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SET3643

3-Channel Ultra High Efficiency
LED Driver

FEATURES DESCRIPTION
B High efficiency 1.33x charge pump The product SET3643 is a high efficiency
® Quad-mode charge pump: 1x, 1.33x, 1.5x, 2x fractional charge pump that can driv.e' up.to three
i LEDs programmable by a one wire digital interface.
B Drives up to 3 LEDs at 32mA each The inclusion of a 1.33x fractional charge pump mode
B 1-wire EZDim™ LED current programming increases device efficiency by up to 10% over
m Power efficiency up to 92% traditi(_)nal 1.5x charge pumps with no added external
L . . capacitors.
B Low noise inputripple in all modes
B “Zero” current shutdown mode Low noise input ripple is achieved by operating at a
m Soft start and current limiting constant switching frgquencylwhich allows Fhe use of
o ) small external ceramic capacitors. The multi-fractional
B Short circuit protection charge pump supports a wide range of input voltages
B Thermal shutdown protection from 2.4V to 5.5V.
B Tiny 12-lead XQFN, 12-lead TDFN and 16-lead o i ,
The EN/DIM logic input functions as a chip enable and
TQFN packages - o2 .
a digital dimming interface for current setting of all
LEDs. Six different current ratios are available via the
APPLICATION interface.
B | CD Display Backlight
The device is available in the tiny 12-lead XQFN 2.5 x
m Cellular Phones X . .
) 'u ] 2.5mm with max height of 0.4mm or in 16-lead TQFN
B Digital Still Cameras or 12-lead TDFN 3mm x 3mm package with a max
B Handheld Devices height of 0.8mm.
ORDERING INFORMATION The 1.33x charge pump architecture with two fly

capacitors is patent pending.

Part Number Package Marking
SET3643HV2-T2 TDFN-123x3% | HABF
SET3643HV2-GT2 | TDFN-123x3® | HABG
SET3643HV3-T2 TQFN-16 3x 3% | JAAE
SET3643HV3-GT2 | TQFN-16 3 x 3? JAAF

TYPICAL APPLICATION CIRCUIT

SET3643HL1-T2 | XQFN-12 2.5 x 2.5% LB 10F 14F
Notes: |_| I—l |_| I—l
(1) Matte-Tin Plated Finish (RoHS-compliant) Vin C1+ C1- C2+  C2-
(2) NiPdAu Plated Finish (RoHS-compliant) OT ViN Vout
(3) Quantity per reel is 2000 2.£V =

5.5v 1uF | SET3643
i X . 1-Wire =
For Ordering Information details, see page 16. EZDim™! EN/DIM LED1
Programming
RSET LED2
% LED3
4.02kQ GND
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PIN CONFIGURATION

TDFN 12-lead 3 x 3mm
(Top View)

[
LED1| 1} 12| GND
LED2 | 2} 11| co+
LED3| 3} 10| co-
RSET | 4] i9]c1-
EN/DIM [ 5] 8 |ci+
VOUT | 6] T 7vin

TQFN 16-lead 3 x 3mm

(Top View)
m @

® [16] |15! |14] |13
it ety Sl B |
LED2 [ 1] - ri2]ce-
LED3| 2} rii]ca+
NC [ 3] ti0]c1-
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XQFN 12-lead 2.5 x 2.5mm

(Top View)
Q Q
y 2 %
® 12 11! |10l
[T B S B |
cafijf (o |vin
R I
GND| 2! | 18 |vout
[ 20 L8]

o T
LEDL{3}} 1 17 _|ENDIM
|__1 |__'| I——'|
14115016/

Il 1 |

— — )
m m %)
g g m

The SET3643 is offered in three different packages.
The 12-lead TDFN 3mm x 3mm with a max height of
0.8mm is pin-compatible to the Semitel SET3603
LED driver. The 12-lead XQFN provides the smallest

footprint with a package size of 2.5mm x 2.5mm and
0.4mm max height. The 16-lead TQFN 3mm x 3mm
with max height of 0.8mm is also offered.
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ABSOLUTE MAXIMUM RATINGS

Parameter Rating Unit
VN, LEDX, C1+, C2+, EN/DIM, RSET voltage 6 Y
Vour Voltage 7 \Y
Storage Temperature Range -65 to +160 °C
Junction Temperature Range -40 to +125 °C

RECOMMENDED OPERATING CONDITIONS

Parameter Rating Unit
Vin 25t05.5 Y,
Ambient Temperature Range -40 to +85 °C
I.ep per LED pin up to 30 mA
LED Forward Voltage Range 1.3t04.3 \%

Typical application circuit with external components is shown on page 1.

ELECTRICAL OPERATING CHARACTERISTICS
(over recommended operating conditions unless specified otherwise) V\y = 3.6V, EN = High, Taus = 25°C

Symbol | Name Conditions Min Typ Max | Units
1x mode, no load 1.0 mA
| Quiescent Current 1.33 x mode, no load 1.7 mA
Q 1.5x mode, no load 2.2 mA
2x mode, no load 24 mA
IQSHDN Shutdown Current Veny = 0V 1 l.lA
I -1 /1
liep.ace | LED Current Accuracy I(?LEIE\'\FG: SE%”'NAL) NOMINAL +2 %
| ED-DEV LED Channel MatChing (ILED - ILEDAVG) / lLEDAVG 15 %
Vrser | RSET Regulated Voltage 0.58 0.6 0.62 \Y
1x mode 0.8 Q
. 1.33x mode, V,y = 3V 5 Q
Rout Output Resistance (open loop) 1.5x mode, Vpy = 2.7V 5 0
2x mode, V|y = 2.4V 10 Q
= Charge Pump Erequenc 1.33x and 2x mode 0.8 1 1.3 MHz
osc 9 p Frequency 1.5x mode 1 13 | 1.6 | MHz
Isc_max Output short circuit Current Limit Vour < 0.5V 50 mA
Iin_max Input Current Limit Vour > 1V 250 mA
1xto 1.33x or 1.33x to 1.5x or 1.5x to 2x
LEDm | Transition Thresholds at any LED pin 130 mv
Vhvs 1x Mode Transition Hysteresis 400 mV
Toe Transition Filter Delay 500 ps
EN/DIM Pin
Renom ¢ Internal Pull-down Resistor 100 kQ
Vi e Logic High Level 1.3 \%
Vio e Logic Low Level 0.4 \Y
Tsp Thermal Shutdown 150 °C
Thys Thermal Hysteresis 20 °C
Vuvio Undervoltage lockout (UVLO) threshold 1.6 1.8 2.0 \Y/
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RECOMMENDED EN/DIM TIMING
For 2.4V < V\y < 5.5V, over full ambient temperature range -40°C to +85°C.

Symbol | Name Conditions Min Typ Max Units
Tsetup EN/DIM setup from shutdown 10 us
Tio EN/DIM program low time 0.2 100 us
Th EN/DIM program high time 0.2 us
Trwrown | EN/DIM low time to shutdown 15 ms
Tiep LED current settling time 40 us
TseTup | ‘4_ N T TPWRDWN
- guubil L
w| 7| [T ;
100% g f 100%
\ 50%§ . / \
IC_ZILEJIrDrent Shutdown 2R L25% 6.25% 3.129% Shutdown
Figure 1. EN/DIM Digital Dimming Timing Diagram
LED Current Setting
e O LD, et s e by e exerns Evcren @A | FeET6m
ground. Table 1 lists standard resistor values for 2 40.0
several LED current settings. 5 15.8
10 7.87
15 5.23
20 4.02
25 3.16
30 2.67

Table 1. Resistor RSET and LED current

LED Driver
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TYPICAL PERFORMANCE CHARACTERISTICS

Vin = 3.6V, loytr = 60mA (3 LEDs at 20mA), Ciy = Cout = C1 = C, = 1JF, Tame = 25°C unless otherwise specified.

Efficiency vs. Input Voltage
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TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 3.6V, loyr = 60mA (3 LEDs at 20mA), Ciy = Cout = C1 = C, = 1uF, Tauws = 25°C unless otherwise specified.

Switching Frequency vs. Temperature
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TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 3.6V, loytr = 60mA (3 LEDs at 20mA), Ciy = Cout = C1 = C, = 1JF, Tame = 25°C unless otherwise specified.

Power Up Delay (1x Mode)

LeCroy LeCroy
EN/DIM ] e EN/DIM J -
SVidiv I SV/div i
LED LED
Current Current
20mA/div 4 20mAJdiv 4
20us/div 200ps/div

Operating Waveforms in 1x Mode

lecroy leCroy I
VIN VIN I
AC Coupled AC Coupled - = F 'J Ti [JL 'ﬂl I
50mV/div 50mv/idiv I
LT Input I
Current Current YRR s g PN AR g~
100mAfdiv 100mA/div I l
YOUT VOouT 1 A
AC COUP|Ed AC CDUplEd I vr ]/\w" '/\v-:'l(\ Ulf\ T & T T I
I VIN = 4V I VIN = 3.5V
1psfdiv 1us/div

Switching Waveforms in 1.5x Mode

Power Down Delay (1x Mode)

Switching Waveforms in 1.33x Mode

Switching Waveforms in 2x Mode

leCroy I leCroy
VIN | T R N[ | TR
AC Coupled A ALAEA AL AC Coupled N/ b Af Lop e e L
somvigiv | 1) LTI somvidiv || || I L
Input 1 Input I
Current o e b Current BT AR FrRR
100mA/div 1 100mAfdiv I
vOouT 1 VOuT I
A AN A A AL ALA N A LNANINEYI!
AC Coupled prhp gty Ty o7 I i 7 Tt T AC Coupled i
T VIN = 2.9v VIN = 2.5V
1usidiv 1us/div
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TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 3.6V, loyr = 60mA (3 LEDs at 20mA), Ciy = Cout = C1 = C, = 1uF, Tauws = 25°C unless otherwise specified.

Foldback Current Limit LED Current vs. LED Pin Voltage
4.0 | 40
3.5 1x Mode —
S 8 _
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o \ E,
= l zZ
il o /
O 20 o 20
c X
E 1.5 3
E 1.0 0 10 A
Ie) -
0.5
0.0 0
0 100~ 200 300 400 0 50 100 150 200 250 300
OUTPUT CURRENT [mA] LED PIN VOLTAGE [mV]
Dimming Waveform Line Transient Response
= ! =y |
EN/DIN T . VIN-T—3.5V -t )
I I
1.33x 1x1 1.33x
vour st H—‘/ F /
Svidiv I o
LED 1
Current g CUI!;Era g
e s SR d 20mA/div i 4
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Disconnecting a Single LED LED Current vs. RSET
| 50
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4 —_— A
Widiv T £
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w
1 &: \
20
3 LEDs i 8 \
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Current A @ 20mA o 10 N
T
1 LED T O 1 NI I 1 1 1 1
disconnect I VIN = 4V
| msldiv ! 10 100

RSET RESISTANCE [kQ]
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PIN DESCRIPTION

Name Function

LED1 LED1 cathode terminal.

LED2 LED2 cathode terminal.

LED3 LED3 cathode terminal.

RSET Connect resistor RSET to set the LED current.
EN/DIM | Device enable (active high) and Dimming Control.
VOUT | Charge pump output connected to the LED anodes.

VIN Charge pump input, connect to battery or supply.

Cl+ Bucket capacitor 1 Positive terminal

C1l- Bucket capacitor 1 Negative terminal

C2+ Bucket capacitor 2 Positive terminal

Cc2- Bucket capacitor 2 Negative terminal

GND Ground Reference

NC Not connected inside package.

GND Connect to GND on the PCB.

PIN FUNCTION

VIN is the supply pin for the charge pump. A small
1uF ceramic bypass capacitor is required between the
VIN pin and ground near the device. The operating
input voltage range is from 2.5V to 5.5V. Whenever
the input supply falls below the under-voltage
threshold (1.8V), all the LED channels are disabled
and the device enters shutdown mode.

EN/DIM is the enable and one wire dimming input for
all LED channels. Levels of logic high and logic low
are set at 1.3V and 0.4V respectively. When EN/DIM
is initially taken high, the device becomes enabled
and all LED currents are set to the full scale according
to the resistor Rser. To place the device into “zero
current” shutdown mode, the EN/DIM pin must be
held low for at least 1.5ms.

VOUT is the charge pump output that is connected to
the LED anodes. A small 1pyF ceramic bypass
capacitor is required between the VOUT pin and
ground near the device.

GND is the ground reference for the charge pump. The
pin must be connected to the ground plane on the PCB.

C1+, C1- are connected to each side of the ceramic
bucket capacitor C;.

C2+, C2- are connected to each side of the ceramic
bucket capacitor C,.

LED1, LED2, LED3 provide the internal regulated
current sources for each of the LED cathodes. These
pins enter high-impedance zero current state when-
ever the device is placed in shutdown mode.

TAB is the exposed pad underneath the package. For
best thermal performance, the tab should be soldered
to the PCB and connected to the ground plane.

RSET is connected to the resistor (Rset) to set the full
scale current for the LEDs. The voltage at this pin
regulated to 0.6V. The ground side of the external
resistor should be star connected back to the GND of
the PCB. In shutdown mode, RSET beomes high
impedance.

LED Driver
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BLOCK DIAGRAM
Ci- || Ci+ Co- || Co+
VIN 1x mode (LDO) Vout
OT[] 1.33x, 1.5x, 2x Charge Pump [—#¢ E] ‘|
I 4 l I
Mode Control v,J
1, 1.3MHz T
EN/DIM M- e Oscillator vf"‘
Ll L LED1 T
100kQ
: LED2
— Serial Referece
Interface Voltage LED3
. Current LED Channel
Registers Setting DAC :E GD E|€ I-{Current Regulators

III RSET
:

L1
(@)
=
lw)

Figure 2. SET3643 Functional Block Diagram

BASIC OPERATION

At power-up, the SET3643 starts operating in 1x
mode where the output will be approximately equal
to the input supply voltage (less any internal voltage
losses). If the output voltage is sufficient to regulate
all LED currents, the device remains in 1x operating
mode.

If the input voltage is insufficient or falls to a level
where the regulated currents cannot be maintained,
the device automatically switches into 1.33x mode
(after a fixed delay time of about 400us). In 1.33x
mode, the output voltage is approximately equal to
1.33 times the input supply voltage (less any internal
voltage losses).

The above sequence repeats in the 1.33x and 1.5x
mode until the driver enters the 2x mode. In 1.5x mode,
the output voltage is approximately equal to 1.5 times
the input supply voltage. While in 2x mode, the output is
approximately equal to 2 times the input supply voltage.

If the device detects a sufficient input voltage is present
to drive all LED currents in 1x mode, it will change
automatically back to 1x mode. This only applies for
changing back to the 1x mode. The difference between
the input voltage when exiting 1x mode and returning to
1x mode is called the 1x mode transition hysteresis
(Vhys) and is about 500mV.

LED Driver
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LED Current Selection
At power-up, the initial LED current is set to full scale levels by pulsing the input signal, as shown on Figure 3.
(100% brightness) by the external resistor Rsgr as On each consecutive pulse rising edge, the LED current
follows: is divided by half to 50%, then 25%, 12.5%, 6.25% and
0.6V 3.125% dimming levels.

LED current = 132 x
SET Pulses faster than the minimum T, o, may be ignored
and filtered by the device. Pulses longer than the
The EN/DIM pin has two primary functions. One maximum T, o may shutdown the device.
function enables and disables the device. The other

function is LED current dimming with six different The LED driver enters a “zero current” shutdown mode

if EN/DIM is held low for 1.5ms or more.

TseTUP ‘<_ o ‘ THI TPWRDWN
— -~
TLeED TLo
—_— — H
100% : 3 100%

50% !

— 25% \

12.5%
LED Shutdown 5% 6.25% 3.12%/ Shutdown
Current —eeeeeeed

Figure 3. EN/DIM Digital Dimming Timing Diagram

Table 1. LED Current Dimming Levels

# oENp/uDllsl\gs * Rser Gain LED Current

EN = High 132 132x0.6V/Rger
1% 66 66x0.6V/Rger
2" 33 33x0.6V/Rger
3" 16.5 16.5x0.6V/Rger
4" 8.25 8.25x0.6V/Rger
5" 4.125 4.125x0.6V/Rger
6" 132 132x0.6V/Rger
x" Device cycling through gain selection GAINx0.6V/Rggr

* The gain is changed on the rising edges of the EN/DIM input.

LED Driver 11 www.semiteltech.com
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Unused LED Channels

For applications not requiring all the channels, it is
recommended the unused LED pins be tied directly to
Vour (see Figure 4).

Ci+ C1- C2+ C2-
VIN _
c VIN Vout
IN
" » J_COUT
1uF | SET3643 j_—l .
— il
ENABLE =
DIMMING EN/DIM LED1
RSET LED2
LED3
RseT GND

|||—

Figure 4. Application with 2 LEDs

Protection Mode

If an LED is disconnected, the driver senses that and
automatically ignores that channel. When all LEDs are
disconnected, the driver goes to 1x mode where the
output is equal to the input voltage.

As soon as the output exceeds about 6V, the driver
resets itself and reevaluate the mode.

If the die temperature exceeds +150°C, the driver will
enter a thermal protection shutdown mode. When the
device temperature drops by about 20°C, the device
will resume normal operation.

LED Selection

LEDs with forward voltages (Vg) ranging from 1.3V to
4.3V may be used. Selecting LEDs with lower Vg is
recommended in order to improve the efficiency by
keeping the driver in 1x mode longer as the battery
voltage decreases.

For example, if a white LED with a Vg of 3.3V is
selected over one with Vg of 3.5V, the driver will stay
in 1x mode for lower supply voltage of 0.2V. This
helps improve the efficiency and extends battery life.

External Components

The driver requires four external 1uF ceramic capaci—
tors for decoupling input, output, and for the charge
pump. Both capacitors type X5R and X7R are
recommended for the LED driver application. In all
charge pump modes, the input current ripple is kept
very low by design and an input bypass capacitor of
1uF is sufficient.

In 1x mode, the device operates in linear mode and
does not introduce switching noise back onto the

supply.

Recommended Layout

In charge pump mode, the driver switches internally at
a high frequency. It is recommended to minimize trace
length to all four capacitors. A ground plane should
cover the area under the driver IC as well as the
bypass capacitors. Short connection to ground on
capacitors Cjy and Coyr can be implemented with the
use of multiple via. A copper area matching the TQFN
exposed pad (TAB) must be connected to the ground
plane underneath. The use of multiple via improves
the package heat dissipation.

RSET

EN/DIM

Court CiN

GND
GND

VOUT

Figure 5. TDFN-12 Recommended Layout

C2

C1

VIN

LED Driver
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PACKAGE OUTLINE DRAWING
TDFN 12-Lead 3 x 3mm (HS2, HV2)

< D————— > < A > | € ‘« »‘b‘«
| I — v
| HRERnjjaaa ;
*//_WTWi*’*’*’W £ E2 T *’*’*‘F*’** B
00, ) |
/ y / p ’ 1 | / PIN#1 ID
NN ‘ “
NN, AT
2 / Z i i
\L PIN#1 INDEX AREA Al D2
TOP VIEW SIDE VIEW BOTTOM VIEW
SYMBOL MIN NOM MAX A
A Al
A 0.70 0.75 0.80 *L | | | | | | | |7A3
AL 0.00 0.02 0.05 A —f
A3 0.178 0.203 0.228 Al
b 0.18 0.23 0.30 FRONT VIEW
2.90 3.00 3.10
D2 2.30 2.40 2.50
E 2.90 3.00 3.10
E2 1.55 1.70 1.75
e 0.45 BSC
0.30 0.40 0.50
Notes:
(1) All dimensions are in millimeters, angles in degrees.
(2) Complies with JEDEC MO-229.
LED Driver 13 www.semiteltech.com
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TQFN 16-Lead 3 x 3mm (HS3, HV3)

-~ D> ¢A>‘ > e |- +b‘¢ +
| | | A
| ! Oooog |
| =

Tz ] ]
*’V—FV—(’/—(* 777777 | E E -1t - 701 - e T
) i ] -
S0 | i / —— PIN#1 ID
RN |
/////////‘ ] |—-| I_Il_l H
PIN#1 INDEX AREA Al > ‘47 < D2 3|
TOP VIEW SIDE VIEW BOTTOM VIEW
SYMBQL | MIN NOM MAX A
A Y
A 0.70 0.75 0.80 Y Y 111107 —
Al 0.00 0.02 0.05 A f
A3 0178 | 0203 | 0.228 AL A3
b 0.18 0.23 0.30 FRONT VIEW
2.90 3.00 3.10
D2 1.40 _ 1.80
E 2.90 3.00 3.10
E2 1.40 _ 1.80
e 0.50 BSC
0.30 0.40 0.50

Notes:
(1) All dimensions are in millimeters, angles in degrees.
(2) Complies with JEDEC Standard MO-220.
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XQFN 12-Lead 2.5 x 2.5mm with 0.4mm max height (HL1)
Pin 1 Dot
By marking K - D2 PIN #1
r INDICATOR
} R 0.100
‘o | oDoao
| 0 ]
B — + ’’’’’ T E O O E2
O O l
| - - T 1
\ [ O 0O 0d ~—— DETAILA
‘ - 1
TOP VIEW BOTTOM VIEW
SYMBOL MIN NOM | MAX | i
A 0.36 0.40 ? ? ?
Al 0.00 0.01 A2 AL A
A2 0.36 0.39 SIDE VIEW
0.17 0.20 0.23
D 245 250 255
D2 155 1.60 1.65
E 2.45 2.50 255
e
e 0.50 BSC r T
E2 155 1.60 1.65 J% 1 Iﬁ ﬁ T
0.17 0.20 0.23 T T ————— —
«—b
K 0.145 0.175 0.205 L
DETAIL A

Notes:
(1) All dimensions in millimeters. Angles in degrees.
(2) Complies with JEDEC MO-220.
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EXAMPLE OF ORDERING INFORMATION

l Prefix | Device # |Suffix

SET 3643 HV3 -G T2
Product Number Lead Finish
Blank: Matte-Tin

. . NiPdA
Optional Package G: NiPdAu

Company ID :\\g $8EN Tape & Reel

HL1: XQFN ®) T: Tape & Reel
2: 2000/Reel

Notes:

(1) All packages are RoHS-compliant (Lead-free, Halogen-free).

(2) The standard lead finish is NiPdAu.

(3) The device used in the above example is a SET3643HV3-GT2 (TQFN, Tape & Reel).

(4) For additional package and temperature options, please contact your nearest Semitel sales office.
(5) XQFN package is only available in Matte-Tin finish.
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Semitel Electronics Co., Ltd.

Flat C, 9/F, Unison Industrial Centre, 27-31 AuPuiWan Street,
Fotan, Shatin, Hong Kong

Tel: +852-3527 3141

Fax: +852-2127 7623
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