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Advanced Lighting Management Unit

Check for Samples: LP3954

FEATURES

e Audio Synchronization for Color/RGB LEDs

» Command Based PWM Controlled RGB LED
Drivers

e High Current Driver for Flash LED With Built-in
Timing

e 4+2 or 6 Low Voltage Constant Current White
LED Drivers With Orogrammable 8-Bit
Adjustment (0...25mA/LED)

« High Efficiency Boost DC-DC Converter

« SPI/I’C Compatible Interface

e Possibility for External PWM Dimming Control

e Possibility for Clock Synchronization for RGB
Timing

e« Ambient Light and Temperature Sensing
Possibility

 Small Package — DSBGA, 3.0 x 3.0 x 0.6mm

APPLICATIONS

* Cellular Phones
» PDAs, MP3 players

DESCRIPTION

LP3954 is an advanced lighting management unit for
handheld devices. It drives any phone lights including
display backlights, RGB, keypad and camera flash
LEDs. The boost DC-DC converter drives high
current loads with high efficiency. White LED
backlight drivers are high efficiency low voltage
structures with excellent matching and automatic fade
in/ fade out function. The new stand-alone command
based RGB controller is feature rich and easy to
configure. Built-in audio synchronization feature
allows user to synchronize the color LEDs to audio
input. Integrated high current driver can drive camera
flash LED or motor/vibra. Internal ADC can be used
for ambient light or temperature sensing. The flexible
SPI/I’C interface allows easy control of LP3954.
Small DSBGA package together with minimum
number of external components is a best fit for
handheld devices.

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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Typical Application
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Connection Diagrams

DSBGA Package, 3.0 x 3.0 x 0.6mm, 0.5mm pitch Package Number YZR0O036AAA or
DSBGA Package, 3.0 x 3.0 x 0.65mm, 0.5mm pitch Package Number YPGOO36AAA
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Table 1. Pin Descriptions

Pin No. Name Type Description

6F SW Output Boost Converter Power Switch
6E FB Input Boost Converter Feedback
6D FLASH Output High Current Flash Output
6C R1 Output Red LED 1 Output
6B Gl Output Green LED 1 Output
6A B1 Output Blue LED 1 Output
5F GND_SwW Ground Power Switch Ground
5E GND Ground Ground
5D VDDIO Power Supply Voltage for Input/output Buffers and Drivers
5C SS/SDA Logic Input/Output Slave Select (SPI), Serial Data In/Out (1C)
5B IRGB Input Bias Current Set Resistor for RGB Drivers
5A GND_RGB Ground Ground for RGB Currents
4F GND_WLED Ground Ground for WLED Currents
4E IFLASH Input High Current Flash Current Set Resistor
4D SYNC_PWM Logic Input External PWM Control for LEDs or External Clock for RGB Sync
4C Sl Logic Input Serial Input (SPI), Address Select (1°C)
4B SO Logic Output Serial Data Out (SPI)
4A R2 Output Red LED 2 output
3F WLED5 Output White LED 5 output
3E WLED6 Output White LED 6 output
3D VDD1 Power Supply voltage
3C EN_FLASH Logic Input Enable for High Current Flash
3B SCK/SCL Logic Input Clock (SPI/I?C)
3A G2 Output Green LED 2 Output
2F WLED3 Output White LED 3 output
2E WLEDA4 Output White LED 4 output
2D ASE Input Audio Synchronization Input
2C IRT Input Oscillator Frequency Resistor
2B IF_SEL Logic Input Interface (SPI or 1°C compatible) Selection (IF_SEL = 1 for SPI)
2A B2 Output Blue LED 2 Output
1F WLED1 Output White LED 1 Output
1E WLED2 Output White LED 2 Output
1D GNDA Ground Ground for Analog Circuitry
1Cc VREF Output Reference Voltage
1B VDDA Power Internal LDO Output
1A VDD2 Power Supply Voltage
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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam

‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings® @®

V (SW, FB, R1-2, G1-2, B1-2, FLASH, WLED1-6)* ©®)

-0.3V to +7.2V

Vpbb1, Vop2: Vob_10: Vopa

-0.3V to +6.0V

Voltage on ASE, IRT, IFLASH, IRGB, VREF

-0.3V to Vpp1+0.3V with 6.0V max

Voltage on Logic Pins

-0.3V to Vpp |0 +0.3V with 6.0V max

V(all other pins): Voltage to GND -0.3V to 6.0V
I (VReF) 10pA
IR1, G1, B1, R2, G2, B2) 100mA
I(FLASH)® 400mA
Continuous Power Dissipation(” Internally Limited
Junction Temperature (Tj.max) 150°C
Storage Temperature Range -65°C to +150°C
Maximum Lead Temperature (Soldering) © 260°C
ESD Rating, Human Body Model® 2kv

(1) Absolute Maximum Ratings indicate limits beyond which damage to the component 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 tables.

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

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

(4) Battery/Charger voltage should be above 6V no more than 10% of the operational lifetime.

(5) Voltage tolerance of LP3954 above 6.0V relies on fact that Vpp, and Vpp, (2.8V) are available (ON) at all conditions. If Vpp; and Vpp,
are not available (ON) at all conditions, Tl does not ensure any parameters or reliability for this device.

(6) The total load current of the boost converter in worst-case conditions should be limited to 300mA (min. input and max. output voltage).

(7) Internal thermal shutdown circuitry protects the device from permanent damage. Thermal shutdown engages at T;=160°C (typ.) and
disengages at T;=140°C (typ.).

(8) For detailed soldering specifications and information, please refer to Application Note AN1112 : Micro SMD Wafer Level Chip Scale
Package SNVAO009 or Application Note AN1412 : Micro SMDxt Wafer Level Chip Scale Package SNVA131.

(9) The Human body model is a 100pF capacitor discharged through a 1.5kQ resistor into each pin. The machine model is a 200pF
capacitor discharged directly into each pin. MIL-STD-883 3015.7

Operating Ratings® @

V (SW, FB, WLED1-6, R1-2, G1-2, B1-2, FLASH) 0to 6.0V
Vppi,2 With external LDO 2.7 t0 5.5V
Vpp1,2 With internal LDO 3.0to 5.5V
Vopa 2.7t0 2.9V
Vbp_io 1.65V to Vppz
Voltage on ASE 0.1V to Vppa —0.1V
Recommended Load Current OmA to 300mA
Junction Temperature (T,) Range -30°C to +125°C
Ambient Temperature (T,) Range® -30°C to +85°C

(1) Absolute Maximum Ratings indicate limits beyond which damage to the component 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 tables.

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

(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.vax), and the junction-to ambient thermal resistance of the
part/package in the application (8;4), as given by the following equation: Ta.max = Ti-max-op — (634 X Pp-max)-

Thermal Properties
’ Junction-to-Ambient Thermal Resistance(6;,), YZRO036AAA or YPGO036AAA Package ™ | 60°C/W

(1) Junction-to-ambient thermal resistance is highly application and board-layout dependent. In applications where high maximum power
dissipation exists, special care must be paid to thermal dissipation issues in board design.
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Electrical Characteristics® @

Limits in standard typeface are for T; = 25° C. Limits in boldface type apply over the operating ambient temperature range (-

30°C < T, < +85°C). Unless otherwise noted, specifications apply to the LP3954 Block Diagram with: Vpp; = Vpp, = 3.6V,
Vppio = 2.8V, Cypp = Cuopio = 100nF, Coyr = Ciy = 10pF, Cyppa = 1UF, Crer = 100nF, Ly = 4.7uH, Reash =1.2K, Rgeg =5.6k
and Ry =82k ©.

Parameter Test Conditions Min Typ Max Unit
lvob Standby supply current NSTBY =L 1 8 HA
(Vpp1, Vop2) SCK, SS, Sl
No-boost supply current NSTBY = H, 400 HA
(Vob1: Vop2) EN_BOOST =L
SCK, SS, SI
Audio sync and LEDs OFF
No-load supply current NSTBY =H, 1 mA
(Voo Vop2) EN_BOOST = H
SCK, SS, SI
Audio sync and LEDs OFF
Autoload OFF
RGB drivers CC mode at R1, G1, B1 and R2, G2, 150 HA
(Vop1, Vob2) B2 set to 15mA
SW mode 150
WLED drivers 4+2 banks loyt/LED 25mA 500 HA
(Vop1: Vop2)
Audio synchronization Audio sync ON
(Vop1, Vob2) Vpp12 = 2.8V 390 HA
VDDl,Z = 3.6V 700
Flash |(R|:|_ASH):1mA 2 mA
(Vop1: Vopz) Peak current during flash
lvpbpio Vppio Standby Supply current NSTBY =L 1 HA
SCK, SS, SI=H
Vppio supply current 1MHz SCK frequency in SPI mode, 20 HA
C, = 50pF at SO pin
lext 1po | External LDO output current 7V tolerant application only 6.5 mA
(Vopb1 Vop2, Vopa) IgoosT = 300mA
Vopa Output voltage of internal LDO @ 2.72 2.80 2.88 \%
for analog parts 3 +3 %

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

(2) Min and Max limits are ensured by design, test, or statistical analysis. Typical numbers are not ensured, but do represent the most likely

norm.

(3) Low-ESR Surface-Mount Ceramic Capacitors (MLCCs) used in setting electrical characteristics.

(4) Vppa output is not recommended for external use.
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DETAILED DESCRIPTION

Block Diagram
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Modes of Operation

RESET: In the RESET mode all the internal registers are reset to the default values and the chip goes to
STANDBY mode after reset. NSTBY control bit is low after reset by default. Reset is entered always if
Reset Register is written or internal Power On Reset is active. There is no dedicated Reset pin available.
LP3954 can be reset by writing any data to Reset Register in address 60H. Power On Reset (POR) will
activate during the chip startup or when the supply voltage VDD?2 falls below 1.5V. Once VDD2 rises
above 1.5V, POR will inactivate and the chip will continue to the STANDBY mode.

STANDBY: The STANDBY mode is entered if the register bit NSTBY is LOW. This is the low power
consumption mode, when all circuit functions are disabled. Registers can be written in this mode and the
control bits are effective immediately after power up.

STARTUP: When NSTBY bit is written high, the INTERNAL STARTUP SEQUENCE powers up all the needed
internal blocks (Vref, Bias, Oscillator etc..). To ensure the correct oscillator initialization, a 10ms delay is
generated by the internal state-machine. If the chip temperature rises too high, the Thermal Shutdown
(THSD) disables the chip operation and STARTUP mode is entered until no thermal shutdown event is
present.

BOOST STARTUP: Soft start for boost output is generated in the BOOST STARTUP mode. The boost output is
raised in PFM mode during the 10ms delay generated by the state-machine. The Boost startup is entered
from Internal Startup Sequence if EN_BOOST is HIGH or from Normal mode when EN_BOOST is written
HIGH. During the 10ms Boost Startup time all LED outputs are switched off to ensure smooth start-up.

NORMAL: During NORMAL mode the user controls the chip using the Control Registers. The registers can be
written in any sequence and any number of bits can be altered in a register in one write

I RESET I

I Reset Register write
POR=L orPOR=H

v
| STANDBY

NSTBY = H NSTBY =L

|

INTERNAL
STARTUP
SEQUENCE

THSD = H Vrer = 95% OK*

~10 ms Delay

EN_BOOST = H*
EN_BOOST = L*

BOOST STARTUP

EN_BOOST
rising edge* A4

~10 ms Delay

A 4

NORMAL MODE “THSD = L

Figure 1. Modes of Operation
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Magnetic Boost DC/DC Converter

The LP3954 Boost DC/DC Converter generates a 4.0 — 5.3V voltage for the LEDs from single Li-lon battery
(3V...4.5V). The output voltage is controlled with an 8-bit register in 9 steps. The converter is a magnetic
switching PWM mode DC/DC converter with a current limit. The converter has three options for switching
frequency, 1MHz, 1.67MHz and 2MHz (default), when timing resistor RT is 82kohm. Timing resistor defines the
internal oscillator frequency and thus directly affects boost frequency and all circuit's internally generated timing
(RGB, Flash, WLED fading).

The LP3954 Boost Converter uses pulse-skipping elimination to stabilize the noise spectrum. Even with light load
or no load a minimum length current pulse is fed to the inductor. An active load is used to remove the excess
charge from the output capacitor at very light loads. At very light load and when input and output voltages are
very close to each other, the pulse skipping is not completely eliminated. Output voltage should be at least 0.5V
higher than input voltage to avoid pulse skipping. Reducing the switching frequency will also reduce the required
voltage difference.

Active load can be disabled with the en_autoload bit. Disabling will increase the efficiency at light loads, but the
downside is that pulse skipping will occur. The Boost Converter should be stopped when there is no load to
minimise the current consumption.

The topology of the magnetic boost converter is called CPM control, current programmed mode, where the
inductor current is measured and controlled with the feedback. The user can program the output voltage of the
boost converter. The output voltage control changes the resistor divider in the feedback loop.

The following figure shows the boost topology with the protection circuitry. Four different protection schemes are
implemented:
1. Over voltage protection, limits the maximum output voltage
— Keeps the output below breakdown voltage.
— Prevents boost operation if battery voltage is much higher than desired output.
2. Over current protection, limits the maximum inductor current
— Voltage over switching NMOS is monitored; too high voltages turn the switch off.
3. Feedback break protection. Prevents uncontrolled operation if FB pin gets disconnected.
4. Duty cycle limiting, done with digital control.

2 MHz clock Duty control VIN Vout
ny Aoy O_MI?W —>
T T
FBNCCOMP M FB L
+ R
’_&_|_I> X R 1_
M - -
OVPCOMP R —
SWITCH
R
, RESETCOMP =
R
(D
87,
ERRORAMP o ACTIVE
4 R LOAD =

SLOPER OLPCOMP LOOPC

Figure 2. Boost Converter Topology
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MAGNETIC BOOST DC/DC CONVERTER ELECTRICAL CHARACTERISTICS

Parameter Test Conditions Min Typ Max Unit
lLoAaD Load Current 3.0v S_V|N 0 300
Vour = 5V
3.0V=sV mA
OV =ViN
Vour = 4V 0 400
Vour Output Voltage Accuracy 3.0V=sVy<SVour-05 -5 +5 %
(FB Pin) Vout = 5.0V 0
Output Voltage 1 mA < I oap <300 MA ViN—V(scHoTT v
(FB Pin) ViN > 5V + V(scHoTTkY) KY)
RDSon Switch ON Resistance Vpp12 = 2.8V, Isw = 0.5A 0.4 0.8 Q
fowr PWM Mode Switching Frequency | RT =82 kQ 5 MHz
freq_sel[2:0] = 1XX
Frequency Accuracy 27<VDDA=<29 -6 +3 +6 %
(]
RT =82 kQ -9 +9
tpuLsE Switch Pulse Minimum Width no load 25 ns
tsSTARTUP Startup Time Boost startup from STANDBY 10 ms
Isw max SW Pin Current Limit 700 800 900 A
- m
550 950

BOOST STANDBY MODE

User can stop the Boost Converter operation by writing the Enables register bit EN_BOOST low. When

EN_BOOST is written high, the converter starts for 10ms in PFM mode and then goes to PWM mode.

BOOST OUTPUT VOLTAGE CONTROL

User can control the boost output voltage by boost output 8-bit register.

Boost Output [7:0] Boost Output
Register ODH Voltage (typical)
Bin Hex

0000 0000 00 4.00
0000 0001 01 4.25
0000 0011 03 4.40
0000 0111 o7 455
0000 1111 OF 4.70
0001 1111 1F 4.85
0011 1111 3F 5.00 Default
01111111 7F 5.15
1111 1111 FF 5.30
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4.4

fr Wi = AW
43

r] Lo = 50 mé 1
I.| Conirol = D1—FF—00

CUTPUT WOLTAGE (200 miiDiv)

4.0

o 02 D4 0DE Q08 10 12 14

TIME {230 usDIV)

Figure 3. Boost Output Voltage Control

BOOST FREQUENCY CONTROL

freq_sel[2:0]D frequency
1XX 2.00 MHz
01X 1.67 MHz
001 1.00 MHz

(1) Register ‘boost freq’ (address OEH). Register default value after
reset is O7H.

Boost Converter Typical Performance Characteristics
Vin = 3.6V, Vout = 5.0V if not otherwise stated

Boost Converter Efficiency Boost Typical Waveforms at 100mA Load
92 s
SN " e .
lLoap =100 MA /7 } 5 £

90 //‘ = 28 |l l -
Q\O/ / / //
S | 200mA /) v <83 '
z 88 // | y. 5 E < E /\\ /‘\ h
Y o
2 300 | // O 3U E NG N N
- mA <9
- |/ -

86

/ /[ faoost = 2.0 MHz I <
350 mA = |
| =
84 s L2
3.00 3.25 350 3.75 400 4.25 450
TIME (200 ns/DIV)
INPUT VOLTAGE (V)
Figure 4. Figure 5.
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Vin = 3.6V, Vout = 5.0V if not otherwise stated
Battery Current vs Voltage
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Figure 12. Figure 13.

Functionality of Color LED Outputs (R1, G1, B1; R2, G2, B2)

LP3954 has 2 sets of RGB/color LED outputs. Both sets have 3 outputs and the sets can be controlled in 4
different ways:

1. Command based pattern generator control (internal PWM)
2. Audio synchronization control

3. Direct ON/OFF control

4. External PWM control

By using command based pattern generator user can program any kind of color effect patterns. LED intensity,
blinking cycles and slopes are independently controlled with 8 16-bit commands. Also real time commands are
possible as well as loops and step by step control. If analog audio is available on system, the user can use
audio synchronization for synchronizing LED blinking to the music. The different modes together with the
various sub modes generate very colorful and interesting lighting effects. Direct ON/OFF control is mainly for
switching on and off LEDs. External PWM control is for applications where external PWM signal is available
and required to control the color LEDs. PWM signal can be connected to any color LED separately as shown
later.

COLOR LED CONTROL MODE SELECTION

The RGB_SEL[1:0] bits in the Enables register (08H) control the output modes for RGB1 (R1, G1, B1) and RGB2
(R2, G2, B2) outputs. The following table shows the RGB_SEL functionality.

RGB_SEL[1:0] Audio Sync Connected To Command (B:gf]idegzg?l[g Generator
00 none RGB1 & RGB2
01 RGB1 RGB2
10 RGB2 RGB1
11 RGB1 & RGB2 none

RGB Control register (00H) has control bits for direct on/off control of all color LEDs. Note that the LEDs have
to be turned on in order to control them with audio synchronization or pattern generator.

The external PWM signal controls any LED depending on the control register setup. The controls are in the Ext.
PWM Control register (address 07H) except the FLASH control in HC_Flash (10H) register as follows:
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Ext. PWM Control®
wled1-4_pwm bit 7 PWM controls WLED 1-4
wled5-6_pwm bit 6 PWM controls WLED 5-6
rl_pwm bit 5 PWM controls R1 output
gl_pwm bit 4 PWM controls G1 output
bl pwm bit 3 PWM controls B1 output
r2_pwm bit 2 PWM controls R2 output
g2_pwm bit 1 PWM controls G2 output
b2_pwm bit 0 PWM controls B2 output
HC_Flash
hc_pwm bit 5 PWM controls high current flash

(1) Note: If DISPL=1, wled1-4pwm controls WLED1-6
Note: Maximum external PWM frequency is 1kHz. If during the
external PWM control the internal PWM is on the result will be
product of both functions.

CURRENT CONTROL OF COLOR LED OUTPUTS (R1, R2, G1, G2, B1, B2)

Both RGB output sets can be separately controlled as constant current sinks or as switches. This is done using
cc_rgh1/2 bits in the RGB control register. In constant current mode one or both RGB output sets are controlled
with constant current sinks (no external ballast resistors required). The maximum output current for both drivers
is set by one external resistor Rggg. User can decrease the maximum current for an individual LED driver by
programming as shown later.

The maximum current for all RGB drivers is set with Rgrgg. The equation for calculating the maximum current is
IMAX =100 x1.23V / (RRGB + SOQ) (1)

where

Iuax - maximum RGB current in any RGB output in constant current mode
1.23V - reference voltage

100 - internal current mirror multiplier

Rrgg- resistor value in Ohms

50Q - internal resistor in the Izgg input

For example if 22mA is required for maximum RGB current Rrgg equals to
Rreg = 100 x 1.23V [ Iyax —50Q = 123V / 0.022A —-50Q = 5.54kQ 2
Each individual RGB output has a separate maximum current programming. The control bits are in registers

RGB1 max current and RGB2 max current (12H and 13H) and programming is shown in table below. The
default value after reset is 00.

IR1[1:0], IG1[1:0], Maximum
1B[1:0], IR2[1.0], Current/Output
1G2[1:0], 1B2[1:0]
00 0.25 x lyax
01 0.50 x lyax
10 0.75 x Imax
11 1.00 x Iyax

SWITCH MODE

The switch mode is used if there is a need to connect parallel LEDs to output or if the RGB output current needs
to be increased.

Please note that the switch mode requires an external ballast resistors at each output to limit the LED current.

The switch/current mode and on/off controls for RGB are in the RGB_ctrl register (00H) as follows:
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Table 2. RGB_ctrl Register (00H)

Command Based Pattern Generator for Color LEDs

control

RGB1 output as switch (SW)

control

) 1 R1, G1 and B1 are switches — limit current with ballast resistor
CC_RGB1 bit7 - —
0 R1, G1 and B1 are constant current sinks, current limited internally
) 1 R2, G2 and B2 are switches — limit current with ballast resistor
CC_RGB2 bité - o
0 R2, G2 and B2 are constant current sinks, current limited internally
) 1 R1is on
risw bit5 -
0 R1 is off
) 1 G1lis on
glsw bit4 -
0 Gl is off
) 1 Blis on
blsw bit3 -
0 B1 is off
) 1 R2 is on
r2sw bit2 -
0 R2 is off
) 1 G2 is on
g2sw bitl -
0 G2 is off
) 1 B2 is on
b2sw bit0 -
0 B2 is off
Vout Vout
R1 RR1 kl ® rR1 %
—_ s
- E RR2 R -
control VVV I . control
Gl RG1 Rk c1 xR
— I RG2 x —
Gl G1
control control
RB1
51 ! o RX
— RB2 xR —_—
Bl B1

RGB1 output as a constant

current sink (CC)

The LP3954 has a unique stand-alone command based pattern generator with 8 user controllable 16-bit wide
commands. Since write registers are 8-bit long one command requires 2 write cycles. Each command has
intensity level for each LED, command execution time (CET) and transition time (TT). The command structure is
shown in following two figures.
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16 bits ,
RED[2:0] GREEN[2:0] CET [3:0] BLUE[2:0] TT[2:0]

16 bits .

ADDESS[7:0] | RED[2:0] | GREEN[2:0] ICET[3:2]I

16 bits .

NEXT ADDESS[7:0] | CET[1:0] | BLUE[2:0] TT[2:0] |

COMMAND REGISTER WITH 8 COMMANDS

COMMAND 1 ADDRESS 50H R2 R1 RO G2 G1 GO CET3 CET2
ADDRESS 51H CET1 CETO B2 B1 BO T2 TT1 TTO
COMMAND 2 ADDRESS 52H R2 R1 RO G2 G1 GO CET3 CET2
ADDRESS 53H CET1 CETO B2 B1 BO T2 TT1 TTO
COMMAND 3 ADDRESS 54H R2 R1 RO G2 G1 GO CET3 CET2
ADDRESS 55H CET1 CETO B2 B1 BO T2 TT1 TTO
COMMAND 4 ADDR