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A 12-V Input, 5.0-V and 3.3-V Output, 2-A
Non-Synchronous Buck Converter

1 Introduction

The TPS54386EVM evaluation module (EVM) is a dual non-synchronous buck converter providing fixed

5.0-V and 3.3-V output at up to 2 A each from a 12-V input bus. The EVM is designed to start up from a

single supply, so no additional bias voltage is required for start-up. The module uses the TPS54386 Dual
Non-Synchronous Buck Converter with Integral High-Side FET.

1.1 Description

TPS54386EVM is designed to use a regulated 12-V (+10% / -20%) bus to produce two regulated power
rails, 5.0 V and 3.3 V at up to 2 A of load current each. TPS54386EVM is designed to demonstrate the
TPS54386 in a typical 12-V bus system while providing a number of test points to evaluate the
performance of the TPS54386 in a given application. The EVM can be modified to other input or output
voltages by changing some of the components.

1.2 Applications
* Non-Isolated Low Current Point of Load and Voltage Bus Converters
» Consumer Electronics
+ LCDTV
» Computer Peripherals
» Digital Set Top Box

1.3 Features
e 12-V (+10% / -20%) Input Range
e 5.0-V and 3.3-V Fixed Output Voltage, Adjustable with Resistor Change
» 2-Apc Steady State Output Current (3 A Peak)
»  600-kHz Switching Frequency (fixed by TPS54386)
* Internal Switching MOSFET and External Rectifier Diode

» Double Sided 2 Active Layer PCB (all components on top side, test point signals routed on internal
layers)

» Active Converter Area Less than 1.8 Square Inches (0.89” x 1.97")
» Convenient Test Points (used for probing switching waveforms and non-invasive loop response testing)
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2 TPS54386EVM Electrical Performance Specifications
Table 1. Electrical Performance Specifications
SsYmMBOL | PARAMETER | MmN | TYp MAX UNITS
Input Characterstics
VN Input coltage 9.6 12 13.2 \%
N Input current VN = nom, loyt = max - 1.6 2.0 A
No load input current VN =nom, loyt =0 A - 12 20 mA
ViN_uvLo Input UVLO louT = Min to max 4.0 4.2 4.4 \%
Output Characterstics
VouT1 Output voltage 1 V|n = nom, loyt = hom 4.85 5.0 5.15 v
Vout? Output voltage 2 V|n = nom, loyt = nom 3.20 3.3 3.40
Line regulation VN = min to max - - 1%
Load regulation IOUT = min to max - - 1%
Vour ripple | Output voltage ripple VN = nom, lgyt = max - 30 mVp,
lout1 Output current 1 VN = min to max 0 2.0
lout2 Output current 2 VN = min to max 2.0
loce1 piput over current Vin = nom, Vour = Vours - 5% 31 3.7 45| A
locp2 gftp“t over current Vin = nom, Vour = Vours - 5% 3.1 37 45
annel 2
Systems Characterstics
Fsw Switching frequency 510 630 750 kHz
npk Peak efficiency VN = hom - 90% -
n Full load efficiency VN = nom, lgyt = max - 85% -
Top gr;zrslting temperature VN = min to max, lgyt = min to max 0 25 60 °C
4 A 12-V Input, 5.0-V and 3.3-V Output, 2-A Non-Synchronous Buck Converter SLUU286-March 2008

ubmit Documentation Feedbac



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUU286

Schematic

OND 8HO OND  VHD
Lidl 9ldl SidL +v1dl

L

|

(4%
£l

4 _n_u— ESIELICENN

odr —
x4

OND 21
Lidl

g0d ud pajondod 16N jusucdwo) 6

5

¢ @190u3 | @903 VHO ON9  @HO QN9
N3 d N3 8dl Ldl 9dl Sdl
! ' APGL =
Zdb — — Ld°
sia sI0 chd
nERE
vy EL%Y
82

167'9
4uze 18
G132

INSTRUMENTS
www.ti.com

{';‘ TEXAS

Schematic

3

VWW———AN 2 —AN
15 1807 T - T T T wsez 18
oLy 6y <Y 1y
oL - Gl ]
83 Pard oy
VZOAS . % g oLy VZ 8 /S
= ClnoA C1OSTSHAN unwmw — e 040 M L0 L £10¢e SHaN = LINOA
= == = za ZnS LAS! = 1a == == B3
4M@L | 4n@1L | dnsY ANLy | 40@L | 4N@L
o 610 | 810 | £10 I ———"W—{PL008 210087—wW——f—1 0| v | o T
NS ANLv@’ Z00Ad LOOAd ElgVA4%3
dMd98EYSSdL L s —
6ldL HNZ'8 g1 VTS &> inze val
Al n . 11
anre | ...:7®||
[74)
|ldL FL I L)Y
(s} 2] %]
H oldl  6dl
fldl  Zidl aN9 LMS
aN9 zms

Figure 1. TPS54386EVM Schematic

For reference only, see [Table 3, List of Materials for specific values.

Note:
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3.1 Sequencing Jump (JP3)

The TPS54386EVM provides a 3-pin, 100-mil header and shunt for programming the TPS54386’s
sequencing function. Placing the JP3 shunt in the left position connects the sequence pin to BP and sets
the TPS54386 controller to sequence Channel 2 prior to Channel 1 when Enable 2 is activated. Placing
the JP3 shunt in the right position connects the sequence pin to GND and sets the TPS54386 converter to
sequence Channel 1 prior to Channel 1 when Enable 1 is activated. Removing the JP3 shunt disables

sequencing and allows Channel 1 and Channel 2 to be enabled independently.

3.2 Enable Jumpers (JP1 and JP2)

TPS54386EVM provides separate 3-pin, 100-mil headers and shunts for exercising the TPS54386 Enable
functions. When JP3 is removed placing the JP1 shunt in the left position connects EN1 to ground and
turns on Output 1 and placing the JP2 shunt in the left position connects EN2 to ground and turns on

Output 2.

When the JP3 shunt is in the LEFT position, placing the JP2 shunt in the left position connects EN2 to
ground and turns on first Output 2 and then Output 1.

When the JP3 shunt is in the RIGHT position, placing the JP1 shunt in the left position connects EN1 to
ground and turns on first Output 1 and then Output 2.

3.3 Test Point Descriptions

Table 2. Test Point Descriptions

TEST POINT LABLE USE SECTION
TP1 VIN Monitor input voltage
TP2 GND Ground for input voltage
TP3 VOUT1 Monitor VOUT1 Voltage bection 5.3.4
TP4 GND Ground for VOUTL1 voltage
TP5 GND Ground for Channel B loop monitoring
TP6 CHB Channel B for loop monitoring
TP7 GND Ground for Channel A loop monitoring
TP8 CHA Channel A for loop monitoring
TP9 SW1 Monitor switching node of Channel 1
TP10 GND Ground for switch node of Channel 1
TP11 IC_GND Monitor device ground bection 5.3.9
TP12 SW2 Monitor switching node of Channel 2
TP13 GND Ground for switch node of Channel 2 S g
TP14 CHA Channel A for loop monitoring
TP15 GND Ground for Channel A loop monitoring
TP16 CHB Channel B for loop monitoring
TP17 GND Ground for Channel B loop monitoring
TP18 VOUT2 Monitor VOUT2 voltage
TP19 GND Ground for VOUT2 voltage bection 5.3.9

6 A 12-V Input, 5.0-V and 3.3-V Output, 2-A Non-Synchronous Buck Converter SLUU286—-March 2008
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3.3.1

3.3.2

3.3.3

3.34

3.35

3.3.6

3.3.7

3.3.8

Input Voltage Monitoring (TP1 and TP2)

TPS54386EVM provides two test points for measuring the voltage applied to the module. This allows the
user to measure the actual module voltage without losses from input cables and connectors. All input
voltage measurements should be made between TP1 and TP2. To use TP1 and TP2, connect a voltmeter
positive terminal to TP1 and negative terminal to TP2.

Channel 1 Output Voltage Monitoring (TP3 and TP4)

TPS54386EVM provides two test points for measuring the voltage generated by the module. This allows
the user to measure the actual module output voltage without losses from output cables and connectors.
All output voltage measurements should be made between TP3 and TP4. To use TP3 and TP4, connect a
voltmeter positive terminal to TP3 and negative terminal to TP4. For Output ripple measurements, TP3
and TP4 allow a user to limit the ground loop area by using the Tip and Barrel measurement technique
shown in Eigure 3. All output ripple measurements should be made using the Tip and Barrel
measurement.

Channel 1 Loop Analysis (TP5, TP6, TP7 and TP8)

TPS54386EVM contains a 51-Q series resistor (R1) in the feedback loop to allow for matched impedance
signal injection into the feedback for loop response analysis. An isolation transformer should be used to
apply a small (30 mV or less) signal across R1 through TP6 and TP8. By monitoring the ac injection level
at TP8 and the returned ac level at TP6, the power supply loop response can be determined.

Channel 1 Switching Waveforms (TP9 and TP10)

TPS54386EVM provides a test point and a local ground connection (TP10) for the monitoring of the
Channel 1 power stage switching waveform. Connect an oscilloscope probe to TP9 to monitor the switch
node voltage for Channel 1.

TPS54386 Device Ground (TP11)

TPS54386EVM provides a test point for the device ground. To measure the device pin voltages, connect
the ground of the oscilloscope probe to TP11.

Channel 2 Switching Waveforms (TP12 and TP13)

TPS54386EVM provides a test point and a local ground connection (TP13) for the monitoring of the
Channel 1 power stage switching waveform. Connect an oscilloscope probe to TP12 to monitor the switch
node voltage for Channel 1.

Channel 2 Loop Analysis (TP14, TP15, TP16 and TP17)

TPS54386EVM contains a 51-Q series resistor (R10) in the feedback loop to allow for matched
impedance signal injection into the feedback for loop response analysis. An isolation transformer should
be used to apply a small (30 mV or less) signal across R10 through TP14 and TP16. By monitoring the ac
injection level at TP14 and the returned ac level at TP16, the power supply loop response can be
determined.

Output Voltage Monitoring (TP18 and TP19)

TPS54386EVM provides two test points for measuring the voltage generated by the module. This allows
the user to measure the actual module output voltage without losses from output cables and connector
losses. All output voltage measurements should be made between TP18 and TP19. To use TP18 and
TP19, connect a voltmeter positive terminal to TP18 and negative terminal to TP19. For output ripple
measurements, TP18 and TP19 allow a user to limit the ground loop area by using the Tip and Barrel
measurement technique shown in Eigure 3. All output ripple measurements should be made using the Tip
and Barrel measurement.
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4 Test Set Up

4 4 Test Set Up

4.1 Equipment

41.1 Voltage Source
VIN: The input voltage source (VIN) should be a 0-15 V variable dc source capable of 5 Apc. Connect VIN
to J1 as shown in Figure 3.

41.2 Meters
e Al: 0-3 Apc, ammeter
* V1:VIN, 0-15 V voltmeter
* V2:VOUTL1 0-6 V voltmeter
* V3:VOUT2 0-4 V voltmeter

4.1.3 Loads
LOADZ1: The Outputl Load (LOAD1) should be an electronic constant current mode load capable of 0-2
Apc at5.0Vv
LOAD2: The Output2 Load (LOAD2) should be an electronic constant current mode load capable of 0-2
Apc at 3.3V

41.4 Oscilloscope
Oscilloscope: A digital or analog oscilloscope can be used to measure the ripple voltage on VOUT. The
oscilloscope should be set for 1-MQ impedance, 20-MHz bandwidth, ac coupling, 1-ps/division horizontal
resolution, 10-mV/division vertical resolution for taking output ripple measurements. TP3 and TP4 or TP18
and TP19 can be used to measure the output ripple voltages by placing the oscilloscope probe tip through
TP3 or TP18 and holding the ground barrel to TP4 or TP19 as shown in Fiqure 3. For a hands free
approach, the loop in TP4 or TP19 can be cut and opened to cradle the probe barrel. Using a leaded
ground connection may induce additional noise due to the large ground loop area.

4.1.5 Recommended Wire Gauge
VIN to J1: The connection between the source voltage, VIN and J1 of HPA241 can carry as much as 5
Apc- The minimum recommended wire size is AWG #16 with the total length of wire less than 4 feet (2
feet input, 2 feet return).
J2 to LOADL1: The power connection between J2 of HPA241 and LOAD1 can carry as much as 2 Apc.
The minimum recommended wire size is AWG #18, with the total length of wire less than 2 feet (1 foot
output, 1 foot return).
J3 to LOAD2: The power connection between J3 of HPA241 and LOAD?2 can carry as much as 2 Apc.
The minimum recommended wire size is AWG #18, with the total length of wire less than 2 feet (1 foot
output, 1 foot return).

4.1.6 Other
Fan: This evaluation module includes components that can get hot to the touch, because this EVM is not
enclosed to allow probing of circuit nodes, a small fan capable of 200-400 Ifm is recommended to reduce
component surface temperatures to prevent user injury. The EVM should not be left unattended while
powered. The EVM should not be probed while the fan is not running.

8 A 12-V Input, 5.0-V and 3.3-V Output, 2-A Non-Synchronous Buck Converter SLUU286-March 2008
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4 Test Set Up

4.2

42.1

422

Equipment Setup

Shown in is the basic test set up recommended to evaluate the TPS54386EVM. Please note that
although the return for J1, J2 and JP3 are the same system ground, the connections should remain
separate as shown in

Procedure

. Working at an ESD workstation, make sure that any wrist straps, bootstraps or mats are connected

referencing the user to earth ground before power is applied to the EVM. Electrostatic smock and
safety glasses should also be worn.

. Prior to connecting the dc input source, VIN, it is advisable to limit the source current from VIN to 5.0 A

maximum. Make sure VIN is initially set to 0 V and connected as shown in Eigure 2.

. Connect the ammeter Al (0-5 A range) between VIN and J1 as shown in Figure 2.
. Connect voltmeter V1 to TP1 and TP2 as shown in Figure 2.
. Connect LOAD1 to J2 as shown in Figure 4. Set LOAD1 to constant current mode to sink 0 Apc before

VIN is applied.

. Connect voltmeter, V2 across TP3 and TP4 as shown in Figure 2.
. Connect LOAD2 to J3 as shown in Figure 4. Set LOAD2 to constant current mode to sink 0 Apc before

VIN is applied.

. Connect voltmeter, V3 across TP18 and TP19 as shown in Figure 2.
. Place fan as shown in and turn on, making sure air is flowing across the EVM.

Diagram
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Figure 2. TPS54386EVM Recommended Test Set-Up
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Figure 3. Tip and Barrel Measurement Technique (output ripple measurement using TP3 and TP4 or TP18
and TP19)
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Figure 4. Control Loop Measurement Setup
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4 Test Set Up

4.3 Start Up / Shut Down Procedure
Increase VIN from 0 V to 12 Vpc.
Vary LOAD1 from 0 — 2 Apc

Vary LOAD2 from 0 — 2 Apc

Vary VIN from 9.6 Vpc to 13.2 Vpe
Decrease VIN to 0 Vpc

Decrease LOAD1 to O A.

ok wbdE

4.4 Output Ripple Voltage Measurement Procedure

Increase VIN from 0 V to 12 Vpc.

Adjust LOADL to desired load between 0 Apc and 2 Apc.

Adjust VIN to desired load between 9.6 Vpc and 13.2 Vpc.

Connect oscilloscope probe to TP3 and TP4 or TP18 and TP19 as shown in Figure 3.
Measure output ripple.

Decrease VIN to 0 Vpc.

Decrease LOAD1 to 0 A.

No okrowNpRE

4.5 Control Loop Gain and Phase Measurement Procedure

1. Connect 1 kHz to 1 MHz isolation transformer to TP6 and TP8 as show in Figure 4.
2. Connect input signal amplitude measurement probe (Channel A) to TP8 as shown in Eigure 4.
3. Connect output signal amplitude measurement probe (Channel B) to TP6 as shown in Figure 4.
4. Connect ground lead of Channel A and Channel B to TP5 & TP7 as shown in Figure 4.
5. Inject 30 mV or less signal across R1 through isolation transformer.
6. Sweep frequency from 1 kHz to 1 MHz with 10 Hz or lower post filter.
2O><LOG[ChannelBj
7. Control loop gain can be measured by: Channeld
8. Control loop phase is measured by the phase difference between Channel A and Channel B.

9. Control loop for Channel 2 can be measured by making the following substitutions.

a. Change TP6 to TP16
b. Change TP8 to TP14
c. Change TP5 to TP17
d. Change TP7 to TP15

10. Disconnect isolation transformer before making any other measurements (signal injection into
feedback may interfere with accuracy of other measurements).

4.6 Equipment Shutdown
1. Shut down oscilloscope
2. Shut down VIN
3. Shut down LOAD1
4. Shut down fan

SLUU286—March 2008 A 12-V Input, 5.0-V and 3.3-V Output, 2-A Non-Synchronous Buck Converter
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5 TPS54386EVM Typical Performance Data and Characteristic Curves

through present typical performance curves for the TPS54386EVM. Since actual
performance data can be affected by measurement techniques and environmental variables, these curves
are presented for reference and may differ from actual field measurements.

5.1 Efficiency

EFFICIENCY(%UT =3.3V) EFFICIENCY(%UT =5.0V)
VS VS
LOADCURRENT LOADCURRENT
T ==
—
85 ] = % /é
L
/ﬂ | \ //’{ — 9.6V
80
— 9.6 V 85

E 75 —_—120V = —120V
> »\ 3 80
c [=4
i \ 5 75 X
': 65 — 13.2 V .c —_ 132V

60 70

50 60

0.10 0.48 0.86 1.24 1.62 2.00 0.10 0.48 0.86 1.24 1.62 2.00
| oap - Load Current - A | oap - Load Current - A

Figure 5. TPS54386EVM Efficiency verse Load Current Vg =9.6-13.2 V, Voyt1 = 5.0 V gyt = 0-2 A, VouTo =
3.3V IOUT2 =0-2A
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TPS54386EVM Typical Performance Data and Characteristic Curves

5.2 Line and Load Regulation

EFFICIENCY(%UT1 =3.3V) EFFICIENCY(‘éUT2 =5.0V)
Vs VA
LOADCURRENT LOADCURRENT
3.340 5.020
3.338
—12.0 V
3.335 77 5.015 — 9.6 V
\ / 7/ 120V

§ 3.333 A °\° .
5 E’_LJ.K 5 Vs
c c
2 3330 Vi 2 5010 — b v /L
2 — 96V 2 ./
u-J 3.328 u-J
- — 13.2 V = — 132V

3.325 5.005

3.323

3.320 5.000

0.10 0.48 0.86 1.24 1.62 2.00 0.10 0.48 0.86 1.24 1.62 2.00
1 - Load Current - A loap - LOad Current - A

LOAD

Figure 6. TPS54386EVM Output Voltage verse Load Current Vg =9.6-13.2 V, Voyt1 = 5.0 V Igym1 = 0-2 A,
VOUT2 =3.3V IOUTZ =0-2A

5.3 Output Voltage Ripple

Tek  Stopped Single Seq 1 heos 07 Aug 07 14.56:268 Buttans |

TPS54356EYNM-001 HPAZEE
Ch3 Position

Win = 12¥ Youtl = BY @ 24 YoutZ = 3.3V @ 24

Y2 SW & Ourput Ripple
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20.0mY
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p: 35 200002m
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o P
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Ch1 20.0mY W B Chz ooy Eiyy M2 0ps 25 0MSkE 40 OnzAat
Ch3 20004 W B Chd ooy Eiy & Chd s 124Y

Figure 7. TPS54386EVM Output Voltage Ripple (V\y =13.2 V, lout1 = lout2 = 2 A)
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TPS54386EVM Typical Performance Data and Characteristic Curves
5.4 Switch Node

Tek  Run Sample 5227 Acs 07 Aug 07 10:09:06 r—'—Butwn-é-J
TPSS54386EYM-001 HPAZSS Win = 13.2% Yout1 = 5Y @ 24, Yout2 = 3.3% @ 24
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Figure 8. TPS54386EVM Switching Waveforms Viy =12V, loyt =2 A Ch1: TP9 (SW1), Ch2: TP12 (SW2)

5.5 Control Loop Bode Plot (low line, V,y =8 V)

GAIN/PHASE GAIN/PHASE
Vs VS
FREQUENCY(V,; = 3.3V, I, =2 A) FREQUENCY(V,,; = 5.0V, I, =2 A)
100 20 72 | | | 90
80 60 Phase
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— 45
N
N /
60 1l an 45 36 \ / |

.
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y
o
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/
—
A
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i
ri
Phase - °

(" -12 \ 2
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FTHL \ .24 Gain \ .90
-20 / ™ -45 -36 s
Gain N
\ N -48 —HH -135
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Figure 9. TPS54386EVM Gain and Phase vs Frequency
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6 EVM Assembly Drawings and Layout

The following figures (Eigure 10 through show the design of the TPS54386EVM printed circuit
board. The EVM has been designed using a 4-Layer, 2-0z copper-clad circuit board 3.0” x 3.0” with all
components in a 1.15” x 2.15" active area on the top side and all active traces to the top and bottom
layers to allow the user to easily view, probe and evaluate the TPS54386 control device in a practical
double-sided application. Moving components to both sides of the PCB or using additional internal layers
can offer additional size reduction for space constrained systems.

’IPI# ’m# ’IPH 1914 m# ’IPI#

L2
[IC14[RE | [|on|D
2 0|0|G o
g =]
™ e
(4 B 4
. AL IP14 [C20) P1g
Ul |
- R12
. cre 2|85 i) TP3| [C2 ] |TR4
E D1
g Kl
il M -
P2 [C7]|R3 | SUE 2

L1

o

’mq wo| |1Ps| |tr8| |P7| |TRe

Figure 10. TPS54386EVM Component Placement (viewed from top)
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Figure 11. TPS54386EVM Top Copper (viewed from top)
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Figure 12. TPS54386EVM Bottom Copper (x-ray view from top)
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7 List of Materials
Table 3. TPS54386EVM List of Materials
QTY REF DES DESCRIPTION MFR PART NUMBER
1 C1 Capacitor, aluminum, 25 V, 20%, 100 pF, 0.328 x Panasonic EEEFC1E101P
0.390 inch
2 C10, C11 Capacitor, ceramic, 25 V, X5R, 20%, 10 pF, 1210 TDK C3216X5R1E106M
1 Ci12 Capacitor, ceramic, 10 V, X5R, 20%, 4.7 puF, 0805 Std Std
1 C15 Capacitor, ceramic, 25 V, X7R, 20%, 22 nF, 0603 Std Std
2 C2, C20 Capacitor, ceramic, 10 V, X7R, 20%, 0.1 puF, 0603 Std Std
4 C3, C4, C18, C19 Capacitor, ceramic, 6.3 V, X5R, 20%, 10 uF, 0805 TDK C2012X5R0J106M
2 C5, C17 Capacitor, ceramic, 6.3 V, X5R, 20%, 47 uF, 1206 Std Std
2 C7,C14 Capacitor, ceramic, 25 V, X7R, 20%, 470 pF, 0603 Std Std
1 Cc8 Capacitor, ceramic, 25 V, X7R, 20%, 33 nF, 0603 Std Std
2 C9, C13 Capacitor, ceramic, 25 V, X7R, 20%, 0.047 pF, 0603 | Std Std
2 D1, D2 Diode, Schottky, 3 A, 30 V, MBRS330T3, SMC On Semi MBRS330T3
2 L1, L2 Inductor, power, 4.38 A, 0.02 Q, 8.2 pH, 0.402 x Coilcraft MSS1048-822L
0.392 inch
2 R1, R10 Resistor, chip, 1/16 W, 5%, 51 Q, 0603 Std Std
2 R2, R9 Resistor, chip, 1/16 W, 1%, 20 kQ, 0603 Std Std
2 R3, R8 Resistor, chip, 1/16 W, 5%, 10 Q, 0603 Std Std
1 R4 Resistor, chip, 1/16 W, 1%, 3.83 kQ, 0603 Std Std
3 R5, R6, R11 Resistor, chip, 1/16 W, 5%, 0 Q, 0603 Std Std
1 R7 Resistor, chip, 1/16 W, 1%, 6.49 kQ, 0603 Std Std
1 R12 Resistor, chip, 1/16 W, 1%, 1.54 kQ, 0603 Std Std
1 R13 Resistor, chip, 1/16 W, 1%, 3.32 kQ, 0603 Std Std
3 TP1, TP3, TP18 Test point, red, thru hole, 5010, 0.125 x 0.125 inch Keystone 5010
1 Ul TPS54386PWP, HTSSOP-14 TI TPS54386PWP
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

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

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

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI 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 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. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

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

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers Emplifier-i.com Audio [pww Ti.com/audid

Data Converters Fataconverterir.com Automotive [vww Tr.com/automofiv

DSP Esp-ii.con Broadband [pww i.com/broadband

Clocks and Timers [www i-com/clocky Digital Control [pww ir-com/digitalcontrol

Interface [nierface-fi.com Medical [pww Ti.com/medical

Logic [ogicircon Military [vww i-com/militany

Power Mgmt power-i.com Optical Networking [xww Ti.com/opficalnetwor

Microcontrollers [nicrocontroller-t.com Security [nww r-com/secur

RFID ‘ i .CO Telephony lvww.tr.com/telephony

RF/IF and ZigBee® Solutions [WWw.ir.com/Ipr Video & Imaging vww Tr.com/vided
Wireless [vww T.com/wirelesy
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