('MT Global Mixed-mode Technology Inc.

G2602

High Voltage Multi-Topology LED Driver

Features

m High Voltage : VIN up to 36V, VOUT up to 36V

m  2.5A Switch Current

m Buck, Boost or Buck-Boost Operation

m Current Mode PWM with 500KHz Switching Fre-

quency

Easy dimming : Analog, PWM or PWM Con-

verting to Analog with One External Capacitor

m  Soft Start to Avoid Inrush Current

m Programmable Over Voltage Protection to Limit
Output Voltage

m VIN Under Voltage Lockout and Thermal Shut-
down

m 12-Lead TDFN and MSOP-10 (FD) Package

Applications

m GPS, Portable DVD Backlight
m Desk Light and Room Lighting
m Industrial Display Backlight

General Description

The G2602 is a current mode DC/DC converter with
an internal 2.5A, 40V switch specifically designed to
drive LEDs. The G2602 operates as a LED driver in
buck, boost and buck-boost mode. The LED current is
externally programmable with a 120mV sense resistor.
With a 500KHz operating frequency, the external in-
ductor and input/output capacitors can all be small.
Dimming can be either analog, PWM, or PWM con-
verting to analog with an external capacitor.

The G2602 is available in TDFN-12L 3x3 and MSOP-10
(FD) package.

Ordering Information

ORDER TEMP. PACKAGE
NUMBER MARKING RANGE (Green)
G2602RQ1U 2602 -30°C to +105°C | TDFN3X3-12
G2602F61U G2602 -30°C to +105°C | MSOP-10 (FD)

Note: RQ:TDFN3X3-12 F6:MSOP-10 (FD)
1: Bonding Code

U: Tape & Reel
Pin Configuration
Top View
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Note: Recommend connecting the Thermal Pad to the Ground for excellent power dissipation.
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Absolute Maximum Ratings

VIN, ISP, ISN, LX . ..o 40V ESD Susceptibility

VC, ACTL, DCTL, EN, OVP, TG, VP5 ........... 5V HBM . . . 2kV
Thermal Resistance of Junction to Ambient (6 j)* MM .. 200V
TDFEN3X3-12 .. . 170°C/W

MSOP-10 (FD). . ..o oo 190°C/W

Continuous Power Dissipation (T, = +25°C)*

TDFEN3X3-12 . . .. 0.73W . .
MSOP-10 (FD). . .+« o oeeee oo 0.65W Recommended Operation conditions
Junction Temperature . . .................. 150°C VIN,ISPISN .o 6.5V to 36V
Storage Temperature . .. .......... -65°C to 150°C Junction Temperature Range . .. ... -40°C to 125°C
Reflow Temperature (soldering, 10sec) . .. . . . 260°C Ambient Temperature Range . . . . .. -30°C to 105°C

* Please refer to Minimum Footprint PCB Layout Section.

Electrical Characteristics

(VIN=12V, Tp=25°C.)

The device is not guaranteed to function outside its operating conditions. Parameters with MIN and/or MAX limits are 100%
tested at +25°C, unless otherwise specified.

Parameter Symbol Conditions Min Typ Max Unit

Supply Voltage VIN 6.5 36 V
Under Voltage Threshold UVLO |VIN falling 5.8 6 6.2 \%
Supply Current IvCC VC=0V (Switching off) 0.6 mA
Shutdown Current ISHDN |EN=0V 12 HA

VIH 15 VP5 \
EN Input Level

VIL 0.5 \Y
EN Output Current IEN1 EN=0V, current out of pin 2 A
EN Input Current IEN2 EN=5V 2 HA
Input Threshold (VISP-VISN) 6.5V < common mode < 36V 114 120 126 mV
ISP Input Current IISP VISP=24V 100 PA
ISN Input Current IISN VISN=24V 1 A
ACTL Output Current IACTL1 VAC.TLZOV’ current out of pin (DCTL 12 HA

floating)

ACTL Input Current IACTL2 [VACTL=5V 50 A
LED Current Off Threshold at ACTL VACTL 50 mV
DCTL Output Current IDCTL1 [VDCTL=0V, current out of pin 2 A
DCTL Input Current IDCTL2 [VDCTL=5V 2 A
DCTL Input Level VA 1 v

VIL 0.5 \Y
Switching Frequency FOSC 400K 500K 600K Hz
Maximum Duty Cycle 90 92 %
LX ON Resistance RLX ILX=500mA 0.3 Q
LX Leakage Current VLX=40V, EN=0V 5 A
Over-Current Protection IOCP 2.5 A
OVP Threshold VOVP 1.2 V
OVP Input Current IOVP VOVP=1.2V 0.1 A
TG Output Low VOL 0 V
TG Output High VOH VP5 \Y
VP5 Regulation Voltage VP5 5 \
Thermal shutdown OTP 150 °C
OTP Hysteresis 30 °C
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Pin Description

PIN NAME FUNCTION
TDEN3X3-12| MSOP-10 (FD)

1 1 LX  [Switch Pin.

2 TG Gate Driver Output for the true shutdown NMOS switch. Only for Boost Converter.

3 2 VP5 |A regulated voltage for internal circuits. A capacitor of at least 1uF is required.

4 3 ovP Over voltage protection. Boost and Buck-Boost converter turn off when VOVP
goes higher than 1.2V.

5 4 GND _[Ground.
PWM Dimming Control. By Adding a Filtering Capacitor on ACTL Pin, the PWM

6 DCTL |dimming signal on ACTL pin will be averaged and converted into analog dimming
signal.

7 5 EN  |Chip Enable (Active High). When low, chip is in shutdown mode.

8 6 ACTL [Analog Dimming Control.

9 7 VC Gm Error Amplifier Output Pin. Adding an RC network on this pin for stabilization.

10 8 ISN  |Current Sense Negative Input.

11 9 ISP |Current Sense Positive Input.

12 10 VIN  |Power Supply of the chip.

13 11 The thermal pad must be soldered to a large PCB and connected to GND for

Thermal Pad Thermal Pad maximum power dissipation.

Minimum Footprint PCB Layout Section
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Application Information
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Fig. 2 Analog Dimming BUCK Configuration
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Fig. 5 PWM to Analog Dimming Buck-Boost Configuration
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Block Diagram

VP5 TG LX
i

EN
E BIAS, TSD, VP5
VIN [ 0SC

6.5V

{

OVP L

1.2V

]
D\_‘%
/\

- [J ISN
VvC [J GM
* {1 ISP
Dimming
]—
DCTL L Control
M l [0 GND
L
ACTL
Fig. 6 Block Diagram of G2602
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Detailed Description

Dimming Control

There are three methods to control the LED current for
dimming using the G2602. The first method uses the

ACTL pin to linearly adjust the current sense threshold.

When the ACTL pin voltage is less than 1.2V, the LED
current is:

VACTL

| = —_—
LED
10 x Rgense

When V,.q is higher than 1.2V, the LED current is
clamped to be:

120mVv

ILED -

RSENSE

The second method of dimming control uses DCTL pin
to modulate V,. between 0 and 1.2V. With one ex-

ternal capacitor connected to ACTL pin, V,cp is av-

eraged and converted to analog signal. The third
method of dimming control uses DCTL pin to modulate
the LED current between 0 and full current. In this
method, the ACTL pin is tied to the VPS5 pin.

Enable Control
If floating, the EN pin is internally pulled high after VIN
power on, enabling the IC.

UVLO

The G2602 enters normal operation when VIN rises
above approximately 6.5V. When VIN falls below 6V,
under-voltage lockout (UVLO) inhibits switching.

Programmable Over-Voltage Protection

In boost and buck-boost mode, the Over-Voltage Pro-
tection threshold can be adjusted by connecting the
OVP pin to a resistor divider between VOUT and GND
Chose R2=10kQ and solve the R1 with the equation:

R1=R2><(V1°—”2T-1)

If VOUT is above the threshold or LEDs are discon-
nected from the circuit, VISP-VISN is similar to zero
with a sense resistor. This will cause N-MOS to switch
with a maximum duty cycle and come out output
over-voltage. This may cause the LX pin voltage to
exceed its maximum voltage rating to damage built-in
N-MOS. In the state, the OVP protection circuitry stops
the internal N-MOS. When VOUT falls below the
threshold, IC will automatically recover normal opera-
tion.

Cycle-by-Cycle Over-Current Protection

The G2602 provides cycle-by-cycle over-current pro-
tection. Current limit is accomplished using a separate
dedicated comparator. The cycle-by-cycle current limit
abbreviates the on-time of the N-MOS in event that the
current of flowing N-MOS is greater than the current
limit value. The current-limit feature protects against a
hard short or over-current fault at the output.

Soft-Start

Soft-start allows a gradual increase of the internal
current-limit level for the converter during power-up to
reduce input surge current. As the internal current
source charges the internal soft-start capacitor, the
peak N-MOS current is limited by the voltage on the
capacitor. In another story, when toggle or a logic-level
transition on EN pin from low to high, soft-start func-
tion must work to enable constant current charging
internal capacitor.

Thermal Shutdown Protection

Thermal shutdown protection limits total power dissi-
pation in the G2602. When the junction temperature
exceeds 150°C, a thermal sensor activates the ther-
mal protection, which shuts down the IC, allowing the
IC to cool. Once the device cools down by 30°C, IC
will automatically recover normal operation. For con-
tinuous operation, do not exceed the absolute maxi-
mum junction-temperature rating.
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Application Information

Inductor Selection

In the buck mode, the inductor value is determined as
follows:

L= Vieo (Vin - Vieo)
Viux Tx Alpp

Where AILPP is defined as inductor ripple current.

V. gp is the voltage across the LED string, Vi is the
input voltage to the converter, and f is the switching
frequency.

In the boost mode, the inductor value is determined as
follows:

VIN (VLED - VIN )

Viep X fx Alpp

L=

In G2602, a 10uH inductor is recommended.
Input Capacitor Selection

For proper operation, it is necessary to place a bypass
capacitor to GND close to the VIN pin of the G2602.
The input capacitor must meet the ripple current re-
quirement (Izws) imposed by the switching currents.

lRMS = ILED 1-D)b

A 1pF or greater capacitor with low ESR should be
used. X5R and X7R capacitor types are ideal due to
their stability across temperature range.

Output Capacitor Selection

The selection of output capacitor depends on the load
and converter configuration. Output ripple voltage re-
quirements also determine the value and type of capaci-
tors. X5R and X7R capacitor types are ideal due to
their stability across temperature range.

Loop compensation

The G2602 uses an internal transconductance error
amplifier whose V¢ output compensates the control
loop. The external inductor, output capacitor, and the
compensation resistor and capacitor determine the
loop stability. The inductor and output capacitor are
chosen based on performance, size and cost. The
compensation resistor and capacitor at V¢ are se-
lected to optimize control loop stability.

Diode Selection

The Schottky diode conducts current during the inter-
val when the switch is turned off. Select a diode rated
for the maximum LX voltage.

VP5 Regulator Stabilization

The VPS5 pin requires a capacitor for stable operation.
Place the capacitor close to the IC to minimize the
trace length to the VP5 pin and also to the IC ground.
A 1uF capacitor is usually sufficient.

Thermal Consideration

Careful attention must be paid to the internal power
dissipation of the G2602 at higher input voltages to
ensure that the maximum junction temperature is not
exceeded. This junction limit is especially important
when operating at high ambient temperatures.

Layout Considerations

m |t is crucial to achieve a good electrical and ther-
mal contact between the Exposed Pad and the
ground plane of the board.

m  To reduce electromagnetic interference (EMI), it is
important to minimize the area of the LX node.

m  Since there is a small DC input bias current to the
ISP and ISN inputs, resistance in series with these
inputs should be minimized and matched, other-
wise there will be an offset.

m  The ceramic bypass capacitor should be placed as
close as possible to the VIN pin.
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Package Information

D1

E2
E1
E

o _.-.‘ |-._c

MSOP-10 (FD) Package

DIMENSION IN MM DIMENSION IN INCH

Symble MIN. NOM. MAX. MIN. NOM. MAX.
A 0.81 0.95 110 0.032 0.037 0.043
A1 0.00 .- 0.15 0.000 --- 0.006
A2 0.76 0.86 0.96 0.030 0.034 0.038
D 2.90 3.00 3.10 0.114 0.118 0.122
D1 2.00 REF 0.79 REF
E 4.80 4.90 5.00 0.189 0.193 0.197
E1 2.90 3.00 3.10 0.114 0.118 0.122
E2 1,60 REF 0.063 REF
c 0.13 0.15 0.23 0.005 0.006 0.009
b 0.15 0.25 0.35 0.006 0.010 0.014
e 0.50 BSC 0.020 BSC
L 040 | 053 0.66 0.016 0.021 0.026

Taping Specification

PACKAGE Q'TY/ REEL
MSOP-10 (FD) 3,000 ea
Feed Direction
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TDFN3X3-12 Package

DIMENSION IN MM DIMENSION IN INCH

Symble MIN. NOM. MAX. MIN. NOM. MAX.
A 0.70 0.75 0.80 0.0276 0.0295 0.0315
A1l 0.00 --- 0.05 0.0000 --- 0.0020
A2 0.19 0.20 0.21 0.0075 0.0079 0.0083
D 2.95 3.00 3.05 0.1161 0.1181 0.1201
E 2.95 3.00 3.05 0.1161 0.1181 0.1201
D1 2.30 2.40 2.50 0.0906 0.0945 0.0984
E1 1.60 1.70 1.80 0.0630 0.0669 0.0709
b 0.18 0.25 0.30 0.0071 0.0098 0.0118

e 0.45 BSC 0.0177 BSC
0.35 | 0.42 0.47 0.0138 0.0165 0.0185

Taping Specification

O O O O O

PACKAGE Q'TY/REEL
° TDEN3X3-12 3,000 ea
) Lo
_ N
Feed Direction

GMT Inc. does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and GMT Inc. reserves the right at any time without notice to change said circuitry and specifications.
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