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LP5527

Tiny LED Driver for Camera Flash and 4 LEDs with 1°C
Programmability, Connectivity Test and Audio

Synchronization

General Description

The LP5527 is a lighting management unit for handheld
devices with 12C compatible control interface. The LP5527
has a step-up DC/DC converter with high current output and
it drives display and keypad backlights and powers the cam-
era flash LED. In addition the DC/DC converter has the
output current to power for example an audio amplifier si-
multaneously. The chip has four 8-bit programmable high
efficiency constant current LED drivers and a FLASH LED
driver. Built-in audio synchronization feature allows the user
to synchronize one of the LEDs to audio input.

The LP5527 has an integrated 400 mA flash driver with a
safety stop feature and 50 mA torch mode. An external
enable pin is provided for the synchronizing the flash with the
camera action. An external software independent test inter-
face provides a fast way to find a broken path or short on
LED circuits. Very small microSMD package together with
minimum number of external components is a best fit for
handheld devices.

May 2006

Features

m High current boost DC-DC converter (up to 1A output
current)

® Programmable boost output voltage

® 400 mA flash LED constant current driver with low
tolerance and a safety circuit

m Synchronization pin for the flash timing

® Two single-ended audio inputs with gain control

m Four constant current 15 mA LED drivers with 8-bit
programmable brightness control

m Audio synchronization feature

m [2C compatible control interface

m Built-in LED connectivity test to maximize manufacturing
yield

® Small microSMD-30 package (2.5 mm x 3.0 mm x 0.6
mm)

Applications

m Camera FLASH, funlight and backlight driving in battery
powered devices

Typical Application
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LP5527

Connection Diagrams and Package Mark Information

Connection Diagrams microSMD-30 package, 2.466 x 2.974 x 0.60 mm body size, 0.5 mm pitch NS Package Number
TLA3011A
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XY —Date Code
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5527 —Product Identification
ORDERING INFORMATION
Order Number Package Marking Supplied As Spec/Flow
LP5527TL 5527 TNR 250 NoPB
LP5527TLX 5527 TNR 3000 NoPB
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Connection Diagrams and Package Mark Information microsmp-30 package, 2.466 x

2.974 x 0.60 mm body size, 0.5 mm pitch NS Package Number TLA3011A (Continued)

Pin Descriptions

Pin Name Type Description
D3 VDD1 P Supply Voltage

A1 vVDD2 P Supply Voltage

F5 Swi1 A Boost Converter Switch

E5 Sw2 A Boost Converter Switch

D5 FB A Boost Converter Feedback

B5 LED1 (0] LED1 Driver Output

A5 LED2 (0] LED2 Driver Output

B4 LED3 (0] LEDS Driver Output

A4 LED4 (0] LED4 Driver Output

F2 FLASH (0] Flash LED Driver Output

F3 GNDC G Ground for Core Circuitry

D2 RT A Oscillator Frequency Setting

C1 VREF A Reference Voltage

B1 VDDA P Internal LDO

F4 GND_SW1 G Boost Converter Ground

E4 GND_SWw2 G Boost Converter Ground

C5 GND_LED G LEDs 1 to 4 Driver Ground Connection
F1 GND_FLASH G Flash Driver Ground Connection

A2 IFLASH A Resistor for Flash Current Setting

D1 GNDA G Analog Ground Connection

C3 GND G Ground

E1 VDD_IO P Supply Voltage for Digital Interface
A3 NRST DI Low Active Reset

B3 SCL DI I2C Compatible Interface Clock Signall
E2 SDA oD I2C Compatible Interface Data Signal
E3 FLASH_SYNC DI FLASH LED Control

D4 T2 DO Test Pin (Result)

C4 T1 DI Test Pin (Clock)

c2 ASE1 Al Audio Input

B2 ASE2 Al Audio Input

A: Analog Pin D: Digital Pin G: Ground Pin P: Power Pin
I: Input Pin I/O: Input/Output Pin O: Output Pin OD: Open Drain Pin
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LP5527

Absolute Maximum Ratings (Notes 1, 2) ESD Rating (Note 5)

If Military/Aerospace specified devices are required, Human Body Model 2kv
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Operating Ratings (Note 1), (Note 2)

Voltage on power pins (Vpp1 o) -0.3V to +6.0V .
. ' Voltage on power pins (Vpp1.2) 3.0 to 5.5V
Voltage on analog pins -0.3V to Vppq 2+0.3V '
with 6.0V max Voltage on ASE1, ASE2 0V to 1.6V
Voltage on input/output pins -0.3V t0 Vppy o+0.3V Voo_io 1.65V 10 Voo
with 6.0V max Junction Temperature (T;) Range -30°C to +125°C
V(all other pins): Voltage to GND -0.3V to 6.0V Ambient Temperature (T,) Range -30°C to +85°C
I(VRer) 10 YA (Note 6)
I(FLASH) 500 mA .
Continuous Power Dissipation Internally Limited Thermal Propertles
(Note 3) Junction-to-Ambient Thermal 60 - 100°C/W
Junction Temperature (T yax) 125°C Resistance (0,,),
Storage Temperature Range -65°C to +150°C TLA3011A Package (Note 7)
Maximum Lead Temperature 260°C
(Reflow soldering, 3 times)
(Note 4)

Electrical Characteristics (notes 2, g)

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 LP5527 Block Diagram with: V, = 3.6V, C\y =
10 uF, Coyry = 10 pF, Coyre = 10 pF, Cypp 10 = 100 nF, Cyrer = 100 nF, Cyppa = 4.7 YF, Cyppy = 100 nF, Cyppe = 100
nF, L, = 4.7 pH. (Note 9)

Symbol Parameter Condition Min Typ | Max | Units
IshuT DOowN Current of Vppq + Vppso pins + Voltage on Vpp 10 = 0V, NRST =L, 1 5 pA
Leakage Current of SW1, SW2, NSTBY (bit) = L
LED1 to 4 and FLASH
Ibp Active Mode Supply Current NRST = H, NSTBY (bit) = H, no load, 350 pA
(Vop1 + Vpps current) EN_BOOST(bit) = L, SCL, SDA = H
lbp No load supply current NSTBY (bit) = H, EN_BOOST (bit) = H, 850 pA
(Vop1 + Vppe current) SCL, SDA, NRST = H,
AUTOLOAD_EN(bit) = L
lvopio Vbp_io Standby Supply current NSTBY (bit) = L 1 HA
Voba lvooa = 1 MA -4% | 2,8V | +4% \Y

Note 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 guaranteed. Operating Ratings do not imply guaranteed performance limits. For guaranteed performance limits and associated test conditions, see the
Electrical Characteristics tables.

Note 2: All voltages are with respect to the potential at the GND pins.

Note 3: Internal thermal shutdown circuitry protects the device from permanent damage. Thermal shutdown engages at T;=160°C (typ.) and disengages at
Ty=140°C (typ.).

Note 4: For detailed soldering specifications and information, please refer to National Semiconductor Application Note AN1112 : Micro SMD Wafer Level Chip Scale
Package.

Note 5: The Human body model is a 100 pF capacitor discharged through a 1.5 kQ resistor into each pin. MIL-STD-883 3015.7

Note 6: 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.vax) is dependent on the maximum operating junction temperature (T .ax-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 (6,4), as given by the
following equation: TA-MAX = TJ-MAX-OP = (GJA X PD»MAX)'

Note 7: 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.

Note 8: Min and Max limits are guaranteed by design, test, or statistical analysis. Typical numbers are not guaranteed, but do represent the most likely norm.
Note 9: Low-ESR Surface-Mount Ceramic Capacitors (MLCCs) used in setting electrical characteristics.
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LP5527 Block Diagram
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LP5527

Modes of Operation

RESET:

STANDBY:

STARTUP:

BOOST STARTUP:

NORMAL.:

RESET

NRST=L
NSTBlY bit)=L o
I0)=! -
BY( POR=H
NIiST=H
STANDBY

NSTBY (bit)=H T
and NSTBY(bit) = H
NRST=H and

NSTBY (bit)=L
NRST=H and

NRST=H

INTERNAL
STARTUP
SEQUENCE

TSO=H VREF = 95%OK'

~10ms DELAY

l <
EN_BOOST(bit)=H' N\ 1
' EN_BOOST(bit)=L

BOOST STARTUP

el

EN_BOOST(bit)=H'

\ 4

~10 ms DELAY

NORMAL MODE

1) TSD =L

20184006

In the reset mode all the internal registers are reset to the default values. Reset is entered always if input
NRST is LOW or internal Power On Reset (POR) is active. Power on reset will activate during the chip
startup or when the supply voltage Vpp, falls below 1.5V. Once Vpp, rises above 1.5V, POR will inactivate
and the chip will continue to the STANDBY mode. NSTBY control bit is low after POR by default.

The standby mode is entered if the register bit NSTBY is LOW and reset is not active. 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 start up.

When NSTBY bit is written high, the internal startup sequence powers up all the needed internal blocks
(Vrer, Oscillator, etc.). To ensure the correct oscillator initialization, a 10 ms delay is generated by the
internal state-machine. If the chip temperature rises too high, the thermal shutdown (TSD) disables the chip
operation and startup mode is entered until no thermal shutdown event is present.

Soft-start for boost output is generated in the boost startup mode. The boost output is raised in a low current

PWM mode during the 10 ms 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 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.

www.national.com




Magnetic Boost DC/DC Converter

The LP5527 boost DC/DC converter generates a 4.55 —
5.00V output voltage to drive the LEDs from a single Li-lon
battery (3.0V to 4.5V). The output voltage is controlled with a
4-bit register in 4 steps. The converter is a magnetic switch-
ing PWM mode DC/DC converter with a current limit. The
converter has 2.0 MHz / 1.0 MHz selectable switching fre-
quency operation, when the timing resistor RT is 82 kQ.

The LP5527 boost converter uses pulse-skipping elimination
method to stabilize the noise spectrum. Even with light load
or no load a minimum length current pulse is fed to the
inductor. An internal active load is used to remove the ex-
cess charge from the output capacitor when needed.

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

The following figure shows the boost topology with the pro-
tection circuitry. Four different protection schemes are imple-
mented:

1. Over voltage protection, limits the maximum output volt-
age
— 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 (FB) protection for no connection.
4. Duty cycle limiting, done with digital control.

2 MHz clock Duty control VN Vour
nng nng oM T %
T\ T\
UVCOMP ™ FB L
> R I
2vo—1% 5 - L 1
OVPCOMP M R —
A R SWITCH
RESETCOMP =
M R
ERRORAMP ACTIVE%
LOAD =
R =
SLOPER TO0PG
OCPCOMP
+
= 0 Iuax

20184077

Boost Converter Topology
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LP5527

Magnetic Boost DC/DC Converter (continued)

MAGNETIC BOOST DC/DC CONVERTER 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 LP5527 Block Diagram with: V,y = 3.6V,
Cin = 10 yF, Coyty = 10 pF, Coyre = 10 pF, Cyppio = 100 nF, Cyger = 100 nF, Cyppa = 4.7 YF, Cypp1 = 100 nF, Cyppo
=100 nF, L, = 4.7 pH. (Note 9)

Symbol Parameter Conditions Min |Typ Max | Units
lLoap Load Current 3.2V <V <45V 670 |mA
(Note 10) Vout = 5.0V
Vour Output Voltage Accuracy |3.2V <V, < 4.5V -3 +3 %
(FB pin) Vour (target value) = 5.0V,
active load off
Output Voltage 3.0V £ V|y £ (6.0V+VgchoTTky) 5.0 \
(FB Pin) active load off
VIN > (50V + VSCHOTTKY) VIN B VSCHOTTKY
RDSon Switch ON Resistance Vin = 3.6V, Iy = 1.0A 0.20 04 [Q
fowr PWM Mode Switching RT = 82 kQ MHz
Frequency FREQ_SEL (bit) = 1 2.0
FREQ_SEL (bit) =0 1.0
Frequency Accuracy 3.2V < Vppy o < 4.5V -6 +3 +6 %
RT = 82 kQ -9 +9
tpuLsE Switch Pulse Minimum no load 25 ns
Width
tsTarTUP Startup Time 10 ms
leL out SW1+ SW2 current limit 1.7 A

Note 10: Specified currents are the worst case currents. If input voltage is larger or output voltage is smaller, current can be increased according to graph "Boost
Maximum Output Current".

BOOST STANDBY MODE

User can set the boost converter to STANDBY mode by
writing the register bit EN_BOOST low when there is no load
to avoid idle current consumption. When EN_BOOST is
written high, the converter starts in low current PWM (Pulse
Width Modulation) mode for 10 ms and then goes to normal

Boost Switching
Frequency
FREQ_SEL Bit (Typical)
0 1.0 MHz default
1 2.0 MHz

PWM mode.

BOOST CONTROL REGISTERS

User can control the boost output voltage and the switching
frequency according to the following tables.

Boost Output Voltage Boost Output Voltage
[3:0] Register (Typical)
0000 4.55V
0001 4.70V
0011 4.85V
0111 5.00V

www.national.com




Boost Converter Typical Performance Characteristics

T, =25°C. Unless otherwise noted, typical performance characteristics apply to the LP5527 Block Diagram with: V,y = 3.6V, Vour
=5.0V, Ciy = 10 yF, Coyt4 = 10 pF, Coyra = 10 wF, Cypp_ 10 = 100 nF, Cyrer = 100 nF, Cyppa = 4.7 YF, Cyppy = 100 nF, Cyppy

=100 nF, L1 = 4.7 pH (Note 9).
Boost Converter
94
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ILoap = 100 mA
92 ,/

fBOO'ST =2.0 MHz

00 mA _4

1

A-——'A_‘--
——

5904//
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/4

/670 mA

84

L = TDK VLCF5020T-4R7N1R7-1
| 1

3.0 3.5

4.0

INPUT VOLTAGE (V)

Battery Current vs Voltage

1400

4.5

20184079

1200 \

T T
ILoaD =670 mA

\ VouT = 5.0V

BATTERY CURRENT (mA)

800 Q‘\
Vour = 4.55V \
600 [

30 35 40 45 50 55 6.0

BATTERY VOLTAGE (V)
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Boost Line Regulation 3.0V - 3.6V, no load

T T 1
VN (500 mV/DIV)

ViN (3.0V TO 3.6V)

VOLTAGE

Vout (10 mV/DIV)
1 1 1

ILoaD =50 mA

TIME (200 p

s/DIV)
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Boost Typical Waveforms at 100 mA Load
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Boost Frequency vs RT Resistor
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Boost Startup Time with No Load
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I
o
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3.0 | | |
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LP5527

Boost Converter Typical Performance Characteristics (continued)

Boost Load Transient Response, 50 mA to 100 mA Boost Maximum Output Current
1500 T T T
fBoosT = 2.0 MHz
1400 /
s T 1300 -
29 g 12 A
5% Rl BV s5v | 'd
= ouT =4.
S & 1100 v //
8 x N
'C_> 1000 -
>S 2 900
I g ” '5 Vout = 5.0V
5[ v v ™ O 800 F—~
28 -~
~ 700
600 L = TDK VLCF5020T-4R7N1R7-1
3.00 3.25 3.50 3.75 4.00 4.25 4.50

TIME (200 ps/DIV) INPUT VOLTAGE (V)

20184085 20184098
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Flash Driver

LP5527 has an internal constant current driver that is ca-
pable for sinking low (50 mA) and high (400 mA) current
mainly targeted for torch and flash LED in camera phone
applications. 400 mA flash driver can be hardware or soft-
ware enabled. Flash safety function prevents hardware dam-
ages due to possible overheating when the flash has been
stuck on because of a hardware, software, or user error.

Flash LED Control (X = don’t care)

Flash safety counter starts counting when the flash is acti-
vated, and disables the flash automatically when the pre-
defined 1.0s or 2.0s time limit is reached. Flash is activated
with FLASH_SYNC bit or FLASH_SYNC pin, as defined in
the table below. Safety time limit is defined by SAFETY-
_TIME bit. (Time limit is 2.0s if SAFETY_TIME bit is low and
1.0s if the bit is high.)

EN_TORCH bit EN_FLASH bit FLASH_SYNC bit or pin SAFETY_TIME bit Flash LED Action
0 0 X X Off
1 0 X X Torch
X 1 Change from LOW to HIGH to 0 for 2.0 seconds; Flash

engage; from HIGH to LOW to
disengage

1 for 1.0 second

Flash Programming Example

Address |Data |Function

00H 8FH | Sets safety time to 1.0s. In this example LED1 to LED4 are enabled.

00H 9FH |[Enables torch.

00H FFH |Activates FLASH. EN_FLASH bit and FLASH_SYNC bit are written simultaneously because EN_FLASH
disables torch.

00H BFH |Disables FLASH. If FLASH is disabled by safety time, FLASH_SYNC bit needs to be written to 0 before
next FLASH.

FLASH DRIVER ELECTRICAL CHARACTERISTICS

Limits in standard typeface are for T, = 25°C. Limits in boldface type apply over the operating ambient temperature range (-30°C
< Ta < +85°C). Unless otherwise noted, specifications apply to the LP5527 Block Diagram with: V, = 3.6V, C, = 10 pF, Couty
=10 pF, Coytse = 10 pF, Cyppio = 100 nF, Cyger = 100 nF, Cyppa = 4.7 YF, Cypp; = 100 nF, Cypps = 100 nF, Ly = 4.7 pH, Re

= 1200Q

Symbol Parameter Condition Min Typ |Max Units

Imax Maximum Sink Current  [3.0V <V, £ 5.5V, Vg agy = 1.0V 370 400 |430 mA

(-7,5%) (+7,5%)

ltorcH Torch Mode Sink Current | 3.0V <V, £ 5.5V 50 mA

l.eakace | Flash Driver Leakage Veg = 5.0V 0.1 A
Current

teLasH Flash Turn-On Time 20 ys
(Note 11)

Vsar Saturation Voltage 3.0V <V, £ 5.5V, Current Decreased to 550 mV

95% of the Maximum Sink Current
tsareTY Safety Time Accuracy -9 +9 %

Note 11: Flash turn-on time is measured from the moment the flash is activated until the flash current crosses 90% of its target value.

www.nhational.com
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LP5527

Constant Current Sink Outputs LED1, LED2, LED3, LED4

LP5527 has four independent backlight/keypad LED drivers.
All the drivers are regulated constant current sinks. LED
currents are controlled by 8-bit current mode DACs. Every
driver can be controlled in two ways:

1. Brightness control with constant current drivers

2. Direct ON/OFF control. The current is pre-set by 8-bit
current mode DAC.

In addition, LED1 driver can be synchronized to audio input
signal amplitude.

By using brightness control user can set brightness of every
single LED by using 8-bit brightness control registers. If
analog audio is available on system the user can use audio
synchronization for synchronizing LED1 to the music. Direct
ON/OFF control is mainly for switching LEDs on and off.

LED Control Register (00 hex) has control bits for direct
on/off control of all the LEDs. Note that the LEDs have to be
turned on in order to control them with audio synchronization
(LED1 only) or brightness control.

The brightness is programmed as described in the following.
lLep =n x (15 mA / 255)

where:

n = LED[7:0] (8-bit)

step = 15 mA / 255 = 0.05882 mA

For example if 13.2 mA is required for driver current:

n=132mA/ (15 mA/255) = 224

224 = 1110 0000, EO hex

LED1 to LED4 Brightness Control

LED1[7:0], LED2[7:0] LED3[7:0], LED4[7:0] Register Driver Current, mA (typical)
0000 0000 0
0000 0001 0.059
0000 0010 0.118
1110 0000 13.176
1111 1110 14.941
1111 1111 15

LED1 TO LED4 DRIVERS ELECTRICAL CHARACTERISTICS
Limits in standard typeface are for T, = 25°C. Limits in boldface type apply over the operating ambient temperature range (-30°C

< Ta < +85°C). Unless otherwise noted, specifications apply to the LP5527 Block Diagram with: V, = 3.6V, C,\, = 10 pF, Coyt4
=10 pF, Coyte = 10 PF, Cyppio = 100 nF, Cyger = 100 nF, Cyppa = 4.7 pF, Cyppt = 100 nF, Cypps = 100 nF, Ly = 4.7 pH. (Note

9)

Symbol Parameter Condition Min Typical Max Units

Imax Maximum Sink Current 15 mA

| EAKAGE Leakage Current Veg = 5.0V 0.03 HA

lLep Current Tolerance lsink =13.2 mA (target value) 11.9 13.2 14.5 mA
-10 +10 %

ImaTcH Sink Current Matching Isink =13.2 mA 1 %

Between LED 1 to 4
Vsar Saturation Voltage 3.0V £ V| £ 5.5V, Current Decreased 150 230 mV
to 95% of the Maximum Sink Current

Note: Sink current matching is the maximum difference from the average.

www.national.com




Audio Synchronization

The LED1 output can be synchronized to incoming audio
signal with Audio Synchronization feature. Audio Synchroni-
zation synchronizes LED1 based on input signal’s peak am-
plitude. Programmable gain and automatic gain control func-
tion are also available for adjustment of input signal
amplitude to light response. Control of LED1 brightness
refreshing frequency is done with four different frequency
configurations. The digitized input signal has a DC compo-
nent that is removed by a digital DC-remover. The DC-
remover is a high-pass filter where corner frequency is user
selectable by using DC_FREQ bit. LP5527 has 2-channel
audio (stereo) input for audio synchronization, as shown in
the figure below. The inputs accept signals in the range of 0V
to 1.6V peak-to-peak and these signals are mixed into a
single wave so that they can be filtered simultaneously.

LP5527 audio synchronization is mainly done digitally and it
consists following signal path blocks (see figure below).

* Input buffer
e AD converter

e Automatic Gain Control (AGC) and manually program-
mable gain

e Peak detector

Automatic Gain Control (AGC) adjusts the input signal to

suitable range automatically. User can disable AGC and the

gain can be set manually with programmable gain. Audio

synchronization is based on peak detection method.

EN AGC GAIN_SEL

[2:0] SPEED_CTRLI[1:0]
ASE1 15k | |
Threshold HER; L
! ADC & | PEAK L Ao [EONTRO
ASE2 15k AGC DETECTOR
| |
|
THRESHOLD
[3:0]
20184016
Audio Synchronization Input Electrical Parameters
Symbol Parameter Conditions Min |Typ Max | Units
Zin Input Impedance of 10 15 kQ
ASE1, ASE2
AN ASE1, ASE2 Audio Min input level needs maximum gain; 0 1600 mV
Input Level Range Max input level for minimum gain.
(peak-to-peak)

CONTROL OF AUDIO SYNCHRONIZATION

The following table describes the controls required for audio synchronization. LED1 brightness control through serial interface is

not available when audio synchronization is enabled.
Audio Synchronization Control

EN_SYNC

Audio synchronization enabled. Set EN_SYNC = 1 to enable audio synchronization or 0 to disable.

EN_AGC

Automatic gain control. Set EN_AGC = 1 to enable automatic control or O to disable.
When EN_AGC is disabled, the audio input signal gain value is defined by GAIN_SEL.

GAIN_SEL[2:0]

Input signal gain control. Gain has a range from 0 dB to -46 dB.

SPEED_CTRL[1:0]

Control for refreshing frequency. Sets the typical refreshing rate for the LED1 output.

THRESHOLDI[3:0]

Control for the audio input threshold. Sets the typical threshold for the audio inputs signals.
May be needed if there is noise on the audio lines.

DC_FREQ Control for the high-pass filter corner frequency.
0=280Hz
1 =510 Hz

13
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LP5527

Audio Synchronization (continued) Input Signal Gain Control
Audio Input Threshold Setting GAIN_SEL[2:0] Gain dB
000 0
Threshold[3:0] Threshold Level, mV (typical) 001 5
Disabl
= e
' 011 -18
0010 0.4
- - 100 -24
. - 101 -31
1110 25 1o 87
. 111 -46
1111 2.7

Refreshing Frequency

Typical Gain Values vs. Audio Input Amplitude

- - - SPEED_CTRL[1:0] Refreshing Rate Hz
Audio Input Amplitude mV,_p Gain Value dB 00 FASTEST

0to 10 0 o1 15
0to 20 -6 0 75
0 to 40 -12 1 38
1to 85 -18

3to 170 -24

5 to 400 -31

10 to 800 -37

20 to 1600 -46

Logic Interface 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 LP5527 Block Diagram with: V= 3.6V, Cy =

10 pF, Coyr1 = 10 pF, Coyre = 10 PF, Cyppio = 100 nF, Cygee = 100 nF, Cyppa = 4.7 YF, Cyppy = 100 nF, Cypp, = 100
nF, L, = 4.7 pH (Note 9)

Symbol | Parameter Condition Min Typical Max Unit

Logic Inputs SCL and FLASH_SYNC

VL Input Low Level Vbp 10 = 1.65V t0 Vpp, 2 0.2xVpp 10 \'%

Vi Input High Level 0.8XxVpp 10 \'%

I Input Current -1.0 1.0 HA
fsoL SCL Pin Clock Frequency 400 kHz
Logic Input NRST

Vi Input Low Level Vbp_ 1o = 1.65V t0 Vppq o 0.5 \

Vi Input High Level 1.2 \Y

I Input Current -1.0 1.0 pA
tnRsT Reset Pulse Width 10 ps
Logic Input/Output SDA

Voo Output Low Level lour =3 MA 0.3 0.5 \Y

I Output leakage current Vour = 2.8V 1.0 HA

www.national.com 14




I’C Compatible Interface

I>C SIGNALS

The SCL pin is used for the I2C clock and the SDA pin is
used for bidirectional data transfer. Both these signals need
a pull-up resistor according to 12C specification. The values
of the pull-up resistors are determined by the capacitance of
the bus (typ. 71.8 kQ). Signal timing specifications are
shown in table 12C Timing Parameters.

IC DATA VALIDITY

The data on SDA line must be stable during the HIGH period
of the clock signal (SCL). In other words, state of the data
line can only be changed when CLK is LOW.

SCL
S5 G GEEE
data data data data data
change valid change valid change

allowed allowed allowed

20184049

I12C Signals: Data Validity

I’C START AND STOP CONDITIONS

START and STOP bits classify the beginning and the end of
the I2C session. START condition is defined as SDA signal
transitioning from HIGH to LOW while SCL line is HIGH.
STOP condition is defined as the SDA transitioning from
LOW to HIGH while SCL is HIGH. The 12C master always
generates START and STOP bits. The I°C bus is considered
to be busy after START condition and free after STOP con-
dition. During data transmission, I°C master can generate
repeated START conditions. First START and repeated
START conditions are equivalent, function-wise.

START condition

20184050

I2C Start and Stop Conditions

TRANSFERRING DATA

Every byte put on the SDA line must be eight bits long, with
the most significant bit (MSB) being transferred first. Each
byte of data has to be followed by an acknowledge bit. The
acknowledge related clock pulse is generated by the master.
The transmitter releases the SDA line (HIGH) during the
acknowledge clock pulse. The receiver must pull down the
SDA line during the 9™ clock pulse, signifying an acknowl-
edge. A receiver which has been addressed must generate
an acknowledge after each byte has been received.

After the START condition, the I2C master sends a chip
address. This address is seven bits long followed by an
eighth bit which is a data direction bit (R/W). The LP5527
address is 4C hex. For the eighth bit, a “0” indicates a
WRITE and a “1” indicates a READ. The second byte selects
the register to which the data will be written. The third byte
contains data to write to the selected register.

When a READ function is to be accomplished, a WRITE
function must precede the READ function, as shown in the
I2C Read Cycle waveform.

MSB LSB

ADRG6 | ADR5 | ADR4 | ADR3 | ADR2 | ADR1 | ADRO § R/W
Bit7 bit6 bits bit4 bit3 bit2 bit1 bit0

—— IZC SLAVE address (chip address) ————»»

20184051

I2C Chip Address 4C hex for LP5527

15
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LP5527

I°C Compatible Interface (continued)

ack from slave ack from slave ack from slave

start“ msb Chip Address Isb msb Register Add Isb msb Data Isb

L AAAAAR AAAAAAAAN AAAAAAARR N
el i

start Id=4C w i ack addr = 02 hex ack address 02  data ack i stop

20184017
w = write (SDA = “0")
r = read (SDA = “17)
ack = acknowledge (SDA pulled down by either master or slave)
rs = repeated start
id = chip address, 4C hex for LP5527.

I12C Write Cycle

ack from slave ack from slave repeated start ack from slave data from slave ack from master

start fmsb Chip Address Isbfw msb Register Add Isb msb Chip Address Isbm msb Data Isb X:xgp
set Ii-] |-I l] I-I l] -I-I-I. -I-I--]- ]-I-I-I-I-I-I-I-I-I-I-I-I.I-I- E é E -I-I-J
o ] | 11 [

start | Id = 4C wiack  addr=00hex iacki rs | i r ack Address 00 hex data {ack! stop

20184018

I12C Read Cycle

]\ ---_\_"J@_

e
e

I?C Timing Diagram

SCL

*

20184054

I2C TIMING PARAMETERS (Vpp 2 = 3.0 t0 4.5V, Vpp,o = 1.65V t0 Vppy 2)

Symbol Parameter Limit Units
Min Max
1 Hold Time (repeated) START Condition 0.6 ys
2 Clock Low Time 1.3 ys
3 Clock High Time 600 ns
4 Setup Time for a Repeated START Condition 600 ns
5 Data Hold Time (Output direction, delay generated by LP5527) 300 900 ns
5 Data Hold Time (Input direction) 0 900 ns
6 Data Setup Time 100 ns
7 Rise Time of SDA and SCL 20+0.1C, 300 ns
8 Fall Time of SDA and SCL 15+0.1C, 300 ns
9 Set-up Time for STOP condition 600 ns

www.national.com 16




I°C Compatible Interface (continued)

10

Bus Free Time between a STOP and a START Condition

1.3

us

Cp

Capacitive Load for Each Bus Line

10

200

pF

NOTE: Data guaranteed by design

Test Interface

The test bus can be controlled externally or internally. For
the external control, the LP5527 pins V4 » Only need to be

pull-down resistor. T2 is an output line for the test result with
an internal 200 kQ pull-down resistor. When T1 is low, T2 is
always pulled down; when T1 is high, T2 is indicating the
result of the test.

powered. External control is independent on status of NRST
and Vppo pins. T1 is an input and it has an internal 6 kQ

4.2V0

n

f—he

COUNTER

HSV1d

4

20184019

High Level Schematic Representation of the Test Interface

The device is capable of detecting a defective unit in three
cases:

Production test 1: The LP5527 is assembled on a
printed wiring board (PWB), but there is no LEDs con-
nected on current sink outputs. An external 4.2V test
voltage is supplied on the Vpp; and Vpp, pins, from
which follows that the reset operating mode is entered
with POR. Test pin T1 is pulled high. The chip will send an
acknowledge “1” onto the T2 pin if the chip is in working
order; otherwise T2 stays low (0). Refer to Test Interface
Timing Diagram.

Production test 2: The LP5527 is assembled on a PWB
with the external components shown in LP5527 Block
Diagram. 4.2V voltage is connected to Vppq, Vpp, and
FB pins (see the figure above), from which follows that
the reset operating mode is entered with POR. Test pin
T1 is pulled high. The chip will send an acknowledge “1”

onto the T2 pin if the chip is in working order; otherwise
T2 stays low (0). If the ACK is “17, a repetitive test pattern
“0-1-0-1-0-1-0-1-0-1-0-1" is applied to T1 pin and if the
LED corresponding the pattern (see Test Interface Timing
Diagram) is connected properly T2 gives “1”, otherwise
T2 stays low. The last “1” disengages the test.

Field test: Build-in self-test through the I2C compatible
control interface. The LP5527 is enabled (NSTBY (bit) =
1, EN_BOOST(bit) = 1) and external test pins T1 and T2
are disconnected. The result can be read through the 12C
compatible control interface. LED test is enabled by writ-
ing to address 0Ch hex data 01h. Result can be read
from the same address during the next 1°C cycle. Note:
I2C compatible interface clock signal controls the timing
of the test procedure. For that reason the clock signal
frequency should be 50 kHz or less during the build-in
self-test.

17
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LP5527

Test Interface (continued)

T

I<—1—><—2-><—3->

el

puTt LED1 LED2 LED3 LED4 FLED
T2 OK OK oK oK oK oK
—»i5la
20184020
Test Interface Timing Diagram
Test Interface Timing Parameters
Limit
Symbol Condition Parameter Min Max | Units
1 Vpp1,z2 = 4.2V Setup Time after Vppq , = 4.2V 1 ms
2 Clock High Time 200 ys
3 Clock Low Time 200 us
4 Test Result Settling Time 10 ps
5 Data Hold Time 0 10 ns
NOTE: Data guaranteed by design
Test Interface Characteristics
Limits in standard typeface are for T, = 25°C.
Symbol Parameter Condition Min | Typ | Max | Units
Logic Input T1
Vi Input Low Level Vbp1,2 = 4.2V 0.5 \Y
Viy Input High Level 1.2 \
Logic Output T2
VoL Output Low Level Vop1z2 = 4.2V, loyr = 3 mA 0.3 0.5 \
(pull-up current)
Vou Output High Level Vbpi2 =42V, loyt = -3 MA Vopi2 - 0,5 3.9 Vv
(pull-down current)
Internal Current Sink
lsmk Sink Current [Vopi 2 = 4.2V | 500 | | pA
Connectivity Test Pass Range
Vpassi Voltage Over the Internal Production test cases 0.05 0.10 0.16 Vv
Current Sink; Low Level Vpp1,2 =42V -50 +60 %
Vpasse Voltage Over the Internal Vour = 3.9V to 4.2V 2.03 2.90 3.77 \Y
Current Sink; High Level -30 +30 %
Vpassa Voltage Over the Internal Field test cases -30% 0.40 +30% \
Current Sink; Low Level Vpbp1,2 = 3.0V...4.2V
Vpassa Voltage Over the Internal Vour = 5.0V + 5% -10% 3.95 | +10% v
Current Sink; High Level

NOTE: Data guaranteed by design

www.national.com




Recommended External
Components

OUTPUT CAPACITOR, Couyr1s Cour2

The output capacitors Coyr1, Coute directly affect the mag-
nitude of the output ripple voltage. In general, the higher the
value of Coyr, the lower the output ripple magnitude. Multi-
layer ceramic capacitors with low ESR are the best choice.
At the lighter loads, the low ESR ceramics offer a much
lower Vot ripple that the higher ESR tantalums of the same
value. At the higher loads, the ceramics offer a slightly lower
Vour rfipple magnitude than the tantalums of the same value.
However, the dv/dt of the Vo ripple with the ceramics is
much lower that the tantalums under all load conditions.
Capacitor voltage rating must be sufficient, 10V is recom-
mended

Some ceramic capacitors, especially those in small
packages, exhibit a strong capacitance reduction with
the increased applied voltage. The capacitance value
can fall to below half of the nominal capacitance. Too
low output capacitance can make the boost converter
unstable.

INPUT CAPACITOR, C\

The input capacitor C,y, directly affects the magnitude of the
input ripple voltage and to a lesser degree the Vo1 ripple. A
higher value C,\ will give a lower V,y ripple. Capacitor volt-
age rating must be sufficient, 10V or greater is recom-
mended.

OUTPUT DIODE, D,

The output diode for a boost converter must be chosen
correctly depending on the output voltage and the output
current. The diode must be rated for a reverse voltage

Table List of Recommended External Components

greater than the output voltage used. The average current
rating must be greater than the maximum load current ex-
pected, and the peak current rating must be greater than the
peak inductor current (71.6A at maximum load). A Schottky
diode should be used for the output diode. Schottky diodes
with a low forward voltage drop (Vi) and fast switching
speeds are ideal for increasing efficiency in portable appli-
cations. Do not use ordinary rectifier diodes, since slow
switching speeds and long recovery times cause the effi-
ciency and the load regulation to suffer. In Schottky barrier
diodes reverse leakage current increases quickly with the
junction temperature. Therefore, reverse power dissipation
and the possibility of thermal runaway has to be considered
when operating under high temperature conditions. Ex-
amples of suitable diodes are Diodes Incorporated type
DFLS220L, ON Semiconductor type MBRA210LT3 and Phil-
ips type PMEG1020.

INDUCTOR, L,

The LP5527 high switching frequency enables the use of the
small surface mount inductor. A 4.7 pH shielded inductor is
suggested for 2 MHz switching frequency. The inductor
should have a saturation current rating higher than the peak
current it will experience during circuit operation (71.7A at
maximum load). Less than 300 mQ ESR is suggested for
high efficiency. Open core inductors cause flux linkage with
circuit components and interfere with the normal operation of
the circuit. This should be avoided. For high efficiency,
choose an inductor with a high frequency core material such
as ferrite to reduce the core losses. To minimize radiated
noise, use a toroid, pot core or shielded core inductor. The
inductor should be connected to the SW1 and SW2 pins as
close to the I as possible. Example of a suitable inductor is
TDK type VLCF5020T-4R7N1R7-1.

Symbol Symbol Explanation Value Unit Type
Cvbbp1 Vppy Bypass Capacitor 100 nF Ceramic, X5R
Cvbp2 Vpp2 Bypass Capacitor 100 nF Ceramic, X5R
CouTi.2 Output Capacitors from FB to GND 2x10 yF = 10% uF Ceramic, X5R, 10V
Cin Input Capacitor from Battery Voltage to GND |10 £ 10% uF Ceramic, X5R, 10V
Cvbbio Vbp_1o Bypass Capacitor 100 nF Ceramic, X5R
Cvbpa Vppa Bypass Capacitor 4.7 pF Ceramic, X5R, 6.3V
Cio Audio Input Capacitors 47 nF Ceramic, X5R
RT Oscillator Frequency Bias Resistor 82 kQ 1%
RF Flash Current Set Resistor for 400 mA Sink 1200 Q 1%
Current
Cvrer Reference Voltage Capacitor, between Ve | 100 nF Ceramic, X5R
and GND
L, Boost Converter Inductor 4.7 pH Shielded, low ESR,
Isar ~1.7A
D, Rectifying Diode, V¢ @ maxload 0.35 \ Schottky diode
Flash LED User defined
LED1 to LED4

19
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Physical Dimensions inches (millimeters) unless otherwise noted

DIMENSIONS ARE IN MILLIMETERS

O,
@ DIMENSIONS IN ¢ ) FOR REFERENCE ONLY

(0.5 TYP)ﬁ

LAND PATTERN RECOMMENDATION

SYMM

@@@@@@s
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TOP SIDE COATING
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D
D
D

|
L o000
— 000

TR OO

D
SILICON .nggﬁg F B DT C B A o

BUMP A1 CORNER

o 3
TLA30XXX (Rev C)
The dimension for X1, X2 and X3 are as given:
e X1 =2466 mm *£0.03 mm
e X2 =2.974 mm =0.03 mm
e X3 =0.60 mm £0.075 mm
microSMD-30

NS Package Number TLA3011A

See National Semiconductor Application Note 1112 Micro SMD Wafer Level Chip Scale Package for PCB design and assembly
instructions.

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body, or
(b) support or sustain life, and whose failure to perform when
properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to result
in a significant injury to the user.

2. A critical component is any component of a life support device
or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or
system, or to affect its safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor manufactures products and uses packing materials that meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-111S2) and contain

no “Banned Substances” as defined in CSP-9-111S2.
Leadfree products are RoHS compliant.

National Semiconductor
Europe Customer Support Center
+49 (0) 180-530 85 86

National Semiconductor
Americas Customer
Support Center Fax:

o

www.national.com

Email: new.feedback@nsc.com Email: europe.support@nsc.com
Tel: 1-800-272-9959 Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171

Francais Tel: +33 (0) 1 41 91 8790

National Semiconductor

Japan Customer Support Center
Fax: 81-3-5639-7507

Email: jpn.feedback@nsc.com

Tel: 81-3-5639-7560

National Semiconductor
Asia Pacific Customer
Support Center

Email: ap.support@nsc.com
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