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Synchronous Boost Converter
With 600-mA High-Side LED Driver and [’C-Compatible Interface

Check for Samples: LM3561

FEATURES

* High-Side Current Source Allows Grounded
LED Cathode

» Up to 90% Efficient
o Ultra-Small Solution Size: <16mm?

» Three Operating Modes: Torch, Flash, and LED
Indicator

» Accurate and Programmable LED Current from
18mA to 600mA

» Hardware Flash and Torch Enable

 LED Thermal Sensing and Current Scaleback
» Software Selectable Input Voltage Monitor

* Programmable Flash Timeout

* Dual Synchronization Inputs for RF Power
Amplifier Pulse Events

* Open and Short LED Detection

* Active High Hardware Enable for Protection
Against System Faults

« 400kHz I>’C-compatible Interface

Typical Application Circuits
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Figure 1.

e 12-Bump (1.215mm % 1.615mm % 0.6mm)
DSBGA Package

APPLICATIONS

e« Camera Phone LED Flash Controller
e LED Current Source Biasing

DESCRIPTION

The LM3561 is a 2-MHz fixed-frequency current-
mode synchronous boost converter. The device is
designed to operate as a single 600-mA constant
current driver for high-current white LEDs. The high-
side current source allows for grounded cathode LED
operation while the 250-mV regulated headroom
voltage ensures that the LED current is well regulated
and efficiency remains high.

Figure 2. Example Layout

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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DESCRIPTION (CONTINUED)

The main features of the LM3561 include: an 1°C-compatible interface for controlling the LED current, a hardware
Flash enable input for direct triggering of the Flash pulse, dual TX inputs (TX1 and TX2) which force the Flash
pulse into a low-current Torch mode during high battery current instances, an active high hardware enable
(HWEN) allowing for fast hardware shutdown during system software failures, a dual mode pin which serves as
either an indicator LED driver at up to 18mA or as a dedicated comparator input with an internal 1V reference,
designed to monitor the voltage across a negative temperature coefficient thermistor (NTC), and a programmable
input voltage monitor which monitors IN and can reduce the flash current or shutdown the device during low
battery conditions.

Seven fault flags are available for read back over the I°C-compatible bus. These include: a flash timeout flag
indicating the flash pulse has reached the end of the programmable timeout duration, a thermal shutdown flag
indicating the LM3561's die temperature has exceeded 150°C, an LED fault flag indicating the output voltage has
tripped the over-voltage threshold, or the LED has become shorted, TX1 and TX2 interrupt flags indicating if
either of the TX inputs have been triggered, an NTC flag indicating the LED has experienced an over
temperature condition, and a VIN Monitor flag indicating the input voltage has fallen below the VIN Monitor
threshold.

The LM3561 is available in a tiny (1.215mm x 1.615mm x 0.6mm) 12-bump DSBGA and operates over the
temperature range -40°C to +85°C.

Table 1. Application Circuit Component List

Component Manufacturer Value Part Number Size (mm) Rating
L TDK 1pH MLP2520-1R0 2x2.5x1.2 1.5A
COouT Murata 10pF GRM188R60J106M 1.6x0.8x0.8 (0603) 6.3V
CIN Murata 10pF GRM188R60J106M 1.6x0.8x0.8 (0603) 6.3V
LEDs Lumiled 3.6V@1A LXCL-PWF4 1.5A

Connection Diagram

Top View

©

Figure 3. DSBGA Package
see package number YFQO012AAA

® © 6@
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Table 2. Pin Descriptions

Name Pin Description
GND Al Ground
IN A2 Input Voltage Connection. Connect IN to the input supply and bypass to GND with a minimum 10pF
ceramic capacitor.
HWEN A3 Active Low Hardware Reset Input. This input is high impedance and cannot be left floating. Typically this
would be tied to a pullup resistor and to a logic high voltage, or VIN, in order to enable the LM3561.
SW B1 Drain Connection for Internal NMOS and Synchronous PMOS Switches
STROBE B2 Active High Hardware Flash Enable. Drive STROBE high to turn on the Flash pulse. STROBE has an
internal 300kQ pulldown to GND.
SCL B3 Serial Clock Input.
ouT C1l Step-Up DC/DC Converter Output. Bypass OUT to GND with a 10puF Ceramic Capacitor.
TXL/TORCH/GPIO Cc2 Configurable as a Flash Interrupt Input, a Hardware Torch Enable, or a Programmable General Purpose
Logic Input/Output. This pin has an internal 300kQ pulldown to GND.
SDA C3 Serial Data Input/Output.
LED D1 High Side Current Source Output for Flash LED.
Configurable as a High Side Current Source Output for Indicator LEDs or as a Threshold Detector for
LEDI/NTC D2 ;
LED Temperature Sensing.
TX2/GPIO2/INT D3 Configurable as a Flash Interrupt Input, a Programmable General Purpose Logic Input/Output, or as an
Interrupt output for fault notification. This pin has an internal 300kQ pulldown to GND.

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘%'\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings® @®

Vin, Vsws Vour

-0.3V to 6V

VscL, Vspar Vawens VsTtrose: Vxi, Vrxes Vieps VLEDINTC -0.3V to (V|y+0.3V) w/ 6.0V max

Continuous Power Dissipation®

Internally Limited

Junction Temperature (Tj.max)

+150°C

Storage Temperature Range

-65°C to +150°C

Maximum Lead Temperature (Soldering) See ®

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings are conditions under
which operation of the device is ensured. Operating Ratings do not imply ensured performance limits. For ensured performance limits
and associated test conditions, see the Electrical Characteristics table.

(2) All voltages are with respect to the potential at the GND pin.

(3) If Military/Aerospace specified devices are required, please contact the Tl Sales Office/Distributors for availability and specifications.

(4) Internal thermal shutdown circuitry protects the device from permanent damage. Thermal shutdown engages at T;=150°C (typ.) and

disengages at T;=135°C (typ.).

(5) For detailed soldering specifications and information, see Application Note 1112: Micro SMD Wafer Level chip Scale Package SNVA009

Operating Ratings® @

Vin

2.5V to 5.5V

Junction Temperature (T;)

-40°C to +125°C

Ambient Temperature (T) @

-40°C to +85°C

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings are conditions under
which operation of the device is ensured. Operating Ratings do not imply ensured performance limits. For ensured performance limits
and associated test conditions, see the Electrical Characteristics table.

(2) All voltages are with respect to the potential at the GND pin.

(3) In applications where high power dissipation and/or poor package thermal resistance is present, the maximum ambient temperature may
have to be derated. Maximum ambient temperature (Ta.max) is dependent on the maximum operating junction temperature (Tj.max-op =
+125°C), the maximum power dissipation of the device in the application (Pp_yax), and the junction-to-ambient thermal resistance of the
part/package in the application (834), as given by the following equation: Ta.max = Ti-max-op — (634 X Pp-max)-
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Thermal Properties
‘ Junction-to-Ambient Thermal Resistance (8,)® 68°C/W

(1) Junction-to-ambient thermal resistance (8;,) is taken from a thermal modeling result, performed under the conditions and guidelines set
forth in the JEDEC standard JESD51-7. The test board is a 4-layer FR-4 board measuring 102mm x 76mm x 1.6mm with a 2x1 array of
thermal via's. The ground plane on the board is 50mm x 50mm. Thickness of copper layers are 36um/18um/18um/36um
(1.50z/10z/10z/1.50z). Ambient temperature in simulation is 22°C, still air. Power dissipation is 1W.

Electrical Characteristics

Limits in standard typeface are for T, = +25°C. Limits in boldface type apply over the full operating ambient temperature
range (-40°C < T, < +85°C). Unless otherwise specified, Viy = 3.6V, Viywen = Vi. & @

Parameter Test Conditions Min Typ Max Unit
Current Source Specifications
600mA Flash LED |-40C < T < +85C -5% 600 +6%
Setting, Vout =
45V, 3VsViys | 1,=+25C -3% 600 +6%
ILeED Current source accuracy 4.2V mA
18mA Torch Current Setting, o o
Vour = 4.5V, 3V < Vjy < 4.2V -10% 18 +10%
Current Source Regulation . _
Vhr Voltage (Vour - Viep) 600mA setting, Vout = 4.5V 240 mV
Step-Up DC/DC Converter Specifications
Output over-voltage protection | On Threshold 4.90 5 5.05
Vove trip point© v
pp Off Threshold 4.88
Rpmos PMOS switch on-resistance Ipmos = 500mA 270 mQ
Rnmos NMOS switch on-resistance Inmos = 500mA 250 mQ
Flash Duration
. I Register Bit [5] =0 088 1 112
leL Switch current limit® 3.0V V<42V - A
Flash Duration 135 15 165
Register Bit [5] = 1 ) ' '
lout sc Qutput short circuit current limit | Vout < 2.3V 200 mA
. Indicator Register = OxFF,
ILEDINTC Indicator current ViEpinTe = 2V, 2.7V < Vjy < 4.2V 16 18 20 mA
. Configuration Register 1 Bit [4] = 1,
V1rIP Comparator trip threshold 3.0V SV S 4.2V 0.97 1 1.03 \%
fsw Switching frequency 2.7V <V 5.5V 1.8 2 2.2 MHz
triMeouT Timeout duration(S), ®) 2.7V V|55V -10 +10 %
Device Not Switching 676
lo Quiescent supply current into Device Switching 1140 LA
IN Indicate Mode, 560
Indicator Register = 0x07
IsHDN Shutdown supply current 2.7V £ Vg £ 5.5V, HWEN = GND 0.02 1 HA

(1) All voltages are with respect to the potential at the GND pin.

(2) Min and Max limits are specified by design, test, or statistical analysis. Typical (Typ) humbers are not ensured, but do represent the
most likely norm. Unless otherwise specified, conditions for typical specifications are: V| = 3.6V and Tp = +25°C.

(3) The typical curve for Over-Voltage Protection (OVP) is measured in closed loop using the typical application circuit. The OVP value is
found by forcing an open circuit in the LED current path and recording the peak value of Vgoyt. The value given in the Electrical Table is
found in an open loop configuration by ramping the voltage at OUT until the OVP comparator trips. The closed loop data can appear
higher due to the stored energy in the inductor being dumped into the output capacitor after the OVP comparator trips. This results in an
open circuit condition where the output voltage can continue to rise after the OVP comparator trips by approximately Iy % sqrt(L/Coyr)-

(4) The typical curve for Current Limit is measured in closed loop using the typical application circuit by increasing loyt until the peak
inductor current stops increasing. The value given in the Electrical Table is measured open loop and is found by forcing current into SW
until the current limit comparator threshold is reached. Closed loop data appears higher due to the delay between the comparator trip
point and the NFET turning off. This delay allows the closed loop inductor current to ramp higher after the trip point by approximately
40ns x V|/L

(5) Specified by design. Not production tested.

(6) The timeout duration period is a divided down representation of the 2MHz clock and thus the accuracy spec. is the same as the
switching frequency. This accuracy specification applies to all settings in Table 10.

4 Submit Documentation Feedback Copyright © 2011-2013, Texas Instruments Incorporated

Product Folder Links: LM3561


http://www.ti.com/product/lm3561?qgpn=lm3561
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSB44C&partnum=LM3561
http://www.ti.com/product/lm3561?qgpn=lm3561

13 TEXAS

INSTRUMENTS

www.ti.com

LM3561

SNOSB44C —MARCH 2011-REVISED MAY 2013

Electrical Characteristics (continued)

Limits in standard typeface are for T, = +25°C. Limits in boldface type apply over the full operating ambient temperature
range (-40°C < T, < +85°C). Unless otherwise specified, Viy = 3.6V, Vywen = Vin. @ @

Parameter Test Conditions Min Typ Max Unit
2.7V £V |y £5.5V, HWEN = IN,
IstRY Standby supply current Enable Register bit [1:0] = 00 11 2.3 HA
Flash-to-torch LED current TX_ Low-to-High, 2
X settling time ILep = 600mMA to 93.2mA
s
™ Torch-to-flash LED current TX_ Low-to-High, 80 H
settling time ILep = 93.2mA to 600mA
V |y Falling,
VIN_TH VIN monitor trip threshold VIN Monitor Register = 0x01 2.84 2.90 2.95 \%
(Enabled with VIN_TH = 29V)
HWEN, STROBE, TX1/TORCH/GPIO1, TX2/INT/GPIO2 Voltage Specifications
Vi Input logic low 2.7V <V £5.5V 0 0.4 \%
\m Input logic high 2.7V <V £5.5V 1.2 Vin \%
Output logic low _ < <
VoL (GPlOl,GPlOZ, |NT) ILoap = 3mA, 2.7V = V|y 5.5V 0.4 \%
Internal pulldown resistance at
Rrx TXL/TORCH/GPIO1 300 kQ
Internal pulldown resistance at
Rme | 1x2iGPIO2 300 kQ
Internal pulldown resistance at
RSTROBE STROBE 300 kQ
I2C-Compatible Voltage Specifications (SCL, SDA)
Vi Input Logic Low 2.7V <V £5.5V 0 0.4 \%
\m Input Logic High 2.7V <V £5.5V 1.3 Vin \%
VoL Output Logic Low (SDA) lLoap = 3MA, 2.7V £ V|y £ 5.5V 400 mV
I2C-Compatible Timing Specifications (SCL, SDA) © see Figure 4
fscL SCL(Clock Frequency) 0 400 kHz
@ Rise Time of Both SDA and 20+ 0.1 x
tRiSE scL Caus 300 ns
tra® | Fall Time of Both SDA and SCL 20583'81 X 300 ns
tLow Low Period of SCL Clock 1.3 us
tHiGH High Period of SCL Clock 600 ns
Hold Time for Start (or
tHD;sTA Repeated Start) Condition 600 ns
Set-up Time for a Repeated
tsu:sta Start 600 ns
tHD:DAT Data Hold Time 0 ns
tsu:pAT Data Setup Time 100 ns
tsu:sTo Set-up Time for Stop Condition 600 ns
tvp:DAT Data Valid Time 900 ns
tvp:ack Data Valid Acknowledge Time 900 ns
t Bus Free Time Between a Start 13 s
BUF and a Stop Condition : H
(7) Minrise and fall times on SDA and SCL can typically be less than 20ns.
(8) Min rise and fall times on SDA and SCL can typically be less than 20ns.
Copyright © 2011-2013, Texas Instruments Incorporated Submit Documentation Feedback 5
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I°’C TIMING
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Figure 4. 1°C Timing
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EFFICIENCY (%)

EFFICIENCY (%)

ILED (mA)

Typical Performance Characteristics
Vin = 3.6V, LEDs are Lumiled PWF-4, Coyr = 10pF, Cy = 10pF, L = MLP2520-1R0 (1uH, R, = 0.085Q), T, = +25°C unless

LED Efficiency vs V|
Flash Brightness Codes (1111 1100)
(Typical Application CII’CUIt)

89.0
Code 1111
87.0 ! t
85.0
Code 1110
83.0 t
81.0
79.0
77.0
Code 1100
75.0 T
73.0 Code 1101
71.0
690,629 32 35 38 41 44 47 50
VIN (V)
Figure 5.
LED Efficiency vs V|y
Flash Brightness Codes (0111 0100)
(Typical Application Circuit)
93.0 I I
91.0 i i
89.0 M\—Code 0110
87.0 L4Code 0111
85.0
83.0
81.0
79.0 \
77.0
75.0 Code 0100
73.0 {
710 Code 0101
69.0 \:\
67.0 \\
65.0 N
30,6 29 32 35 38 41 44 47 50
VIN (V)
Figure 7.
LED Current vs V|y
Flash Brightness Codes (1111 1100)
\
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A N/
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570.0 ——K__| Code 1110
560.0 — \J
550.0 ~—]
540.0 E—
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520.0 f v’\
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480.0 NS
470.0
4600, 65932 35 38 41 44 47 50
VIN (V)
Figure 9.

otherwise specified.

EFFICIENCY (%)

EFFICIENCY (%)

ILED (mA)

LED Efficiency vs V|y
Flash Brightness Codes (1011 1000)
(Typical Application CII’CUIt)
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Figure 6.

LED Efficiency vs V,
Flash Brightness Codes (0011 0000)
(Typical Application Circuit)

90.0 —
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85.0 9,‘ X\\ i ‘
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70.0 /‘k\\\ N
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Figure 8.

LED Current vs V|y
Flash Brightness Codes (1011 1000)
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Figure 10.
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Typical Performance Characteristics (continued)
Viy = 3.6V, LEDs are Lumiled PWF-4, Coyr = 10pF, Cy = 10pF, L = MLP2520-1R0 (1uH, R, = 0.085Q), T, = +25°C unless

LED Current vs V)y
320I;Iash Brightness Codes (0111 - 0100)

310.0

[N~

\
Code 0111

300.0
290.0

\\¥

280.0

Code 0110—

270.0

260.0

250.0

240.0

ILED (mA)

Code 0101
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200.0
190.0

Code 0100___|

180.0

———

I
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26 29 32 35 38 41 44 47 50

VIN (V)
Figure 11.

Shutdown Current vs Vg
( Vhwen = GND)
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Figure 13.

Indicator Current vs Headroom Voltage (VIN - VLED)
Indicator Brightness Codes (111 - 100)
185
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Code 111—]
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/
/
{rT—

155

15.0
145
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14.0
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4
i

135

13.0

Indicator Current (mA)

Code 101+—

1255
J

12.0
115
11.0
10

Code 100
!

5
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Figure 15.

ILED (mA)

Shutdown Current (IN + SW) (1 A)
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LED Current vs Vg
Flash Brightness Codes (0011 - 0000)
160.0
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VIN (V)
Figure 12.

Shutdown Current vs V)y
(Viwen = Vin)
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Figure 14.

Indicator Current vs Headroom Voltage (VIN - VLED)
Indicator Brightness Codes (011 - 000)

Indicator Current (mA)
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Figure 16.
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Typical Performance Characteristics (continued)

V\\ = 3.6V, LEDs are Lumiled PWF-4, Coyr = 10uF, C,y = 10pF, L = MLP2520-1R0 (1pH, R, = 0.085Q), T = +25°C unless
otherwise specified.

Torch Mode to Flash Mode Transition

Startup into Flash Mode Torch Brightness Code (100)

Max Flash Setting . Flash Brightness Code (111)
L I :
Input Current |- .. ------- FEEECEREREEEEEEEE RS STROBE
(S00mA/div) | - O ’ : : : : Vi) I 4
LEDCurrentD : : r . ..... L I
(500 mA/div) T ; : - ; Y 1 600mA
""" R T LED Current
LED Voltage f  : - [ % U SUE SO (200mA/div)
2v) : :
> TORURIIN S PPPUL: SRR IR 0
400us/div 400ps/div
Figure 17. Figure 18.
TX Interrupt Operation
Torch Brightness Code (100) Line Transient
Flash Brightness Code (111) N Flash Brightness Code (111)
L . o
T foo p— sty ] : ,
(2V/div) : s : S ’ T 3.6V T i
B*» ............... SN VIN . . : P
: : : : : : (200 mV/div) 3.4V e

Input Current
(500 mA/div)

[

ILED
(50 mA/div)

LED Current
(500 mA/div)

40 ps/div

40 ps/div
Figure 19.

Figure 20.

NTC Mode Response
Flash Brightness Code (111)
Circuit of Figure 38
(R(T) = 10kQ (at +25°C), RBIAS = 1.3kQ, VBIAS = 1.2V)

HWEN Operation

U ]
: (2Vidiv) : : : «
HWEN | )
(Vidiv) |
: NTC
B} (20mV/div)
ILED | w
(200 mA/div) | Sooma
X : . X . : LED Current
B (500mA/div) 150mA
400 ns/div 100ms/div
Figure 21. Figure 22.
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Typical Performance Characteristics (continued)

Vi = 3.6V, LEDs are Lumiled PWF-4, Coyr = 10pF, Cpy = 10pF, L = MLP2520-1R0 (1uH, R, = 0.085Q), T, = +25°C unless

otherwise specified.

Vin Monitor Response
Flash Brightness Code (111)
3.0V Setting

Battery Current}
(1A/div) # »L
VIN .
(100mV/div)
3.07V.

Extra Load

LED Current
(500mA/div)

\ 150mA

200ps/div

Figure 23.
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BLOCK DIAGRAM

SwW
VIN_TH Over Voltage
+>ﬂ Comparator
{
IN |
—— 2 MHz
VREF Oscillator 270 mQ VREF ouT
*—
ly
| -|- ILED
PWM *
Control
ILEDI * —l_| |
— by |
250 mQ SET
Thermal
LEDI/NTC Shutdown
+150C
B _F\I Error ® LED
Amplifier
@
A\ o Current Sense/
S Current Limit
'y Feedback
VTRIP >
Slope 3
Compensation
SDA
2 — 1 Control
e Logic/
SCL Interface Soft-Start
—
INT
Mode
Control
TX2/GPIO2/ TX1L/TORCH/| |STROBE HWEN GND
INT GPIO1
Figure 24. Block Diagram
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DETAILED DESCRIPTION

Circuit Description

OVERVIEW

The LM3561 is a high power white LED flash driver capable of delivering up to 600mA of LED current into a
single white LED. The device incorporates a 2MHz constant frequency, synchronous boost converter, and a high
side current source to regulate the LED current over the 2.5V to 5.5V input voltage range.

When the LM3561 is enabled and the output voltage is greater than V,y — 150mV, the PWM converter switches
and maintains at least 250mV (Vyg) across the current source (Vout - Vigp)- This minimum headroom voltage
ensures that the current sinks remain in regulation. When the input voltage is above V gp + Vg the device
operates in pass mode with the device not switching and the PFET on continuously. In pass mode the difference
between (V\y - lLepXRon p) @nd V gp is dropped across the current source. If the device is operating in pass
mode and V,y drops to a point that forces the device into switching, the LM3561 will make a one-time decision to
jump into switching mode. The LM3561 remains in switching mode until the device is shutdown and re-enabled.
This is true even if V,y were to rise back above V gp + 250mV during the active Flash or Torch cycle. This
prevents the LED current from oscillating back and forth between pass and boost mode when V| is close to
Vour-

The main features of the LM3561 include: dual TX inputs (TX1 and TX2) for forcing the device into a lower
current state during high battery current conditions, a hardware flash enable input (STROBE), an active low
shutdown input (HWEN), an input voltage monitor for detecting low battery voltage conditions, and a dual
function pin that can be configured as a low power indicator LED current source or as a comparator input for
LED thermal sensing via an external NTC thermistor.

Control of the LM3561 is done via an 1>°C-compatible interface. This includes: adjustment of the LED current in
TORCH and FLASH mode, adjustment of the indicator LED current, programming the flash LED current timeout
duration, and programming of the switch current limit. Additionally, there are 7 flag bits that can be read back
indicating that the programmed flash current timeout has expired, a device over temperature condition has
happened, an LED failure (open or short), an LED thermal failure (tripping of the internal NTC comparator), an
input under voltage fault (VIN Monitor), and a separate flag for each TX input.

STARTUP

Turn on of the LM3561 via the 1?C-compatible interface is done through bits [1:0] of the Enable Register. The
device can be enabled in either Indicate mode, Torch mode, or Flash mode (see Table 4). On startup in Flash or
Torch mode, when Vgt is less than V,, the internal synchronous PFET turns on as a current source and
delivers typically 200mA to the output capacitor. During this time the flash LED current source (LED) is off. When
the voltage across the output capacitor reaches 2.3V the current source can turn on. At turn-on, the current
source steps through each FLASH and TORCH level until the target LED current is reached (32us/step). This
gives the device a controlled turn-on and limits inrush current from the Vy supply.

PASS MODE

On turn on, when the output voltage charges up to ( Vy — 150 mV), the LM3561 will decide if the part operates in
Pass Mode or Boost mode. If the voltage difference between Vot and V gp is less than 250mV, the device will
transition into Boost Mode. If the difference between Vgoyt and V| gp is greater than 250mV, the device will
operate in Pass Mode. In Pass Mode the boost converter stops switching and the synchronous PFET turns fully
on, bringing Vour up to (Vi — inXRemos) Where (Rpuwos = 240mQ). In Pass Mode the inductor current is not
limited by the peak current limit. In this situation the output current must be limited to 1.5A.

OVER-VOLTAGE PROTECTION

The output voltage is limited to typically 5V (4.9V min). In situations such as the current source open, the
LM3561 will raise the output voltage in order to try and keep the LED current at its target value. When Vgyr
reaches 5V, the over-voltage comparator will trip and turn off both the internal NFET and PFET switches. When
Vour falls below 4.8V (typical) the LM3561 will begin switching again.
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CURRENT LIMIT

The LM3561 features 2 selectable current limits — 1A and 1.5A. These are selectable through the I°C-
compatible interface via bit [5] of the Flash Duration Register. When the current limit is reached the LM3561
stops switching for the remainder of the switching cycle.

Since the current limit is sensed in the NMOS switch there is no mechanism to limit the current when the device
operates in Pass Mode. In situations where there could potentially be large load currents at OUT, and the
LM3561 is operating in Pass mode, the load current must be limited to 1.5A. In Boost mode or Pass mode if
Vout falls below approximately 2.3V the part stops switching and the PFET operates as a current source limiting
the current to typically 200mA. This prevents damage to the LM3561 and excessive current draw from the battery
during output short circuit conditions.

THERMAL SHUTDOWN

The LM3561 features a thermal shutdown threshold of typically +150°C. When the die temperature reaches
+150°C, the active current source (LED) will shutdown, and the TSD flag in the Flags register is written high. The
device cannot be started up again until the Flags register is read back. Once the Flags register is read back the
current source can be re-enabled into Torch, or Flash Mode. The thermal shutdown (TSD) circuitry has an
internal 250ps de-glitch timer which helps prevent unwanted noise from falsely triggering a TSD event. However,
when the LM3561 is in boost mode at higher flash currents, the de-glitch timer can get reset by the high currents
in the LM3561's GND. As a result the thermal shutdown's internal de-glitch timer can get reset before the TSD
event can get latched in. This causes a TSD event to not get triggered until the LM3561's flash pulse reaches the
end of the flash duration, when the noisy currents have dropped to a lower level. However, once the noise is
lower and a TSD event is triggered, the next flash pulse is not allowed until the flags register is read back. In
pass mode the boost switcher is off and the lower noise environment allows the devices TSD circuitry to
shutdown immediately when the die temperature reaches +150°C.

FLASH MODE

In Flash mode the LED current source (LED) provides 16 different current levels from typically 36mA to 600mA.
The Flash currents are set by writing to bits [3:0] of the Flash Brightness Resister. Flash mode is activated by
either writing a (1, 1) to bits [1:0] of the Enable Register, or by pulling the STROBE pin high. Once the Flash
sequence is activated the current source (LED) will ramp up to the programmed Flash current by stepping
through all Torch and Flash levels (32us/step) until the programmed current is reached.

FLASH TERMINATION

Bit [2] of the Enable Register determines how the Flash pulse terminates. With this bit = '1' the Flash current
pulse will only terminate by reaching the end of the Flash timeout period (see Figure 29). With STR ="'0', Flash
mode can be terminated by pulling STROBE low, programming bits [1:0] of the Enable Register with (0,0), or by
allowing the Flash timeout period to elapse (see Figure 28). If STR = '0' and STROBE is toggled before the end
of the Flash timeout period, the timeout period resets on the rising edge of STROBE. See LM3561 Timing
Diagrams regarding the Flash pulse termination for the different STR bit settings.

After the Flash pulse terminates, either by a flash timeout, pulling STROBE low, or disabling it via the 1°C-
compatible interface, the current source (LED) turns completely off. This happens even when Torch is enabled
via the 1°C-compatible interface and the Flash pulse is turned on by toggling STROBE. After a Flash event ends
(bits [1:0] of the Enable Register are automatically re-written with (0, 0).

FLASH TIMEOUT

The Flash timeout period sets the maximum duration of the flash current pulse. Bits [4:0] of the Flash Duration
Register programs the 32 different Flash timeout levels in steps of 32ms, giving a Flash timeout range of 32ms to
1024ms (see Table 10).

TORCH MODE

In Torch mode the current source (LED) provides 8 different current levels (see Table 8). The Torch currents are
adjusted by writing to bits [2:0] of the Torch Brightness Register. Torch mode is activated by setting Enable
Register bits [1:0] to (1, 0). Once the Torch mode is enabled the current sources will ramp up to the programmed
Torch current level by stepping through all of the Torch currents at (32us/step) until the programmed Torch
current level is reached.
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FLASH PULSE INTERRUPT (TX1), HARDWARE TORCH INPUT (TORCH) AND GENERAL PURPOSE /O
(GPIO1)

The TX1/TORCH/GPIO1 input has a triple function; either as a flash pulse interrupt (TX1), a hardware torch
mode enable (TORCH), or as a general purpose 1/0 (GPIO1).

Flash Interrupt (TX1)

With Configuration Register 1 Bit [7] = '0' (default), TX1I/TORCH/GPIO1 is a flash pulse interrupt input. This is
designed to force the flash pulse into a lower current state in order to reduce the current pulled from the battery
during high battery current situations. For example, when the LM3561 is engaged in a Flash event and TX1 is
pulled high (active high polarity) the current source (LED) is forced into Torch mode at the programmed Torch
current setting. If TX1 is then pulled low before the Flash pulse terminates, the LED current will ramp back to the
previous Flash current level. At the end of the Flash timeout, whether TX1 is high or low, the LED current will
turn off.

TX1 Polarity

In TX1 mode, TX1 can be programmed as an active low TX1 input where pulling TX1 to GND will cause a TX1
event. TX1 polarity inversion is done via Configuration Register 1 bit [5].

Hardware Torch Mode

With Configuration Register 1 Bit [7] = '1', TX1/TORCH/GPIOL1 is configured as a hardware Torch mode enable.
In this mode (TORCH mode), a high at TORCH turns on the LED current at the programmed Torch current
setting. The STROBE input and I1°C Enabled flash take precedence over TORCH mode. In hardware torch mode,
the LED current source will turn off after a flash event and Configuration Register 1 Bit [7] will be reset to '0'. In
this situation, to re-enter torch mode via hardware torch, the hardware torch enable bit (Configuration Register 1
Bit [7] must be reset to '1"). Figure 26, Figure 27 , and Figure 34 detail the functionality of the TX1/TORCH input.

GPIO1 Mode

With GPIO Register bit[0] = '1', the TX1/TORCH/GPIO1 pin is configured as a general purpose 1/0. In GPIO1
mode this pin can be either a logic input or a logic output depending on the bit settings in bits [2:1] of the GPIO
Register (see Table 6).

FLASH PULSE INTERRUPT (TX2), GENERAL PURPOSE I/0O (GP102), AND INTERRUPT OUTPUT (INT)

The TX2/GPIO2/INT pin has a triple function: either a flash interrupt input (TX2), a general purpose 1/0 (GP102),
or as an interrupt output (INT).

Flash Interrupt (TX2 Mode)

In TX2 mode (default), TX2 is a flash pulse interrupt input. This is designed to force the flash pulse into a lower
current state in order to reduce the current pulled from the battery during high battery current situations. For
example, when the LM3561 is engaged in a Flash event, and TX2 is pulled high (active high polarity, the current
source (LED) is forced into torch mode at the programmed Torch current setting. If TX2 is then pulled low before
the flash pulse terminates, the LED current will step back to the previous flash current level. At the end of the
flash timeout, whether the TX2 pin is high or low, the LED current will turn off. In addition to forcing torch mode
with a TX2 event, the TX2 input can be set to force shutdown. Configuration Register 2 bit[0] sets this mode (see
Table 13). In TX2 shutdown mode, a TX2 event will shut down the flash pulse. Once shut down, the flash pulse
must be re-enabled via STROBE or the flash enable bits in the Enable Register.
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TX2 Forcing Shutdown

TX2 also has the capability to force shutdown (see Figure 30). When bit [0] of Configuration Register 2 is set to a
"1, TX2 will force shutdown when active. For example, if TX2 is configured for TX2 mode with active high
polarity, and bit [0] of Configuration Register 2 is set to '1' then when TX2 is driven high, (LED) will be forced into
shutdown. Once the current source is forced into shutdown by activating TX2, the current source can only be re-
enabled in flash mode if TX2 is pulled low, and the Flags register is read back. If only the Flags register is read
back and TX2 is kept high, the device will be re-enabled into torch mode and not shutdown. This occurs because
the TX2 shutdown feature is an edge-triggered event. With active high polarity the TX2 shutdown requires a
rising edge at TX2 in order to force the current source back into shutdown. Once shut down, it takes a read back
of the flags Register and another rising edge at TX2 to force shut down again.

TX2 Polarity

In TX2 mode (default), TX2 is a flash pulse interrupt input. This is designed to force the flash pulse into a lower
current state in order to reduce the current pulled from the battery during high battery current situations. For
example, when the LM3561 is engaged in a Flash event and TX2 is pulled high (active high polarity) the current
source (LED) is forced into torch mode at the programmed Torch current setting. If TX2 is then pulled low before
the flash pulse terminates, the LED current will step back to the previous flash current level. At the end of the
flash timeout, whether the TX2 pin is high or low, the LED current will turn off. In addition to forcing torch mode
with a TX2 event, the TX2 input can be set to force shutdown. Configuration Register 2 bit[0] sets this mode (see
Figure 31). In TX2 shutdown mode, a TX2 event will shutdown the flash pulse. Once shut down, the flash pulse
must be re-enabled via STROBE or the flash enable bits in the Enable Register.

GPIO2 Mode

The TX2/GPIO2/INT pin is configured as a general purpose logic input/output by setting GPIO Register bit[3] =
'"1". In GPIO2 mode this pin can be either a logic input or output depending on the bit settings for GPIO Register
bit [4] (see Table 6).

Interrupt Output Mode

The TX2/GPIO2/INT pin is configured as an interrupt output by setting the TX2/GPIO2/INT as a GPIO output and
setting bit [6] of the GPIO register to '1'. When in INT mode, the TX2/GPIO2/INT pin will pull low when either of
the following occur:

1. The LM3561 is in NTC Mode, the LED current source is enabled, and V¢ falls below Vigp.
2. The LM3561's Input Voltage Monitor is enabled and Vy falls below Vi 1.

INDICATOR LED/THERMISTOR (LEDI/NTC)

The LEDI/NTC pin serves a dual function, either as an LED indicator driver or as a threshold detector for a
negative temperature coefficient (NTC) thermistor circuit.

Led Indicator Mode (LEDI)

LEDI/NTC is configured as an LED indicator driver by setting Configuration Register 1 bit [4] = '0' (default). The
indicator current source is enabled by setting Enable Register bits [1:0] = '01". In Indicator mode there are 8
different current levels available (2.25mA - 18mA) which are programmed through the Indicator Register (see
Table 5).

Led Thermal Comparator (NTC Mode)

Writing a '1' to Configuration Register 1 bit [4] disables the indicator current source and configures LEDI/NTC as
a comparator input for monitoring an NTC thermistor circuit. In this mode LEDI/NTC becomes the negative input
of an internal comparator, with the positive input internally connected to an internal reference (Vigp = 1V).
Additionally, Configuration Register 2 bit [1] determines the action NTC Mode takes if the voltage at LEDI/NTC
falls below Vigp . With Configuration register 2 bit [1] = '0', the LED current source will be forced into Torch
mode when the voltage at LEDI/NTC falls below Vigp. With Configuration Register 2 bit [1] = '1' the device will
shut down the current source (LED) when V gpynte falls below Vigip. When the LM3561 is forced from Flash to
Torch, normal LED operation (during the same Flash pulse) can only be re-started by reading from the Flags
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Register and ensuring the voltage at V gpnTc IS above Vigp. When V| gpynte falls below Vigp and the Flags
register is cleared, the LM3561 will go through a 250us deglitch time before the flash current falls to either torch
mode or goes into shutdown. This deglitch time prevents noise from inadvertently tripping the NTC comparator.
For a more detailed description of this mode and designing the NTC circuit (see NTC THERMISTOR
SELECTION section in the Applications Information section of this datasheet).

In NTC mode the NTC flag (see Flags Register and Fault Indicators section) can be output on the
TX2/GPIO2/INT pin. This is accomplished by making the TX2/GPIO2/INT an interrupt output (see Interrupt
Output Mode section).

ALTERNATE EXTERNAL TORCH (AET MODE)

With Configuration Register 2 bit [2] set to '1l' the operation of TX1/TORCH becomes dependent on its
occurrence relative to STROBE. In this mode if TX1/TORCH goes high first, followed by STROBE going high, the
LEDs are forced into torch mode with no timeout. In this mode if TX1/TORCH goes high after STROBE has gone
high, then the TX1/TORCH pin operates as a normal flash interrupt, and the LEDs will turn off at the end of the
timeout duration. (See LM3561 Timing Diagrams: Figure 32 and Figure 33). AET mode can only be used with
STROBE configured as a level sensitive input. Configuring STROBE for edge sensitive operation (STR bit = 1),
will force TX1 to act as a simple flash interrupt.

INPUT VOLTAGE MONITOR

The LM3561 has an internal comparator that monitors the voltage at IN and can force the LED current into torch
mode or into shutdown if V| falls below the programmable VIN Monitor Threshold (V5 tw). Bit [0] in the VIN
Monitor register enables or disables this feature. When enabled, Bits [2:1] program the 4 adjustable thresholds of
2.9V, 3V, 3.1V, and 3.2V. Bit [3] in Configuration Register 2 selects whether an under-voltage event forces Torch
mode or forces the LED current source off. (See Table 7 and Table 13.)

When the VIN Monitor is active and V) falls below the programmed threshold (V\ 1) the LEDs will either turn
off or their current will be reduced to the programmed Torch current setting. To reset the LED current to its
previous level, two things must occur. First, V,y must go above V\y_t4, and the Flags register must be read back.

In VIN Monitor mode the VIN Monitor Flag (see Flags Register and Fault Indicators section) can be output on the
TX2/GPIO2/INT pin. This is accomplished by making the TX2/GPIO2/INT an interrupt output (see Interrupt
Output Mode section).

LM3561 Timing Diagrams
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Figure 25. Torch to Flash Operation
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Figure 26. TX Event During a Flash Pulse (TXL/TORCH is an Active High TX Input)
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Figure 27. TX Event Before and After a Flash Event (TX1/TORCH is an Active High TX Input)
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Figure 28. STROBE Input is Level Sensitive (Enable Register Bit [2] ='0")
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Figure 29. STROBE Input is Edge Sensitive (Enable Register Bit [2] ='1")
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Figure 30. TX2 Configured as an Active High Flash Interrupt and Set to Force Shutdown
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Figure 31. TX2 Configured as an Active Low TX Input and Set to Force Torch Mode

TXL/TORCH
STROBE
IFLASH
IToRCH
ILep
Timeout
Duration

- -
- -

Figure 32. Alternate External Torch Mode
(TXL/TORCH Turns on Before STROBE; when TX1/TORCH goes low, Flash mode is initiated)
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Figure 33. Alternative External Torch Mode
(STROBE Goes High Before TX1/TORCH, Same as Normal TX1 Operation)
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Figure 34. TX1/TORCH Pin is Configured as a Hardware Torch Input

Flags Register and Fault Indicators

The Flags Register contains the Interrupt and Fault indicators. Seven flags are available in the Flags Register.
These include a Flash Timeout flag (TO), a Thermal Shutdown flag (TSD) , an LED Failure flag (LEDF) , an LED
Thermal flag (NTC), and a VIN Monitor flag. Additionally, two interrupt flag bits TX1 interrupt and TX2 interrupt
indicate a change of state of the TX1/TORCH pin (TX1 mode) and TX2/GPIO2/INT pin (TX2 mode) . Reading
back a '1' indicates the TX lines have changed state since the last read of the Flags Register. A read of the Flags
Register resets the flag bits.

FLASH TIMEOUT

The Flash Timeout Flag (TO), (bit [0] of the Flags Register) reads b