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1 Introduction

Inductive power sources for driving white LEDs for LCD backlights in mobile handsets must consume
very little space, be efficient, and must be no thicker than a predetermined height. Usually there can
be compromises on efficiency and PCB area, but the height restriction is a hard requirement since this
is dictated by the overall thickness of the handset.

Achieving good efficiency and finding usable components for these applications can be difficult since
typical height restrictions are <1mm while the power requirements can be up 1W. This forces almost
unrealistic constraints on a typical capacitor and inductor choices.

The objective of this reference design is to demonstrate an inductive boost white LED driver which
can drive up to 2 strings of 8 LEDs (16 LEDs total) at 20mA per LED, while maintaining an overall
component height of < 0.7mm (max). Data is presented for optimum circuit configuration in the 2x4,
2x5, 2x6, 2x7, and 2x8 LED configurations.

2 Key System Specifications

Parameter Specification and Feature
Max String Current 20mA
Maximum VOUT 28V
Maximum Component Height 0.6mm
Operating Temperature Range -40C to 85C
PWM Dimming Frequency Range 5kHz to 50kHz
Dimming Duty Cycle Range 0.5% to 100%
Boost Switching Frequency 1.2MHz
Boost Efficiency (2x8 LEDs, VIN = 3.7V, TA = 25C) 5mA/string L =4.7uH (81%)

L = 10pH (Saturation)

20mA/string L =4.7uH (81.8%)

L = 10pH (Saturation)

Boost Efficiency (2x7 LEDs, VIN = 3.7V, TA = 25C) 5mA/string L =4.7uH (82%)

L = 10pH (82.7%)

20mA/string L =4.7uH (82.6%)

L = 10pH (81.2%)

Boost Efficiency (2x6 LEDs, VIN = 3.7V, TA = 25C) 5mA/string L =4.7pH (83%)

L = 10uH (83.5%)

20mA/string L =4.7uH (83.2%)

L = 10pH (83.3%)

Boost Efficiency (2x5 LEDs, VIN = 3.7V, TA = 25C) 5mA/string L =4.7uH (83.6%)

L = 10uH (84.6%)

20mA/string L =4.7uH (84.3%)

L = 10pH (84.9%)

Boost Efficiency (2x4 LEDs, VIN = 3.7V, TA = 25C) 5mA/string L =4.7uH (Not Taken, 10uH is best)

L = 10uH (85%)

20mA/string L =4.7pH (Not Taken, 10uH is best)

L = 10uH (86.2%)
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3 System Description

3.1 TI Device 1

The main component in the design is the TPS61163A. This is a dual string inductive boost white LED
driver with a 2.7V to 6.5V input voltage range, a 30mA max current per string, and an output which
can range from VIN to 37.5V. The device operates with typical inductors in the 4.7uH to 22uH range
and requires a typical 1uF output capacitor. Dimming is achieved by applying a logic level PWM signal
into the PWM input with a frequency range of 5kHz to 50kHz.
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Figure 1: TPS61163A block diagram

The design of the Ultra-Low Profile circuit is all about component selection. This consists of the
inductor, the output capacitor, and the Schottky diode.
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Inductor Selection

The inductor selected is the XFL2006 from Coilcraft. The following options are possible selections:

Table 1. XFL2006 Inductors

Part Number Induct DC IDC_MAX IRMS_MAX
ance Resistance (20% drop from (40°C temp rise)
(Nomi nominal )
nal)
XFL2006-472ME 4.7pH 0.665 520mA 660mA
Q
XFL2006-103ME 10pH 1.27 310mA 440mA
Q

The 2 main concerns with inductor selection are the DC resistance (for efficiency) and the inductor
saturation rating (for inductor current capability). The DC resistance will be what it is since these
inductors are not chosen for their low DCR, but for their low height. The inductor saturation rating on
the other hand will determine the inductor selected for the configuration (4.7uH or 10uH) and will
dictate the maximum output power from the boost.

Maximum Inductor Current

The XFL2006 inductors have a gradual saturation vs current so the limiting parameter is the RMS
inductor current instead of the peak inductor current. Determining the maximum RMS inductor
current required by the configuration is dependent on the following:

Minimum VIN

Maximum VOUT

Maximum Output Current
Circuit Efficiency

Minimum Inductance
Minimum Switching Frequency

ok wnN R

Generally at the maximum RMS current the circuit will be operating in continuous conduction mode
(CCM). However, for higher minimum input voltages, discontinuous conduction mode operation is
possible so the equations for both are given in (1) and (3) below.
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For continuous conduction mode

VIN x D\?
IL_RMS_CCM = (’10_"5)2 + i SVZ;L) (1)

IL _ (IOUT) _( I0UTXVOUT ) 2)
AVEccm — \1-p/) = \VINxefficiency
VOUT-VINXxef ficienc
Where D = /f z

vour

For discontinuous conduction mode

IL_RMS DCM = VINXD (D+D0) )
fSWXL 3

ILAVE_DCM = —2UTxI0UT_ @)
VINXef ficiency

Where D = \/(M— 10UT x 2) x 22
VINXef ficiency VIN

I0UTX2X fswXL
VINXD

And DO =

Table 1 list the summary of operating conditions for the different configurations (2P4S, 2P5S, 2P6S,
2P7S, and 2P8S). The green font indicates sufficient margin between the maximum operating
capabilities of the inductor and the TPS61163A. The orange font indicates the operation is within
typical limits allowed for either the inductor or the TPS61163A, but can be outside the limits at
extremes of process, voltage, or temperature. The red font indicates the operation is outside the
range of the TPS61163A or the inductor. These indications are only for the conditions listed in the
table. The one line item that is in red font is possible with a more restricted input voltage range.
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Table 2. Summary Table for Inductor Operating Current
Circuit Operating Conditions Inductor Limitations
IL_RMS
(assuming
-20%
dropinl), ISAT(20%
Boost IL_AVE from dropinlL)
Duty L (-20% (equation equation (based on IRMS IRMS
Config Ta VOUT 10UT VIN Efficiency Cycle from nom) #2, or #4) #1, or #3 IAVE) (20C rise) (40C rise)
2P5S 25 16.03V 39.61mA 2.8V 81.8% 0.86 3.76uH 277mA 317mA 440mA 500mA 660mA
2P6S 25 19.08V 39.66mA 2.8V 80% 0.88 3.76uH 338mA 373mA 440mA 500mA 660mA
2P7S 25 22.15V 39.67mA 2.8V 77.7% 0.9 3.76uH 404mA 435mA 440mA 500mA 660mA
2P8S 25 25.24V 39.64mA 2.8V 74.4% 0.92 3.76uH 480mA 507mA 440mA 500mA 660mA
2P5S 85 15.26V 39.6mA 2.8V 79.9% 0.85 3.76uH 270mA 310mA 440mA 500mA 660mA
2P6S 85 18.2v 39.64mA 2.8V 77.3% 0.88 3.76uH 333mA 369mA 440mA 500mA 660mA
2P7S 85 21.14V 39.63mA 2.8V 73.7% 0.9 3.76uH 405mA 436mA 440mA 500mA 660mA
2P8S 85 24.11V 39.64mA 2.8V 67.3% 0.92 3.76uH 507mA 533mA 440mA 500mA 660mA
2P8S 85 24.11V 39.63mA 3V 73.1% 0.91 3.76uH 435mA 469mA 440mA 500mA 660mA
2P8S 85 24.12V 39.68mA 3.3V 76.9% 0.89 3.76uH 377mA 421mA 440mA 500mA 660mA
2P4S 25 12.84V 39.6mA 2.8V 81.4% 0.82 8uH 223mA 234mA 310mA 345mA 440mA
2P5S 25 15.94v 39.61mA 2.79V 77.5% 0.86 8uH 292mA 300mA 310mA 345mA 440mA
2P6S 25 19V 39.66mA 2.79V 71.6% 0.89 8uH 377mA 385mA 310mA 345mA 440mA
2P7S 25 22.05V 39.67mA 3v 70.5% 0.9 8uH 414mA 422mA 310mA 345mA 440mA
2P4S 85 12.3V 39.6mA 2.79V 78.9% 0.82 8uH 221mA 231mA 310mA 345mA 440mA
2P5S 85 15.25V 39.61mA 2.8V 73.6% 0.87 8uH 294mA 303mA 310mA 345mA 440mA
2P6S 85 18.2v 39.62mA 2.78V 70.5% 0.89 8uH 407mA 414mA 310mA 345mA 440mA
TIDUBEA4 - January 2016 Ultra-Low Profile Backlight Driver Circuit Design 6
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Measured Efficiency (L = 4.7uH)

The following plots (Figures 2 through 9) show the measured (Boost) efficiency vs Duty cycle (or LED
Current) and VIN for the 4.7uH configuration. Boost Efficiency is the total output power POUT
divided by the input power. VOUT x IOUT/ (VIN x IIN)

2x8 LEDs, L=4.7uH, TA = 85C
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Figure 2. Boost Efficiency (2x8 LEDs), L = 4.7uH, TA = 85C

2x8 LEDs, L = 4.7uH, TA = 25C
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Figure 3. Boost Efficiency (2x8 LEDs), L = 4.7uH, TA = 25C
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Figure 5.

Boost Efficiency (2x7 LEDs), L = 4.7uH, TA = 25C

TIDUBEA4 - January 2016 Ultra-Low Profile Backlight Driver Circuit Design

Copyright © 2016, Texas Instruments Incorporated




TeEXAS
INSTRUMENTS
www.ti.com

co co oo
N O

80

)

Boost Efficiency (%

GO O NN NN
MNoOBR Y0 O N B

[ =)
o O

2x6 LEDs, L =4.7uH, TA = 85C
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Figure 6.

Boost Efficiency (2x6 LEDs), L = 4.7uH, TA = 85C
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Figure 7. Boost Efficiency (2x6 LEDs), L = 4.7uH, TA = 25C
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2x5 LEDs, L=4.7uH, TA = 85C
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Figure 8. Boost Efficiency (2x5 LEDs), L = 4.7uH, TA = 85C
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Figure 9. Boost Efficiency (2x5 LEDs), L = 4.7uH, TA = 25C
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Inductor Current Ripple (4.7uH)

The inductor current ripple with the 4.7uH inductor is shown in Figures 10 and 11. This is with the
maximum output power configuration (2x8), and at full load (40mA total output current). This
shows that the nominal value of inductance is only slightly changing with the increased ambient
temperature (around a 6% drop).

L(equivalent) = V x At/Al = 2.8Vx776ns/420mA = 5.17uH

(400ns 3 Tl

-4 10,000t 3 G04maA |
Valu Mean Min dan 5td Devy i
3.600ns Lowr resolution

Fiure 10. Inductor Current Ripple (2x8 LEDs), L = 4.7uH, TA = 85C, IOUT = 40mA

L=V x At/Al = 2.8Vx768ns/392mA = 5.49uH
ﬂp—u—
| u — .

—+

| GO4ma |
Value Mean an Std Dev
13.60ns Low signal 3

Fiure 11. Inductor Current Ripple (2x8 LEDs), L = 4.7uH, TA = 25C, IOUT =40mA
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Measured Efficiency (L = 10puH)

The following plots (Figures 12 through 17) show the measured (Boost) efficiency vs Duty cycle (or
LED Current) and VIN for the 10uH configuration. Boost Efficiency is the total output power POUT
divided by the input power. VOUT x IOUT/(VIN x IIN)

2x6 LEDs, L = 10uH, TA = 85C
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Figure 12. Boost Efficiency (2x6 LEDs), L = 10puH, TA = 85C

2x6 LEDs, L = 10uH, TA = 25C
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Figure 13. Boost Efficiency (2x6 LEDs), L = 10puH, TA = 25C
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2x5 LEDs, L = 10uH, TA = 85C
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Figure 14. Boost Efficiency (2x5 LEDs), L = 10uH, TA = 85C
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Figure 15. Boost Efficiency (2x5 LEDs), L = 10uH, TA = 25C
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2x4 LEDs, L = 10uH, TA = 85C
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Figure 16. Boost Efficiency (2x4 LEDs), L = 10uH, TA = 85C
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Figure 17. Boost Efficiency (2x4 LEDs), L = 10uH, TA = 25C
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Inductor Current Ripple (10puH)

The inductor current ripple for the 10uH is shown in Figures 18 and 19. This is with the maximum
output power configuration (2x6), and at full load (40mA total output current). The plots show the
operating inductance at 25C and 85C. This shows that the nominal value of inductance is changing
with the increased ambient temperature (around a 14% drop).

L=V x At/Al = 2.8Vx768ns/256mA = 8.4uH

400ns 2.50G5/s ra | . .
X I+v630.000ns  5M points 420maA | ]
| Value Mean in Max Std Dev | 7 Mar 2015]
@& Period 4.400ns Low resolution |18:00:38

Fiure 18. Inductor Current Ripple (2x6 LEDs), L = 10pH, TA = 5C, IOUT =40mA

L=V x At/Al = 2.8Vx736ns/212mA = 9.72uH

2.50GS/s
Jll+v630.000ns  5M points

[ value Mean Min Max
Period 7.040ns Low signal amplitude

Fiure 19. Inductor Current Ripple (2x6 LEDs), L = 10pH, TA =25C, IOUT =40mA
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Boost Output Voltage
The operating boost output voltage for the different configurations is shown in the following figures.

Output Voltage, TA = 25C
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Figure 20. Boost Output Voltage (TA = 25C)

Output Voltage, TA = 85C
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Figure 21. Boost Output Voltage (TA = 85C)
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Output Capacitor

To keep the circuit height < 0.7mm (max), the output capacitor will have to be an 0402 case size.
However, due to the requirement that the output capacitance be at least 0.4uF at the operating
voltage, there will have to be multiple 0402 capacitors in parallel.

The choice of capacitor is a 25V, 2.2uF, 0402 from Murata, part number (GRM155R61E225KE11)).
The typical curve of capacitance vs DC bias for a single capacitor is given in Figure 22. The blue line is
the measured capacitance for a typical device at 25C. The red line is the same curve with the -15%
reduction due to temperature and the -10% reduction in tolerance (i.e. Red = Blue x 0.85 x 0.9). The
target is to have at least 0.4uF of total capacitance at the output. With the max operating voltage of
around 25V, a single capacitor can be as low as 0.187uF. Because of this the design requires 3 of
these capacitors in parallel.

Capacitance vs DC Voltage
4 (Murata, GRM155R61E225KE11))
2.2
2 N\ |
N Nominal
1.8
~ 1\
-~ 16 TN
= N
314 \ Temp and
g 1.2 \ Tolerance
c 1 N
g 06 N
0.2
0 1 1 1 1
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30
DC Voltage (V)
Figure 22. Output Capacitor Derating Curve
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Output Capacitor Stability Verification

To verify the design is stable with the recommended capacitance, line steps are shown below over
temperature (Figures 23 through 28) . The plots (at max load current), show normal behavior (i.e. no
instability, or marginal instability).

-40C 85C

I[CI 1,00V Ak

Value Vilue Mean

60.0n5 ) |¢'..-....._..: 400,005 Low

-40C 85C

-40C | ' | ~ 85C

Py il T YT

Figure 25. Line Voltage Steps (4.2V to 3.V), L= 1uH, IOUT = 40mA
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Figure 26. Line Voltage Steps (3.3V to 2.8V), L = 4.7uH, IOUT = 40mA
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/ Min ar
|t—. eriod 20 o amplitude L o | R Perio

Fgure 27. Line Voltage Steps (3.7V to 3.2V), L = 4.7uH, IOUT = 40mA

-40C | ~ 85C

Value
60.00ns

Fgure 28. Line Voltage Steps (4.2Vt03.7V), L= 4.7uH, IOUT = 40mA
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Measuring Active Output Capacitance in a Boost

Another method to verify the output capacitance is to measure it directly by observing the output
capacitors voltage ripple. In a boost, during the on time of the switch, the output capacitor is the only
source of the load current. Because of this, VOUT will discharge (I = C x AV/At), or (C = | x At/AV),
where AV is the voltage ripple, At is the switch on-time, and | is the output current. In the case in
figure TBD, COUT is measured across 3 of the GRM155R61E225KE11’s in parallel.

C =39.7mA x 776ns/44.4mV = 0.693uF

Sto -~ —

; 11.87ms 22.80mv |
R I S 11.88ms -21.60mv
\ A776.0ns A44.40my |

; : 2.50G5/s [1)
[ value GED] Min Max Std Dev 12 Mar 2015
& Period 3.200ns Low resolution 17:09:08

Figure 29. Typical COUT at 2x8 LEDs, IOUT =39.7mA, TA = 5C, VOUT = 25.4V)

Schottky Diode Selection

The Schottky diode is chosen for small size and a height < 0.7mm. A good fit device is the
NSRO2F30NXT5G from On-Semiconductor. This is in a 0201 case size with a max height of 0.3mm.
The Schottky diode must be selected such that it has a maximum reverse voltage which is greater
than the maximum VOUT in the application, a maximum DC current that is greater than the total LED
current, and a peak surge current which is greater than the peak inductor current seen in the
application.

The NSRO2F30NXT5G diode has the following ratings:
1. Maximum peak current (4A)
2. Maximum DC forward current (200mA)
3. Maximum reverse voltage (30V)

The maximum VOUT in the application for the 2x8 LED configuration forces the need for a 30V
Schottky. The max IOUT is 40mA, therefore the diodes average current must be > 40mA. The peak
current can be calculated from the following:

Vour max*loutr max , Vin min*(Vour max—Vin_minxefficiency)
Vin_minXef ficiency Vour maxX(fSWXLpnX2)

Ipgak =

This assumes continuous conduction mode. The equation for discontinuous conduction mode is not
given since it is more complicated and the maximum peak current will not occur when the boost is in
DCM in this application. For the maximum output power application (2x8 LEDs, L_MIN = 3.76uH,
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VIN_MIN = 2.8V, VOUT_MIN = 25.24V, IOUT_MAX = 40mA, fsw = 1.2MHz, efficiency = 74.4%), IPEAK is
770mA.

Other things to consider when selecting the Schottky are:

1. Diode reverse leakage current
2. Total Capacitance
3. Forward Voltage Drop

Reverse Leakage Current

Reverse leakage current (IR) is the current from VOUT through the diode and into the SW node when
the diode is reverse biased. Since this is leakage from VOUT it is the same as adding extra output
current during the switch on time that does not go through the LEDs. In the selected diode, IR is
typically 1uA at VR = 25V. This will have only a small effect on efficiency and compared to other
diodes available, is on the low side.

However, typical specifications on leakage current can be misleading since IR increases drastically
with diode temperature. This is enhanced further since the thermal resistance of a small device such
as the (NSRO2F30NXT5G) can be very high (>500°C/W), especially when mounted on the small PCB
area used in mobile handsets. This can result in large diode self-heating and a much higher than
expected reverse current. If reverse current over temperature becomes too high the diode can go
into thermal runaway. Thermal runaway happens when the added power from the reverse current
self-heats the diode causing a positive feedback between temperature and current. This eventually
forces the reverse current high enough such that either the backlight boost goes into current limit or
the diode fails. A conservative estimate is to assume the diode is operating at 125C and to ensure
the IR number at 125°C is still relatively low. In the case of the NSRO2F30NXT5G, the IR at 125C is
only 500uA, so this would not cause any thermal issues. Figure 30 shows the reverse current plot
taken from the NSRO2F30NXT5G datasheet.

1.0E+04

— 150°

1.0E+03

o
m
+

o
M)

5 10 15 20 25 30

Vg, REVERSE VOLTAGE (V)
Figure 30. NSRO2F30NXT5G Reverse Current (IR) vs Reverse Voltage and Temp
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Total Capacitance

Total capacitance is related to the amount of charge that is stored across the diodes junction when
reverse biased. This total charge is shown in the diode capacitance vs reverse voltage curve (see
Figure 31, taken from the NSRO2F30NXT5G datasheet). The total charge is the area under the curve
from the peak reverse voltage down to 0. At a reverse voltage of 25V we see approximately 150pC.
This equates to 180uA of average current per switching cycle from VOUT (150pC x 1.2MHz = 180uA).
This is OK since it has only a slight effect on efficiency. For example, with 180uA of extra output
current the efficiency loss for the 2x8 LED application at VIN = 3.7V equates to approximately:

180uA x VOUT/Input Power = 0.38%

Some diodes have 10X the amount of junction capacitance which can obviously have drastic effects
on efficiency especially at light loads.

18 Tp=25°C_|
T
£ 16
O
2 14\
E 12
SESN AN
< 10 N
<
1
O
=4
-
©

0

0 5 10 15 20 25 30

VR, REVERSE VOLTAGE (V)
Figure 31. NSRO2F30NXT5G Diode Capacitance vs Reverse Voltage and Temp
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4 Test Setup
The test set-up was basically the EVM for the TPS61163 with the following changes:

1. The typical inductor was replaced with the XFL2006 (from Coilcraft), L1

2. Two extra pads were added for the 3x output capacitors (GRM155R61E225KE11J from
Murata), C1, C2, C3.

3. Anew footprint for the Schottky Diode (NSRO2F30NXT5G) from On-Semi was added (D1).

4. The bypass capacitor used for CIN was a 2.2uF, 6.3V, X5R, 0201 case size. This device
provides local filtering for the TPS61163’s IN pin

5. The capacitor used for CCOMP was a 220nF, 6.3V, X5R, 0201 case size.

6. The resistor used for RSET was a 64k(2, 1%, 0201 case size. This sets the maximum string
current to

ISTRING = VSET/RSET x K = 1.229V/64kQ x 1030 = 19.8mA

The core layout for the circuit is shown in Figure 32.

L1

CIN
CCOMP RSET

-«
) 4.2mm
3.7mm
Figure 32. Ultra-Low Profile Backlight Circuit
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5 Design Files

5.1 Schematics

To download the Schematics for each board, see the design files at http://www.ti.com/tool/TIDA=-00878

D1

= l l
Y YY)
10uH Cc1 cz2 —_C3
2.2pF 2.2pF 2.2pF
CIN
2.2uF
EN U1

2 = & 1 c3 =
- b VIN SW oD
il cl A3
EN IFBI jo- 3
Bl A2
oW PWM IFB2
] I
o B2 | comp ISET (! |- =
= B3
CCOMP GND | RSET omn on

0.22uF TPSE1163AYFFR 56.0k ILEDZ2 ILED1

GND —= =
GND GND
Figure 33: Board Schematic

I ——
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5.2 Bill of Materials

To download the Bill of Materials for each board, see the design files at http://www.ti.com/tool/TIDA-00878

&3 Texas INSTRUMENTS

Bill of Materials

Manufacturer
Item Qty Reference Value Part Description Manufacturer
Part Number
1 1 PCB N/A Printed Circuit Board Any TIDA-00878
31,4 7,51,52,61,
62,7 1,7 2,EN,GND, | 2x1, 100mil
2 15 ILED1, ILED2, PWM, VIN, pitch Header, 100mil, 2x1, Gold, TH Samtec TSW-102-07-G-S
CAP, CERM, 2.2 pF, 25 V, +/- 10%, X5R,
3 3 C1,C2,C3 2.2uF 0402 MuRata GRM155R61E225KE11D
CAP, CERM, 0.22 uF, 6.3 V, +/- 20%, X5R,
4 1 CCOMP 220nF 0201 MuRata GRMO33R60J224ME90
CAP, CERM, 2.2 pF, 6.3 V, +/- 20%, X5R,
5 1 CIN 2.2uF 0201 Samsung Electro-Mechanics CLO3A225MQ3CRNC
6 1 DO Schottky Diode, Schottky, 30 V, 0.2 A, 0201 DIODE ON Semiconductor NSRO2F30NXT5G
D1, D2, D3, D4, D5, D6, D7,
D8, D9, D10, D11, D12,
7 16 D13, D14, D15, D16 White LED LED, White, SMD JKL Components ZSM-T3020-W
Thauctar, Shielded, Lomposite, 10 W, U.37
8 1 L1 10uH A, 1.27 ochm, SMD Coilcraft XFL2006-103MEB
9 1 RSET 56k Ohm RES, 56.0 k, 1%, 0.05 W, 0201 Vishay-Dale CRCW020156K0FKED
White LED Dual-Channel WLED Drivers For Smart
10 1 TPS61163 Driver Phone, YFFOOD9AGAG Texas Instruments TPS61163AYFFR
- ___________________________________________________________________________________________________________________________________________________________________________________________________________—__}
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5.2.1 Layout Prints

To download the Layout Prints for each board, see the design files at
http://www.ti.com/tool/TIDA-00878

i3 TExAS ®
INSTRUMENTS
7_1 o_2 VULED .
EN
D1 | (]
Ly D2 Bl
= D3 | e
(@) PWM
O D4 kit
N D6
LO D7 |
D8
ILED1 . 224
TIDA-00878 Rev E1
Q—1715 O0Om11l >

Figure 24: Top Layer

1575.00m11

<—1/715.00mi]l————=>

Figure 35: Mid Layer 1
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1575.00m1l——>

—1/15.00m11l

Figure 36: Mid Layer 2

kj 9 A

&—1/15.00m11l

1575.00m11

Figure 37: Bottom Layer
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6 Software Files
None

7 References

1. TPS61163A Datasheet
http://www.ti.com/lit/ds/symlink/tps61163a.pdf

2. XFL2006 Datasheet
http://www.coilcraft.com/pdfs/xfl2006.pdf

3. NSRO2F30NXT5G Datasheet
http://www.onsemi.com/pub link/Collateral/NSRO2F30-D.PDF

4. GRM155R61E225KE11) Datasheet
http://psearch.en.murata.com/capacitor/product/GRM155R61E225KE11%23.pdf

8 Terminology
None

9 About the Author

Travis Eichhorn is a Systems Engineer at Texas Instruments, where he is responsible for
low to medium power LED power products.
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Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to 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.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, 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 are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl 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 for TI components 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.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs 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.

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 that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's 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 Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that 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 that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl 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.
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