction Temperature - 50 -- C
Supply Current IDD(ON) RiseT = 3.6kQ2, PWMI = High - 5 mA
Shutdown Current IsHDN Shutdown - 6 20 pA
PWMIto LEDx | oW High 1, 01 |03 0.6
Propagation Transition us
. High to Low
Delay Time Transition tPHL 0.05 0.1 0.4
Shutdown Delay Time tsHDN -- 32 -- ms
Power On Reset Time tRESET -- 256 -- us
Soft-Start Time tss -- 128 -- ms
Fault Blanking Time trB PWM = 100% - 32 -- ms
PWMI High Blanking Time trB - -- us
Fault Detection Time te - 2 -- us

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. 6ya is measured at Ta= 25°C on a high effective thermal conductivity four-layer test board per JEDEC 51-7. 6,c is

measured at the exposed pad of the package.

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

Supply Current vs. Input Voltage

Shutdown Current vs. Input Voltage
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Application Information

The RT8300 is a 4-CH LED current source controller with
an internal N-MOSFET driver. The RT8300 regulates the
lowest voltage of the LED strings and generates a feedback
control signal to a primary controller to regulate the LED
current. Each LED channel current is accurately matched
and controlled by sensing an internal resistor in series
with the MOSFET. All channels' LED brightness can be
precisely controlled by applying a PWM signal to the
PWMII pin. The RT8300 also features several protections
including Short LED Protection (SLP), Open LED
Protection (OLP), and Over Temperature Protection (OTP).

LED Current Setting

Each channel's LED current can be calculated by following

equation :
lLep = =108
Riset

Where Risgt is the resistor between the ISET pin and
GND. This setting is the reference for the LED current at
the LED pin and represents the sensed LED current for
each string.

Brightness Control

The RT8300 brightness dimming control is decided by
the signal on the PWMI pin. Refer to the following figure.
The minimum dimming duty can be as low as 1% for the
200Hz frequency.

LED Current vs. PWM Duty
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PWM Duty (%)
Figure 1

Dynamic Headroom Control Function

The Dynamic Headroom Control (DHC) function is used
to generate feedback signal to primary DC/DC control loop
and regulate the LED current of the RT8300. This function
can improve IC's thermal performance and efficiency. The
R1, R2 and R3 selection is shown in below equation :

VouT (Default) = VRer (1 +§—;

V -0.2
Vout (max) = Vour (Default)’f&(%)
V -3.3
Vout (miNy = Vout (Default)’f%(%)
_ |VeB- VRer
R3 i) IFB(typ.)

Where Vouris converter output voltage, Vrer is converter
reference voltage and typical Irg is 501A. The connection
is shown as the following figure.

Vout
R1
Converter VRer R3 VEB
0.2V to 3.3V
R2
Figure 2

Power On and Power Off Sequence

When power converter output voltage and VN are both
ready. PWMI pulled high will enable the RT8300, and IC
will check channel unused or not in first period (256s). The
unused channel is needed to short to GND or FAULT will
be turned on. The second period is 128ms soft start time,
the RT8300 feedback voltage is 3.3V in this period. Then,
IC gets into the fault blanking time (32ms) when PWM
duty is 100% since fault blanking counter depends on the
PWM on period. After the third period, fault function will
turn on. About power off sequence, IC will shut down after
32ms when PWMI pin is pulled low. The power on and
power off sequence are shown as the following figure.
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Power On channels are re-enabled when the junction temperature
Vin cools down by approximately 50°C.
PWMI
Status [[S start Vea =33VFAULT Blanking] Normal | Open LED Protection
'~128ms ~32ms ) . .
IC reset (checking If the Vi epx is < 50mV after a fault blanking period, the

unused Chs) ~256us

counter will be triggered when PWM is high. Moreover,

ILED ( ~rwm The time of startup depends on VOUT
there is a 4us blanking time on every rising part of PWM.
Power Off When the counter accumulates to 2us, only this open
Vin channel will be off but not latched. The FAULT will be turned

PWMI on and pulled low.
Status | Sigsnoe | Shutdown | Short LED Protection

ILep If the voltage of Viepx is >112 x 10° x Rsip (7 x VsLp) after
Figure 3 fault blanking period, the counter will be triggered when

PWM is high. Moreover, there is a 4us blanking time on
Over Temperature every rising part of PWM. When the counter accumulates
to 2us, this short channel will be off and latched. The
FAULT pin will be pulled low. The fault state can only be
released by PWM off after 32ms. The operation and
protection flow is shown as the following figure.

The RT8300 has an Over Temperature Protection function
to prevent excessive power dissipation from overheating
the device. The OTP will disable all channels if the junction
temperature exceeds 140°C and sends a fault signal. The

VIN and PWMI
Power On Start <
(RESET)
PWMI = low after
32ms or VIN < UVLO
A4
Status of Channel SLP: Fault pulled low, only this
Disable this | Un-used is VLEDX Floating? channel off and latch
Channel (Un-used channel need OLP: Fault pulled low, only this
short to GND) channel off and non-latch
h
A4
Soft-Start Function _
and ILED Turn-On \(ST_E;’_-Sé:IS_\é’ -L
(128ms) - -
Y
Follow the A 4
ver Temperaturex_Normal Flow Fault Blacking Time | Vg = 0.2V to 3.3V Te > 2us
Protection ? b (32ms) OLP=SLP=L

|

Normal Operation
T <90°C P Tr<2us

Auto-recovery

Open / Short
Detection Time

Tj>140°C

Turn-Off All Channel
FLT Pulled Low

ED Short / Open
Protection ?

Figure 4
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Thermal Considerations

For continuous operation, do not exceed absolute
maximum junction temperature. The maximum power
dissipation depends on the thermal resistance of the IC
package, PCB layout, rate of surrounding airflow, and
difference between junction and ambient temperature. The
maximum power dissipation can be calculated by the
following formula :

Pomax) = (Tumax)— Ta) / 6ua

where T ymax) is the maximum junction temperature, Tais
the ambient temperature, and 0ais the junction to ambient
thermal resistance.

For recommended operating condition specifications of
the RT8300, the maximum junction temperature is 125°C
and Ta is the ambient temperature. The junction to ambient
thermal resistance, 6,,, is layout dependent. For DIP-16
(BW) package, the thermal resistance, 0,4, is 40°C/W on
a standard JEDEC 51-7 four-layer thermal test board. For
SOP-16 packages, the thermal resistance, 0,4, is 85°C/
W on a standard JEDEC 51-7 four-layer thermal test board.
The maximum power dissipation at Ta = 25°C can be
calculated by the following formula :

Powmaxy = (125°C — 25°C) / (40°C/W) = 2.5W for
DIP-16 (BW) package

Pomax) = (125°C — 25°C) / (85°C/W) = 1.176W for
SOP-16 package

The maximum power dissipation depends on the operating
ambient temperature for fixed Tymax) and thermal
resistance, 6,a. For the RT8300 packages, the derating
curves in Figure 5 allow the designer to see the effect of
rising ambient temperature on the maximum power
dissipation.

26 -
24 |
22
2.0
1.8
16
14 +
12 &
10 | SOP-16
08
06 I
04 |
02 f
0.0

DIP-16 (BW) Four-Layer PCB

Maximum Power Dissipation (W)

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

Figure 5. Derating Curves for the RT8300 Packages
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Outline Dimension

Dimensions In Millimeters Dimensions In Inches
Symbol
Min Max Min Max
A 3.700 4.320 0.146 0.170
A1 0.381 0.710 0.015 0.028
A2 3.200 3.600 0.126 0.142
b 0.360 0.560 0.014 0.022
b1 1.143 1.778 0.045 0.070
b2 2.920 3.100 0.115 0.122
c 0.204 0.360 0.008 0.014
18.80 19.30 0.740 0.760
6.200 6.600 0.244 0.260
E1 7.320 7.920 0.288 0.312
E2 8.350 9.250 0.329 0.364
e 2.540 0.100
3.000 3.600 0.118 0.142

16-Lead DIP (BW) Plastic Package
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Dimensions In Millimeters Dimensions In Inches
Symbol

Min Max Min Max

A 9.804 10.008 0.386 0.394
B 3.810 3.988 0.150 0.157
C 1.346 1.753 0.053 0.069
D 0.330 0.508 0.013 0.020
F 1.194 1.346 0.047 0.053
H 0.178 0.254 0.007 0.010
I 0.102 0.254 0.004 0.010
J 5.791 6.198 0.228 0.244
0.406 1.270 0.016 0.050

16— ead SOP Plastic Package

Richtek Technology Corporation
5F, No. 20, Taiyuen 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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