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LM5140-Q1 Evaluation Module

1 Introduction

The LM5140EVM evaluation module helps designers evaluate the operation and performance of the
LM5140-Q1 Synchronous Buck Controller. The EVM operates over the input voltage range of 3.8 V to 42
V. The EVM provides two independent outputs, a 3.3-V output with a maximum load current of 6 A, and a
5-V output with a maximum load current of 5 A. The device offers configurability and can be set up to
switch at 440 kHz or 2.2 MHz.

2 Features and Performance

This EVM supports the following features and performance capabilities:
e The LM5140-Q1 is qualified to AEC-Q100 grade 1 (—40°C to 125°C operating junction temperature)
e V,3.8to42V (EVM)
» Two outputs:
— VOUT1 fixed 3.3 V, 5V, or adjustable from 1.5 V=15V
— VOUT2 fixed 5 V, 8 V, or adjustable from 1.5 V-15 V
» Shutdown mode I,: 9 pA
* Low I, standby: 35-pA typical (1-channel in regulation, no load)
e The current-limit threshold of VOUT1 and VOUT2 can be externally programmed: 50 mV, or 75 mV
» The outputs can be synchronized to an external clock
* A SYNC output
* Afixed 2.2-MHz, or 440-kHz oscillator frequency
* ENI1 enables output 1
e EN2 enables output 2
» Hiccup mode for sustained overload
» Independent power good (PG1 and PG2) signals
* Gate drive with slew rate control for reduced EMI
» Diode emulation or forced pulse-width modulation (FPWM)
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Table 1 contains the electrical performance data for this EVM.

Table 1. Electrical Performance

Parameter ’ Test Condition ‘ MIN | TYP | MAX | Units

Input Characteristics

Input voltage 3.3-V output 3.8 42 \

Input voltage 5.0-V output 55 42

Output Characteristics

Output voltage 1 lloan =6 A 3.267 3.3| 3.333 \%

Output current 6.0 A

Output voltage 2 lloao =5 A 4.95 5.0 5.05 \

Output current 5.0 A

System Characteristics

Switching frequency 2.0 2.2 2.4 MHz

Full Load efficiency Vin=12V, Vo 3B3V@6 A, Vour, 50 V@5 A 83.5 %
3 Setup

This section describes the input and output connections to the LM5140EVM, and other functional settings.

3.1 Input/Output Connector Description and Test Points

Table 2 lists the jumper and test point descriptions.

Table 2. Jumper and Test Point Description

Pin Name Description

J2-1 The + (positive) VIN power for the EVM

J2-2 The — (negative) VIN power for the EVM

TP1 The regulated output voltage for the converter

TP2 The output 1 ground (GND) connection

TP13 The regulated output voltage for the converter

TP14 The output 2 ground (GND) connection

TP3 PG1 an open collector output which goes low if VOUT1 is outside of the regulation window

TP5 EN1 is an active high input (Vo > 2.4 V) enables output 1, or use SW6-1

TP6 SYNCIN the input for an optional external clock. The LM5140 can be synchronized to an external clock; the clock
frequency must meet the oscillator guideline, OSC +15%.

TP7 Use S8 to connect ILSET to VDDA for the 75-mV current-limit threshold, or to ground for the 50-mV current-limit
threshold

TP8 VCC test point

TP9 SYNC_OUT is a TTL level output signal 180° out of phase of HO1

TP10 EN2, is an active high input (Vo > 2.4 V) enables Output 2, or use SW6-2

TP11 PG2 is an open collector output which goes low if VOUT1 is outside of the regulation window

Table 3 contains the EVM switch descriptions.

Table 3. Switch Description

Switch Open/Closed | Description | Comments
VCCX
S1A ON Connect VOUT2 to VCCX S1A on is the factory default setting
S1B OFF
6 LM5140-Q1 Evaluation Module SNVU499-January 2016
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Table 3. Switch Description (continued)

Switch Open/Closed Description Comments
S1A OFF Connect VOUT1 to VCCX
S1B ON
VOUT1 Regulation Voltage
S2A ON VOUT1 3.3V S2A on is the factory default setting
S2B OFF
S2C OFF
S2A OFF Adjustable output Connect a jumper between J1-1 and J1-2
S2B ON
S2C OFF
S2A OFF VOUT1 5.0V
S2B OFF
S2C ON
VOUT2 Regulation Voltage
S3A ON VOUT2 5.0V S3A on is the factory default setting
S3B OFF
S3C OFF
S3A OFF Adjustable output Connect a jumper between J10-1 and J10-2
S3B ON
S3C OFF
S3A OFF VOUT2 8.0V
S3B OFF
S3C ON
SYNC_IN
SW4-1 ON SYNCIN connected to Vgp Disables SYNC_IN
SW4-2 ON Connects TP6 to the LM5140 Allows an external SYNC_IN factory default setting
SYNCIN pin
SW4-3 ON SYNCIN to GND Disables SYNC_IN
FPWM or DEMB
S5A ON FPWM Better transient response
S5B OFF
S5B OFF DEMB For Pre bias start-up
S5B ON
Power Good
S6A ON Connects PG1 (through R11) to Monitor for PG1
VCC
S6B ON Connects PG2 (through R23) to Monitor for PG2
VCC
EN1 and EN2
S7-3 ON EN2 Enables VOUT2
S7-1 OFF EN2 Disables VOUT?2 factory default setting
S9-3 ON EN1 Enables VOUT2
S9-1 OFF EN1 Disabled VOUT1 factory default setting
ILSET
S8-1 ON ILSET = 75 mV factory default setting
S8-3 ON ILSET =50 mV
S8-2 ON ILSET open Do not place SW8 in this position, connect ILSET to
VDDA, or GND

SNVU499-January 2016
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3.2

Setup Input and Loads

The input voltage range for the EVM is 3.8 V to 42 V. Connect the positive power source lead to J2 (+),
and the negative source lead to J2 (-), (refer to Figure 1). If you are using an electronic load, connect the
positive load connection to TP1, and the negative load connection to TP2. The EVM output 1 is configured
for 3.3 V and is rated for 6.0-A continuous, output 2 is configured for 5.0 V, and is rated for 5-A
continuous.

3.3 Operation
To properly operate the LM5140-Q1, the ILMIT and SYNCIN pins should not be left floating. The ILIMT pin
should be connected to either Vpp, or GND by S8 (TP7). If the Sync input is not used (TP6), it should be
connected to AGND, by S4 (TP6).

3.4 Enabling the Outputs
To enable VOUT1, place switch S9 to the S9-1 position, or connect a jumper from TP5 to V. To enable
VOUT2, place switch S7 to the S7-1 position, or connect a jumper from TP10 to V,,. The EVM outputs can
be enabled prior to applying V,, or after V,, has been applied to the EVM.

4 Test Equipment

4.1 Power Supply
The power supply should be capable of 50 V/10 A.

4.2 Electronic Loads
The electronic load should be capable of 10 V/10 A, used in constant current mode.

4.3 Meters
One current meter is required to measure input current accurately. The maximum current rating of the
meter should be carefully considered. The input current can be as high as 7.5 A at full load current and
minimum input voltage. The output voltage is monitored by a voltage meter, which should be capable of
measuring to 10 V.

4.4 Oscilloscope
Oscilloscope and 10x probe with at least 20-MHz bandwidth is required.

8 LM5140-Q1 Evaluation Module SNVU499—-January 2016
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Test Setup and Procedure

5 Test Setup and Procedure
Please read the LM5140-Q1 datasheet (SNVSAQ2) before using the EVM. A typical LM5140-Q1 test

bench setup is shown in Figure 1. The power supply and the load should be capable of handling the input
and output voltage and current rating of the board. Prior to applying power to the EVM, make sure that

Switches S1-S9 are set in the correct position, refer to Table 3.

Connect the power and ground connectors VIN (J2+) and GND (J2-) to the power supply.

Connect an ammeter in series with the input, if needed.

Connect a DVM from TP1 (+) to TP2 (-).

Connect a DVM from TP13 (+) to TP14 (-).

Connect a resistive load or an electronic load across terminals VOUT1 TP1 (+) + and GND (TP2-).
Connect a resistive load or an electronic load across terminals VOUT2 TP13 (+) and GND (TP14-)
An ammeter can be inserted in series with the load to observe the load current.

Refer to Table 3 for the switch setting to enable VOUT1 and VOUT2.

With the load initially set to no load, set the power supply between 12 V and turn on the power supply.

Check for VOUT1 3.3 V and VOUT2 5.0 V at the output.

Once the output is at the expected target (12 V), increase the load gradually within the operating
range.

Electronic Load Voltmeter

©) @ e @

]

|

Ajddng samog

I
o ©] [6 ©

Electronic Load Voltmeter

Figure 1. EVM Connections
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6

Output Voltage

The LM5140-Q1 comes configured with VOUT1 set to 3.3 V and VOUT2 set to 5.0 V. For additional
information on programming the output voltage, refer to the LM5140 datasheet (SNVSAQ2).

The FB1 and FB2 pin status (either VDD or Ground) is detected on power-up, the output configuration
setting is latched and cannot be changed unless the LM5140-Q1 is powered down, and VCC drops below
Vecuvio (3.4-V typical) and then powered back up.

To set the output voltage using an external resistive divider, PWB switch S2B (output 1) must be closed,
and S2A and S2C need to be open. A jumper must be connected between, J1-1 and J1-2. An external
resistor (R2 and R3) divider sets the output voltage; the recommended output voltage range is between
1.5V to 15.0 V. The regulation threshold at the FB pin is 1.2 V (Vge), refer to Figure 2. To calculate Rgg,
and Rgg, use Equation 1.

V,
Reg2 = ( VOUT - 1) x Repy
REF

(1)
The recommended starting point is to select Rq5, between 10 kQ to 20 kQ.

In order for the LM5140 to detect if there is a feedback divider network connected from VOUT to the FB
pin, the Thevenin’s equivalent impedance of the resistive divider must be greater than 5 kQ.

Rrg1 + R
RFBTHZM>5KQ

Reg1 x Rega 2

iy
M

VOUT Lour

QT_FY‘Y‘Y‘\—.
Cour g
Rrs2
. LM5140 Transconductance Amplifier

gm 1200 ps
Vrer
Rre1 *
ss — [+
COMP

Figure 2. Feedback Amplifier

I3[
M

1%
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7 Changing the Oscillator Frequency to 440 kHz

Turn-off the power source connected to J2. Unsolder the 0-Q resistors, R35; solder the 0-Q resistors in to
the location marked R36. After configuring the LM5140 for 440 kHz, refer to Table 2 for the complete parts
list and changes required for 440-kHz operation.

8 Test Data Performance and Curves

The following curves are presented for reference, the actual field data may differ from these curves. Actual
performance data can be affected by measurement techniques, equipment setting and environmental
variables.

8.1 Efficiency Operating at 2.2 MHz

The efficiency measurements (Figure 3 and Figure 4) were made with VOUT1 and VOUT2 enabled and
with the same load current operating at 2.2 MHz.

1
0.8 7
£ 06 /
S |
c
.g l
= 04F)
e |
0.2 — VIN 8V
— VIN 12V
VIN 18V
0
0 05 1 15 2 25 3 35 4 45 5
I0UT1 and IOUT2 (A)
Figure 3. Efficiency in FPWM
1
0.95
09 r
085 =
£ o3 -
Fry
E, 0.75
e 07
L
0.65
0.6 | — VIN 8V
— VIN12V
0.55 VIN 18V
05
0 05 1 15 2 25 3 35 4 45 5
I0UT1 and IOUT2 (A)
Figure 4. Efficiency in DEMB
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8.2 Voltage Regulation 3.3-V Output Operating at 2.2 MHz

The efficiency measurements in Figure 5 are with VOUT1 enabled, and VOUT2 disabled, operating at 2.2
MHz.

3.305
33 f=
3.295
3.29 —— =
3.285
3.28
3.275

3.27

3.265| — VIN 8V
— VIN 12V
3.26 | — vIN 18V

3.255

VOUT1 (V)

0 05 1 15 2 25 3 35 4 45 5
I0UT1 (A)

Figure 5. Voltage Regulation 3.3-V Output

8.3 Voltage Regulation 5.0-V Output Operating at 2.2 MHz

The efficiency measurement in Figure 6 is with VOUTL1 disabled, and VOUT2 enabled, operating at 2.2
MHz.

5
— VIN 8V

4.996 fret— — VIN 12V
—— _ — VIN 13V

/
f

4992
4988
4984

4.98
4976
4972
4968
4964

4.96

YOUT2 (V)

0 05 4 M5 2 25 I 35 4 45 B
I0UT2 (A)

Figure 6. Voltage Regulation 5.0-V Output
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8.4 Low V, Start-Up (3.8 V) 2.2 MHz

The low V, start-up test (Figure 7) was run with VOUT1 enabled (3.3 V) with a 4-A load and VOUT2
disabled.

e

VOUT1 3.3 V]

5TTH) | |
100Vidv | 1.00Vidiy 500ms/dv Stop 106V,
295V 2840V I5MS 100 MS/s Edge Posiive

Figure 7. Low V, Start-Up

8.5 CISPR Class 5 Limits 2.2 MHz

Figure 8 illustrates CISPR Class 5 limits with 12-V input, 6 A at 3.3-V and 5 A at 5-V outputs, 2.2 MHz,
resistive loads, CISPR 25 CE setup.

REW 10 kHz RF Rut 10 dB
Ref Lvl VBW 30 kHz
60 dBNV SWT 10 = Unit dBNV
1 MH=z 10 MH=zZ
LW_PKS
ofi s
= SWLPES
cB| PKS—
i Al
-10
Start 150 kHz Stop 30 MHz
Date: 15.DEC.2014 13:45:59

Red line: Class 5 Limit (Peak Detection)
Yellow line: Peak Detection result

Figure 8. CISPR 5, Peak Detection 150 kHz to 30 MHz
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Figure 9 illustrates CISPR Class 5 average detection with 12-V input, 6 A at 3.3-V and 5 A at 5-V outputs,
2.2 MHz, resistive loads, CISPR 25 CE setup.

RBW 10 kHz RF Att 10 dB
Ref Lvl VBW 30 kHz
60 ABNV SWT 10 s Unit aBYV
1 MHz 10 MHz

i swAYs
30
CB{AVS—

K2 [ o) UAL'

RN VAT EE AT

-1

Start 150 kHz Stop 30 MHz

Date: 15.DEC.2014 13:47:37

Red line: Class 5 Limit (Average Detection)
Blue line: Average Detection result

Figure 9. CISPR 5, Average Detection 150 kHz to 30 MHz

Figure 10 illustrates CISPR Class 5 peak detection with 12-V input, 6 A at 3.3-V and 5 A at 5-V outputs,
2.2 MHz, resistive loads, CISPR 25 CE setup.

RBW 100 kHz RF Att 0 dB

Ref Lvl VBW 300 kHz
70 SBNV SWT 10 = Unit aBNV
100 MHz

VHE 2 PKS
TV I+RE
1
Start 30 MHz Stop 108 MHz
Date: 15.DEC.2014 13:52:01

Red line: Class 5 Limit (Peak Detection)
Yellow line: Peak Detection result

Figure 10. CISPR 5, Peak Detection 30 MHz to 108 MHz
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Figure 11 illustrates CISPR Class 5 average detection with 12-V input, 6 A at 3.3-V and 5 A at 5-V
outputs, 2.2 MHz, resistive loads, CISPR 25 CE setup.

REW 100 kHz RF Att 0 dB
Ref Lvl VBW 300 kHz

70 ABNV SWT 10 s Unit dBNV

100 MHz

"

Il S

Start 30 MHz Stop 108 MHz

Date: 15.DEC.2014 13:50:52

Red line: Class 5 Limit (Average Detection)
Blue line: Average Detection result

Figure 11. CISPR 5, Average Detection 30 MHz to 108 MHz

8.6 Cold Crank Start-up

Figure 12 shows the LM5140 EVM under a Cold-Crank Start-Up, VOUT is 3.3 V with a 4-A load, VOUT2
is disabled, refer to the LM5140 datasheet (SNVSA748) for details.

VIN A

e Ol

100 Vi 500 vidy|
100 v}

Figure 12. Cold Crank Start-Up
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8.7 Bode Plot
Figure 13 shows the LM5140 EVM Bode Plot for VOUT1 (3.3 V) with V|, 12 V and a 6-A load on the

output.

FWWW

FﬁTﬂ*WWW

I
RN !W’ WI Il TWH W
Figure 13. Bode Plot, V\y 12V, Vo, 3.3V at 6 A

Figure 14 shows the LM5140 EVM Bode Plot for VOUT2 (5.0 V) with VIN 12 V and a 5-A load on the
output.

Figure 14. Bode Plot, V| 12 V, Vo, 5.0 Vat 5 A
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8.8 Transient Response

The transient response test, Figure 15, was run with VOUT1 enabled, operating at 2.2 MHz, and VOUT2
disabled. The load was stepped from 0.6 A to 5.4 A.

o~y TELEDYNE LECROY
L i

vouTz

. o p—

" 50 Al
300 mA|

Figure 15. Transient Response 3.3-V Output

The transient response test in Figure 16 was run with VOUT1 enabled, operating at 2.2 MHz, and VOUT2
disabled. The load was stepped from 3 A to 6 A.

LEDYNE Y
L i)

fatnmy hm

—_— |
o |

A A
| s

4
Wi 2.00 A/div}
201 100 mA|

Figure 16. Transient Response, 5.0 V Output
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9 Board Layout

The EVM offers resistors and PWB mounted switches to program the output voltages, current-limit
threshold, oscillator frequency, and DEM/FPWM of operation. Figure 17 to Figure 20 show the board
layout for the PCB. The QFN-40 package allows for a compact leadless IC package for a synchronous
buck converter solution. The LM5140RWGEVM is a four-layer board. There are placeholders in the EVM
(R7, R8, R9, C9, R25, R26, R27, and C31) which can be populated as required, for DCR current sensing,

refer to the LM5140-Q1 datasheet (SNVSAQ2) for details.

R T

* A

¥ I m—

Figure 17. EVM Top Component Layer
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Figure 18. EVM Top Copper Layer
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Figure 19. EVM Bottom Component Layer
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Figure 20. EVM Bottom Copper Layer
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10 Schematic and Bill of Materials
Figure 21 illustrates the 2.2-MHz EVM schematic.

VIN
VIN 4 - 42VDC " b P8 VCCVIN VGCX VDDA
2 VQUT2 VQUT1 1
1 o S1A T Assembly Note
E_’)Z— 15.0k 7447798360 P Y 2.2MHz 3.3V/5.0V
716721 o < +C40
o 470F==C7_ ==C8 s18
—=c41 €39 1WF 1F 2 3
01 S
R34
T 1.0
PA2756NL P!
Ja R17 1023
1 20 0.1pF
] v 0 0
040 SGND = =
J5 u u
1 _ S c38 SGND N!!S
a S < SW.s
1040 8 Cc21 2
o o
I 2.20F 0.474F I
z - z
SGND s SGND
@ o o 8 o g scho
SQJBS0EP-T1-GE3
5 o 0z x < —=C24 Q@
R12 8 8 28 & I 0AuF
HBl > > S S he2 R19 SQU8S0EP-T1-GE3 s
10.0
vQuT12X2 L2 ‘ 2 |01 Hoz |2 100 L3 Assembly Note vouT2
Assembly Note 50V @ 5A MAX
3. [G A MAX R13 R20
@ MSS1038-152NLB 2 | uon oLz |8 MSS1038-252NLB
0 0
O-ee 21| swi swa (10 »o—O
TP I l l 0.006 R4 18 {0 ol o1 ] r- e I Q.
w @
DNP DNP @ ~ 10.0 10.0 DNP- @ DNP
voy lres | 3R ;agg * sl = o 19 |0 Loz |12 . ? 592!; Lo 5
= S
- A cs NP, DNP one a E a 100 17 1 ponpi u PaND2 |14 100 - £ one oN
o
SQJB50EP-T1-GE3 27 | e cs2 4 SQUB50EP-T1-GE:
33pF L 4 I LM5140RHA 1 33pF P14
~ % vouT vouT2 5—1 ~
vourt SGND 2 |pgy | MEA SGND vQuT2
DNP 311 Ent Enz [0 DNP
" 2 SYNC_OUT
—<<EN1 SYNC_IN py————E 1 SYN_IN SYNOUT —=2———— 0O EN2D>—@
Py P9 [ S—
R1 R37 2 | compt o2 R38 R31
100 100k DNP. DNP. 100k 10.0
il 7 28 3 7 VDDA J10
2 | VDDA SGND EN1 i =2 EN2 SGND L 1
1 TPs N 1ss1li o o 2 o 2 ss2f—t TP10
a8 % & %@ 4
51462611 AV 1 6 = @ o < 0o o 1 6 51462611
R2 SGND SGND R32
43.0k 3 o 5 @ B 43.0k
5 ’—‘ 5 PG1 ILSET))>— ¢ PG2 ) ’—‘ 5
\_1 T3 R16 RiB P11 \_1
R11 6.49% 10.0k R23 R33
100k =—=C13 ==C15 ==C16  =—Ci8 C20 C22  ==C25 ==c27 10.0k 20.0k
R3 0.01pF 22pF | 0.068yF 0.01pF | 0.01pF 0.068uF | 47pF 0.01pF
200 PG1 BIASY)— cl4 26 L—Krc2 BiAs
0.01pF 0.01pF
sOp FB1 - VDDA = 33V FB2 - VDDA = 50V o3{(p <~
FB1 - RDIV = 35V J6 FB2 - RDIV = 55V SGND
\ N 1 ; -
o FB1 - GND = 5V ' ' FB2 - GND = 1.8V
1040
VDDA
™6 ™7 vee
VDDA VDDA VIN VDDA A4
SYNC_IN ILSET sSfo S5A s7
s4 S8 s9 R35 1 4 & S6A
2 . 2 § 2 ENZ)) ° °
o—o <SYNC_IN o——o0 <ILSET o0——o0 —=—<EN1 DNP S6B
R41 o
3 1o 3 1o 3 fo 0OSC - VDDA = 2.2MHz 1.00k PG2 BIAS >—2@3—
100k OSC - GND= 460KHz CISA201TA
CIS-1201TA CIS-1201TA CIS1201TA DEMB - GND = DEMB
) = SGND SGND
SGND SGND SGND SGND DEMB - VDDA = FPWM
Figure 21. EVM Schematic, 2.2 MHz
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Table 4 lists the 2.2-MHz EVM BOM.

Table 4. EVM Bill of Materials 3.3 V/5.0V, 2.2 MHz

Designator Qty Value Description Package Reference Part Number Manufacturer
IPCB 1 Printed Circuit Board LM5140EVM Any
C1, C17, C24, C37 4 0.1uF CAP, CERM, 0.1uF, 100V, +/-10%, X7R, 0603 0603 GRM188R72A104KA35D Murata
C3, C4, C35, C36 4 82uF CAP, AL, 82uF, 16V, +/-20%, 0.03 ohm, SMD H70 APXH160ARA820MH70G Nippon Chemi-Con
C5, C33 2 47uF CAP, CERM, 47uF, 16V, +/-15%, X5R, 1206 1206 C3216X5R1C476M160AB TDK
Cg, C32 2 33pF CAP, CERM, 33 pF, 100 V, +/- 5%, COG/NPO, 0603 0603 06031A330JAT2A AVX
C7,C8 2 1uF CAP, CERM, 1uF, 100V, +/-20%, X7R, 1206 1206 C3216X7R2A105M160AA TDK
C11, C12, C28, C29, C42, 6 2.2uF CAP CER 2.2UF 100V 10% X7R 1206 1206 (3216 Metric) CL31B225KCHSNNE Samsung Electro-Mechanics
C43 America, Inc
C13, C18, C20, C27 4 0.01uF CAP, CERM, 0.01uF, 50V, +/-10%, X7R, 0603 0603 GRM188R71H103KA01D Murata
C14, C26 1 0.01uF CAP, CERM, 0.01 pF, 50 V, +/- 10%, X7R, 0603 0603 GRM188R71H103KA01D Murata
C15, C25 2 22pF CAP, CERM, 22pF, 50V, +/-5%, COG/NPO, 0603 0603 GRM1885C1H220JA01D Murata
C16, C22 2 0.068uF | CAP, CERM, 0.068 WF, 25V, +/- 10%, X7R, 0603 0603 GRM188R71E683KA01D Murata
C19, C38 2 2.2uF CAP, CERM, 2.2 pF, 10 V, +/- 20%, X5R, 0603 0603 C0603C225M8PACTU Kemet
Cc21 1 0.47uF CAP, CERM, 0.47uF, 100V, +/-10%, X7R, 0805 0805 GRM21BR72A474KA73L Murata
Cc23 1 0.1uF CAP, CERM, 0.1 pF, 50 V, +/- 10%, X7R, 0603 0603 GRM188R71H104KA93D Murata
C39 1 4.7uF CAP, CERM, 4.7uF, 100V, +/-10%, X7S, 1210 1210 C3225X7S2A475K200AB TDK
C40 1 47uF CAP, AL, 47 pF, 50 V, +/- 20%, 0.3 ohm, SMD SMT Radial G EEE-FC1H470P Panasonic
C41 1 0.1uF CAP, CERM, 0.1 pF, 100 V, +/- 10%, X7R, 1210 1210 GRM32NR72A104KA01L Murata
D1, D2 2 60V Diode, Schottky, 60 V, 1 A, SOD-323F SOD-323F PMEG6010CEJ,115 NXP Semiconductor
D3, D4 2 70V Diode, Schottky, 70V, 1A, SMA SMA B170-13-F Diodes Inc.
H1, H2, H3, H4 4 Machine Screw, Round, #4-40 x 1/4, Nylon, Philips panhead Screw NY PMS 440 0025 PH B&F Fastener Supply
H5, H6, H7, H8 4 Standoff, Hex, 0.5"L #4-40 Nylon Standoff 1902C Keystone
Ji, J10 2 Header, 100mil, 2x1, Gold, TH Header, 2x1, 100mil 5-146261-1 TE Connectivity
J2 1 2x1 Conn Term Block, 2POS, 5.08mm, TH 2POS Terminal Block 1715721 Phoenix Contact
J4, J5, J6 3 TEST POINT SLOTTED .118", TH Test point, TH Slot Test 1040 Keystone
point
L1 1 1.8uH Inductor, Shielded, Metal Composite, 1.8 uH, 12.8 A, 0.0038 ohm, SMD | 10.2 x 6.4 x 10.2mm 7447798180 Waurth Elektronik eiSos
L2 1 1.5uH Inductor, Shielded Drum Core, Ferrite, 1.5 pH, 7.85 A, 0.01 ohm, SMD MSS1038 MSS1038-152NLB Coilcraft
L3 1 2.5uH Inductor, Shielded Drum Core, Ferrite, 2.5 pH, 6.65 A, 0.01 ohm, SMD | MSS1038 MSS1038-252NLB Coilcraft
LBL1 1 Thermal Transfer Printable Labels, 0.650" W x 0.200" H - 10,000 per roll | PCB Label 0.650"H x THT-14-423-10 Brady
0.200"W
Q1, Q2,Q3, Q4 4 60V MOSFET, N-CH, 60 V, 24 A, PowerPAK_SO-8L PowerPAK_SO-8L SQJB850EP-T1-GE3 Vishay-Siliconix
R1, R31 2 10.0 RES, 10.0 ohm, 1%, 0.1W, 0603 0603 RCO0603FR-0710RL Yageo America
R2 1 38.3k RES, 38.3k ohm, 1%, 0.1W, 0603 0603 RCO0603FR-0738K3L Yageo America
R3, R33 2 20.0k RES, 20.0k ohm, 1%, 0.1W, 0603 0603 RC0603FR-0720KL Yageo America
R4, R13, R17, R20, R30 5 0 RES, 0, 5%, 0.1 W, 0603 0603 RC0603JR-070RL Yageo America
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Table 4. EVM Bill of Materials 3.3 V/5.0 V, 2.2 MHz (continued)

Designator Qty Value Description Package Reference Part Number Manufacturer

R5 1 0.007 RES, 0.007, 1%, 1 W, 0612 0612 PRL1632-R007-F-T1 Susumu Co Ltd

R6, R28 2 49.9 RES, 49.9, 1%, 0.1 W, 0603 0603 CRCWO060349R9FKEA Vishay-Dale

R11, R18, R23 3 10.0k RES, 10.0k ohm, 1%, 0.1W, 0603 0603 RCO0603FR-0710KL Yageo America

R12, R14, R15, R19, R21, 6 10.0 RES, 10.0, 1%, 0.1 W, 0603 0603 RCO0603FR-0710RL Yageo America

R22

R16 1 6.49k RES, 6.49 k, 1%, 0.1 W, 0603 0603 RCO0603FR-076K49L Yageo America

R29 1 0.009 RES, 0.009, 1%, 1 W, 0612 0612 PRL1632-R009-F-T1 Susumu Co Ltd

R32 1 71.5k RES, 71.5k ohm, 1%, 0.1W, 0603 0603 RCO0603FR-0771K5L Yageo America

R34 1 1.0 RES, 1.0 ohm, 5%, 0.25W, 1206 1206 CRCW12061R00JNEA Vishay-Dale

R35 1 0 RES, 0 ohm, 5%, 0.1W, 0603 0603 RC0603JR-070RL Yageo America

S1, S5 2 DIP Switch, SPST, 2Pos, Slide, SMT SW, 4.7x1.45x3mm CVS-02TB Copal Electronics

S2,S3 2 DIP Switch, SPST, 3Pos, Slide, SMT SW, 4.7x1.45x4mm CVS-03TB Copal Electronics

T1 1 484 uH Transformer, 484 uH, SMT 17.02x19.56mm PA2756NL Pulse Engineering

TP1, TP2, TP13, TP14 4 Triple Terminal, Turret, TH, Triple Keystone1598-2 1598-2 Keystone

TP3, TP4, TP5, TP7, TP10, |7 SMT Test Point, Miniature, SMT Testpoint_Keystone_Miniatu | 5015 Keystone

TP11, TP12 re

TP6, TP9 2 Yellow Test Point, Compact, Yellow, TH Yellow Compact Testpoint 5009 Keystone

TP8 Red Test Point, Compact, Red, TH Red Compact Testpoint 5005 Keystone

Ul 1 LM5140 Wide Input Range Dual Synchronous Buck Controller, RHA0040C LM5140RHA Texas Instruments
RHA0040C

C9, C31 0 0.1uF CAP, CERM, 0.1uF, 100V, +/-10%, X7R, 0603 0603 GRM188R72A104KA35D Murata

C10, C30 0 470pF CAP, CERM, 470 pF, 100 V, +/- 10%, X7R, 0805 0805 08051C471KAT2A AVX

C34 0 82uF CAP, AL, 82uF, 16V, +/-20%, 0.03 ohm, SMD H70 APXH160ARA820MH70G Nippon Chemi-Con

FID1, FID2, FID3 0 Fiducial mark. There is nothing to buy or mount. Fiducial N/A N/A

R7, R8, R26, R27 0 100 RES, 100 ohm, 1%, 0.1W, 0603 0603 RCO0603FR-07100RL Yageo America

R9, R25 0 1.40k RES, 1.40k ohm, 1%, 0.1W, 0603 0603 CRCWO06031K40FKEA Vishay-Dale

R10, R24 0 1.00 RES, 1.00, 1%, 0.5 W, 1206 1206 CSR1206FK1R00 Stackpole Electronics Inc

R36 0 0 RES, 0 ohm, 5%, 0.1W, 0603 0603 RC0603JR-070RL Yageo America
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Figure 22 illustrates the 440-kHz EVM schematic.
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Figure 22. EVM Schematic, 440 kHz
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Table 5 lists the 440-kHz EVM BOM.

Table 5. EVM BOM 3.3V/5.0 V, 440 kHz

Designator Qty | Value Description Package Reference Part Number Manufacturer
IPCB 1 Printed Circuit Board XXt Any
C1, C17, C24, C37 4 0.1uF CAP, CERM, 0.1uF, 100V, +/-10%, X7R, 0603 0603 GRM188R72A104KA35D Murata
C2, C3, C4, C35, C36 5 82uF CAP, AL, 82uF, 16V, +/-20%, 0.03 ohm, SMD H70 APXH160ARA820MH70G Nippon Chemi-Con
C5, C33 2 47uF CAP, CERM, 47uF, 16V, +/-15%, X5R, 1206 1206 C3216X5R1C476M160AB TDK
Cg, C32 2 33pF CAP, CERM, 33 pF, 100 V, +/- 5%, COG/NPO, 0603 0603 06031A330JAT2A AVX
C7,C8 2 1uF CAP, CERM, 1uF, 100V, +/-20%, X7R, 1206 1206 C3216X7R2A105M160AA TDK
C11, C12, C28, C29, C42, 6 2.2uF CAP CER 2.2UF 100V 10% X7R 1206 1206 (3216 Metric) CL31B225KCHSNNE Samsung Electro-Mechanics
C43 America, Inc
C13, C18, C20, C27 4 0.01uF CAP, CERM, 0.01uF, 50V, +/-10%, X7R, 0603 0603 GRM188R71H103KA01D Murata
C14, C26 2 0.022uF | CAP, CERM, 0.022 pF, 25V, +/- 10%, X7R, 0603 0603 C0603C223K3RACTU Kemet
C15, C25 2 470pF CAP, CERM, 470pF, 50V, +/-5%, COG/NPO, 0603 0603 GRM1885C1H471JA01D Murata
C16, C22 2 0.068uF | CAP, CERM, 0.068 pF, 25V, +/- 10%, X7R, 0603 0603 GRM188R71E683KA01D Murata
C19, C38 2 2.2uF CAP, CERM, 2.2 pF, 10 V, +/- 20%, X5R, 0603 0603 C0603C225M8PACTU Kemet
Cc21 1 0.47uF CAP, CERM, 0.47uF, 100V, +/-10%, X7R, 0805 0805 GRM21BR72A474KA73L Murata
C23 1 0.1uF CAP, CERM, 0.1 pF, 50 V, +/- 10%, X7R, 0603 0603 GRM188R71H104KA93D Murata
C39 1 4.7uF CAP, CERM, 4.7uF, 100V, +/-10%, X7S, 1210 1210 C3225X7S2A475K200AB TDK
C40 1 47uF CAP, AL, 47 pF, 50 V, +/- 20%, 0.3 ohm, SMD SMT Radial G EEE-FC1H470P Panasonic
C41 1 0.1uF CAP, CERM, 0.1 pF, 100 V, +/- 10%, X7R, 1210 1210 GRM32NR72A104KA01L Murata
D1, D2 2 60V Diode, Schottky, 60 V, 1 A, SOD-323F SOD-323F PMEG6010CEJ,115 NXP Semiconductor
H1, H2, H3, H4 4 Machine Screw, Round, #4-40 x 1/4, Nylon, Philips panhead Screw NY PMS 440 0025 PH B&F Fastener Supply
H5, H6, H7, H8 4 Standoff, Hex, 0.5"L #4-40 Nylon Standoff 1902C Keystone
H9, H10, H11, H12 4 Bumpon, Hemisphere, 0.44 X 0.20, Clear Transparent Bumpon SJ-5303 (CLEAR) 3M
Ji, J10 2 Header, 100mil, 2x1, Gold, TH Header, 2x1, 100mil 5-146261-1 TE Connectivity
J2 1 2x1 Conn Term Block, 2POS, 5.08mm, TH 2POS Terminal Block 1715721 Phoenix Contact
J4, 35, J6 3 TEST POINT SLOTTED .118", TH Test point, TH Slot Test point 1040 Keystone
L1 1 1.8uH Inductor, Shielded, Metal Composite, 1.8 pH, 12.8 A, 0.0038 ohm, SMD | 10.2 x 6.4 x 10.2mm 7447798180 Waurth Elektronik eiSos
L2 1 8uH Inductor, Shielded E Core, Ferrite, 8 uH, 7.6 A, 0.01 ohm, SMD SER1360 SER1360-802KLB Coilcraft
L3 1 10uH Inductor, Shielded E Core, Ferrite, 10 pH, 7.2 A, 0.01 ohm, SMD SER1360 SER1360-103KLB Coilcraft
LBL1 1 Tr:lermal Transfer Printable Labels, 0.650" W x 0.200" H - 10,000 per PCB Label 0.650"H x 0.200"W | THT-14-423-10 Brady
rol
Q1, Q2, Q3, Q4 4 60V MOSFET, N-CH, 60 V, 24 A, PowerPAK_SO-8L PowerPAK_SO-8L SQJ850EP-T1-GE3 Vishay-Siliconix
R1, R31 2 10.0 RES, 10.0 ohm, 1%, 0.1W, 0603 0603 RCO0603FR-0710RL Yageo America
R2 1 38.3k RES, 38.3 k, 1%, 0.1 W, 0603 0603 CRCWO060338K3FKEA Vishay-Dale
R3, R33 2 20.0k RES, 20.0k ohm, 1%, 0.1W, 0603 0603 RCO0603FR-0720KL Yageo America
R4, R13, R17, R20, R30 5 0 RES, 0, 5%, 0.1 W, 0603 0603 RC0603JR-070RL Yageo America
R5 1 0.007 RES, 0.007, 1%, 1 W, 0612 0612 PRL1632-R007-F-T1 Susumu Co Ltd
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Table 5. EVM BOM 3.3V/5.0 V, 440 kHz (continued)

Designator Qty | Value Description Package Reference Part Number Manufacturer

R6, R28 2 49.9 RES, 49.9, 1%, 0.1 W, 0603 0603 CRCWO060349R9FKEA Vishay-Dale

R11, R23 2 10.0k RES, 10.0k ohm, 1%, 0.1W, 0603 0603 RC0603FR-0710KL Yageo America

R12, R14, R15, R19, R21, 6 10.0 RES, 10.0, 1%, 0.1 W, 0603 0603 RC0603FR-0710RL Yageo America

R22

R16, R18 2 6.49k RES, 6.49 k, 1%, 0.1 W, 0603 0603 CRCWO06036K49FKEA Vishay-Dale

R29 1 0.01 RES, 0.01, 1%, 1 W, 0612 0612 PRL1632-R010-F-T1 Susumu Co Ltd

R32 1 71.5k RES, 71.5 k, 1%, 0.1 W, 0603 0603 CRCWO060371K5FKEA Vishay-Dale

R34 1 1.0 RES, 1.0 ohm, 5%, 0.25W, 1206 1206 CRCW12061R00IJNEA Vishay-Dale

R36 1 0 RES, 0 ohm, 5%, 0.1W, 0603 0603 RC0603JR-070RL Yageo America

S1, S5 2 DIP Switch, SPST, 2Pos, Slide, SMT SW, 4.7x1.45x3mm CVS-02TB Copal Electronics

S2, S3 2 DIP Switch, SPST, 3Pos, Slide, SMT SW, 4.7x1.45x4mm CVS-03TB Copal Electronics

T1 1 484 uH Transformer, 484 uH, SMT 17.02x19.56mm PA2756NL Pulse Engineering

TP1, TP2, TP13, TP14 4 Triple Terminal, Turret, TH, Triple Keystone1598-2 1598-2 Keystone

TP3, TP4, TP5, TP7, TP10, |7 SMT Test Point, Miniature, SMT Testpoint_Keystone_Miniature | 5015 Keystone

TP11, TP12

TP6, TP9 2 Yellow Test Point, Compact, Yellow, TH Yellow Compact Testpoint 5009 Keystone

TP8 Red Test Point, Compact, Red, TH Red Compact Testpoint 5005 Keystone

Ul 1 LM5140 Wide Input Range Dual Synchronous Buck Controller, RHA0040C LM5140RHA Texas Instruments
RHA0040C

C9, C31 0 0.1uF CAP, CERM, 0.1uF, 100V, +/-10%, X7R, 0603 0603 GRM188R72A104KA35D Murata

C10, C30 0 1000pF | CAP, CERM, 1000pF, 100V, +/-5%, COG/NPO, 0805 0805 C2012C0G2A102J TDK

C34 0 82uF CAP, AL, 82uF, 16V, +/-20%, 0.03 ohm, SMD H70 APXH160ARA820MH70G Nippon Chemi-Con

D3, D4 0 70V Diode, Schottky, 70V, 1A, SMA SMA B170-13-F Diodes Inc.

FID1, FID2, FID3 0 Fiducial mark. There is nothing to buy or mount. Fiducial N/A N/A

R7, R8, R26, R27 0 100 RES, 100 ohm, 1%, 0.1W, 0603 0603 RCO0603FR-07100RL Yageo America

R9, R25 0 1.40k RES, 1.40k ohm, 1%, 0.1W, 0603 0603 CRCWO06031K40FKEA Vishay-Dale

R10, R24 0 1.00 RES, 1.00, 1%, 0.5 W, 1206 1206 CSR1206FK1R00 Stackpole Electronics Inc

R35 0 0 RES, 0 ohm, 5%, 0.1W, 0603 0603 RC0603JR-070RL Yageo America
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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
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