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CCE7000 — White LED Driver microelectronics

White LED Driver
FEATURES

Block diagram:

High efficiency - low cost
Constant current regulation
Over-voltage protection

Low ripple

TSSOPS8 or 8L-DFN package
Other packages by request

APPLICATIONS }WT
] AB1 T a1

Display backlighting (phones,
PDAs, digital cameras a.o.)
Lighting (flashlights, camcorder)
Automotive (backlights, displays) ”H ﬂ H

Toys and advertising
Houshold appliances

" FosetLook

GENERAL DESCRIPTION 1] w WJL

The CCE7000 is a boost converter designed to drive white LEDSs.
Constant current driving allows connecting the LED in series which leads
to uniform brightness of the LEDs and eliminates the ballast resistors. Package Outline

The brightness of the LEDs is controlled by an external voltage at the pin

ADJ (CTRL). Assigning this pin to ground will shutdown the circuit. .
The switching frequency is about 1.2 MHz, allowing the use of very small

external components. A low voltage across the current sense resistor

minimizes power loss for better efficiency. Lead-free package is also

available.

DFN 3mm x 3mm

PIN Assignment

Pin Name Function

1 ST (COMP) Connect a capacitance to set LED turn-on delay time.

2 ADJ (CTRL) Input pin for LED current control. Disable the device with a voltage less than
0.1V and enable the device with a voltage greater than 0.125V. The LED
current can be controlled by Vp;.

3 VSEN (OUT) | Voltage sense for overvoltage protection.

4 DRAIN (LX) Connected to the drain of internal MOSFET.

5 PG (PGND) | GND for switch (internal MOSFET).

6 GND Ground. The GND pin should tie directly to ground plane.

7 CSEN (CS) Current Sense for feedback. Set the LED network current with a resistor from
CSEN pin to GND

8 VDD (V+) Supply voltage.
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CCE7000 — White LED Driver microelectronics

Electrical Characteristics @ T, = 25°C

Parameter Conditions Min. Typ Max | Unit
Supply Voltage 2.6 5.5 \%
UVvLO Vpp falling 2.6 \Y
Not switching, Vap;=Vcsen=Vop 0.3
Quiescent Current Switching, Vaps = Vpp, Vesen = GND 1 2 mA
Shutdown Supply current | Vap;=GND 0.8 A
Vpp rising, 1V hysteresis typical 13
Overvoltage Threshold Vpp falling 12 \Y
OUT Pin Resistance 600 kW
OUT Input Bias Current Vysen=13V, Vap;=GND 30 HA
ADJ Input Resistance 400 500 800 | kw
V apy rising 125 350 | mV
ADJ Dual Mode Threshold Vap; falling 70 100 mv
Operating Frequency 0.9 1.2 15 |MHz
Maximum Duty Cycle Va3 =Vop, Vesen=GND 90 %
Minimum Duty Cycle Vaps=Vcsen=VoD 0 %
DRAIN Leakage Current Vyvsen=Vpran=13V 1.0 HA

Absolute Maximum Ratings

Parameter Value Unit
ST Pin Voltage 6 \Y
ADJ Pin Voltage 6 \%
DRAIN Pin Voltage 14 V
VDD Pin Voltage 6 \%
Operation Temperature 80 °C
Junction Temperature 125 °C
Storage Temperature 150 °C
Lead Temperature 300 °C
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Operation

The CCE7000 utilizes a synchronous Current Mode PWM control scheme to regulate the
feedback voltage over almost all load conditions. The DC/DC controller acts as a controlled
current source ideal for white LED applications. It provides even illumination by sending the
same output current through each LED, eliminating the need for expensive factory
calibration. The fast 1.2MHz operation frequency allows for a small inductor and small
input/output capacitors while minimizing the ripple. The operation can best be understood
referring to the block diagram and the application circuit in last page. At the start of each
cycle, the PWM Control turns on the NMOS power device conducting current through the
inductor. The LED current is supplied by the output capacitor when the NMOS power
device is active. During this cycle, the voltage on the CSEN/ADJ pin controls the current
through the inductor. The voltage of the CSEN will increase for larger loads and decrease
for smaller loads limiting the peak current in the inductor minimizing EMI radiation. Once
this voltage makes the error amplifier output a fixed voltage to the PWM Control, the PWM
Control will turning off the NMOS power device. The inductor current then flows through the
diode (D1) to the white LED load and output capacitor. The inductor current recharges the
output capacitor and supplies the current for the white LED branches. The PWM Control
then sets the driver logic again repeating the process. The Reset Logic is always
operational preventing the overvoltage and undervoltage. The CCE7000 has dedicated
protection circuitry active during normal operation to protect the IC and the external
components. The Undervoltage Detection is active when battery voltages are too low
preventing an on state of the power devices which could conduct large amounts of current.
The Overvoltage Detection prevents the output voltage from increasing beyond 12V when
the white LED network is removed or if there is an LED failure, allowing the use of small
16V ceramic capacitors at the

output.
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Start-time Delay

The timer is set by the external capacitance of C3. The PWM Control charges the external
capacitor gradually when the voltage of ADJ pin reaches the threshold voltage. The NMOS
power device is not enabled until the voltage of ST pin rise up to 1V. Then the PWM Control
starts switching the NMOS power device, but at a reduced duty cycle. The LED current will be
increased to the delicate value smoothly for eliminating inrush current during startup. The start-
time delay will increase by 1ms for every 0.01uF connected to ST pin. It can be calculated by:

C, =1V
10A

Delay_time =
Typical delay timing characteristics are shown in the Performance Characteristics.
Adjusting LED Current

The voltage of ADJ pin sets the output current for LED (ILED). The formula is as following:

0.075V,
TLED RI

To set the maximum current, calculate R1 when ADJ pin is at its maximum voltage. Power
dissipation in R1 is typically less than 5mW; therefore, a standard chip type resistor is sufficient.
Please be careful the maximum current should not exceed the specifications of LED to avoid
overloading on the circuit.

LED Off

The CCE7000 turns off the LED if the voltage of ADJ pin is less than 100mV. The capacitor C3
is passively discharged for allowing the device to re-initiate a start-time delay whenever the
device is enabled. Supply current is minimized to 0.8uA by powering down the entire IC except
for the voltage detection of ADJ pin. The NMOS power device does not switch in this mode
which leaves a current path between the input and the LED branches through the inductor (L1)
and the diode (D1). The minimum forward voltage of the LED must exceed the maximum input
voltage to ensure all LEDs remain off.

Overvoltage Protection

In the event that the LED network is disconnected the output will increase and be limited to 13V.
There is a hysteresis associated with this circuitry which will cause the output to fluctuate
between 12V and 13V if the LED network is disconnected. In the event that the network is
reconnected regulation will begin at the appropriate output voltage. The 13V limit allows the use
of 16V 1uF ceramic output capacitors creating an overall small solution for white LED
applications.

Undervoltage Detection
The undervoltage detection triggers the reset logic when input voltage drops. All the functions

are disabled for preventing large currents. The device leaves the reset mode when the input
voltage rises up.
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Performance Characteristics
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Application Information

Inductor Selection

The inductor used with the CCE7000 must have a saturation current greater than the cycle by
cycle peak inductor current. Choosing inductors with low DCR decreases power losses and
increases efficiency. The minimum inductor value required for the CCE7000 can be calculated
using the following equation:

Where Vg is the voltage of VSEN pin, 10 is the current through LED network, fs is the operation
frequency, D is the duty cycle of the switching regulator, and D’ is (1-D). The typical cycle-by-cycle
peak inductor current can be calculated as the following equation:

V\n represents the voltage of input power supply.

Schottky Diode Selection

For high-switching frequency, a high-speed rectification diode is required. A Schottky diode is a
good solution due to their fast recovery time and low forwardvoltage drop. Ensure that the diode’s
average and peak current rating exceed the average output current and peak inductor current,
respectively. In addition, the diode’s reverse breakdown voltage must exceed V,.

Capacitor Selection

Low ESR capacitors should be used to minimize the input and output ripple voltage. X5R/X7R
multilayer ceramic capacitor is recommended. The typical value for the input capacitor is 3.3pF,
and the typical value for the output capacitor is 1.0uF. Larger value capacitors can be used to
reduce input and output ripple, but at the expense of size and higher cost.
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Package Information

Disclaimers

Creative Chips GmbH. reserves the right to make changes without further notice to any products herein to
improve reliability, function or design. Creative Chips does not assume any liability arising out of the
application or use of any product or circuit described herein; neither does it convey any license under its
patent rights, nor the rights of others. These products are not authorized for use as critical components in life
support devices or systems without the express written approval of Creative Chips.

CREATIVE CHIPS GmbH

Am Ockenheimer Graben 54

D-55411 Bingen / Rhein

Germany

Phone: +49 (0) 6721 7999 10

Fax: +49(0) 6721 7999 12

Email: info@creativechips.com
Internet:  http://www.creativechips.com

REVISION HISTORY

Revision |Date Author ltem
1.0 20/10/2004 | Roland Obst Data sheet
1.1 03/02/2005 | R.Obst Package
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