RICHTEK RT6030

4-CH LED Current Source Controller

General Description Features

The RT6030 is a current source controller, capable of driving ¢ 3.8V to 13.5V Operating Voltage
up to 4-CH of LEDs . The part can also be used to drive » 0.8V Voltage Reference with £2% High Accuracy

an external BJT or N-MOSFET for various applications. e Independent Enable Control for Each Channel
With a wide operating voltage range from 3.8V to 13.5V, e Quick Transient Response
the RT6030 has the advantage of being flexible and cost- e Over Temperature Protection

effective. The RT6030 is available in an SOP-16 package. e RoHS Compliant and Halogen Free

Ordering Information Applications
RT6030 ¢ LED TV Backlight
e Lighting
Package Type .
S : SOP-16 o Intelligent Instruments

) Industrial Display Backlight
Lead Plating System

G : Green (Halogen Free and Pb Free)

Note : Pin Configuration
Richtek products are : (TOP VIEW)
» RoHS compliant and compatible with the current require-
DRIM1 | e 16 |[1VCC12
ments of IPC/JEDEC J-STD-020. FB1 |2 15 |7 EN2
» Suitable for use in SnPb or Pb-free soldering processes. GND |3 14 |1 DRI2
EN1 |4 13|31 FB2
. . FB3 | s 12 |[1EN4
Marking Information DRI3 |6 1|2 6ND
RT6030GS : Product Number Vc'é';‘i g 7 0 g Eit
8 9
RT6030 YMDNN : Date Code
GSYMDNN SOP-16
[ ]
Part Status
Part No Status Package Lead Plating System
RT6030 Lifebuy SOP-16 G : Green (Halogen Free and Pb Free)

The part status values are defined as below :

Active : Device is in production and is recommended for new designs.
Lifebuy : The device will be discontinued, and a lifetime-buy period is in effect.
NRND : Not recommended for new designs.

Preview : Device has been announced but is not in production.

Obsolete: Richtek has discontinued the production of the device.
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Typical Application Circuit
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Functional Pin Description

Pin No. Pin Name Pin Function

DRI1 18t CH driver output.

2 FB1 18t CH current sense voltage feedback.

3, 11 GND Ground.

4 EN1 18t CH chip enable (Active High).

5 FB3 34 CH current sense voltage feedback.

6 DRI3 39 CH driver output.

7 EN3 34 CH chip enable (Active High).

8 VCC34 CH3 and CH4 power supply input.

9 DRI4 4™ CH driver output.

10 FB4 4™ CH current sense voltage feedback.

12 EN4 4™ CH chip enable (Active High).

13 FB2 2"d CH current sense voltage feedback.

14 DRI2 2"d CH driver output.

15 EN2 2"d CH chip enable (Active High).

16 VCC12 CH1 and CH2 power supply input.
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Functional Block Diagram
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Absolute Maximum Ratings (Note 1)
e VCC12,VCC34 15V
o All Other Inputs 1A%
o Power Dissipation, Ppb @ Ta =25°C
SOP-16 1.053W
o Package Thermal Resistance (Note 2)
SOP-16, 6,a 95°C/W
o Lead Temperature (Soldering, 10 sec.) 260°C
« Junction Temperature 150°C
o Storage Temperature Range —-65°C to 150°C
e ESD Susceptibility (Note 3)
HBM 1.5kV
MM 150V
Recommended Operating Conditions (Note 4)
o Supply Input Voltage, Vcciz, Vecas 3.8V to 13.5V
o Chip Enable Voltage, EN1, EN2, EN3, EN4 0V to 5.5V
¢ Junction Temperature Range —40°Cto 125°C
e Ambient Temperature Range —40°Cto 85°C
Electrical Characteristics
(Vcci2 = 5V/IM2V, Veeas = 5V/M12V, Ta = 25°C, unless otherwise specified)
Parameter Symbol Test Conditions Min Typ Max Unit
Under Voltage Lockout -
Threshold VuvLo | Vee12 and Vees4 rising 3.15 3.4 3.65 vV
Under Voltage Lockout .
Hysteresis AVuvLo |Vce12 and Vecess falling 0.1 0.2 0.3 \Y
Vce12 and Veesa Supply Current Vce12 and Veeas = 12V -- 0.6 1.6 mA
. Vcci1z2 and Veess = 12V
Driver Source Current Isr Vori 10 Voris = 6V 5 mA
. . Vcci1z2 and Veess = 12V
Driver Sink Current Isk Vori 10 Voris = 6V 5 mA
Reference Voltage Vcci12 and Vecss = 12V
.784 . .81 Y
(VFB1 to VFB4) VDRIt to VDRi4 = 5V 0.78 0.8 | 0816
Reference Line Regulation (VFB1 Veetz and Vecss = 4.5V to 13.5V _ 3 6 mv
to VFB4)
Amplifier Voltage Gain Vcci12 and Vees4 = 12V, no load - 70 - dB
Chip Enable
EN Rising Threshold VEN Vcci12 and Vecag = 12V -- 0.7 -- \Y
EN Hysteresis AVEN Vcc12 and Vecag = 12V -- 30 -- mV
Vcci2 and Veess = 12V
Standby Current Vent to VENa = OV -- -- 10 pA
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Note 1. Stresses beyond those listed under “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 in natural convection at Ta= 25°C on a low-effective thermal conductivity test board of JEDEC 51-3
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 Operating Characteristics

Standby Current vs. VCC12/VCC34 Input Voltage

Supply Current vs. VCC12/VCC34 Input Voltage
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Feedback Reference Voltage vs. Temperature DRI Source Current vs. DRI1 Voltage
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Applications Information

The RT6030 is a 4-CH LED current source controller. This
device can also drive an external BJT or N-MOSFET for
various applications. Refer to topology in Typical
Application Circuit for more details.

Capacitors Selection

Careful selection of the external capacitors for the RT6030
is highly recommended in order to maintain high stability
and performance. An input capacitor with minimum 1uF
must be connected between VCC and ground. The
capacitor improves the supply voltage stability for proper
operation.

Chip Enable Operation

Pull the EN pin low to drive the device into shutdown mode.
During shutdown mode, the standby current drops to
10mA(MAX). Drive the EN pin high to turn on the device
again. To control LED brightness, the RT6030 can perform
dimming function by applying a PWM signal to the EN
pin. The average LED current is proportional to the PWM
signal duty cycle. To obtain correct dimming, the
magnitude of the PWM signal should be higher than the
threshold voltage of the EN pin.

MOSFET Selection

The RT6030 is designed to drive external N-MOSFET pass
element. MOSFET selection criteria include threshold
voltage, Vgs (VtH), maximum continuous drain current,
Ip, on resistance, Rps(on) ;maximum drain-to-source
voltage, Vps, and package thermal resistance, 6,a. The
most critical specification is the MOSFET Rps(on). Rps(on)
can be calculated from the following formula :

R _ (Mn—Vour)
DSON) = — 1
0

For example, the MOSFET operates up to 2A when the
input voltage is 1.5V and set the output voltage as 1.2V.
Then, Rpson) = (1.5V — 1.2V) / 2A = 150mQ. The
MOSFET's Rpsiony must be lower than 150mgQ. Philip
PHD3055E MOSFET with an Rps(ony of 120m&Q (typ.) is

a suitable solution.
The power dissipation is calculated as :

Po = (Min —Vout) X lLoap

The thermal resistance from junction to ambient is :
O, = (Ty—Ta)

Po
In this example, Pp = (1.5V-1.2V) x 2A = 0.6W. The
PHD3055E's 0,4 is 75°C/W for its D-PAK package, which
translates to a 45°C temperature rise above ambient. The
package provides exposed backsides that directly transfer
heat to the PCB board.

LED Current Setting

The RT6030 maintains an internal reference voltage of 0.8V.
As shown in Typical Application Circuit, the LED current

can be set accordingly via the Rx (x =1, 2, 3, 4) resistor.

0.8
| =— (A
LEDx R, (A)
NPN Transistor Selection

The RT6030 drives the external NPN transistor via the DRIx
pin (source Base current Ig). NPN transistor selection
criteria include DC current gain, hrg, threshold voltage,
VBE, collector emitter voltage, Vce, maximum continuous
collector current, Ic, and package thermal resistance, 6a.

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 :

Pomaxy = (Tymaxy — Ta)/ 6ya

where Tyuax) is the maximum junction temperature, Ta is
the ambient temperature, and 6,ais the junction to ambient
thermal resistance.

For recommended operating condition specifications of
the RT6030, the maximum junction temperature is 125°C
and Ta is the ambient temperature. The junction to ambient
thermal resistance, 0y, is layout dependent. For
SOP-16 packages, the thermal resistance, 0ya, is
95°C/W on a standard JEDEC 51-3 single-layer thermal
test board. The maximum power dissipation at Ta = 25°C
can be calculated by the following formula :
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Ppomax) = (125°C — 25°C) / (95°C/W) = 1.053W for
SOP-16 package

The maximum power dissipation depends on the operating
ambient temperature for fixed Tymax) and thermal
resistance, 0ya. For the RT6030 package, the derating
curve in Figure 1 allows the designer to see the effect of
rising ambient temperature on the maximum power
dissipation.

1.10

Layout Considerations

There are three critical layout considerations.

» First the current setting resistor should be placed as
close as possible to the RT6030 to prevent any noise
coupling.

» Second of all Ciy and Cout should be placed near the
RT6030 for good performance.

» Last of all, proper copper area for the pass element

S 100 T\ Single-Layer PCB should be acknowledged. Pass elements operating
< 090 | \ under high power situations can result in abnormally
o . . .
E‘_ 080 | junction temperature. In addition to the package thermal
@ 070 resistance limit, the copper area should be increased
é 060 r accordingly to improve the power dissipation.
()] L
E 0.50
a 040 |
E o030 |
E o020
s
s 010 ¢
0.00
0 25 50 75 100 125
Ambient Temperature (°C)
Figure 1. Derating Curve for RT6030 Package
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hd GND |3 14 | DRI2
P ) EN1 ]| 4 13 |1 FB2
FB3 | 5 12 (1 EN4
d DRI3 | 6 11 {1 GND
4 RpRri2 EN3 | 7 10 |1 FB4
CN should be placed near the —— C34
IC for improve performance. T The GND plane should be

GND

connected to a strong ground
plane for heat sinking and
noise protection.

Figure 2. PCB Layout Guide
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Outline Dimension
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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
| 0.102 0.254 0.004 0.010
J 5.791 6.198 0.228 0.244
M 0.406 1.270 0.016 0.050

16t ead SOP Plastic 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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