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TPS6131x 1.5-A Multiple LED Camera Flash and Video Light Driver
With I°C Compatible Interface

1 Features

« Operational Modes:
— Video Light and Flash Strobe

— Voltage Regulated Converter: 3.8 Vt0 5.7 V
With Down Mode

— Standby: 2 pA (Typical)
* LED Vg Measurement

» Power-Save Mode for Improved Efficiency at Low
Output Power, Up to 95% Efficiency

+ I°C Compatible Interface up to 3.4 Mbps
» Dual Wire Camera Module Interface

» Zero Latency Tx-Masking Input

» Hardware Reset Input

* Privacy Indicator LED Output

» GPIO and Power Good Output

e Various Safe Operation and Robust Handling
Features:

— LED Temperature Monitoring

— Open and Shorted LED Detection and
Protection

— Integrated LED Safety Timer

— Automatic Battery Voltage Droop Monitoring
and Protection

— Smooth LED Current Ramp-Up and Ramp-
Down

— Undervoltage Lockout
» Total Solution Size of Less Than 25 mm?

* Available in a 20-Pin NanoFree™ DSBGA
Package

2 Applications

» Single, Dual, or Triple White LED Flash Supply for
Cell Phones and Smart-Phones

* Video Lighting for Digital Video Applications

» General Lighting Applications

e Audio Amplifier Power Supply

3 Description

The TPS6131x family is an integrated solution with a
wide feature set for driving up to three LEDs for still-
camera flash strobe and video-camera lighting
applications. It is based on a high efficiency
synchronous boost topology with combinable current
sinks to drive up to three white LEDs in parallel. The
2-MHz switching frequency allows the use of small
and low-profile 2.2-uH inductors. To optimize overall
efficiency, the device operates with a low LED-
feedback voltage and regulated output-voltage
adaptation.

The device integrates a control scheme that
automatically optimizes the LED current flash budget
as a function of the battery voltage condition.

The TPS6131x not only operates as a regulated
current source, but also as a standard voltage boost
regulator. The device enters power-save mode
operation at light load currents to maintain high
efficiency over the entire load current range. These
operating modes can be useful to supply other high
power devices in the system (for example, a hands-
free audio PA).

To simplify video light and flash synchronization with
the camera module, the device offers a dedicated
control interface (STRBO, STRB1) for zero latency
LED turnon time.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
TPS61310,
TPS61311 DSBGA (20) 2.20 mm x 1.90 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision C (November 2012) to Revision D Page

« Added Device Information table,ESD Ratings table,Recommended Operating Conditions table,Thermal Information

table,Device and Documentation Support section, and Mechanical, Packaging, and Orderable Information section........... 1
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5 Device Comparison Table

PACKAGE DEVICE SPECIFIC FEATURES®
TPS61310 up to 1750-mA (typical) input valley current
TPS61311 up to 2480-mA (typical) input valley current

(1) For more details, see Detailed Description and Application and Implementation.

6 Pin Configuration and Functions

YFF Package
20-Pin DSBGA
Top View
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Pin Functions

PIN

NO.

NAME

I} DESCRIPTION

Al

INDLED

This pin provides a constant current source to drive low Vg LEDs. Connect to LED anode.

A2

VOUT

This is the output voltage pin of the converter.

A3, A4

AGND

Analog ground.

B1

SDA

Serial interface address and data line. This pin must not be left floating and must be terminated.

B2

SCL

Serial interface clock line. This pin must not be left floating and must be terminated.

B3

NRESET

Master hardware reset input.

NRESET = LOW: The device is forced in shutdown mode and the 12C control I/F and all internal control

registers are reset.
NRESET = HIGH: The device is operating normally under

the control of the I2C interface.

B4

STRBO

LED1, LED2, and LED3 enable logic input. This pin can be used to enable or disable the high-power

LEDs connected to the device.

STRBO = LOW: LED1, LED2 and LED3 current regulators are turned off.

STRBO = HIGH: LED2, LED2 and LED3 current regulators are active. The LED current level (video light

or flash current) is defined according to the STRBL1 logic level.

C1,C2

SW

110

Inductor connection. Drain of the internal power MOSFET. Connect to the switched side of the inductor.

SW is high impedance during shutdown.

C3

Tx-MASK

RF PA synchronization control input. Pulling this pin high turns the LED from flash to video light
operation, thereby reducing almost instantaneously the peak current loading from the battery.
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Pin Functions (continued)

PIN
I/0 DESCRIPTION
NO. NAME
NTC resistor connection. This pin can be used to monitor the LED temperature. Connect a 220-kQ2 NTC
C4 TS | resistor from the TS input to ground. In case this functionality is not desired, the TS input must be tied to
AVIN or left floating.
D1, D2 PGND — | Power ground. Connect to AGND underneath IC.
LED current level selection input. Pulling this input high disables the video light watchdog timer.
D3 STRB1 | STRB1 = LOW: flash mode is enabled.
STRB1 = HIGH: video light mode is enabled.
This pin can either be configured as a general purpose I/O pin (GPIO) or either as an open-drain or a
D4 GPIO/PG /0 | push-pull output to signal when the converters output voltage is within the regulation limits (PG). Per
default, the pin is configured as an open-drain Power Good output.
El LED2 |
E2 LED1 | LED return input (current sinks). This feedback pin regulates the LED current through the internal sense
resistor by regulating the voltage across it. Connect to the cathode of the white LEDs.
E3 LED3 |
E4 AVIN | This is the input voltage pin of the device. Connect directly to the input bypass capacitor.

7 Specifications

7.1 Absolute Maximum Ratings

see @
MIN MAX UNIT

Voltage é\éllg/;/gu_&'\sﬂ\gvskE?Sl LED2, LED3, SCL, SDA, STRBO, STRB1, NRESET, 03 7 v
Current on GPIO/PG +25 mA
Power dissipation Internally limited

Operating ambient temperature, To®@ —40 85 °C
Maximum operating junction temperature, T;® 150 °C
Storage temperature, Tgyg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) In applications where high power dissipation or poor package thermal resistance is present, the maximum ambient temperature may
have to be derated. Maximum ambient temperature [Tamax)] iS dependent on the maximum operating junction temperature [T ymax)], the
maximum power dissipation of the device in the application [Ppmax)], and the junction-to-ambient thermal resistance of the part in the

application (Rgja), as given by: Tamax) = Timax) — (Resa % Pp(max)

7.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +2000
V(Esb) Electrostatic discharge - — > \%
Charged-device model (CDM), per JEDEC specification JESD22-C101 +500
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Ty Operating junction temperature -40 125 °C
4 Submit Documentation Feedback Copyright © 2010-2016, Texas Instruments Incorporated
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7.4 Thermal Information

TPS6131x
THERMAL METRIC® YFF (DSBGA) UNIT
20 PINS
Rgia Junction-to-ambient thermal resistance 71 °C/W
Rojcop)  Junction-to-case (top) thermal resistance 0.4 °C/IW
Rgis Junction-to-board thermal resistance 21 °C/IW
WIT Junction-to-top characterization parameter 1.9 °C/W
viB Junction-to-board characterization parameter 11.2 °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

7.5 Electrical Characteristics

Specification applies for V,y = 3.6 V over an operating junction temperature T; = —40°C to 125°C; see Figure 24 (unless

otherwise noted). Typical values are for T; = 25°C.

PARAMETER | TEST CONDITIONS MIN TYP MAX ‘ UNIT
SUPPLY CURRENT
Vin Input voltage 25 5.5 \
lout = 0 MA, device not switching (Power Safe
o , Mode), —40°C < T, < 85°C 590 7001 pA
lo Operating quiescent current into AVIN -
loutoc) = 0 MA, PWM operation Voyr = 4.95 V,
) 11.3 mA
voltage regulation mode
Isp Shutdown current —40°C <T;<85°C 1 5 HA
Undervoltage lockout threshold .
Vuvio (analog circuitry) V) falling 2.3 2.4 \%
OUTPUT
Current regulation mode Vin 5.5
Output voltage - \Y
v Voltage regulation mode 3.825 5.7
ouTt
2.5V <V <48V, -20°C < T, < 125°C, Boost o o
Internal feedback voltage accuracy mode, PWM voltage regulation 2% 2%
Power-save mode ripple voltage lout =10 mA 0.015 x Vour Vp_p
. Vour rising, 0000 < OV[3:0] < 0100 4.5 4.65 4.8
Output overvoltage protection —
OVP Vour rising, 0101 < OV[3:0] < 1111 5.8 6 6.2 \Y
Output overvoltage protection hysteresis Vour falling 0.15
POWER SWITCH
IDs(on) Switch MOSFET ON-resistance Voutr =Vgs =3.6 V 90 mQ
Rectifier MOSFET ON-resistance Vout = Vgs =3.6 V 135 mQ
lkgsw)  Leakage into SW Vour=0V,SW =36V, -40°C<T;<85°C 0.3 4 HA
) - - Vout =4.95V, -20°C < T; < 85°C, 150 o
lim Rectifier valley current limit (open loop) PWM operation, relative to selected ILIM 15% 15%
OSCILLATOR
fosc Oscillator frequency 1.92 MHz
facc Oscillator frequency -10% 7%
THERMAL SHUTDOWN, HOT DIE DETECTOR
Thermal shutdown™ 140 160 °C
Thermal shutdown hysteresis® 20 °C
Hot die detector accuracy® -8 8| °C
LED CURRENT REGULATOR
0.4V < Vigppg s2V, 100 .
0 MA < Iiepp 5 < 100 MA, T = 85°C 10% 10%
LED1 and LED3 current accuracy® VIYPIY v
AV <sVieppgs2V, - .
100 MA < I gpp1.3) < 400 MA, T, = 85°C 7.5% 7:5%

(1) Verified by characterization. Not tested in production.
(2) Verified by characterization. Not tested in production.
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Electrical Characteristics (continued)

Specification applies for V|y = 3.6 V over an operating junction temperature T; = -40°C to 125°C; see Figure 24 (unless
otherwise noted). Typical values are for T; = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
8'?nx 2 Kéizzsszzsc\)/ mA, T,=85°C —10% 10%
LED2 current accuracy® 0AVEV 22V
250 mA sLlELDEZD;s 800 mA, T,=85°C —7.5% 7.5%
LED1 and LED3 current matching® -10% 10%
Igggf:%éiléﬁtDz and LED3 current temperature 0.05 %/°C
INDLED current accuracy ;2 \nlwf\ (s\/ll|:|;_¥Ns[)IfE?).EBSrr'|2A?¥J 255G —20% 20%
INDLED current temperature coefficient 0.05 %/°C
LED1, LED2, and LED3 sense voltage I epp1,2,3) = full-scale current 400 mV
Vbo VOUT dropout voltage lout =—-15.8 mA, T, = 25°C, device not switching 250 mV
LED1, LED2, and LED3 input leakage current Vieop,2,3 = Vour =5V, -40°C < T, < 85°C 0.1 4 HA
INDLED input leakage current VinoLep = 0V, —40°C £ T; £85°C 0.1 1 HA
LED TEMPERATURE MONITORING
lo(rs) Temperature Sense Current Source Thermistor bias current 23.8 HA
TS Resistance (Warning Temperature) LEDWARN bit =1 39 445 50 kQ
TS Resistance (Hot Temperature) LEDHOT bit =1 125 14.5 16.5 kQ
SDA, SCL, GPIO/PG, Tx-MASK, STRBO, STRB1, NRESET
V(iH) High-level input voltage 1.2 \
Vi Low-level input voltage 0.4 \
v Low-level output voltage (SDA) lo. =8 mA 0.3 v
©u Low-level output voltage (GPIO) DIR=1,lg.=5mA 0.3
VioH) High-level output voltage (GPIO) DIR =1, GPIOTYPE =0, Ioy =8 mA Viy—0.4 \Y,
lika) Logic input leakage current Input connected to VIN or GND, —40°C < T; < 85°C 0.01 0.1 HA
STRBO, STRB1 pulldown resistance STRBO, STRB1<0.4V 400
Rpp NRESET pulldown resistance NRESET 0.4V 400 kQ
Tx-MASK pulldown resistance Tx-MASK 0.4V 400
SDA Input Capacitance SDA =V, or GND 9
SCL Input Capacitance SCL = V,y or GND 4
GPIO/PG Input Capacitance DIR = 0, GPIO/PG = V,y or GND 9
Cny STRBO Input Capacitance STRBO = V,y or GND 3 pF
STRB1 Input Capacitance STRB1 = V,y or GND 3
NRESET Input Capacitance NRESET = V,y or GND 35
Tx-MASK Input Capacitance Tx-MASK = V|y or GND 4
TIMING
tnreser  Reset pulse width 10 ps
Start-up time ::urzc;rrlsllglgdnci\'&vn into video light mode 12 ms
LED current settling time® triggered by a rising MODE_CTRL[1:0] = 10, I gp, = from 0 mA to 500 s
edge on STRBO 950 mA
LED current settling time® triggered by Tx-MASK RAS%D;KCTRL[LO] =10, liep = from 950 mA to 20 us
(3) Settling time to £15% of the target value.
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7.6 I°C Interface Timing Requirements

see @
MIN MAX | UNIT
Standard mode 100
kHz
Fast mode 400
‘ ScL Clock F High-speed mode (write operation), Cg — 100 pF max 3.4
ock Frequenc
(seu) a y High-speed mode (read operation), Cg — 100 pF max 3.4 MH
z
High-speed mode (write operation), Cg — 400 pF max 1.7
High-speed mode (read operation), Cg — 400 pF max 1.7
) Bus Free Time Between a STOP | Standard mode 47 S
BUF and START Condition Fast mode 1.3 W
Standard mode 4 ps
Hold Time (Repeated) START
thp, tsTA Condition Fast mode 600 ns
High-speed mode 160
Standard mode 4.7
5
) Fast mode 1.3 H
tLow LOW Period of the SCL Clock -
High-speed mode, Cg — 100 pF max 160
ns
High-speed mode, Cg — 400 pF max 320
Standard mode 4 ps
. Fast mode 600
tHiGH HIGH Period of the SCL Clock -
High-speed mode, Cg — 100 pF max 60 ns
High-speed mode, Cg — 400 pF max 120
Standard mode 4.7 us
Setup Time for a Repeated START
tsu, tsta Condition Fast mode 600 ns
High-speed mode 160
Standard mode 250
tsus toaT Data Setup Time Fast mode 100 ns
High-speed mode 10
Standard mode 0 3.45
s
et Data Hold Ti Fast mode 0 0.9 H
) ata Hold Time
HD: "DAT High-speed mode, Cg — 100 pF max 0 70
ns
High-speed mode, Cg — 400 pF max 0 150
Standard mode 20+ 0.1 xCp 1000
. . ) Fast mode 20+ 0.1 xCp 300
treL Rise Time of SCL Signal - ns
High-speed mode, Cg — 100 pF max 10 40
High-speed mode, Cg — 400 pF max 20 80
Standard mode 20+ 0.1 xCp 1000
Rise Time of SCL Signal After a Fast mode 20 +0.1 x Cg 300
treL Repeated START Condition and - ns
After an Acknowledge BIT High-speed mode, Cg — 100 pF max 10 80
High-speed mode, Cg — 400 pF max 20 160
Standard mode 20+ 0.1 xCp 300
. ) Fast mode 20+ 0.1 xCp 300
trcL Fall Time of SCL Signal - ns
High-speed mode, Cg — 100 pF max 10 40
High-speed mode, Cg — 400 pF max 20 80
Standard mode 20+ 0.1 xCp 1000
. . . Fast mode 20+ 0.1 xCp 300
trRoA Rise Time of SDA Signal - ns
High-speed mode, Cg — 100 pF max 10 80
High-speed mode, Cg — 400 pF max 20 160

(1) Specified by design. Not tested in production.
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I2C Interface Timing Requirements (continued)

see @
MIN MAX | UNIT
Standard mode 20+ 0.1 xCg 300
) . Fast mode 20+ 0.1 xCp 300

tepA Fall Time of SDA Signal - ns
High-speed mode, Cg — 100 pF max 10 80
High-speed mode, Cg — 400 pF max 20 160
Standard mode 4 ps

tsu, tsTo Setup Time for STOP Condition Fast mode 600
High-speed mode 160 ns

Cg Capacitive Load for SDA and SCL 400 pF

7.7 Dissipation Ratings

PACKAGE POWER RATING (T = 25°C) DERATING FACTOR ABOVE T, = 25°C®
YFF 14w 14 mwi/°C

(1) Maximum power dissipation is a function of Tymax), Resa and Ta. The maximum allowable power dissipation at any allowable ambient
temperature is Pp = (Tymax) — Ta) / Rea-

= N _ — =
soa |3 | A AR
L | ot
N t - | | tUF
P e o i, |l<t—siim‘?}r f | I1ebl trasrn Ky !
+Hi i -
scL | I| | I| | [ ! I | ! | !
| }|, { — —— } L } | }
[ | < thd;tSTA J | . | tsu;sTA J.‘TH | tsu;sTO Jﬂ’ | I
s, he:DAT * HicH |_sry I
Figure 1. Serial Interface Timing For F/S-Mode
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Sr | Sr P |
t |
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SDAH I N ! | N | l
| N (( [ | |
T e K o
| | tha,paT > teu:sTO | | |
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\ | | \ |
| !
SCLH I | N /_\ /_L \ I |
R e M -
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See Note A tHiGH tLow tow  thien See Note A
_/_ = MCS Current Source Pull-Up
_{" =R Resistor Pull-Up
Note A: First rising edge of the SCLH signal after Sr and after each acknowledge bit.
Figure 2. Serial Interface Timing For H/S-Mode
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7.8 Typical Characteristics

Table 1. Table of Graphs
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Figure 4. LED Power Efficiency vs Input Voltage
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Figure 6. LED2 Current vs LED2 Pin Headroom Voltage
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Typical Characteristics (continued)
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Figure 7. LED1 + LED3 Current vs Figure 8. LED2 Current vs LED2 Current Digital Code
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Figure 9. LED1, LED3 Current vs Figure 10. LED2 Current vs LED2 Current Digital Code
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Figure 11. LED1, LED3 Current vs Figure 12. INDLED Current vs
LED1, LED3 Current Digital Code INDLED Pin Headroom Voltage
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Typical Characteristics (continued)
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Figure 17. Maximum Output Current vs Input Voltage Figure 18. DC Erecharge Current vs
Differential /0O Voltage
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Typical Characteristics (continued)

Temperature Detection (55°C Threshold)
Figure 21. Temperature Detection Threshold

Temperature Detection (70°C Threshold)
Figure 22. Temperature Detection Threshold
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