CAV4201

350 mA High Efficiency
Step Down LED Driver

Description

The CAV4201 is a high efficiency step—down converter optimized
to drive high current LEDs. A patented switching control algorithm
allows highly efficient and accurate LED current regulation. A single
RSET resistor sets the full scale LED string current up to 350 mA from
supplies as high as 36 V.

The switching architecture of the CAV4201 results in extremely low
internal power dissipation allowing the device to be housed in a tiny
package without the need for dedicated heat sinking. The device is
compatible with switching frequencies of up to 1 MHz, making it ideal for
applications requiring small footprint and low value external inductors.

Enable, analog dimming and LED shutdown control is provided via a
single input pin, CTRL. Additional features include overload current
protection and thermal shutdown. The device is available in the low
profile 5-lead thin SOT23 package and is ideal for space constrained
applications.

Features

LED Drive Current up to 350 mA

Compatible with 12 V and 24 V Standard:Systems
Handles Transients up to 40 V

Single Pin Control and Dimming Function
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® Power Efficiency up to 94%
® Drives LED Strings.of up.te:32 V'

® Open and Short.LED Protection

® Parallel Configuration for Highér-©utputCutrent
[

CAV Prefix for Automotive.and Other Applications requiring Site
and Change Control

® TSOT-23 5-lead-Package

® These Devices ar¢ Pb-Free, Halogen Free/BFR Free and are RoHS
Compliant
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TSOT-23
TD SUFFIX
CASE 419AE

PIN CONNECTIONS
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TF = Device Code
Y = Production Year (Last Digit)
M = Production Month: 1-9, A, B, C

ORDERING INFORMATION

Device

Package Shipping

CAV4201TD-GT3

TSOT-23 3,000/
(Pb-Free) Tape & Reel

Applications * Plated Finish: NiPdAu
® 12 ighti
v and. 24V ng‘htlng Sy.sten.15 VBAT O
® Automotive and Aircraft Lighting 9V C1
® General Lighting 47 uF |
e High Brightness 350 mA LED = D c2
igh Brightness m S = VBAT LA_, =L _v_p’ 350 mA
CAV4201 10 uF
I Enavle/o{ cTRL
Analog Dimming L
RSET SW
R GND 22 uH
L

D: ON Semiconductor MBR0540 =
L: Sumida CDRH6D26-220

See Table 4 and Table 5 for external component selection.

Figure 1. Typical Application Circuit
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CAV4201

Table 1. ABSOLUTE MAXIMUM RATINGS

Parameters Ratings Units
VBAT, SW, CTRL -0.3to +40 \%
RSET -0.3to +5 \%
Switch SW peak current 1 A
Storage Temperature Range -65to +160 °C
Junction Temperature Range -40 to +150 °C
Lead Temperature 300 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect
device reliability.

Table 2. RECOMMENDED OPERATING CONDITIONS

Parameters Ratings Units
VBAT voltage (Notes 1, 2) 6.5 to 36 (Note 1) V
SW voltage 0to 36 \'%
Ambient Temperature Range -40 to +125 °C
LED Current 50to0 350 mA
Switching Frequency 50 to 1000 kHz

1. The VBAT pin voltage should be at least 3 V greater than the total sumof the LED forward voltages_inorder to operate at nominal LED current.
2. During power-up, the slew rate of the input supply should be greaterthan1 us for every’5 \.increase of\VBAT.

Table 3. ELECTRICAL CHARACTERISTICS
(VN = 13V, ambient temperature of 25°C (over recommended operating conditions unless otherwise specified))

Symbol Parameter Conditions Min Typ Max Units
la Operating Supply Current on VBAT pin 0.4 1 mA
Isp Idle Mode Supply Current on VBAT pin CTRL = GND 90 uA
VEB RSET Pin Voltage 2 LEDs with I{gp'="300 mA 1.15 1.2 1.25 \
ILeED Programmed LED Current R1 = 33 kR 100 mA
R1'= 10 kQ 270 300 330
R1'=8.25 kQ 350
VeTtro-FuLL | CTRI Voltage for #00% Brightness 2.6 3.1 \Y
VGTRL-EN CTRLVoltage to Enable LEDs LED enable voltage threshold 0.9 1.2
VGTRL-SD CTRL Voltage to Shutdown LEDs LED disable voltage threshold 0.4 0.9
lcTRL CTRL pin input bias Vet =3V 40 80 uA
VetRL =12V 200
Rsw Switch “On” Resistance Isw =300 mA 0.9 1.5 Q
Tsp Thermal Shutdown 150 °C
THyST Thermal Hysteresis 20 °C
" Efficiency Typical Application Circuit 86 %

http://onsemi.com
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CAV4201

TYPICAL OPERATION CHARACTERISTICS
(ViN=13V, ILep =300 mA, L =22 uH, C1 = 4.7 uF, Co = 10 uF, Tamp = 25°C unless otherwise specified)
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CAV4201

TYPICAL OPERATION CHARACTERISTICS
(ViN=13V, ILep =300 mA, L =22 uH, C1 = 4.7 uF, Co = 10 uF, Tamp = 25°C unless otherwise specified)
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Figure 12. Efficiency vs. Input Voltage (1 LED)

http://onsemi.com

4

]
"
150 mV
/,
300 mA
Pd
7
12 16 20 24 28
INPUT VOLTAGE (V)
Figure 9. Switching Frequency)vs. Input
Voltage (2 LEDs)
10 12 14 16 18 20 22 24
INPUT VOLTAGE (V)
Figure 11. Switch ON Resistance vs. Input
Voltage
150 mA
—~—
300mA T —T—
e —e——
‘\
10 12 14 16 18 20 22 24

INPUT VOLTAGE (V)

Figure 13. Efficiency vs. Input Voltage

(2 LEDs)



CAV4201

TYPICAL OPERATION CHARACTERISTICS
(ViN=13V, ILep =300 mA, L =22 uH, C1 = 4.7 uF, Co = 10 uF, Tamp = 25°C unless otherwise specified)
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Figure 14. Efficiency vs. LED Current
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CAV4201

TYPICAL OPERATION CHARACTERISTICS
(Vin=13V, ILep =300 mA, L =22 uH, Cy = 4.7 uF, Co = 10 uF, Tapms = 25°C unless otherwise specified)
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Figure 20. RSET Transient Response

External Component Selection

Table 4 provides the recommended external components L and C2 thatoffer.the best performance relative to the LED current

accuracy, LED ripple current, switching frequency and componentssize.

Table 4. EXTERNAL COMPONENT SELECTION

"~ 40ps/dv

Figure 21. Line Transient Response
(10 V.to 13.V)

1LED 2 LEDs
LED Current (mA) L Inductor (uH) C2 Capacitor (uF) L Inductor(uH) C2 Capacitor (uF)
>150 22 4.7 22 4.7
<150 33 4.7 47 2.2
47 10

NOTE:

Larger C2 capacitorwvalues allow toreduce further'the LED\ripple current’if needed.

Table 5. INDUCTOR SELECTION DEPENDING ON VBAT'SUPPLY VOLTAGE

VBAT Supply Voltage (V) Minimum'Inductor L (uH)
<26 22
> 26 33

http://onsemi.com
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CAV4201

Table 6. PIN DESCRIPTION

Pin Name Function
1 CTRL Enable and analog dimming control input pin.
2 GND Ground reference.
3 RSET RSET pin. A resistor connected between the pin and ground sets the average LED current.
4 SW Interface to the inductor.
5 VBAT Supply voltage for the device.

Pin Function

VBAT is the supply input to the device. Typical current
conduction into this pin is less than 1 mA and voltage
transients of up to 40 V can be applied. To ensure accurate
LED current regulation, the VBAT voltage should be 3 V
higher than the total forward voltage of the LED string. A
bypass capacitor of 4.7 uF or larger is recommended
between VBAT and GND.

CTRL is the enable and analog dimming control input. An
internal pull-down current of 20 A allows the LEDs to
shutdown if CTRL is left floating. Voltages of up to 40 V can
be safely handled by the CTRL input pin.

When the CTRL voltage is less than 0.9 V (typ), the LEDs
will shutdown to zero current. When the CTRL voltage is
greater than about 2.6 'V, the device is enabled and full scale
brightness is applied to the LED output. At voltages of less
than around 2.6 V, the LED current is progressively dimmed
until shutdown.

For lamp replacement applications, or applications where
operation in dropout mode is expécted, it is recommended

that the CTRL pin voltage be derived from the LED cathode
terminal.

GND is the ground reference pin. This pin should be
connected directly to the ground plane on the PCB.

SW pin is the drain terminal of the internal low tesistance
high-voltage power MOSFET. The inductor and the
Schottky diode anode should be connected to the SW pin.
Voltages of up.to 40 Vican be safely-handled on the SW pin.
Traces going toithe SW.pin should be as short as possible
with minimum ‘loop area. The'device can handle safely
“open—LED” or‘shorted~LED” fault conditions.

RSET pin is regulated at-1%2 V. A resistor connected
between the RSET pin and ‘ground sets the LED full-scale
brightnesS-current. The’extefnal ‘resistance value and the
CTRL pin voltage determine'the LED current during analog
dimming. \The RSET\pin must not be left floating. The
highest \recommended resistor value between RSET and
ground is 90.kS2:

http://onsemi.com
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CAV4201

Simplified Block Diagram
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Figure 22. CAV4201 Simplified Block Diagram

Basic Operation

The CAV4201 is a high efficiency step—down regulator
designed to drive series connected high—power LEDs. LED
strings with total forward voltages of up to 32 V.can jbe
driven with bias currents of up'to 350 mA.

During the first switching phase, an_.integrated/ high
voltage power MOSFET allows the .inductor, current to
charge linearly until the peak maximum-‘level-isteached; at
which point the MOSFET is switched off>and the-second
phase commences, allowing the inducter current-to then
flow through the Sehottky diode circuif.and discharge
linearly back to zero)current.

The switching architecture ensutes the device will always
operate ~at{the cross—over point between Continuous
Conduction Mode (CCM) and Discontinuous Conduction
Mode (DCM). This operating mode results in an average
LED current which is equal to half of the peak switching
current.

LED.Pin Current

The; LED current_is set by the external RSET resistor
connected totthe' regulated output of the RSET pin. An
oyerall current gain ratio of approximately 2.5 A/mA exists
between the average LED current and the RSET current,
hence the following equation can be used to calculate the
LED current.

VRSET (V)
Reer ()

Table 7 lists the various LED currents and the associated
RSET resistors.

LED Current (A) = 2.5 X

Table 7. RSET RESISTOR SELECTION

LED Current (A) RSET (kQ)
0.10 33
0.15 21
0.20 15
0.25 12
0.30 10
0.35 8.25

http://onsemi.com
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CAV4201

APPLICATION INFORMATION

Input Voltage Range

The minimum supply voltage required to maintain
adequate regulation is set by the cathode terminal voltage of
the LED string (i.e., the VBAT voltage minus the LED string
voltage). When the LED cathode terminal falls below 3V,
a loss of regulation occurs.

For applications which may occasionally need to
experience supply “dropout” conditions, it is recommended
that the CTRL input be used to sense the LED cathode
voltage. The CTRL pin can either be tied directly to the
cathode terminal (for Lamp Replacement) or connected via
a pass—transistor for PWM lighting applications.

Figure 23 shows the regulation performance obtained in
dropout, when the CTRL pin is configured to sense the LED
cathode voltage.

400
300
3 / 300 mA
£
l_
& 200 /
o
o
o)
O ~ 150 mA
2 100 /|
3 //
L0
0 1 2 3 4 5 6

CTRL VOLTAGE [V]

Figure 23. “Dropout” Configured LED.Current
(as shown in Typical Application on page 1)

Inductor Selection

A 22 pH minimum inductor value-is requifed to_provide
suitable switching fréquency across, a ‘wide range of input
supply values. For LED.current of 150'mA«0r less, a 33 uH
or 47 uH inductoris,more suitable. Inducter values below
22 uH should not be used.

An inductor'with at least 700 mA current rating must be
used. Miner improvements in efficiency can be achieved by
selecting inductors with lower series resistance.

Table 8. SUMIDA INDUCTORS

Part Number L (uH) | Rated (A) LED Current (A)
CDRH6D26-220 22 1.0 0.35
CDRH6D28-330 33 0.92 0.35
CDRH6D28-470 47 0.8 0.35
CDRH6D28-560 56 0.73 0.35

Capacitor Selection

A 10 puF ceramic capacitor C2 across the LED(s) keeps the
LED ripple current within +15% of nominal for most
applications. If needed, a larger capacitor can be used to
further reduce the LED current ripple. Any resistance in
series with the LED (0.5 € or more) contributes to reduce
the ripple current. The capacitor voltage rating should be
equivalent to the maximum expected supply voltage so as to
allow for “Open-LED” fault conditions. The capacitor
value is independent of the switching frequency or the
overall efficiency.

A 4.7 uF ceramic input capacitor C1 is recommended to
minimize the input current ripple generated on the supply.
Using a larger capacitor value further reduces the ripple
noise appearing on the supply rail.

If a constant capacitance is needed across temperature and
voltage, XSR or X7R dielectric'capacitors are recommended.

Schottky Diode

The peak repetitive current rating of the Schottky diode
must be greater than the'peak current flowing through the
inductor. Also the continuous cutrent rating of the Schottky
must be greaterthan the average LED current. The voltage
rating of the diod¢ should be, greater than the peak supply
voltage transient preventing any breakdown or leakage.
ON Semiconductor ,~Schottky", diode MBR0540 (40,
500 mA rated),is‘recommended. Schottky diodes rated at
400'mA (or ‘higher).continuous current are fine for most
applications.
NOTE: = Schottky diodes with extremely low forward voltages

(V) are not recommended, as they may cause an
increase in the LED current.

Dimming Methods

Two methods for PWM dimming control on the LEDs are
described below. The first method is to PWM on the control
pin, the other method is to turn on and off a second resistor
connected to the RSET pin and connected in parallel with R1.

PWM on CTRL Pin

A PWM signal from a microprocessor can be used for
dimming the LEDs when tied to the CTRL pin. The duty
cycle which is the ratio between the On time and the total
cycle time sets the dimming factor. The recommended PWM
frequency on the CTRL pin is between 100 Hz and 2 kHz.

-

I R S I </
i _ 5V/div

. LED
ﬂn LED
D 100mA/div

200us/div
Figure 24. PWM at 1 kHz on CTRL Pin
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CAV4201

300
250 N
z ~
£.200
£ \\
L
& 150
: N
a 100 AN
L
o \
50 ™
0
100 80 60 40 20 0
DUTY CYCLE [%]
Figure 25. LED Current vs. Duty Cycle
VBAT
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VBAT L ¢
CAV4201 10 uF
RSET
R1 L
10kQ — CTRL  sw/|
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PWM = ARG, NPN
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. Vﬂ o ANN—2
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Figure 26. Circuit for PWM-on CTRL

PWM on RSET Pin

Another dimming method is te ‘place incparallel to R1
another resistor with a/FET in series, as.shown on Figure 27.
R1 sets the minimum LED current cotresponding-fo-0% duty
cycle. The combined resistor of R1 and ‘Rmax sets the
maximum LED.current corresponding to*100% duty cycle.

VBAT
13 Vv C1_L
4.7 uF
VBAT ~
CAV4201
RSET
Rmax R1

CTRL SW
GND 22 yH o
PWM ﬁ J:— R2 NPN
control AN

OFF[ON 1 ked

Figure 27. Circuit for PWM on RSET

A resistor value for R1 of less than 90 kQ2 is recommended
to provide better accuracy.

Operation from High Supply Voltage Above 14 V

For operation from a supply voltage above 14 V, it is
recommended to have a slew rate of 1 us or more for every
5V increase in VBAT supply. When using a high supply
voltage of 24 V,a 1 Q or 2 Q resistor in series with the supply,
as shown on Figure 28, is recommended to limit the slew rate
of the supply voltage. A 4.7 uF minimum ceramic capacitor
is placed between the VBAT pin and ground. The
combination of the series resistor R3 and input capacitor C1
acts as a low pass filter limiting the excessive in—rush
currents and overvoltage transients which would otherwise
occur during “hot-plug” conditions, thereby protecting the
CAV4201 driver.

VBAT RS3
24V 1Q ClL fad
4.7 MFT D1 c2 ~
CAV4201 47 UF A
RSET
R1 L ~
10k CTRL gw YN 'y
1 GND 33 uH 800 mA
- I
= R1
AN
1kQ2

Figure 28. 24 V)Application with 5 LEDs

Operation from High.Supply Voltage of 36 V

‘When powering from a high supply voltage of 36 V, a2 Q
resistor in series'with the supply is recommended, as shown
on Figure29, to limit the slew rate of the supply voltage.
Inductor value should be 33 uH or higher.

VBAT R3
36V 20 Ci| ?
4.7 MFT D1 c2 A
= U vear — o
CAvV4201 2.2 uF
RSET ~
R1 L ~
10 kQ CTRL sw Yy
1 GND 47 yH 800 mA
- 4
= R2
M
1kQ

Figure 29. 36 V Application with 6 LEDs

Parallel Configuration for Driving LEDs Beyond
350 mA

Several CAV4201 devices can be connected in parallel for
driving LEDs with current in excess of 350 mA. The
CAV4201 driver circuits are connected to the same LED
cathode. Figure 30 shows the application schematic for
driving 1 A into one LED with three CAV4201 connected in
parallel. Each CAV4201 is driving the LED with a current
set by its RSET resistor. The resulting LED current is equal
to the sum of each driver current.

http://onsemi.com



CAV4201

VIN R5
O—W\ *—o * *
1Q C1 ic
4
arur] - D1 - ¥
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47uF] D2
= L{vBAT
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Ro RSET
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“ICTRL sSw
GND 22 uH
= L
cal
U3
a7pF] D3
= L{vBar
CAV4201
RSET
R3 L3
8.3 kQ CTRL SwW
1 GND 22 uH
- L

Figure 30. Three CAV4201 in Parallel for1 A LED

Open LED Behavior

If the LEDs are not, connected, the (CAV4201 ‘stops
switching and draws very little current.

At power—up with no load connected, the capacitor C2'is
charged—up by the CAV4201: As-soon as'the bottom\side of
the capacitor (C2-) reaches 0'volt, assshown on)Figure 31,
the CAV4201 stops-switching and remains-in‘the idle mode
only drawing about0.4 mA current’ from the supply.

CTRL [ecroy =
20V/div| 1 k

c2- W\,\n

10V/div R !

SW I
10vidiv| | I .

50ps/div
Figure 31. Open LED Mode

Board Layout

In order to minimize EMI and switching.noise, the
Schottky diode, the inductor and the output Capacitor C2
should all be located close te the driver IC. The input
capacitor C1 shouldbe located close'tojthe VBAT pin and the
Schottkyddiode cathode: The €CAV4201 ground pin should
be connected directly to.thelground plane on the PCB. A
recommended "PCB layout with component location is
shown on Figure'32. The LEDs are connected by two wires
tied to bothsides of the.output capacitor C2. The LEDs can
be located-away from'the driver if needed.

GND

Figure 32. Recommended PCB Layout

In order to further reduce the ripple on the supply rail, an
optional Pi style filter (C-L-C) can be used. A 10 uH
inductor rated to the maximum supply current can be used.
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and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that onsemi was negligent regarding the design or manufacture of the part. onsemi is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

ADDITIONAL INFORMATION

TECHNICAL PUBLICATIONS: ONLINE SUPPORT: www.onsemi.com/support
Technical Library: www.onsemi.com/design/resources/technical-documentation For additional information, please contact your local Sales Representative at
onsemi Website: www.onsemi.com www.onsemi.com/support/sales
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