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LM3697 High-Efficiency Three-String White LED Driver
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Drives Three Parallel High-Voltage LED Strings

for Display and Keypad Lighting

High-Voltage Strings Capable of up to 40-V
Output Voltage and up to 90% Efficiency

Up to 30 mA per Current Sink
11-Bit Configurable Dimming Resolution

PWM Input for Content Adjustable Brightness
Control (CABC)

Fully Configurable LED Grouping and Control
Integrated 1-A/40-V MOSFET
Adaptive Boost Output to LED Voltages

Selectable 500-kHz and 1-MHz Switching
Frequency

Four Configurable Overvoltage Protection
Thresholds (16 V, 24 V, 32 V, and 40 V)

Overcurrent Protection
Thermal Shutdown Protection
29-mm? Total Solution Size

Applications

Power Source for Smart Phone Illumination
Display, Keypad and Indicator Illlumination

Simplified Schematic

HVLED2
HVLED3

>— PWM
PGND

The LM3697 11-bit LED driver provides high-
performance backlight dimming for 1, 2, or 3 series
LED strings while delivering up to 90% efficiency. The
boost converter with integrated 1-A, 40-V MOSFET
automatically adjusts to LED forward voltage to
minimize headroom voltage and effectively improve
LED efficiency.

The LM3697 is a high-efficiency three-string power
source for backlight or keypad LEDs in smart-phone
handsets. The high-voltage inductive boost converter
provides the power for three-series LED strings for
display backlight and keypad functions (HVLED1,
HVLED2 and HVLED3).

An additional feature is a Pulse Width Modulation
(PWM) control input for content adjustable backlight
control, which can be used to control any high-
voltage current sink.

The LM3697 is fully configurable via an I°C-
compatible interface. The device operates over a 2.7-
V to 5.5-V input voltage range and a -40°C to 85°C
temperature range.

Device Information

ORDER NUMBER PACKAGE BODY SIZE
LM3697YFQ DSBGA (12) 1,64 mm x 1,29 mm
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Terminal Configuration and Functions

DSBGA (YFQ)

12 Bumps
Top View Bottom View
3 O O O O}s
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A B C D D C B A
Terminal Functions
TERMINAL
DESCRIPTION
NUMBER NAME
Al PWM PWM Brightness Control Input for CABC operation. PWM is a high-impedance input and
cannot be left floating, if not used connect to GND.
A2 SDA Serial Data Connection for [?°C-Compatible Interface.
Hardware enable input. Drive this terminal high to enable the device. Drive this terminal low
A3 HWEN to force the device into a low power shutdown. HWEN is a high-impedance input and
cannot be left floating.
B1 HVLEDL Input Terminal to high-voltage Current Sink 1 (40 V max). The boost converter regulates the
minimum of HVLED1, HVLED2 and HVLED3 to Vyg.
B2 SCL Serial Clock Connection for I2C-Compatible Interface.
B3 IN Input Voltage Connection. Bypass IN to GND with a minimum 2.2-yF ceramic capacitor.
c1 HVLED2 Input Terminal to high-voltage Current Sink 2 (40-V max). The boost converter regulates the
minimum of HVLED1, HVLED2 and HVLEDS3 to Vyg.
Cc2 GND Ground
C3 GND Ground
D1 HVLED3 Input Terminal to high-voltage Current Sink 3 (40-V max). The boost converter regulates the
minimum of HVLED1, HVLED2 and HVLED3 to Vyg.
Overvoltage Sense Input. Connect OVP to the positive terminal of the inductive boost's
D2 OVP :
output capacitor (COUT).
D3 SW Drain Connection for the internal NFET. Connect SW to the junction of the inductor and the
Schottky diode anode.
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6 Specifications
6.1 Absolute Maximum Ratings®
over operating free-air temperature range (unless otherwise noted) @

MIN MAX UNIT

VN to GND -0.3 6
Vsw, Vovp, Viviepr Vaviepz: Vivieps to GND -0.3 45 v
Vscws Vspa, Veww to GND -0.3 6
Vhwen to GND -0.3 6
Continuous power dissipation Internally Limited
Junction temperature (T;.vax) 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.

6.2 Handling Ratings

MIN MAX UNIT
Tste Storage temperature range -65 150 °C
_ L Human body model (HBM)®@ 2.0 kv
ESD Ratings @ . 3
Charged device model (CDM) @ 1500 v

(1) Electrostatic discharge (ESD) to measure device sensitivity and immunity to damage caused by assembly line electrostatic discharges in
to the device.

(2) Level listed above is the passing level per ANSI, ESDA, and JEDEC JS-001. JEDEC document JEP155 states that 500-V HBM allows
safe manufacturing with a standard ESD control process.

(3) Level listed above is the passing level per EIA-JEDEC JESD22-C101. JEDEC document JEP157 states that 250-V CDM allows safe
manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
V)y to GND 2.7 55 y
Vsw; Vovp, VhviLepts VvHLED2: VhvLED3 10 GND 0 40
Junction temperature (T;) @@ -40 125 °C

(1) Internal thermal shutdown circuitry protects the device from permanent damage. Thermal shutdown engages at T;= 140°C (typ.) and
disengages at T;= 125°C (typ.).

(2) 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 (T 3. yax-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)-

6.4 Thermal Information

" DSBGA (YFQ)

THERMAL METRIC® UNIT
12 TERMINALS

Rgia Junction-to-ambient thermal resistance 55.3 °C/W

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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6.5 Electrical Characteristics

Limits apply over the full operating ambient temperature range (-40°C < T, < 85°C) and V,y = 3.6 V, unless otherwise

specified.®®
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
2.7V V<55V, HWEN = GND 3.0
IsHDN Shutdown current HA
Ta=25°C 1.0
- Full-scale current = 20.2 mA
lLep MIN Minimum LED current Exponential Mapping, T = 25°C 6.0 HA
Thermal shutdown 140
Tsp - °C
Hysteresis 15
BOOST CONVERTER
Full-scale current= 20.2 mA,
Exponential mapping, 27V<VpNSH5V 18.38 20.2 22.02 mA
Brightness Code = max.
I vLED(/213) Output current regulation Full-scale current= 20.2 mA, | Ta = 25°C -3.4% +2.0%  3.2%
(HVLED1, HVLED2, HVLED3) | Exponential mapping, ——
; - Ta =25°C
Brightness Code = max. 30VEVN<45Y -3.6% 3.4%
HVLED1 Bank A, HVLED2/3 =~ * = "IN= ™
Bank B Ta=25°C +2.0%
ZTVENN=>SYV T 25w 2.5%
Exponential mapping, LED = <
| HVLED1 to HVLED2 or auto headroom off, Ta=25°C —2.0% 1.7%
MATCH_HV | Hy|.ED3 matching @ PWM Off, ILep = 20.2 mA : :
HVLED1/2/3 Bank A 27VSVy<55V
_ -8.5% 8.5%
I .ep = 500 pA
Regulated current sink — opo
VRrec_cs headroom voltage Auto-headroom off, Tp = 25°C 400 mV
Minimum current sink ILep = 95% of nominal, Full-scale current = 20.2 mA 275
VHR_MIN headroom voltage for HVLED || ., = 950 of nominal, Full-scale current = mv
current sinks 20.2 mA, Ta = 25°C 190
Rpson NMOS switch on resistance Isw = 500 mA, Tp = 25°C 0.3 Q
| NMOS switch t limit 880 1120 A
switch current limi m
CL_BOOST T, =25°C 1000
Vovp Output overvoltage protection | OVP select bits = 11 Ta=25°C 40 Y,
Hysteresis Ta=25°C 1
Boost frequency select bit= |27 VSViNS5.5V 450 550
o 0 Ta = 25°C 500
fsw Switching frequency - kHz
Boost frequency select bit= |27V <V <55V 900 1100
1 Tp = 25°C 1000
Dmax Maximum duty cycle Tp=25°C 94%
HWEN INPUT
VHWEN_L LOgiC low 27V<V)Ns55V 0.4 v
VHWEN_H LOgiC hlgh 27V<VNs55V 1.2 Vin

(1) All voltages are with respect to the potential at the GND terminal.
(2) Minimum and Maximum limits are verified by design, test, or statistical analysis. Typical (Typ) numbers are not verified, but do represent

the most likely norm. Unless otherwise specified, conditions for typical specifications are: V|y = 3.6 V and T = 25°C.

(3) LED current sink matching in the high-voltage current sinks (HVLED1 through HVLED3) is given as the maximum matching value
between any two current sinks, where the matching between any two high voltage current sinks (X and Y) is given as (IqviLepx ( Or
IhvLepy) - lavex-v))/(lave(x-v)) X 100. In this test all three HVLED current sinks are assigned to Bank A.
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Electrical Characteristics (continued)

Limits apply over the full operating ambient temperature range (-40°C < T, < 85°C) and V,y = 3.6 V, unless otherwise
specified.HW®

SYMBOL | PARAMETER | TEST CONDITIONS ‘ MIN TYP MAX | UNIT
PWM INPUT
Vewm L Input logic low 27V<SVpNS55V 0 0.4 v
Vewm_H Input logic high 27V<SVpNsS5h5V 1.31 Vin
tpwMm Minimum PWM input pulse 2.7V <V 5.5V, PWM zero detect enabled 0.75 us
I2C-COMPATIBLE VOLTAGE SPECIFICATIONS (SCL, SDA)
Vi Input logic low 27V<SVpNS55V 0 0.4 v
Vi Input logic high 27V<SVpNsS55V 1.29 Vin
VoL Output logic low (SDA) 27V<SVNS55V, Il oap =3 mMA 400 mV
6.6 Timing Requirements
SYMBOL ‘ PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
I2C-COMPATIBLE TIMING SPECIFICATIONS (SCL, SDA) @
ty SCL (clock period) 27V<V)s55V 25 ps
to Data In set-up time to SCL high 27V<V)s55V 100 ns
t3 Data out stable after SCL low 27V<V)s55V 0 ns
ty SDA low set-up time to SCL low (start) 27V<Vs55V 100 ns
ts SDA high hold time after SCL high (stop) 27V<Vs55V 100 ns
INTERNAL POR THRESHOLD AND HWEN TIMING SPECIFICATION
V|y ramp time = 100 ps 1.7 2.1
Vpor POR reset release voltage threshold \2/,5,\c,)(r:amp time = 100 s, Ta = 19 \%
27V<Vp<55V, POR 20
tweN First I°C start pulse after HWEN high reset complete Us
POR reset complete, Ty =
25°C 50

(1) SCL and SDA must be glitch-free in order for proper brightness control to be realized.

scL \ / \ /
— — 1, —» |e—1
SDA_IN ) X \_/
SDA_OUT \

Figure 1. 1°C-Compatible Interface Timing
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6.7 Typical Characteristics

Temperature (°C)

Figure 6. PWM V| vs Temperature
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Figure 7. PWM V,_ vs Temperature
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7 Detailed Description

7.1 Overview

The LM3697 provides the power for three high-voltage LED strings. The three high-voltage LED strings are
powered from an integrated boost converter. The device is configured over an I°C-compatible interface. The
LM3697 provides a Pulse Width Modulation (PWM) input for content adjustable brightness control.

7.1.1 PWM Input

The PWM input can be assigned to either of the high-voltage control banks. When assigned to a control bank,
the programmed current in the control bank becomes a function of the duty cycle (Dpwy) at the PWM input and
the control bank brightness setting. When PWM is disabled, Dpyy, is equal to one.

7.1.2 HWEN Input

HWEN is the global hardware enable to the LM3697. HWEN must be pulled high to enable the device. HWEN is
a high-impedance input so it cannot be left floating. When HWEN is pulled low the LM3697 is placed in
shutdown, and all the registers are reset to their default state.

7.1.3 Thermal Shutdown

The LM3697 contains a thermal shutdown protection. In the event the die temperature reaches 140°C (typ), the
boost and current sink outputs shut down until the die temperature drops to typically 125°C (typ).

7.2 Functional Block Diagram

IN SwW
I 'y
LT
Selectable
Overvoltage
Protection
SDA [ (16V, 24V, 32V, 40V)
1’c
Compatible Interface 1-A Current Limit Boost _[] OovP
scL [} Converter
Selectable
500-kHz/1-MHz
Switching
Frequency
Hardware Enable,
HWEN [ Reference, and
Thermal Shutdown
LED String Open/ -
" High-Voltage Current
Short Detection Sinks
] Internal Low-Pass [] HVLED1
PWM [ Filter Backlight LED Control
1. 5-bit Full Scale HVLED2
Current Select
{ | HVLED3
2. 11-bit brightness
adjustment 88 88 83
) ) {] GND
3. Linear/Exponential \v4
Dimming
4. LED Current
Ramping
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7.3 Feature Descriptions
7.3.1 High-Voltage LED Control

7.3.1.1 High-Voltage Boost Converter

The high-voltage boost converter provides power for the three high-voltage current sinks (HVLED1, HVLED2 and
HVLED3). The boost circuit operates using a 4.7-y4H to 22-puH inductor and a 1.0-pyF output capacitor. The
selectable 500-kHz or 1-MHz switching frequency allows for use of small external components and provides for
high boost-converter efficiency. HVLED1, HVLED2 and HVLED3 feature an adaptive current regulation scheme
where the feedback point (HVLED1, HVLED?2 and HVLED3) regulates the LED headroom voltage Vyr min- When
there are different voltage requirements in the high-voltage LED strings (string mismatch), the LM3697 regulates
the feedback point of the highest voltage string to Vg winv @nd drop the excess voltage of the lower voltage string
across the lower strings current sink. N

7.3.1.2 High-Voltage Current Sinks (HVLED1, HVLED2 and HVLED3)

HVLED1, HVLED2, and HVLED3 control the current in the high-voltage LED strings as configured by Control
Bank A or B. Each Control Bank has 5-bit full-scale current programmability and 11-bit brightness control.
Assignment of the high-voltage current sinks to control bank is done through the HVLED Current Sink Output
Configuration register (see Table 5).

7.3.1.3 High-Voltage Current String Biasing

Each high-voltage current string can be powered from the LM3697’s boost output (COUT) or from an external
source. The feedback enable bits (HVLED Current Sink Feedback Enables register bits [2:0]) determine where
the high-voltage current string anodes connect. When set to '1' (default) the high-voltage current sink inputs are
included in the boost feedback loop. This allows the boost converter to adjust its output voltage in order to
maintain the LED headroom voltage Vyr min at the current sink input.

When powered from alternate sources the feedback enable bits should be set to '0". This removes the particular
current sink from the boost feedback loop. In these configurations the application must ensure that the headroom
voltage across the high-voltage current sink is high enough to prevent the current sink from going into dropout
(see the Typical Characteristics for data on the high-voltage LED current vs Vg min)-

Setting the HVLED Current Sink Feedback Enables register bits also determines triggering of the shorted high-
voltage LED String Fault flag (see the Fault Flags/Protection Features section).

7.3.2 Boost Switching-Frequency Select

The LM3697's boost converter has two switching frequency settings. The switching frequency setting is
controlled via the Boost Frequency Select bit (bit O in the Boost Control register). Operating at the 500-kHz
switching frequency results in better efficiency under lighter load conditions due to the decreased switching
losses. In this mode the inductor must be between 10 pH and 22 pH. Operating at the 1-MHz switching
frequency results in better efficiency under higher load conditions resulting in lower conduction losses in the
MOSFETSs and inductor. In this mode the inductor can be between 4.7 pH and 22 pH.

7.3.3 Automatic Switching Frequency Shift

The LM3697 has an automatic frequency select mode (bit 3 in the Boost Control register) to optimize the
frequency vs load dependent losses. In Auto-Frequency mode the boost converter switching frequency is
changed based on the high-voltage LED current. The threshold (Control A/B brightness code) at which the
frequency switchover occurs is configurable via the Auto-Frequency Threshold register. The Auto-Frequency
Threshold register contains an 8-bit code which is compared to the 8 MSB's of the brightness code. When the
brightness code is greater than the Auto-Frequency Threshold value the boost converter switching frequency is 1
MHz. When the brightness code is less than or equal to the Auto-Frequency Threshold register the boost
converter switching frequency is 500 kHz.

Figure 8 illustrates the LED efficiency improvement (3p5s LED configuration with a 4.7-uH inductor) when the
Auto-Frequency feature is enabled. When the LED brightness is less than or equal to 0x6C, the switching
frequency is 500 kHz, and it improves the LED efficiency by up to 6%. When the LED brightness is greater than
0x6C, the switching frequency is 1 MHz, and it improves LED efficiency by up to 2.2%.
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Feature Descriptions (continued)

1Mhz Eff - 500Khz Eff, 4.7uH, Three String

(Negative values when 500Khz more efficient)

1Mhz LED Eff > 500Khz LED Eff

]

3.0%
2.0%
1.0%

—

9
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Figure 8. Auto-Frequency Boost Efficiency Improvement lllustration

Table 1 summarizes the general recommendations for Auto-Frequency Threshold setting vs Inductance values
and LED string configurations. These are general recommendations — the optimum Auto-Frequency Threshold
setting should be evaluated for each application.

Table 1. Auto-Frequency Threshold Settings

THREE STRING TWO STRING
INDUCTOR AUTO-FREQUENCY | PEAK EFFICIENCY PEAK FRI'EA(SJJEOI;ICY PEAK EFFICIENCY PEAK
THRESHOLD IMPROVEMENT CONFIGURATION IMPROVEMENT CONFIGURATION
THRESHOLD
4.7 uH 6C 2.20% 3p5s AC 1.10% 2p6s
10 pH 74 1.70% 3p4s B4 1.30% 2p5s
22 pH 7C 0.70% 3p3s BC 0.70% 2p4s

7.3.4 Brightness Register Current Control

The LM3697 features Brightness Register Current Control for simple user-adjustable current control set by
writing directly to the appropriate Control Bank Brightness Registers. The current for Control Banks A and B is a
function of the full-scale LED current, the 11-bit code in the respective brightness register, and the PWM input
duty cycle (if PWM is enabled). The Control A/B brightness should always be written with LSB's first and MSB's
last.

7.3.4.1 8-Bit Control (Preferred)

The preferred operating mode is to control the high-voltage LED brightness by setting the Control Bank LSB
register (3 LSB's) to zero and using only the Control Bank MSB register (8 MSB's). In this mode the LM3697
controls the 3 LSB's to ramp the high-voltage LED current using all 11-bits.

7.3.4.2 11-Bit Control

In this mode of operation, both Control Bank LSB and MSB registers must be written whenever a change in
Brightness is required. The high-voltage LED current will not change until the Control Bank MSB register is
written. If the brightness change affects only the 3 LSB's, the Control Bank MSB register (8 MSB's) must be re-
written to change the high-voltage LED current.

7.3.5 PWM Control

The LM3697's PWM input can be enabled for Control Banks A or B (see Table 14). Once enabled, the LED
current becomes a function of the code in the Control Bank Brightness Configuration Register and the PWM
input-duty cycle.
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The PWM input accepts a logic level voltage and internally filters it to an analog control voltage. This results in a
linear response of duty cycle to current, where 100% duty cycle corresponds to the programmed brightness code
multiplied by the Full-Scale Current setting.

Analog Domain

PWM Input LPF
polarity D—‘;) Jl

Full-Scale
Current
Control

To Assigned
High Voltage
Current Sinks

Digital Domain

Backlight Digital LED Control Block

Full-Scale Current Select

Brightness Setting
Exponential or Linear Mapping
Ramp Generator

tar
Runtime Ramp Generator

Figure 9. PWM Input Architecture

7.3.5.1 PWM Input Frequency Range

The usable input frequency range for the PWM input is governed on the low end by the cutoff frequency of the
internal low-pass filter (540 Hz, Q = 0.33) and on the high end by the propagation delays through the internal
logic. For frequencies below 2 kHz the current ripple begins to become a larger portion of the DC LED current.
Additionally, at lower PWM frequencies the boost output voltage ripple increases, causing a non-linear response
from the PWM duty cycle to the average LED current due to the response time of the boost. For the best
response of current vs. duty cycle, the PWM input frequency should be kept between 2 kHz and 100 kHz.

7.3.5.2 PWM Input Polarity

The PWM Input can be set for active low polarity, where the LED current is a function of the negative duty cycle.
This is set via the PWM Configuration register (see Table 14).

7.3.5.3 PWM Zero Detection

The LM3697 incorporates a feature to detect when the PWM input is near zero. After the near zero pulse width
has been detected the PWM pulse must be greater than tp\ to affect the HVLED output current (see Electrical
Characteristics ). Bit 3 in the PWM Configuration register is used to disable this feature.

7.3.6 Start-up/Shutdown Ramp

The high-voltage LED start-up and shutdown ramp times are independently configurable in the start-up/shutdown
transition time Register (see Table 6). There are 16 different start-up and 16 different shutdown times. The start-
up times can be programmed independently from the shutdown times, but each Control bank is not
independently configurable.

The start-up ramp time is from when the Control Bank is enabled to when the LED current reaches its initial set
point. The shutdown ramp time is from when the Control Bank is disabled to when the LED current reaches O.

7.3.7 Run-Time Ramp

Current ramping from one brightness level to the next is programmed via the Control A and B Run-Time Ramp
Time Register (see Table 7). There are 16 different ramp-up times and 16 different ramp-down times. The ramp-
up time can be programmed independently from the ramp-down time, but each Control Bank cannot be
independently programmed. For example, programming a ramp-up or ramp-down time is a global setting for all
high-voltage LED Control Banks.
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7.3.8 High-Voltage Control A and B Ramp Select

The LM3697 provides three options for Control A and B ramp times (see Table 8). When the Run-time Ramp
Select bits are set to 00, the control bank uses both the Start-up/Shutdown and Run-time ramp times. When the
Run-time Ramp Select bits are set to 01, the control bank uses the Start-up/Shutdown ramp times for both start-
up/shutdown and run-time. When the Run-time Ramp Select bits are set to 1x the control bank uses a zero usec
run-time ramp.

7.4 Device Functional Modes

7.4.1 LED Current Mapping Modes

All control banks can be programmed for either exponential or linear mapping modes (see Figure 10 and
Figure 11). These modes determine the transfer characteristic of backlight code to LED current. Independent
mapping of Control Banks A and B is not allowed: both banks uses the same mapping mode.

7.4.1.1 Exponential Mapping

In Exponential Mapping Mode the current ramp (either up or down) appears to the human eye as a more uniform
transition then the linear ramp. This is due to the logarithmic response of the eye.

7.4.1.1.1 8-Bit Code Calculation

In Exponential Mapping Mode the brightness code to backlight current transfer function is given by the equation:
(4 _ Code +1
5.8181818

ILep = lLep_rFuLtscate X 0.85

X DpWM (l)

Where | ep ruiiscace is the full-scale LED current setting (see Table 10), Code is the 8-bit backlight code in the
Control Brightness MSB register and Dpyy\y is the PWM Duty Cycle.

7.4.1.1.2 11-Bit Code Calculation

In Exponential Mapping Mode the brightness code to backlight current transfer function is given by the equation:

C%de +1

(44 - 55181818

ILep = lLep_rutiscace X 0.85

) X Dpwm (2

Where | gp ruiiscace IS the full-scale LED current setting (see Table 10), Code is the 11-bit backlight code in the
Control Brightness MSB and LSB registers and Dpyy is the PWM Duty Cycle.

7.4.1.2 Linear Mapping

In Linear Mapping Mode the brightness code to backlight current has a linear relationship.

7.4.1.2.1 8-Bit Code Calculation
The 8-bit linear mapping follows the equation:

ILep = lLep_FuLLscaLE X ?é? x Code X Dpwwm ©)

Where I gp ruiiscae is the full-scale LED current setting, Code is the 8-bit backlight code in the Control
Brightness MSB register and Dpyyy is the PWM Duty Cycle.

7.4.1.2.2 11-Bit Code Calculation
The 11-bit linear mapping follows the equation:

lLep = lLep_FuLLscaLe X %1'4—7 x Code X Dpwm ()

Where | gp ruiiscaie is the full-scale LED current setting, Code is the 11-bit backlight code in the Control
Brightness MSB and LSB registers and Dpyy is the PWM Duty Cycle.

12 Submit Documentation Feedback Copyright © 2013-2014, Texas Instruments Incorporated
Product Folder Links: LM3697


http://www.ti.com/product/lm3697?qgpn=lm3697
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSCS2B&partnum=LM3697
http://www.ti.com/product/lm3697?qgpn=lm3697

13 TEXAS

INSTRUMENTS
LM3697
www.ti.com SNOSCS2B —~NOVEMBER 2013—REVISED APRIL 2014
Device Functional Modes (continued)
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Figure 10. LED Current Mapping Modes (8-Bit) Figure 11. LED Current Mapping Modes (11-Bit)

7.4.2 Fault Flags/Protection Features

The LM3697 contains both LED-open and LED-short fault detection. These fault detections are designed to be
used in production level testing and not normal operation. For the fault flags to operate, they must be enabled via
the LED Fault Enable Register (see Table 22). The following sections detail the proper procedure for reading
back open and short faults in the high-voltage LED strings.

7.4.2.1 Open LED String (HVLED)

An open LED string is detected when the voltage at the input to any active high-voltage current sink has fallen
below 200 mV, and the boost output voltage has hit the OVP threshold. This test assumes that the HVLED string
that is being detected for an open is connected to the LM3697's boost output (COUT+) (see Table 20). For an
HVLED string not connected to the LM3697's boost output voltage, but connected to another voltage source, the
boost output will not trigger the OVP flag. In this case an open LED string is not detected.

The procedure for detecting an open fault in the HVLED current sinks (provided they are connected to the boost

output voltage) is:

e Apply power to the LM3697

« Enable Open Fault (Register 0xB4, bit [0] = 1)

e Assign HVLED1, HVLED2 and HVLED3 to Bank A (Register 0x10, Bits [2:0] = (0, 0, 0)

e Set the start-up ramp times to the fastest setting (Register 0Ox11 = 0x00)

e Set Bank A full-scale current to 20.2 mA (Register 0x17 = 0x13)

e Configure HVLED1, HVLEDZ2 and HVLEDS for LED string anode connected to COUT (Register 0x19, bits[2:0]
=(1,1,1))

» Set Control A Brightness MSB to max (Register 0x21 = OXFF)

» Enable Bank A (Register 0x24 Bit[0] = 1

* Wait4 ms

* Read back bits[2:0] of register 0xBO. Bit [0] = 1 (HVLED1 open). Bit [1] = 1 (HVLED2 open). Bit [2] = 1
(HVLED3 open)

» Disable all banks (Register 0x24 = 0x00)

7.4.2.2 Shorted LED String (HVLED)

The LM3697 features an LED short fault flag indicating one or more of the HVLED strings have experienced a
short. The method for detecting a shorted HVLED strings is if the current sink is enabled and the string voltage
(Mout - Vuviepies) falls to below (Vg - 1 V) . This test must be performed on one HVLED string at a time.
Performing the test with more than one current sink enabled can result in a faulty reading.

The procedure for detecting a short in an HVLED string is:
* Apply power to the LM3697
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Device Functional Modes (continued)

e Enable Short Fault (Register 0xB4, bit [1] = 1)

e Assign HVLEDL1 to Bank A (Register 0x10, Bits [2:0] = (1, 1, 0)

e Set the startup ramp times to the fastest setting (Register 0x11 = 0x00)
e Set Bank A full-scale current to 20.2 mA (Register 0x17 = 0x13)

e Enable Feedback on the HVLED Current Sinks (Register 0x19, bits[2:0] = (1,1,1))
e Set Control A Brightness MSB to max (Register 0x21 = OXFF)

e Enable Bank A (Register 0x24 Bit[0] = 1)

 Wait4 ms

» Read back bits[0] of register 0OxB2. 1 = HVLED1 short.

» Disable all banks (Register 0x24 = 0x00)

» Repeat the procedure for the HVLED2 and HVLED3 strings

7.4.2.3 Overvoltage Protection (Inductive Boost)

The overvoltage protection threshold (OVP) on the LM3697 has 4 different configurable options (16 V, 24 V, 32
V, and 40 V). The OVP protects the device and associated circuitry from high voltages in the event the high-
voltage LED string becomes open. During normal operation, the LM3697’s inductive boost converter boosts the
output up so as to maintain Vg at the active, high-voltage (COUT connected) current sink inputs. When a high-
voltage LED string becomes open, the feedback mechanism is broken, and the boost converter over-boosts the
output. When the output voltage reaches the OVP threshold the boost converter stops switching, thus allowing
the output node to discharge. When the output discharges to Vo minus 1 V the boost converter begins
switching again. The OVP sense is at the OVP terminal, so this terminal must be connected directly to the
inductive boost output capacitor’'s positive terminal.

For high-voltage current sinks that have the HVLED Current Sink Feedback Enable setting such that the high-
voltage current sinks anodes are not connected to COUT (feedback is disabled), the overvoltage sense
mechanism is not in place to protect the input to the high-voltage current sink. In this situation the application
must ensure that the voltage at HVLED1, HVLED2 or HVLED3 doesn’t exceed 40 V.

The default setting for OVP is set at 16 V. For applications that require higher than 16 V at the boost output, the
OVP threshold must be programmed to a higher level after power up.

7.4.2.4 Current Limit (Inductive Boost)

The NMOS switch current limit for the LM3697’s inductive boost is set at 1 A (typ). When the current through the
LM3697’'s NFET switch hits this overcurrent protection threshold (OCP), the device turns the NFET off, and the
inductor's energy is discharged into the output capacitor. Switching is then resumed at the next cycle. The
current limit protection circuitry can operate continuously each switching cycle. The result is that during high-
output power conditions the device can continuously run in current limit. Under these conditions the LM3697’s
inductive boost converter stops regulating the headroom voltage across the high-voltage current sinks. This
results in a drop in the LED current.

7.4.3 I>)C-Compatible Interface

7.4.3.1 Start And Stop Conditions

The LM3697 is controlled via an 1°C-compatible interface. START and STOP conditions classify the beginning
and the end of the I°C session. A START condition is defined as SDA transitioning from HIGH to LOW while SCL
is HIGH. A STOP condition is defined as SDA transitioning from LOW to HIGH while SCL is HIGH. The 1°C
master always generates START and STOP conditions. The I12C bus is considered busy after a START condition
and free after a STOP condition. During data transmission the I°C master can generate repeated START
conditions. A START and a repeated START condition are equivalent function-wise. The data on SDA must be
stable during the HIGH period of the clock signal (SCL). In other words, the state of SDA can only be changed
when SCL is LOW.
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Device Functional Modes (continued)

N B AR W A
< T\ ST ]

Start Condition Stop Condition

Figure 12. Start And Stop Sequences

7.4.3.2 I1’C-Compatible Address

The chip address for the LM3697 is 0110110 (36h). After the START condition, the 12C master sends the 7-bit
chip address followed by an eighth read or write bit (R/W). R/W= 0 indicates a WRITE and R/W = 1 indicates a
READ. The second byte following the chip address selects the register address to which the data is written. The
third byte contains the data for the selected register.

7.4.3.3 Transferring Data

Every byte on the SDA line must be eight bits long, with the most significant bit (MSB) transferred first. Each byte
of data must be followed by an acknowledge bit (ACK). The acknowledge related clock pulse (9th clock pulse) is
generated by the master. The master releases SDA (HIGH) during the 9th clock pulse. The LM3697 pulls down
SDA during the 9th clock pulse signifying an acknowledge. An acknowledge is generated after each byte has
been received.

Table 2 lists the available registers within the LM3697.
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7.5 Register Maps
Table 2. LM3697 Register Descriptions
NAME ADDRESS POWER-ON RESET OPERATION
Revision 0x00 0x00 Dynamic
Software Reset 0x01 0x00 Dynamic
HVLED Current Sink Output Configuration 0x10 0x06 Static
Control A Start-up/Shutdown Ramp Time 0x11 0x00 Static
Control B Start-up/Shutdown Ramp Time 0x12 0x00 Static
Control A/B Run time Ramp Time 0x13 0x00 Static
Control A/B Run time Ramp Configuration 0x14 0x00 Static
Reserved 0x15 0x33 Static
Brightness Configuration 0x16 0x00 Static
Control A Full-Scale Current Setting 0x17 0x13 Static
Control B Full-Scale Current Setting 0x18 0x13 Static
HVLED Current Sink Feedback Enables 0x19 0x07 Static
Boost Control Ox1A 0x00 Static
Auto-Frequency Threshold 0x1B OxCF Static
PWM Configuration 0x1C 0x0C Dynamic®
Control A Brightness LSB 0x20 0x00 Dynamic®
Control A Brightness MSB 0x21 0x00 Dynamic
Control B Brightness LSB 0x22 0x00 Dynamic®
Control B Brightness MSB 0x23 0x00 Dynamic
Control Bank Enables 0x24 0x00 Dynamic
HVLED Open Faults 0xBO 0x00 Production Test Only
HVLED Short Faults 0xB2 0x00 Production Test Only
LED Fault Enables 0xB4 0x00 Production Test Only

(1) The PWM input should always be in the inactive state when setting the Control bank PWM Enable bit. The PWM configuration bits
should only be changed when the PWM is disabled for both Control Banks.
(2) The Control Brightness MSB Register must be written for the Control Brightness LSB Register value to take effect.

Table 3. Revision (Address 0x00)

Bits [7:4] Bits [3:0]
Not Used Silicon Revision
Reserved 0000 = Rev. A Silicon
Table 4. Software Reset (Address 0x01)
Bits [7:1] Bit [0]
Not Used Silicon Revision
Reserved 0 = Normal Operation
1 = Software Reset (self-clearing)
Table 5. HVLED Current Sink Output Configuration (Address 0x10)
Bits [7:3] Bit [2] Bit [1] Bit [0]
Not Used HVLED3 Configuration HVLED2 Configuration HVLED1 Configuration
Reserved 0 = Control A 0 = Control A 0 = Control A (default)
1 = Control B (default) 1 = Control B (default) 1 = Control B
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Table 6. Control A and B Start-up/Shutdown Ramp Time (Address 0x11 and 0x12)

Bits [7:4]
Start-up Ramp

Bits [3:0]
Shutdown Ramp

0000 = 2048 ps (default)
0001 = 262 ms
0010 = 524 ms
0011 =1.049s
0100 =2.09 s
0101 =4.194 s
0110=8.389 s
0111 =16.78 s
1000 =33.55 s
1001 =41.94s
1010 =50.33 s
1011 =58.72 s
1100 =67.11 s
1101 =83.88 s
1110 = 100.66 s
1111 =117.44 s

0001 = 262 ms
0010 =524 ms
0011 =1.049 s
0100 =2.097 s
0101 =4.194 s
0110=8.389 s
0111 =16.78 s
1000 =33.55 s
1001 =41.94 s
1010 =50.33 s
1011 =58.72 s
1100 =67.11s
1101 =83.88 s

0000 = 2048 ps (default)

1110 = 100.66 s
1111 =117.44 s

Table 7. Control A and B Run-Time Ramp Time (Address 0x13)

Bits [7:4]

Transition Time Ramp Up

Transition Time Ramp Down

Bits [3:0]

000 = 2048 ps (default)
001 = 262 ms
010 =524 ms
011=1.049s
100 = 2.097 s
101=4.194 s
110=8.389 s
111=16.78 s
1000 =33.55 s
1001 =41.94s
1010 =50.33 s
1011 =58.72 s
1100 =67.11s
1101 =83.88 s
1110 = 100.66 s
1111 =117.44 s

000 = 2048 ps (default)
001 = 262 ms
010 =524 ms
011=1.049s
100 = 2.097 s
101=4.194 s
110=8.389 s
111=16.78 s
1000 =33.55 s
1001 =41.94s
1010 =50.33 s
1011 =58.72 s
1100 =67.11s
1101 =83.88 s
1110 = 100.66 s
1111 =117.44 s

Table 8. Control A and B Run-Time Ramp Configuration (Address 0x14)

Bits [7:4]
Not Used

Bits [3:2]
Control B Run-time Ramp Select

Bits [1:0]
Control A Run-time Ramp Select

00 = Control A/B Runtime Ramp Times
(default)

00 = Control A/B Runtime Ramp Times
(default)

Reserved 01 = Control B Start-up/Shutdown Ramp 01 = Control A Start-up/Shutdown Ramp
Times Times
1x = 0 us Ramp Time 1x = 0 us Ramp Time
Table 9. Control A and B Brightness Configuration (Address 0x16)
Bits [7:4] Bit [3] Bit [2] Bit [1] Bit [0]
Not Used Control B Dither Disable | Control A Dither Disable Not Used Control A/B Mapping
Mode
Reserved 0 Enable (default) 0 Enable (default) 0 Exponential (default)
1 Disable 1 Disable Reserved 1 Linear
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Table 10. Control A and B Full-Scale Current Setting (Address 0x17 and 0x18)

Bits [7:5] Bits [4:0]
Not Used Control A, B Full-Scale Current Select Bits
Reserved 00000 =5 mA
10011 = 20.2 mA (default)
11111 =29.8 mA
(0.8 mA steps, FS =5 + code * 0.8 mA)
Table 11. HVLED Current Sink Feedback Enables (Address 0x19)
Bits [7:3] Bit [2] Bit [1] Bit [0]
Not Used HVLED3 Feedback Enable HVLED2 Feedback Enable HVLED1 Feedback Enable
0 = LED anode is NOT CONNECTED |0 = LED anode is NOT CONNECTED |0 = LED anode is NOT CONNECTED
Reserved to COUT to COUT to COUT
1 = LED anode is CONNECTED to 1 = LED anode is CONNECTED to 1 = LED anode is CONNECTED to
COUT (default) COUT (default) COUT (default)
Table 12. Boost Control (Address 0x1A)
Bits [7:5] Bit [4] Bit [3] Bits [2:1] Bit [0]
Not Used Auto-Headroom Enable Auto-Frequency Enable Boost OVP Select Boost Frequency Select
Reserved 0 = Disable (default) 0 = Disable (default) 00 = 16 V (default) 0 = 500 kHz (default)
1 = Enable 1 = Enable 01=24V 1=1MHz
10=32V
11=40V

Table 13. Auto-Frequency Threshold (Address 0x1B)
Bits [7:0]

Auto-Frequency Threshold (default = 11001111)

Table 14. PWM Configuration (Address 0x1C)

. . Bit [3] . . .
Bits [7:4] . Bit [2] Bit [1] Bit [0]
Not Used e Zgggg:tectlon PWM Polarity Control B PWM Enable | Control A PWM Enable
Reserved 0 = Disable 0 = Active Low 0 = Disable (default) 0 = Disable (default)
1 = Enable (default) 1 = Active High (default) 1 = Enable 1 = Enable
Table 15. Control A Brightness LSB (Address 0x20)
Bits [7:3] Bits [2:0]
Not Used Control A Brightness [2:0]
Reserved Brightness LSB

Table 16. Control A Brightness MSB (Address 0x21)

Bits [7:0]
Control A Brightness [11:3]

Brightness MSB
(LED current ramping does not start until the MSB is written, LSB must always be written before MSB)

Table 17. Control B Brightness LSB (Address 0x22)

Bits [7:3]
Not Used

Bits [2:0]
Control B Brightness [2:0]

Reserved

Brightness LSB
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Table 18. Control B Brightness MSB (Address 0x23)
Bits [7:0]
Control B Brightness [11:3]
Brightness MSB
(LED current ramping does not start until the MSB is written, LSB must always be written before MSB)
Table 19. Control Bank Enables (Address 0x24)
I Bit [1] Bit [0]
NBc:: Bsi]d Control B Control A
Enable Enable
Reserved 0 = Disable 0 = Disable
(default) (default)
1 = Enable 1 = Enable
Table 20. HVLED Open Faults (Address 0xBO0)
Bits [7:3] Bit [2] Bit [1] Bit [0]
Not Used HVLED3 Open HVLED2 Open HVLED1 Open
0 = Normal Operation 0 = Normal Operation 0 = Normal Operation
Reserved 1= Open 1= Open 1= Open
Table 21. HVLED Short Faults (Address 0xB2)
Bits [7:3] Bit [2] Bit [1] Bit [0]
Not Used HVLED3 Short HVLED2 Short HVLED1 Short
Reserved 0 = Normal Operation 0 = Normal Operation 0 = Normal Operation
1 = Short 1 = Short 1 = Short
Table 22. LED Fault Enable (Address 0xB4)
Bits [7:2] Bit [1] Bit [0]
Not Used Short Faults Enable Open Faults Enable
0 = Disable (default) 0 = Disable (default)
Reserved 1 = Enable 1 = Enable
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8 Application and Implementation

8.1 Application Information

The LM3697 provides a complete high-performance LED lighting solution for mobile handsets. The LM3697 is
highly configurable and can support the LED configurations summarized in Table 23. The LM3697 provides
internal ramp time generators to provide smooth LED dimming with 11-bit control while requiring only 8-bit control
from the host controller. The LM3697EVM is available with GUI software to aid understanding of the LM3697
operation.

Table 23. Supported LED Configurations

NUMBER OF LED STRINGS

MAXIMUM NUMBER OF SERIES LEDS

3 7
2 10
1 10

8.2 Typical Applications

VIN=27-55V
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Figure 13. LM3697 Schematic
8.2.1 Design Requirements
Table 24. Design Parameters
DESIGN PARAMETER EXAMPLE VALUE
Full-scale current setting 0.0202 A
Minimum Input Voltage 3.0V
LED series/parallel configuration 7s3p
LED maximum forward voltage (V) 35V
Efficiency 80 %

The designer needs to know the following:

Full-scale current setting

Minimum input voltage

LED series/parallel configuration

LED maximum V; voltage

LM3697 Efficiency for LED configuration
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The full-scale current setting, number of led strings, number of series LEDs, and minimum input voltage are
needed in order to calculate the peak input current. This information guides the designer to make the appropriate
inductor selection for the application.

The LM3697 Boost converter output voltage (Voyr) is calculated as follows: # series LEDs * V; + 0.4 V

The LM3697 Boost converter output current (lgyt) is calculated as follows: # parallel LED strings * Full-scale
current

The LM3697 peak input current (Iyy_px) is calculated as follows:

Iy pk > Vour X loyr = Minimum V =+ Efficiency
Voyr = 249V = 7 X 3.5V + 0.4V

lour = 0.0606 A = 0.0202 X 3

Ly px > 0.629 A =249V x 0.0606 A + 3.0V + 0.8

8.2.2 Detailed Design Procedure

8.2.2.1 Boost Converter Maximum Output Power

The LM3697's maximum output power is governed by two factors: the peak current limit (Ic; = 880 mA min.), and
the maximum output voltage (Vour). When the application causes either of these limits to be reached it is
possible that the proper current regulation and matching between LED current strings will not be met.

8.2.2.1.1 Peak Current Limited

In the case of a peak current limited situation, when the peak of the inductor current hits the LM3697's current
limit, the NFET switch turns off for the remainder of the switching period. If this happens each switching cycle the
LM3697 regulates the peak of the inductor current instead of the headroom across the current sinks. This can
result in the dropout of the boost output connected current sinks, and the LED current dropping below its
programmed level.

The peak current in a boost converter is dependent on the value of the inductor, total LED current in the boost
(Iou), the boost output voltage (Vout) (Which is the highest voltage LED string + Vg ), the input voltage (V).
the switching frequency (fsw), and the efficiency (Output Power/Input Power). Additionally, the peak current is
different depending on whether the inductor current is continuous during the entire switching period (CCM), or
discontinuous (DCM) where it goes to 0 before the switching period ends. For Continuous Conduction Mode the
peak inductor current is given by:

lout X Vout Vin Vn X efficiency
lpeak = . + X|l-———
Vi X efficiency 2X fswXxL Vour (5)

For Discontinuous Conduction Mode the peak inductor current is given by:

2 % IO
lpEAK = —UT X (VOUT -Vin X Efﬁciency)
J(sw x L x efficiency ©

To determine which mode the circuit is operating in (CCM or DCM) it is necessary to perform a calculation to test
whether the inductor current ripple is less than the anticipated input current (l,y). If Al is less than |,y then the
device is operating in CCM. If Al_ is greater than I,y then the device is operating in DCM.

lout X Vourt S Vin <1 VN x efficiency
V| x efficiency fs L Vour

w X

)
Typically at currents high enough to reach the LM3697's peak current limit, the device is operating in CCM.

The following figures show the output current and voltage derating for a 10-uH and a 22-pH inductor. These plots
take equations (5) and (6) from above and plot Vot and lgyr with varying V,y, a constant peak current of 880
mA (Ic. min), 500-kHz switching frequency, and a constant efficiency of 85%. Using these curves can give a good
design guideline on selecting the correct inductor for a given output power requirement. A 10-pH inductor will
typically be a smaller device with lower on resistance, but the peak currents is higher. A 22-pH inductor provides
for lower peak currents but a larger sized device is required to match the DC resistance of a 10-uH inductor.
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Figure 14. Maximum Output Power (22 pH) Figure 15. Maximum Output Power (10 pH)

8.2.2.1.2 Output Voltage Limited

In the case of an output voltage limited situation (Voyt = Vovp), When the boost output voltage hits the LM3697's
OVP threshold, the NFET turns off and stays off until the output voltage falls below the hysteresis level (typically
1V below the OVP threshold). This results in the boost converter regulating the output voltage to the
programmed OVP threshold (16 V, 24 V, 32 V, or 40 V), causing the current sinks to go into dropout. The default
OVP threshold is set at 16 V. For LED strings higher than typically 4 series LEDs, the OVP has to be
programmed higher after power-up, Software Reset, or HWEN reset.

8.2.2.2 Inductor Selection

The boost circuit operates using a 4.7-uH to 22-pH inductor. The inductor selected must have a saturation
current greater than the peak operating current.

8.2.2.3 Output Capacitor Selection

The LM3697's inductive boost converter requires a 1.0-uF (X5R or X7R) ceramic capacitor to filter the output
voltage. The voltage rating of the capacitor depends on the selected OVP setting. For the 16 V setting a 16-V
capacitor must be used. For the 24-V setting a 25-V capacitor must be used. For the 32-V setting, a 35-V
capacitor must be used. For the 40-V setting a 50-V capacitor must be used. Pay careful attention to the
capacitor's tolerance and DC bias response. For proper operation the degradation in capacitance due to
tolerance, DC bias, and temperature, should stay above 0.4 pF. This might require placing two devices in parallel
in order to maintain the required output capacitance over the device operating range, and series LED
configuration.

8.2.2.4 Schottky Diode Selection

The Schottky diode must have a reverse breakdown voltage greater than the LM3697’s maximum output voltage
(see Overvoltage Protection (Inductive Boost) section). Additionally, the diode must have an average current
rating high enough to handle the LM3697’s maximum output current, and at the same time the diode's peak
current rating must be high enough to handle the peak inductor current. Schottky diodes are required due to their
lower forward voltage drop (0.3 V to 0.5 V) and their fast recovery time.
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8.2.2.5 Input Capacitor Selection

The LM3697's inductive boost converter requires a 2.2-yF (X5R or X7R) ceramic capacitor to filter the input
voltage. The input capacitor filters the inductor current ripple and the internal MOSFET driver currents during turn

on of the internal power switch.

8.2.2.6 Application Circuit Component List

COMPONENT | MANUFACTURER | VALUE PART NUMBER SIZE (mm) CURRE&TIE’\S’%'}TAAN%'E;?AT'NG
L TDK 10 uH VLF302512MT-100M 25x3.0x1.2 620 MA/0.25 O
Cour TDK 1.0 uF C2012X5R1H105 0805 50 V
N TDK 2.2 uF C1005X5R1A225 0402 10V
Diode On-Semi Schottky NSRO240V2T1G SOD-523 40V, 250 mA
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8.2.3 Application Performance Plots

V\y = 3.6 V, full-scale current = 20.2 mA, LEDs are WLEDs part # SML-312WBCW(A), Typical Application Circuit , T4 = 25°C
unless otherwise specified. Efficiency is Voyr X (Inviepi + lhvienz + laviens)/(Vin X Iin), matching curves are (Al gp max/liep_ave)-
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Figure 17. Boost Efficiency vs Vg

92%
90%
88%
86%
84%
82%
80%
78%
76%
74%
2%
70%

EFFICIENCY (%)

Top to Bottom

Two String, L=22uH, 500kHz

i
/

/
/
//V/

//
//

/]

I/
[

25 3 35 4 45 5 55
VIN (V)

i

1 2x3, 2x4, 2x5, 2x6, 2x7, 2x8, 2x9, 2x10 (LEDs)

Figure 18. Boost Efficiency vs Vi

Two String, L=22uH, 1IMHz

92%
90% —
— —
88% —
86%
84% 7
82% 7
80% 77
78%
76%
7an [/
72% [
70%

EFFICIENCY (%)

RASNNNN

25 3 35 4 45 5 55
VIN (V)

Top to Bottom: 2x3, 2x4, 2x5, 2x6, 2x7, 2x8, 2x9, 2x10 (LEDs)

Figure 19. Boost Efficiency vs V|
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Figure 20. Boost Efficiency vs Vi
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Figure 21. Boost Efficiency vs Vi

24 Submit Do

cumentation Feedback

Copyright © 2013-2014, Texas Instruments Incorporated

Product Folder Links: LM3697



http://www.ti.com/product/lm3697?qgpn=lm3697
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSCS2B&partnum=LM3697
http://www.ti.com/product/lm3697?qgpn=lm3697

13 TEXAS
INSTRUMENTS

www.ti.com

LM3697
SNOSCS2B —~NOVEMBER 2013—REVISED APRIL 2014

V\y = 3.6 V, full-scale current = 20.2 mA, LEDs are WLEDs part # SML-312WBCW(A), Typical Application Circuit , T4 = 25°C
unless otherwise specified. Efficiency is Voyr X (Inviepi + lavienz + laviena)/(Vin X lin), matching curves are (Al gp max/liep ave)-
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Figure 22. Boost Efficiency vs Vg
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Figure 23. Boost Efficiency vs Vg
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Figure 24. Boost Efficiency vs V|
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Figure 25. Boost Efficiency Vvs V|y
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Figure 26. Boost Efficiency vs Vg
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Figure 27. Boost Efficiency vs Vg
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V\y = 3.6 V, full-scale current = 20.2 mA, LEDs are WLEDs part # SML-312WBCW(A), Typical Application Circuit , T4 = 25°C
unless otherwise specified. Efficiency is Voyr X (Inviepi + lavienz + laviena)/(Vin X lin), matching curves are (Al gp max/liep ave)-

Three String, L=4.7uH, 500kHz
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Figure 28. Boost Efficiency vs Vg

Three String, L=4.7puH, 1MHz
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Figure 29. Boost Efficiency vs Vg
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Figure 30. Boost Efficiency vs Vi

Two String, L=4.7pH, 1MHz
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Figure 31. Boost Efficiency vs V|

One String, L=4.7puH, 500kHz
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Figure 32. Boost Efficiency vs Vg

One String, L=4.7pH, 1MHz
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Figure 33. Boost Efficiency vs Vg
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V\y = 3.6 V, full-scale current = 20.2 mA, LEDs are WLEDs part # SML-312WBCW(A), Typical Application Circuit , T4 = 25°C
unless otherwise specified. Efficiency is Voyr X (Inviepi + lavienz + laviena)/(Vin X lin), matching curves are (Al gp max/liep ave)-

Three String, L=22pH, 500kHz
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Figure 34. Boost Efficiency vs I gp

Three String, L=22pH, 1MHz
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Figure 35. Boost Efficiency vs I gp

Two String, L=22uH, 500kHz
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Figure 36. Boost Efficiency vs I gp
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Figure 37. Boost Efficiency vs I gp
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Figure 38. Boost Efficiency vs I gp

Three String, L=10pH, 1MHz
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Figure 39. Boost Efficiency vs I gp
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V\y = 3.6 V, full-scale current = 20.2 mA, LEDs are WLEDs part # SML-312WBCW(A), Typical Application Circuit , T4 = 25°C
unless otherwise specified. Efficiency is Voyr X (Inviepi + lavienz + laviena)/(Vin X lin), matching curves are (Al gp max/liep ave)-
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Figure 40. Boost Efficiency vs I gp Figure 41. Boost Efficiency vs I gp
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Figure 42. Boost Efficiency vs I gp Figure 43. Boost Efficiency vs I, gp
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Figure 44. Boost Efficiency vs I gp Figure 45. Boost Efficiency vs I gp
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V\y = 3.6 V, full-scale current = 20.2 mA, LEDs are WLEDs part # SML-312WBCW(A), Typical Application Circuit , T4 = 25°C

unless otherwise specified. Efficiency is Voyr X (Inviepi + lavienz + laviena)/(Vin X lin), matching curves are (Al gp max/liep ave)-
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Figure 50. Shutdown Current vs. V|y
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V\y = 3.6 V, full-scale current = 20.2 mA, LEDs are WLEDs part # SML-312WBCW(A), Typical Application Circuit , T4 = 25°C
unless otherwise specified. Efficiency is Voyr X (Inviepi + lavienz + laviena)/(Vin X lin), matching curves are (Al gp max/liep ave)-
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8.3 Initialization Set Up

Table 25 illustrates the minimum number of register writes required for a two-parallel, seven-series LED
configuration. This example uses the default settings for ramp times (2048 psec), mapping mode (exponential)
and full-scale current (20.2 mA). In this mode of operation the LM3697 controls the brightness LSB's to ramp
between the 8-bit MSB brightness levels providing 11-bit dimming while requiring only 8-bit commands from the
host controller.

Table 25. Control Bank A, 8-Bit Control, Two-String, Seven Series LED Configuration Example

REGISTER NAME ADDRESS DATA DESCRIPTION
HVLED Current Sink Output .
Configuration 0x10 0x04 HVLED1 & 2 assigned to Control Bank A
HVLED Current Sink Feedback 0x19 0x03 Enable feedback on HVLED1 & 2, disable feedback on HVLED3
Boost Control Ox1A 0x04 OVP = 32V, fy, = 500 kHz
Control Bank Enables 0x24 0x01 Enable Control Bank A
Control A Brightness LSB 0x20 0x00 Control A Brightness LSB written only once
Control A Brightness MSB 0x21 User Value Control A Brightness MSB updated as required

Table 26 illustrates the minimum number of register writes required for a two-parallel, six-series LED
configuration with PWM Enabled. This example uses the default settings for ramp times (2048 psec), mapping
mode (exponential) and full-scale current (20.2 mA). In this mode of operation the host controller must update
both the brightness LSB and MSB registers whenever a brightness change is required.

Table 26. Control Bank A, 11-Bit Control, Two-String, Six Series LED Configuration Example

REGISTER NAME ADDRESS DATA DESCRIPTION
HVLED Curr_ent S_mk Output 0x10 0x04 HVLED1 & 2 assigned to Control Bank A
Configuration
HVLED Current Sink Feedback 0x19 0x03 Enable feedback on HVLEDL & 2, disable feedback on HVLED3
Boost Control O0x1A 0x02 OVP =24V, fg, = 500 kHz
) . PWM Zero Detect = Enabled, PWM Polarity = Active Hlgh, Control
PWM Configuration ox1C 0x0D B PWM = Disabled, Control A PWM = Enabled
Control Bank Enables 0x24 0x01 Enable Control Bank A
Control A Brightness LSB updated as required
Control A Brightness LSB 0x20 User Value (NOTE: The Brightness LSB change does not take effect until the

Brightness MSB register is written.)

Control A Brightness MSB updated as required
Control A Brightness MSB 0x21 User Value (NOTE: Anytime the Brightness LSB is changed the Brightness
MSB must be written for the Brightness LSB change to take effect.)

9 Power Supply Recommendations

The LM3697 is designed to operate from an input supply range of 2.7 V to 5.5 V. This input supply should be
well regulated and provide the peak current required by the LED configuration and inductor selected.
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10 Layout

10.1 Layout Guidelines

The LM3697's inductive boost converter sees a high switched voltage (up to Vgyp) at the SW terminal, and a
step current (up to Ic. goost) through the Schottky diode and output capacitor each switching cycle. The high
switching voltage can create interference into nearby nodes due to electric field coupling (I = CdV/dt). The large
step current through the diode and the output capacitor can cause a large voltage spike at the SW terminal and
the OVP terminal due to parasitic inductance in the step current conducting path (V = Ldi/dt). Board layout
guidelines are geared towards minimizing this electric field coupling and conducted noise. Figure 57 highlights
these two noise-generating components.

77N Voltage Spike

| \A/ (Vspike)
Vour + Ve Schottky — — — \\ 1>
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Current through

lpEAK — — — — -
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Parasitic
Circuit Board
————————————————————————— Inductances
Affected Node
due to Capacitive Coupling
£:Cp1 LCD Display
v Lpl D1 Lp2 /
Up to 40V,
27Vt055V >—1»—[YYY\—0—/YW\—>’L—/WY‘ e
Sw _———t -] ————t———
IN !
e % ST SR C O S
I LM3697 : 3 y3 ¥y
) S - Yy A 2 A 2 !
PWM OVP : 3 3 3 !
>————— 1 HWEN | y3 y3 y3 |
. A ¥ 2 :
S 2 N 2N £
oL ___ S
> lIscL
>——— 1spA
HVLED1

HVLED2

HVLED3
GND
L
Figure 57. LM3697'S Inductive Boost Converter Showing Pulsed Voltage At SW (High Dv/Dt) And Current
Through Schottky And COUT (High Di/Dt)

The following list details the main (layout sensitive) areas of the LM3697’s inductive boost converter in order of
decreasing importance:

1. Output Capacitor
— Schottky Cathode to COUT+
— COUT-to GND
2. Schottky Diode
— SW terminal to Schottky Anode
— Schottky Cathode to COUT+
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Layout Guidelines (continued)
3. Inductor

— SW Node PCB capacitance to other traces
4. Input Capacitor

— CIN+ to IN terminal

10.1.1 Boost Output Capacitor Placement

Because the output capacitor is in the path of the inductor current discharge path it detects a high-current step
from O to Ipgak €ach time the switch turns off and the Schottky diode turns on. Any inductance along this series
path from the cathode of the diode through COUT and back into the LM3697's GND terminal contributes to
voltage spikes (Vspike = Lp X di/dt) at SW and OUT. These spikes can potentially over-voltage the SW terminal,
or feed through to GND. To avoid this, COUT+ must be connected as close as possible to the cathode of the
Schottky diode, and COUT- must be connected as close as possible to the LM3697's GND bump. The best
placement for COUT is on the same layer as the LM3697 in order to avoid any vias that can add excessive
series inductance.

10.1.2 Schottky Diode Placement

In the LM3697’s boost circuit the Schottky diode is in the path of the inductor current discharge. As a result the
Schottky diode sees a high-current step from 0 to Ipgak €ach time the switch turns off and the diode turns on.
Any inductance in series with the diode causes a voltage spike (Vgpkg = Lp X di/dt) at SW and OUT. This can
potentially over-voltage the SW terminal, or feed through to Vot and through the output capacitor and into GND.
Connecting the anode of the diode as close as possible to the SW terminal and the cathode of the diode as close
as possible to COUT and reduces the inductance (Lp ) and minimize these voltage spikes.

10.1.3 Inductor Placement

The node where the inductor connects to the LM3697’'s SW bump has 2 issues. First, a large switched voltage (0
to VouT + Ve scHoTTky) appears on this node every switching cycle. This switched voltage can be capacitively
coupled into nearby nodes. Second, there is a relatively large current (input current) on the traces connecting the
input supply to the inductor and connecting the inductor to the SW bump. Any resistance in this path can cause
voltage drops that can negatively affect efficiency and reduce the input operating voltage range.

To reduce the capacitive coupling of the signal on SW into nearby traces, the SW bump-to-inductor connection
must be minimized in area. This limits the PCB capacitance from SW to other traces. Additionally, high-
impedance nodes that are more susceptible to electric field coupling need to be routed away from SW and not
directly adjacent or beneath. This is especially true for traces such as SCL, SDA, HWEN, and PWM. A GND
plane placed directly below SW dramatically reduces the capacitance from SW into nearby traces.

Lastly, limit the trace resistance of the VIN to inductor connection and from the inductor to SW connection, by
use of short, wide traces.

10.1.4 Boost Input Capacitor Placement

For the LM3697’s boost converter, the input capacitor filters the inductor current ripple and the internal MOSFET
driver currents during turn on of the internal power switch. The driver current requirement can range from 50 mA
at 2.7 V to over 200 mA at 5.5 V with fast durations of approximately 10 ns to 20 ns. This appears as high di/dt
current pulses coming from the input capacitor each time the switch turns on. Close placement of the input
capacitor to the IN terminal and to the GND terminal is critical since any series inductance between IN and CIN+
or CIN- and GND can create voltage spikes that could appear on the VIN supply line and in the GND plane.

Close placement of the input bypass capacitor at the input side of the inductor is also critical. The source
impedance (inductance and resistance) from the input supply, along with the input capacitor of the LM3697, form
a series RLC circuit. If the output resistance from the source (Rg) is low enough the circuit is underdamped and
has a resonant frequency (typically the case). Depending on the size of Lg the resonant frequency could occur
below, close to, or above the LM3697's switching frequency. This can cause the supply current ripple to be:

1. Approximately equal to the inductor current ripple when the resonant frequency occurs well above the
LM3697's switching frequency;

2. Greater than the inductor current ripple when the resonant frequency occurs near the switching frequency; or
3. Less than the inductor current ripple when the resonant frequency occurs well below the switching frequency.
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Layout Guidelines (continued)

Figure 58 shows the series RLC circuit formed from the output impedance of the supply and the input capacitor.
The circuit is redrawn for the AC case where the Vy supply is replaced with a short to GND, and the LM3697 +
Inductor is replaced with a current source (Al,). Equation 1 is the criteria for an underdamped response. Equation
2 is the resonant frequency. Equation 3 is the approximated supply current ripple as a function of Lg, Rg, and
C|N.

As an example, consider a 3.6-V supply with 0.1 Q of series resistance connected to C,y through 50 nH of
connecting traces. This results in an under-damped input-filter circuit with a resonant frequency of 712 kHz.
Since both the 1-MHz and 500-kHz switching frequency options lie close to the resonant frequency of the input
filter, the supply current ripple is probably larger than the inductor current ripple. In this case, using equation 3,
the supply current ripple can be approximated as 1.68 times the inductor current ripple (using a 500-kHz
switching frequency) and 0.86 times the inductor current ripple using a 1-MHz switching frequency. Increasing
the series inductance (Ls) to 500 nH causes the resonant frequency to move to around 225 kHz, and the supply
current ripple to be approximately 0.25 times the inductor current ripple (500-kHz switching frequency) and 0.053
times for a 1-MHz switching frequency.
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Figure 58. Input RLC Network
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10.2 Layout Example

Inner or VIA
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Figure 59. LM3697 Layout Example
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11 Device and Documentation Support

11.1 Device Support

11.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

11.2 Trademarks
All trademarks are the property of their respective owners.

11.3 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

11.4 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)
LM3697YFQR ACTIVE DSBGA YFQ 12 3000 Green (RoHS SNAGCU Level-1-260C-UNLIM -40to 125 D8
& no Sh/Br)
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LM3697YFQR DSBGA YFQ 12 3000 178.0 8.4 135 | 1.75 | 0.76 4.0 8.0 Q1

Pack Materials-Page 1
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INSTRUMENTS
www.ti.com 26-Feb-2014
TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM3697YFQR DSBGA YFQ 12 3000 210.0 185.0 35.0
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MECHANICAL DATA
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(0.4) DIMENSIONS ARE IN MILLIMETERS

ﬁ @ i @ @ DIMENSTONS IN ( ) FOR REFERENCE ONLY
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TMD12XXX (Rev B)

D: Max = 1.64 mm, Min = 1.58 mm
E: Max = 1.29 mm, Min = 1.23 mm

4215079/A  12/12

NOTES: A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
B. This drawing is subject to change without notice.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2014, Texas Instruments Incorporated
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