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The Future of Analog IC Technology =

MP3336

Dual-Channel, Flash LED Driver
with 2A/Ch and I°C Interface

DESCRIPTION

The MP3336 is a compact, dual-channel, high-
power, flash, LED driver that can drive up to 2A in
flash mode for each LED. It is usually applied for
camera phones to improve image and video
quality in low-light environments. The MP3336
operates with a selectable 1/2/3/4MHz switching
frequency and uses a synchronous, current-mode
PWM boost converter to regulate the LED current
with two high-current sources. The MP3336
provides high efficiency and an optimized solution
for smaller PCB spaces.

The MP3336 features a standard I°C interface,
dual LED channels, rich protection modes, and
high power density and performances. The
MP3336 can also support flash, assist, torch,
indicator, and 5V DC modes.

The cathodes of the dual-flash LED are
referenced to GND, which is better for improving
thermal performance in layout. The MP3336 is
available in a WLCSP-20 (1.6mmx2.0mm)
package.

FEATURES

e 2.7V~5.5V Input Voltage

o 1/2/3/4AMHz  Selectable Max Switching
Frequency

e Switching Frequency Fold-back Function

e 400kHz I°C Compatible Interface

o Standby/Flash/Assist/Torch/Indicator/5V DC
Modes

Flash Mode

e Up to 2A/Ch Programmable Current with
+7% Accuracy for Each LED, 7.84mA/Step

Assist/Torch Mode

e Up to 319mA/Ch Programmable Current
with 7% Accuracy for Each LED,
1.25mA/Step

Indicator Mode

e Works in 31.5kHz PWM Dimming Mode with
2/16, 3/16, 4/16, 5/16 Duty Cycle

o Used for Blinking and 128/256/512ms
Selectable Blinking Time

5V DC Mode

e Output Constant 5V DC Voltage

o 1A to 4.2A Programmable Input DC Current
Limit Protection

e External Torch/Strobe/TX Pin

LED Forward-Voltage Balance to Improve

Efficiency

VIN to VOUT Disconnection Function

Low-Battery Voltage Protection

LED Short/Open Protection

VOUT-GND Short Protection

Over-Voltage Protection (OVP)

Over-Temperature Protection (OTP)

Input Under-Voltage Lockout (UVLO)

Protection

e Available in a WLCSP-20 (1.6mmx2.0mm)
Package

APPLICATIONS

¢ Smartphone Flash LED Application
e Cameras for Tablets
e Digital Still Camera

All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive. For
MPS green status, please visit the MPS website under Quality
Assurance. “MPS” and “The Future of Analog IC Technology” are registered
trademarks of Monolithic Power Systems, Inc.
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mpj MP3336 — DUAL-CHANNEL, FLASH LED DRIVER WITH I2C INTERFACE

TYPICAL APPLICATION
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mpj MP3336 — DUAL-CHANNEL, FLASH LED DRIVER WITH I2C INTERFACE

ORDERING INFORMATION

Part Number* Package Top Marking
MP3336GC WLCSP-20 (1.6mmx2.0mm) See Below

* For Tape & Reel, add suffix —-Z (e.g. MP3336GC-2)

TOP MARKING

EFY
LLL

EF: Product code of MP3336GC
Y: Year code
LLL: Lot number

PACKAGE REFERENCE

TOP VIEW

JICRONTRE
JICRORTNC)
JICRORTES,
JIONORONC
e |9 @) ) @

1 2 3 4

WLCSP-20 (1.6mmx2.0mm)
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MP3336 — DUAL-CHANNEL, FLASH LED DRIVER WITH I°C INTERFACE

ABSOLUTE MAXIMUM RATINGS "

V|N, sz, VOUT .................................. -0.3V to +6V
NTC oo, -0.3Vto Vi + 0.3V
All other pins ........evveiiiiiiiiiiiiiinnes -0.3V to +6V
Junction temperature ........cccceovevviiiinnenne. 150°C
Lead temperature .............ccoooeeeeiiien. 260°C
Continuous power dissipation (Ta = 25°C) @)

WLCSP-20 (1.6mmx2.0mm)........ccceeeeennnes 2.3W

Recommended Operating Conditions )
Supply Voltage (Vin)....ccoeevererennnne 2.7V to 5.5V
Operating junction temp. (T,)... -40°C to +125°C

Thermal Resistance ) 6,4 6,c
WLCSP-20 (1.6mmx2.0mm) ...55... .0.5.. °C/W

NOTES:

1) Exceeding these ratings may damage the device.

2) The maximum allowable power dissipation is a function of the
maximum junction temperature T, (MAX), the junction-to-
ambient thermal resistance 6,,, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T,
(MAX)-Ta)/6,a. Exceeding the maximum allowable power
dissipation produces an excessive die temperature, causing
the regulator to go into thermal shutdown. Internal thermal
shutdown circuitry protects the device from permanent
damage.

3) The device is not guaranteed to function outside of its
operating conditions.

4) Measured on JESD51-7, 4-layer PCB.

MP3336 Rev.1.01
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mps MP3336 — DUAL-CHANNEL, FLASH LED DRIVER WITH I2C INTERFACE

ELECTRICAL CHARACTERISTICS

Vin = 3.6V, Ta = 25°C, unless otherwise noted.

Parameters Symbol | Condition Min Typ | Max | Units
Supply

Operating input voltage VN 2.7 5.5

Input UVLO threshold ViN_uvio Rising edge 2.35

Input UVLO hysteresis 160 mV
Standby current lo_ stanpey | Vin = 2.7V to 5.5V, I°C active 23 pA
Shutdown current la_sp Vin=2.7V 10 5.5V, EN = low 2 WA
Operating quiescent current lo ngsszd(e;v’ no  switching, 1.5 mA
Switching Regulator

Switching frequency fs SW_FS =11 0.9 1 1.1 MHz
Minimum on time ton_ miN 68 ns
NMOS on resistance Rbson N Vin = 3.6V 45 mQ
PMOS on resistance Roson p Vin = 3.6V 60 mQ
Constant DC output voltage Vour sv 5V DC mode 5

Code setting = 10,

Inductor current limit lumiT max duty cycle 3.5 A
LED Driver
Flash mode, 0 mA
. value setting = 00000000
Flash current setting ILED FLASH
- Flash mode, 279 | 300 | 321 | mA
value setting = 00100110
Assist/torch mode, 0 mA
Torch current settin I value setting = 00000000
9 LED_TORCH | Assist/torch mode, 279 300 | 321 mA
value setting = 11110000
Current source headroom Vv Current = 1250mA® 350 mV
voltage " Current = 200mA 150 mV
c t tep ti ¢ TUP_I =111 1 us
urrent ramp-up step time
Pip Siep M T TuP 1 = 000 8 us
Current ramp-down step t 1 s
time RAMP_DOWN M
LED1/2 load balance voltage
hysteresis Vieo rvs 130 mv
Digital Input
Input logic low voltage 04 \Y
Input logic high voltage 1.2 V
Strqbe/torch/TX pull-down 250 kO
resistor
NOTE:
5) Guaranteed by design.
MP3336 Rev.1.01 www.MonolithicPower.com 5
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mpj MP3336 — DUAL-CHANNEL, FLASH LED DRIVER WITH I2C INTERFACE

ELECTRICAL CHARACTERISTICS (continued)

Vin = 3.6V, Ta = 25°C, unless otherwise noted.

Parameters ‘ Symbol ‘ Condition ‘ Min ‘ Typ ‘ Max ‘ Units

Protection

Flash time-out time trimeouT Time setting code = 0001 190 200 210 ms

Input DC current limit lLmir N Current setting code = 0010 1.5 A

Over-voltage threshold Vovp 5.335 55 | 5.665

LED1/2 short detection Vv 1

voltage LED_ST

VOUT short blanking time TOUT_ST VOUT <1V 5 ms

PMOS charge current Vour = 1V 250 mA

LED1/2 open detection

voltage Vieo o 110 mv

Thermal shutdown threshold T sp 150 °C

Adaptive thermal threshold 130 °C
. Code setting = 001 0.6 V

NTC detection voltage VNte Code setting = 111 102 v

Code setting = 000 3 V
Low battery threshold Veat Low Code setting = 110 36 Y,

I°C Interface

Input logic low Vi 0.4
Input logic high Viy 1.3
Output logic low VoL lLoap = 3MA 0.4
SCL clock frequency FscL 400 kHz
SCL hlgh time THIGH 0.6 V)
SCL low time Tiow 1.3 us
Data setup time Tsu.pat 100 ns
Data hold time THD,DAT 0 0.9 V)
Setup time for repeated start TsusTa 0.6 us
Hold time for start Tup,sta 0.6 us
Bus free time between a T 13 s
start and a stop condition BUF ' H
Setup time for stop condition Tsu,sTo 0.6 us
Rise time of SCL and SDA Tr 20+0.1*Cpg 300 ns
Fall time of SCL and SDA T 20+0.1*Cpg 300 ns
Pu]se width of suppressed Ter 0 50 ns
spike
Capa}cnance bus for each Ca 400 oF
bus line
MP3336 Rev.1.01 www.MonolithicPower.com 6
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mpé MP3336 — DUAL-CHANNEL, FLASH LED DRIVER WITH I2C INTERFACE

TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 3.6V, L = 1.1pH, 11/2_TOR = 300mA, 11/2_FL = 400mA, 11/2_TX = 400mA, FL_TIM = 200ms,
two channels, unless otherwise noted.

Torch/Assist Mode Torch/Assist Mode Indicator Mode
LED_EN Bit Enable LED_EN Bit Disable ILED Duty = 5/16,
ILED_AMPLITUDE/Ch = 100mA
3 ; : — — T f —
Vsw 7 : : i Vsw. S : C Vsw s
2v/div." - : 2V/div T : : 2¥/div.w : .
V V i i i i i v i i OUT e : :
e A s s 2V N
I . Ik RTINS -
200mA/div. 200mA/div S : ; : :
ILED .. ILED . [ERE e e . L | .. : . : . . 4
200mA/div. ] _ { 200mAgiviEp oo SR 200mA/div! : ] et
1ms/div. 1ms/div. 20ps/div.
Blinking Mode Flash Mode Flash Mode
Blinking Time = 128ms with Level Trigger Way with Edge Trigger Way
..... veu | vau |
Vswk o LB L av/divi 2vidiv.Ef
2V/div.~
Vi 2]
I VSTR | VsTR |
200mAVdiv.E| 2Vidiv.“f 2Vidiv=t
§ | o) PP . I .
| 500mA/div.w"'""""‘_ e = 500mA/div.ﬂ_"""7 — L e
200mAJdiv, T ILeD : ILED A S
DR R S 500mA/div.* AT PRI 500mA/div. H H
100ms/div. 40ms/div. 40ms/div.
Flash Mode Flash Mode Torch/Assist Mode
FL_TIM = 1600ms, 11_FL = 2A, TX pin with 2Hz, 50% pulse, to Flash Mode
LED2 EN=0 11/2_FL=1A 11/2 TOR = 120mA
vew b _ _ _ ver b
AV VAL S el b avidivIl ] 2V/dsi\\’/VE_...

Vout - - X
AV TVAE: S SO T SR SO A SV/div.

ol N VsTR

I
2A/div.

: : : ] : : : : . 500mA/div.E¥ :
ILEDA : : : 4 S o ILep :
1A/div. s i AV B i i

: : S : 500mA/div. 1 . .
200ms/div. 200ms/div. 40ms/div.
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mps MP3336 — DUAL-CHANNEL, FLASH LED DRIVER WITH I2C INTERFACE

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Vin = 3.6V, L = 1.1pH, 11/2_TOR = 300mA, 11/2_FL = 400mA, 11/2_TX = 400mA, FL_TIM = 200ms,
two channels, unless otherwise noted.

Load Balance 5V_DC Mode Short LED to GND Protection
Set BAL_ON Bit from 0 to 1 VOUT to GND with 75Q Resistor Short One Channel when Working
T
Vsw f| | v :
] SW. :
2V/div."} v IE
Vout-f - .. V e
2vidiv. ¥ Vout vt Do _
3 : ovidivE | ] IL@
I ED1 : I 500mA/div.> : :
100m{x/div. : Led 200mA/div.“F | b Y
_ ouTh : S : :
100mAJan. Bt ; : 20mA/div. Lt 500mAd ) i i
2ms/div. 1ps/div. 1ms/div.
Open LED Protection VOUT to GND Short Protection Thermal Protection
Open one Channel when Working when Working Flash Mode, Set LED OTAD=1,
11/2_FL = 600mA, FL_TIM = 1600ms
u
1
Vsw Vsw : : SWqf
2V/dIVﬁ\ iy 2V/dIVﬁ\ SR 2V/idiv.Eo
N oy ' :
i} Vour :
2&2}” . . | . .
iv. : : . | : : : :
soomAVdiv. | ——\ , : 4 o
I : : : I : : ILep
50OMAIG, Fleassiarcc ool TS T N TV e AEERRIE T 1A/div.* - :
2ms/div. 400ps/div. 400ms/div.
Thermal Protection NTC Detection
Assist Mode, Set LED OTAD=0 Set NTC_WD =0.88V,
Set LED T_SD=1
u u
Vew : v,
2vidivf ' : 1 v
2 v
iv. NTC
2v/div
I
14 soomaraivE} -
ILF N
2003 o [
QoomA/Ldl?\? & SR 500mA/div. M TS P S
40ms/div. 100ms/div.
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MP3336 — DUAL-CHANNEL, FLASH LED DRIVER WITH I°C INTERFACE

PIN FUNCTIONS

Pin # Name |Description
A4, B4 LED1 |Current source for LED1. Connect the anode of the LED to LED1.
C4, D4 LED2 |Current source for LED2. Connect the anode of the LED to LED2.
E4 T Synchronization input signal for RF transmission signal. TX is pulled low internally if
left floating.
A3, B3,C3 | VOUT |Boost converter output.
D3 EN |IC enable.
Strobe signal input. STR synchronizes the flash pulse to the image capture. STR is
E3 STR ; . )
pulled low internally if left floating.
A2, B2 SW |Boost converter switching node.
Cc2 TOR |Torch mode input signal. TOR is pulled low internally if left floating.
D2 SCL |I’C interface clock signal.
E2 SDA | I’C interface data.
A1, B1 PGND |Power GND.
C1 AGND |Analog GND.
D1 VIN Input supply. VIN provides power for the internal power and logic circuits. VIN must be
bypassed locally.
E1 NTC LED temperature detection. Connect NTC to a negative thermal coefficient resistor

when in use. Float NTC when not in use.

MP3336 Rev.1.01
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mpj MP3336 — DUAL-CHANNEL, FLASH LED DRIVER WITH I2C INTERFACE

BLOCK DIAGRAM
O Y Y YN
sW | sW
VIN
L] Regulator ovp
I Input Current [_D"" Bl . il VOUT
= Limit m H J_
0oSsC RAMP _| E j I
e C g8
PWM | | i LED1
Control | Current| L]
— LED2
- EN 1 Control ;
o SCL T EA
o SDA T
STR T ’C LED1&2
g X T Control Feedback L L
TOR Protection
O :I: Control NTC - NTC
T % i i DEC
AGND[ PGND[ PGNO i
Figure 1: Functional Block Diagram
MP3336 Rev.1.01 www.MonolithicPower.com 10
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MP3336 — DUAL CHANNEL, FLASH LED DRIVER WITH I°C INTERFACE

OPERATION

The MP3336 is a dual-channel, LED driver with
I°’C interface that supports image capture for
camera flash. The MP3336 can work in flash
mode, assist mode, torch mode, indicator mode,
and fixed 5V DC output mode. Table 1 shows
how to set these operation modes.

LED Driver Operation

The MP3336 is a synchronous, current-mode,
PWM, boost converter that can work with
1/2/3/4MHz. The MP3336 regulates the boost
loop by detecting and controlling the headroom
voltage across the current source (VOUT-
VLED1/2).

When the device is enabled by LED_EN, the
synchronous PMOS works with a 250mA
current source first to charge the output
capacitor until Vour rises above 2.3V. The
device changes to boost switching mode if the
voltage across the current source is less than
the target reference, which is set by VTH_PAS.
If Vivis very close to Vour, the IC switches to
boost switching mode and pass mode
automatically to minimize power loss. In pass
mode, the synchronous PMOS is fully turned on.
During the current start-up, the current ramps
up step-by-step smoothly until the target setting
current is reached.

Table 1: Operation Mode Setting

Configuration Mode

TX TOR STR® LED1/2_EN | STR_MOD 5V_MOD LED _MOD

X High Float 1 X X 00 Torch
X X Float 1 X X 10 Assist
X X X 1 X X 01 Indicator
0 X High 1 1 X 11 Flash

1 X High 1 1 X 11 Flash
X X X 1 0 X 11 Flash
X X X X X 1 X 5V

NOTE:

6) STRis high active when STR_POL = 1. STR is low active when STR_POL = 0. Table 1 is based on STR_POL = 1.

Standby Mode

By default, if V|y is higher than UVLO and EN is
pulled high, the device enters standby mode. In
this mode, only the I°C is active and ready to
communicate with the host.

Torch Mode

In standby mode, if TOR goes from low to high,
the device changes to torch mode and the
current ramps up step-by-step to the target
current after setting the LED1/2_EN bits to 1.
The target current for the LED can be set
through registers 11_TOR and 12_TOR. The
ramp-up slew rate can be set by the register
TUP_I. The current can be disabled by pulling
TOR to low or by setting the LED1/2_EN bits to
0. These two bits control the two LED current
sources respectively. By pulling TOR low, the
LED1/2_EN and LED_MOD bits reset to the
default automatically if LED_SD is O (see Figure
2).

ILED1

\
\

ILED2

—
—

TOR

12C X >< >< X
REG 0x0C/D REG 0x01, Reset,
_TOR=XXXX LED1_EN=1 LED1_ENto 0
12_TOR=XXXX LED2_EN=1 LED2_EN to 0

REG 0x01,
LED_MOD=00
LED_SD=0

Figure 2: Torch Mode

Assist Mode

To enter assist mode, set the LED_MOD
register to 10 and LED1/2_EN to 1. The current
ramps up to the target value, which is set by
[1_TOR and 12_TOR. The ramp-up slew rate
can be set by register TUP_I. The current can
be disabled by switching to standby mode or by

MP3336 Rev.1.01
5/16/2017
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MP3336 — DUAL-CHANNEL, FLASH LED DRIVER WITH I°C INTERFACE

setting the LED1/2_EN bits to 0. These two bits
control the +two LED current sources
respectively (see Figure 3).

ILED1 L

ILED2 L

l2c 3< >< ><:>C
v

REG 0x0C/0D, REG 0x01, Set REG 0x01,
11_TOR=XXXX LED1_EN=1 LED1_ENto O
2I_TOR=XXXX LED2_EN=1 LED2_ENto 0
REG 0x01, Or Set

LED_MOD=10 LED_MOD=00

Figure 3: Assist Mode

Indicator Mode

When LED_MOD is set to 01 and LED_EN1/2
is set to 1, the MP3336 enters indicator mode,
which provides a low-current output (see Figure
4). In this mode, the driver current sources work
in a 31.5kHz PWM dimming mode. The current
amplitude can be set by I11_TOR and 12_TOR,
while the indicator current step ramps up more
quickly at a rate of 7.84mA/step, compared to
torch mode’s ramp-up rate of 1.25mA/step. The
final amplitude in this mode can be calculated
with Equation (1):

7.84mA x 11/2_TOR (1)

The duty cycle is set by the INDI_PWM register.
When disabled, switch to standby mode or set
the LED1_EN and LED2_EN bits to 0.

ILED1 "ML
ILED2 "ML
« SO0ECK

REG 0x0C/D, REG 0x01, Set REG 0x01,
_TOR=XXXX LED1_EN=1 LED1 ENto 0
12_TOR=XXXX LED2_EN=1 LED2 ENto 0
REG 0x01, Or Set
LED_MOD=01 LED_MOD=00
REG 0x05,

INDI_PWM=xx

Figure 4: Indicator Mode

In indicator mode, the MP3336 can also work in
blinking mode. If blinking is enabled, the IC

works in indicator mode during the blinking time,
and the LED current source is disabled during
the blinking time (see Figure 5). The blinking
time is set by the TBKO-1 bits in register OFH.

TBlink TBlink

- > »

LED1/2

Figure 5: Blinking Time
Flash Mode

The device can work in flash mode in three
ways: hardware and level trigger mode,
hardware and edge trigger mode, and software
and edge trigger mode. All of the below
description are based on bit STR_POL = 1. The
default high level is active for STR. When
STR_POL is setto 0, STR is low active.

1. Hardware and Level Trigger Mode

In this mode, STR_MOD = 1, STR_LV = 1,
LED1/2_EN = 1, LED_MOD = 11. The flash
current begins to ramp up after STR goes high.
The current is set by [1_FL and I12_FL, and the
ramp-up time is set by TUP_I. The flash current
ends when STR is pulled low or when the flash
timer ends. After flash, LED_MOD is reset to
standby mode, and LED1/2_EN is set to 0 if
LED_SD = 0. If LED_SD = 1, LED_MOD and
LED1/2_EN are not reset. The LED1 and LED2
current sources are controlled by the LED1_EN
and LED2_EN bits respectively. If the STR is
pulled low before the flash timer ends, the flash
current shuts down at the STR falling edge (see
Figure 6). Conversely, if the flash timer set by
FL_TIM ends before STR goes low, the flash
current terminates immediately. The time-out
indicator bit FT_TO is set to 1 and is not
cleared until it is read back or the input power
resets (see Figure 7).

MP3336 Rev.1.01

www.MonolithicPower.com 12

5/16/2017 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2017 MPS. All Rights Reserved.



mes

MP3336 — DUAL-CHANNEL, FLASH LED DRIVER WITH I°C INTERFACE

ILED1

.
.

-
FL_TIMER ‘Setting Time 'i
I E—
STR
12¢ X >< >< ..
Sete oo
STR_LV=1 FL_TIM=XXXX LED1_ENto 0
LED_Mo_D—11 REG 0x01, LED2_ENto 0
T 0x06/7 LED1_EN=1 LED_MOD=00
REG 0x06/7, TEDy ENct
H_FL=XXXX _EN=
12_FL=XXXX
LED_SD=0

Figure 6: Hardware and Level Trigger Flash
Mode without Time-Out

\
\

=

ILED1

]

ILED2

FL_TIMER

STR

-

_MOI FL_TIM=XXXX LED1 ENto 0
STR_LV=1 REG 0x01, LED2 ENto 0
LED_MOD=11 LED1_EN=1 LED_MOD to 00
REG 0x0677, LED2_EN=1 Set REG 0x0D,
11_FL=XXXX FT_TO=1

12_FL=XXXX
LED_SD=0
Figure 7: Hardware and Level Trigger Flash
Mode with Time-Out

2. Hardware and Edge Trigger Mode

In this mode, STR_MOD = 1, STR_LV = 0,
LED1/2_EN =1, and LED_MOD = 11. The flash
current begins to ramp up after STR goes high.
The current is set by [1_FL and I12_FL, and the
ramp-up time is set by TUP_I. The flash current
ends when the flash timer set by FL_TIM ends.
After the flash, the LED _MOD is reset to
standby mode, and LED1/2_EN is set to O if
LED_SD = 0. If LED_SD = 1, the mode and
LED_MOD and LED1/2_EN are not reset. The

LED1 and LED2 current sources are controlled
by the LED1_EN and LED2 _EN bits
respectively (see Figure 8).

ILED1 / \

ILED2 / \

STR

FL_TIMER

12C X >< >< cee
REG 0x01,¢ ¢ ¢
STR_MOD=1 REG 0x03, Reset,
STR_LV=0 FL_TIM=XXXX LED1_ENto 0
LED_MOD=11 REG 0x01, LED2_ENto 0
REG 0x06/7, LED1_EN=1 LED_MOD to 00
11_FL=XXXX LED2_EN=1
12_FL=XXXX

LED_SD=0
Figure 8: Hardware and Edge Trigger Flash Mode
3. Software and Edge Trigger Mode

In this mode, without STR, STR_MOD = 0,
LED1/2_EN = 1, and LED_MOD = 11. The
current is set by I1_FL and 12_FL, and the
ramp-up time is set by TUP_I. The flash current
ends when the flash timer set by FL_TIM ends.
After the flash, the LED_MOD is reset to
standby mode if LED1/2_EN is set to 0 with
LED_SD = 0. If LED_SD = 1, the LED_MOD is
not reset if ILED1/2_EN is set to 0. The LED1
and LED2 current sources are controlled by the
LED1_EN and LED2_EN bits respectively (see
Figure 9).
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ILED1 \
ILED2 \

FL_TIMER
REG 0x01, REG 0x03, Set,
STR_MOD=0 FL_TIM=XXXX LED1_ENto 0
LED_MOD=11 REG 0x01, LED2_ENto 0
REG 0x06/7, LED1_EN=1 or
11_FL=XXXX LED2_EN=1 LED_MOD to 00
12_FL=XXXX
LED_SD=0

Figure 9: Software and Edge Trigger Flash Mode

Torch Mode to Flash Mode

The MP3336 can switch to flash mode from
torch mode directly when STR goes from low to
high if STR_MOD = 1. After flash, the operation
functions the same way as in flash mode (see
Figure 10).

ILED1

oA A
e A
]
-
]

TOR

STR

FL_TIMER —»
- Setting Time L

I2C :><:X:><I:><:> i -
REGOX0C/D, REGOx01, Reset, REGOX01, Reset,
11_TOR=XXXX LED1_EN=1 LED1_ EN to0 LED1_EN=1 LED1_ EN to0
12_TOR= XXXX LED2_EN=1 LED2_ EN to0 LED2_EN=1 LED2_ EN to0
REGOX06/7, REGOX03, LED_MOD=00  STR_MOD=1 LED_MOD=00
1_FL=XXXX FL_TIM= XXXX STR_LV=0
12_FL=XXXX REGOX03,
REGOx01, FL_TIM=XXXX

LED_MOD=00
STR_MOD=1
STR_LV=1
LED_SD=0

Figure 10: Torch Mode to Flash Mode

Assist Mode to Flash Mode

During assist light mode, the device can switch
to flash mode from assist mode directly when
STR goes from low to high if STR_MOD = 1.
After flash, the operation functions the same
way as in flash mode (see Figure 11).

ILED1

ILED2

STR

FL_TIMER

Setting Timg L

11177
127

REGOx0C/D, REGOx01, Reset, REGOx01, Reset,
11_TOR=XXXX LED1_EN=1 LED1_ EN to0 LED1_EN=1 LED1_ EN to0
12_TOR=XXXX LED2_EN=1 LED2_ EN to0 LED2 EN=1 LED2_ EN to0
REGOX06/7, REGOX03, LED_MOD=00  LED MOD=10 LED_MOD=00
11_FL=XXXX FL_TIM= XXXX STR_MOD=1

12__FL=XXXX STR_LV=0

REGOXO01, REGOX03,

LED_MOD=10 FL_TIM= XXX

STR_MOD=1
STR_LV=1

Figure 11: Assist Mode to Flash Mode

5V DC Output Mode

If 5V_MOD is set to 1, the device can work in a
fixed 5V output mode, and the control loop is
taken over by the voltage loop (see Figure 12).
The LED current sources can still output a
current if the mode conditions are met as
described above. Care must be taken to ensure
that the thermal condition is normal, since 5V
directly powers the LED. It is recommend to set
LED1/2_EN to 0 during 5V mode.

i
i
OO DO

REG 0x01, REG 0x0C/D REG 0x01, Reset, REG 0x01
5V_MOD=1 11_TOR=XXXX LED1_EN=1 LEDI_ENtoO o uan o
12_TOR=XXXX LED2_EN=1 LED2 ENto0 -

REG 0x01,
LED_MOD=00

Figure 12: 5V DC Mode

Maximum Switching Frequency Setting

The maximum switching frequency can be
selected by the SW_FS bits when working in
boost mode. 1 /2 /3 /AMHz can be selected to
optimize efficiency.

MP3336 Rev.1.01
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Switching Frequency Fold-back

When the max switching frequency is set to
2/3/[4MHz in switching mode, if the voltage
across the current source is larger than the
value set by the register bits VTH_PAS, the IC

switches to 1TMHz to improve efficiency and EMI.

With 1MHz, if the voltage across the current
source is still larger than the value set by the
register bits VTH_PAS, the IC can stretch the
frequency down until it reaches about 100kHz
with FS_SD = 0. If the LED load becomes
lighter and the input voltage increases further,
the IC switches to pass mode from 100kHz.
With FS_SD = 1, the IC switches directly to
pass mode from 1MHz.

Load Balancing

To improve efficiency, the device provides load
balancing to prevent unbalanced forward
voltage drops between the dual LEDs (see
Figure 13). To enable this function, the bit
BAL_ON must be set to 1. Supposing VLED1 >
VLEDZ2 + Vigp wvs, the LED1 current drops step
by step while the LED2 current rises step by
step. Finally, |VLED1 - VLED2| < Vi gp nys Or
ILED1 < 90%ILED2.

However, the maximum adjustment range of
each LED current is limited to 10%. Because of
the limitation, if there is a large difference
between VLED1 and VLED2, the load balance
function cannot make |VLED1 - VLED2| drop
below Vi ep nvs, but it is still helpful to further
reduce the voltage difference and improve
efficiency.

Conversely, if VLED2 > VLED1 + Vigp nys, the
operation is the same.

Disable Load Balancing Enable Load Balancing

4.35V, 2A 4.25V, 2A
1A 1A +/-10% Max. 1.1A 0.9A
0.55v 0.25V __ Change 0.35v 0.25V
3.8V i Jav 3.9V i b v

Figure 13: Load Balancing

LED Output Current Reduction

When the MP3336 works in flash mode, output
current reduction may occur due to the
following three conditions:

1. TX s High

During flash mode, if TX goes from low to high,
the flash current drops to the current set by
I_TX in under 5us and sets the FT_TX bit to 1.
If TX goes low, the current ramps up to the
flash current again (see Figure 14).

TX LN ]

i

FL_TIMER
REG 0x01, ¢ ¢ ¢
STR_MOD=0 REG 0x03, Reset,
LED_MOD=11 FL_TIM=XXXX LED1_ENto O
REG 0x06/7, REG 0x01, LED2_ENto 0
11_FL=XXXX LED1_EN=1 LED_MOD to 00
12_FL=XXXX LED2_EN=1

LED_SD=0

Figure 14: Flash Mode with TX Pulse

2. Input DC Current Limit is Triggered

If the input DC current limit set by IL_DC
register is not sufficient, a current reduction
may occur. The actual current in the IFL_ACT
register can be read back during flash.

Input DC Current Limit Protection

The MP3336 uses the input DC current limit
protection to avoid drawing too much current
from the battery. This current limit can be
programmed by the IL_DC register from 1A to
4.2A with 250mA/step when IL_DC < 3A and
with 300mA/step when IL_DC > 3A. If the input
current hits the input current limit threshold, the
LED output current stops and holds until the
input current limit drops below the current limit
threshold. The fault bit FT_IDC is set to 1 if the
input current limit is triggered. The fault bit
remains until it is read back or the input power
is reset. The input current limit protection is
useful in boost mode because it senses the
current of the low-side MOSFET.

MP3336 Rev.1.01
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3. Low Battery Voltage Threshold Is
Triggered

During flash pulse, if the battery voltage drops
below the threshold set by VBL_RUN, the
current reduces step by step until the battery
voltage rises up to the set low battery voltage
threshold. The actual current in the IFL_ACT
register can read back during flash and the
minimum current caused by the current
reduction in IFL_MIN can be read back after
flash.

Low Battery Voltage Protection

The device provides low battery voltage
protection in flash mode in the following ways:

1. Before flash, if VBL_SD = 1, and the input
voltage is lower than the threshold set by
VBL_RUN, the device remains disabled and
sets the fault bit FT_VBATL to 1. If VBL_SD
= 0, the device ramps to the current set by
|_TX and sets the fault bit FT_VBATL to 1.
The fault bit is cleared after it is read back
or when the input power resets.

2. During flash start-up, if the input voltage is
lower than the threshold set by VBL_RUN,
the current stops ramping. The fault bit
FT_VBATL is set. During flash pulse, if the
input voltage is lower than the threshold set
by VBL_RUN, the current ramps down step
by step. The fault bit is set until it is read
back or when the input power resets.

After flash, the minimum current caused by
the current reduction can be read back
through the IFL_MIN register. The IFL_MIN
value holds until the next flash occurs or
until the power resets. The actual current
can be read back through IFL_ACT during
flash. This function is useful for determining
how much flash current can be drawn from
the battery (see Figure 15).

Voltage drop due to Voltage drop due to
ESR and Flash additional load
|

|
VBAT N\ f N\ f
—_—— 4 ———L _—
¢ |
VBL_RUN

Pre-Flash Main-Flash

|_FLASH Setting value

v

Report min. |_FLASH —» Adjust |_FLASH

Figure 15: Pre-Flash under Low Battery

NTC Detection

If the register NTC_WD is set to enable NTC
detection, the NTC sources a constant 35uA
current. If the voltage across the NTC resistor
drops below the threshold set by NTC_WD, the
internal fault bit FT_LEDHOT is set to 1 and the
modes are reset to standby mode if LEDT_SD
= 1. If LEDT_SD = 0, the mode setting is not
reset after the fault bit is set. The fault bit
remains until it is read back or the power resets.
It is recommended to float NTC if this function is

not being used.
é NTC

NTC

DEC

Figure 16: NTC Detection

VOUT-GND Short Protection

If VOUT < 1V, the device stops switching and
disconnects the synchronous PMOS to prevent
a large current from being drawn from the
battery. Set the FT_VOSC bit to 1 and reset the
mode setting. The fault bit remains until it is
read back or the power resets.

LED1/2-GND Short Protection

If LED1 < 1V and ILED1 > 5mA, or LED2 <
1Vand ILED2 > 5mA, the IC marks off the
current source and sets the fault bit FT_LEDSC
but continues switching. If both current sources
are marked off, the device stops switching and
the mode setting is reset. The fault bit
FT_LEDSC is 1 until it is read back or the
power resets. If LED_EN1 is set to 0, the
feedback of the current source 1 is not involved

MP3336 Rev.1.01
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in the loop control, and fault detections on this
channel are also disabled.

LED1/2 Open Protection

If VOUT - VLED1/2 < 110mV and VOUT > 5.5V,
the IC marks off the fault current source and
sets the fault bit FT_OVP but continues
switching. If both current sources are marked
off, the device stops switching and the mode
setting is reset. The fault bit FT_OVP is 1 until it
is read back or the power resets. If LED_EN1 is
set to 0, the feedback of the current source 1 is
not involved in loop control, and fault detection
on this channel is also disabled.

Output Over-Voltage Protection (OVP)

If VOUT > 5.5V, the device stops switching and
resumes normal condition until VOUT drops
below 5.2V. The fault bit FT_OVP is 1 until it is
read back or the power resets.

Junction Over-Temperature Protection

If LED_OTAD = 1, the flash current drops to the
current set by I_TX when T, > 130°C. The fault
bit FT_OTP is setto 1. If T, > 150°C, the device
stops switching and resets LED_MOD and
LED_EN1/2. The fault bit FT_OTP must be
cleared to 0 by a read-back or a power reset.

Time-Out Protection

If the device works in one of the flash modes—
hardware and level trigger mode—time-out
protection may be triggered. When the STR
input pulse is longer than the flash timer set by
FL_TIM, the device is disabled once the timer
ends. The device stops switching and resets
the mode setting, and the fault bit is 1 until it is
read back or the power is reset before
restarting.

Under-Voltage Lockout (UVLO) Protection

If VIN drops below the UVLO threshold, the
device stops and all of the registers are reset to
default.

I’C Interface Register Description

’C Chip Address

After the start condition, the [*C-compatible
master sends a seven-bit address followed by
an eighth read (Read: 1) or write (Write: 0) bit.
The following bit indicates the register address
to or from which the data is written or read. The
I°C address of the MP3336 is 0x27.

Lol 1 Jofo 1 [1 [1 [RW]
I°’C Compatible Device Address

MP3336 Rev.1.01
5/16/2017
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Register Mapping

Add Reg D7 D6 D5 D4 D3 D2 D1 DO
00H | ChipiD | DEV_ID4 | DEV D3 | DEV_ID2 | DEV_ID1 DEV_IDO REV_ID2 REV_ID1 REV_IDO
01H | Mode STRLV | STRMOD | STR POL | LED1 EN | LED2 EN | LED MOD1 LED_MODO 5V_MOD
02H | P | NTC_WD2 | NTC_WD1 | NTC_WDO | IL_PEAKT | IL_PEAKO FS_SD BAL_ON NA
o3H | Flash FLTIM3 | FLTIM2 | FLTIMI | FL_TIMO LED_SD LEDT_SD SW_Fs1 SW_FSO
Low
04H | battery | VBL_RUN2 | VBL_RUN1 | VBL_RUNO | VBL_SD IL_DC3 IL_DC2 IL_DC1 IL_DCO
voltage
: LED_OTA
05H | Indicator o TUP_I2 TUP_I1 TUP_I0 | VTH_PAS1 | VTH_PAS2 INDI_PWM1 | INDI_PWMO
LED1
06H | flash 1_FL7 11_FL6 11_FL5 11_FL4 1_FL3 1_FL2 1_FL1 1_FLO
current
LED2
07H | flash 12_FL7 12_FL6 12_FL5 12_FL4 12_FL3 12_FL2 12_FL1 12_FLO
current
ogH | JXIMAS 1y 1x7 11_TX6 1_TX5 1_Tx4 1_TX3 1_TX2 1_TX1 11_TXO
K current
09H | JPMAS 15 1x7 12_TX6 12_TX5 12_Tx4 12_TX3 12 TX2 12_TX1 12_TX0
K current
0AH | ASl@l | IEL_ACT7 | IFLLACT6 | IFL_ACTS | IFLLACT4 | IFL_ACT3 IFL_ACT2 IFL_ACTA IFL_ACTO
oBH | MITUM | R MINZ | IFLMING | IFL_MINS | IFL_MINA | IFL_MIN3 IFL_MIN2 IFL_MINA IFL_MINO
ocH | 'EDT 1. TOR7 | 1M_TOR6 | 1_TORS | 11 TOR4 | I_TOR3 11_TOR2 11_TOR1 11_TORO
oDH | 'ED2 12 TOR7 | 12.TOR6 | 12.TORS | 12 TOR4 | I2_TOR3 12 TOR2 12 TORA 12_TORO
OEH |  FaUl | FT_VBATL | FTOVP | FT.vVOSC | FT_LEDSC | FT_OTP FT_TO FT_TX FT_IDC
OFH | Faut | 7Bk TBKO NA NA BAL 1AB2 | BAL_2AB1 FT_LEDHOT | FT_LEDOP
Table 2: Chip ID Register
Addr: 0x00
Bit Bit Name Access | Default | Description
2:0 REV_ID R 011 Revision ID.
7:3 DEV_ID R 00111 Device ID.
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Table 3: Mode Setting Register

Addr: 0x01

Bit

Bit Name

Access

Default

Description

STR_LV

RW

Flash mode trigger mode with strobe pin signal.
0 = edge sensitive
1 = level sensitive

STR_MOD

RW

Strobe pin enable bit.
0 = software enable
1 = hardware enable

STR_POL

RW

Strobe pin signal input active polarity.
0 = active low
1 = active high

LED1_EN

RW

LED1 current source enable bit.
0 = LED current sink disable
1 = enable

LED2_EN

RW

LED2 current source enable bit.
0 = LED current sink disable
1 = enable

2:1

LED_MOD

RW

00

Device mode setting bits.
00 = standby/torch mode
01 = indicator mode

10 = assist mode

11 = flash mode

5V_MOD

RW

5V DC output enable bit.
0 = disable
1 = enable

Table 4: NTC Detection and Current Limit Setting Register

Addr: 0x02

Bit

Bit Name

Access

Default

Description

7:5

NTC_WD

RW

000

NTC pin detection window.
000 = off

001 =0.6V

010=0.67V

111 =1.02V

4:3

IL_PEAK

RW

01

Inductor current limit setting bits.
00 =2A

01=2.5A

10 = 3.5A

11=4.5A

FS_SD

RW

Disable switching frequency stretching down from 1MHz if VIN is
close to VOUT.

0 = enable Fg stretching down function

1 = disable Fg stretching down function

BAL_ON

RW

Load balance matching enable bit.
0: LED voltage mismatch auto-balance disabled
1: LED voltage mismatch auto-balance enabled

NA

RW

NA

Reserved.

MP3336 Rev.1.01
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Table 5: Flash Timer Setting Register

Addr: 0x03

Bit

Bit Name

Access

Default

Description

7:4

FL_TIM

RW

0001

Flash timer setting bits. 100ms to 1600ms, 100ms/step.
0000 = 100ms
0001 = 200ms

1111 = 1600ms

LED_SD

RW

LED_MOD and LED1/2_EN resetting control bit.

0 =reset LED_MOD and LED1/2_EN to default value
after flash or torch

1 =no reset

LEDT_SD

RW

LED_MOD and LED1/2_EN resetting control bit when
NTC fault occurs.

0 = no reset and device continues

1 = reset and device stops

1:0

SW_FS

RW

00

Max Switching frequency setting bits.
00 = 4MHz
01 =3MHz
10 = 2MHz
11 =1MHz

Table 6: Low Battery Voltage Setting Register

Addr: 0x04

Bit

Bit Name

Access

Default

Description

7:5

VBL_RUN

RW

111

Low battery voltage setting bits. If VIN drops blow this
voltage during start-up, the current ramping stops. If,
during flash current pulse, the current is decreased until
VIN is higher than its threshold. It works only in flash
mode. 0.1V per step.

000 = 3V

001 =3.1V

110 = 3.6V

111 = disabled

VBL_SD

RW

1 = device disabled when VIN is less than the threshold
set by VBL_RUN before flash
0 = enable and current ramps up to current set by | TX

3:0

IL_DC

RW

0100

Input DC current limit setting bits. 1A to 4.2A.
1A to 3A: 250mA/step
0000 = 1A
1000 = 3A
>3A: 300mA/step
1001 = 3.3A

1100 =4.2A

MP3336 Rev.1.01
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Table 7: Indicator Register

Addr: 0x05

Bit

Bit Name

Access

Default

Description

LED_OTAD

RW

Adaptive thermal flash current control bit.

1 = current reduces to the current set by |_ TX when T, >
130°C

0 = disable when T, > 150°C

6:4

TUP_|

RW

001

Current ramp-up time per step.
000 = 8us
001 ="7us

111 = 1ps

3:2

VTH_PAS

RW

01

Define the threshold when Fs drops down to 1MHz or
switches to pass mode from boost mode.

00 = 300mV

01 =450mV

10 = 600mV

11 =750mV

1:0

INDI_PWM

RW

00

PWM duty cycle of 31.5kHz in indicator mode.
00 = 2/16
01 =13/16
10 = 4/16
11 =5/16

Table 8: LED1 Flash Current Setting Register

Addr: 0x06

Bit

Bit Name

Access

Default

Description

7:0

11_FL

RW

00110011

LED1 flash current setting bits. 0 to 2000mA,
7.84mA/step (default 00110011 = 400mA).
00000000 = OmA

11111111 = 2000mA

Table 9: LED2 Flash Current Setting Register

Addr: 0x07

Bit

Bit Name

Access

Default

Description

7:0

12_FL

RW

00110011

LED2 flash current setting bits. 0 to 2000mA,
7.84mA/step (default 00110011 = 400mA).
00000000 = OmA

11111111 = 2000mA
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Table 10: TX Current Setting Register for LED1

Addr: 0x08
Bit Bit Name Access Default Description
Define the LED1 flash current in flash mode if TX is
high. 0 to 2000mA, 7.84mA/step (default 00110011 =
. 400mA).
7:0 1_TX RW 00110011 00000000 = OmA
11111111 = 2000mA
Table 11: TX Current Setting Register for LED2
Addr: 0x09
Bit Bit Name Access Default | Description
Define the LED2 flash current in flash mode if TX is
high. 0 to 2000mA, 7.84mA/step (default 00110011 =
7:0 12_TX RW | 00110011 | 400mA).
’ - 00000000 = 0OmA
11111111 = 2000mA
Table 12: Actual Flash LED Current Register
Addr: Ox0A
Bit Bit Name Access | Default | Description
The actual flash current in flash mode. 0 to 2000mA,
7.84mA/step.
7:0 IFL_ACT R 00000000 | 00000000 = OmA
11111111 = 2000mA
Table 13: Minimum Flash LED Current Register
Addr: 0x0B
Bit Bit Name Access Default | Description
The minimum flash current caused by low battery
voltage current reduction in flash mode. 0 to 2000mA,
. 7.84mA/step.
7:0 IFL_MIN R 00000000 00000000 = OmA
11111111 = 2000mA
MP3336 Rev.1.01 www.MonolithicPower.com 22
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Table 14: LED1 Torch Current/Indicator Amplitude Setting Register

Addr: 0x0C

Bit

Bit Name

Access

Default

Description

7:0

1_TOR

RW

00010101

In torch mode: LED1 current setting bits. 0 to
319mA, 1.25mA/step (default 00010101 = 26mA).
00000000 = 0mA

11111111 = 319mA

In indicator mode: LED1 current amplitude.
7.84mA/step (default 00010101 = 165mA).
00000000 = OmA

00000001 = 7.84mA......

Table 15: LED2 Torch Current/Indicator Amplitude Setting Register

Addr: 0x0D

Bit

Bit Name

Access

Default

Description

7:0

12_TOR

RW

00010101

In torch mode: LEDZ2 current setting bits. 0 to
319mA, 1.25mA/step (default 00010101 = 26mA).
00000000 = OmA

11111111 = 319mA

In indicator mode: LED2 current amplitude.
7.84mA/step (default 00010101 = 165mA).
00000000 = OmA

00000001 =7.84mA......
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Table 16: Fault and Flag Indication Register

Addr:

Ox0E

Bit

Bit Name

Access

Default

Description

FT_VBATL

R

Low battery voltage fault bit.
0 = no fault
1 =fault

FT_OVP

Output over-voltage fault bit.
0 = no fault
1 = fault

FT_VOSC

VOUT-GND short fault bit.
0 = no fault
1 = fault

FT_LEDSC

LED short fault bit.
0 = no fault
1 = fault

FT_OTP

Junction over-temperature fault bit.
0 = no fault
1 = fault

FT_TO

Flash time-out indicator bit.
0 = no fault
1 = fault

FT_TX

TX high indicator bit.
0 = no fault
1 = fault

FT_IDC

Input DC current limit fault bit.
0 = no fault
1 =fault

Table 17: Fault Indication and Blink Time Setting Register

Addr:

0xOF

Bit

Bit Name

Access

Default

Description

7:6

TBK

R/W

01

Blinking time setting bits in indicator mode.
00: no blinking, LED remains on

01: Tblink = 128ms
10: Tblink = 256ms
11: Tblink = 512ms

54

NA

NA

Reserved.

BAL_1AB2

1: VLED1 2z VLED2 + 130mV
0: VLED1 < VLED2 + 130mV

BAL_2AB1

1: VLED2 z VLED1 + 130mV
0: VLED2 < VLED1 + 130mV

FT_LEDHOT

NTC fault bit.
0 = no fault
1 = fault

FT_LEDOP

LED open fault bit.
0 = no fault
1 = fault
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APPLICATION INFORMATION
Selecting the Input Capacitor

The input capacitor reduces the surge current
drawn from the input supply and the switching
noise from the device. The input capacitor
impedance at the switching frequency should be
less than the input source impedance to prevent
the high-frequency switching current from
passing through to the input. Ceramic capacitors
with X5R or X7R dielectrics are recommended
for their low ESR and small temperature
coefficients. A capacitor with a higher value can
help reduce input voltage ripple and noise. For
most applications, a 10uF ceramic capacitor is
sufficient.

Selecting the Inductor

The converter requires an inductor to supply a
higher output voltage while being driven by the
input voltage. An inductor with a larger value
results in less ripple current, a lower peak
inductor current, and reduced stress on the
internal N-channel MOSFET, but also has a
larger physical size, higher series resistance, and
lower saturation current.

Choose an inductor that does not saturate under
the worst-case load conditions. Select the
minimum inductor value to ensure that the boost
converter works in continuous conduction mode
with high efficiency and good EMI performance.
Calculate the required inductance value using
Equation (2) and Equation (3):

L s M Vour x Dx(+D) 2
- 2x foy % Lo
D:1— \/IN (3)

ouT

Where Vv and Vour are the input and output
voltages, fsw is the switching frequency, Il oap is
the LED load current, and n is the efficiency.

The switching current is used for peak-current
mode control. To avoid hitting the current limit,
the worst-case inductor peak current should be
less than 80% of the current-limit I . For most
applications, 0.47uH~2uH inductor is sufficient.

Selecting the Output Capacitor

The output capacitor keeps the output voltage
ripple small and ensures feedback loop stability.
The output capacitor impedance must be low at
the switching frequency. Ceramic capacitors with
X7R dielectrics are recommended for their low
ESR characteristics. Ensure that the ceramic
capacitance is dependent on the voltage rating.
The DC bias voltage and the value can lose as
much as 50% of their capacitance at the rated
voltage rating. Ensure that enough of a voltage
rating margin is left when selecting the
component. A capacitance that is too low can
cause loop instability. For most applications, a
10uF ceramic capacitor is sufficient.

PCB Layout Guidelines

Efficient PBC layout is critical for stable operation.
For best results, follow the guidelines below.

1. Place a ceramic capacitor close to VIN.

2. Use a wider copper wire for input, output, and
GND to improve thermal performance.

3. Put as many vias close to GND at the output
and input capacitors as possible to improve
thermal performance.
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