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1 Introduction
This application report contains information about the printed circuit board (PCB).

2 General Description

The LM2650 evaluation board is provided as a tool for developing DC/DC converters based on the
LM2650 IC. It is configured for single-output, step-down DC/DC converters. Figure 1 is a complete
schematic of the board that can accommodate up to 28 components including the LM2650. Table 1 is a
complete list of pads for placing components.

Note: Not all applications will require the placement of all 28 components. The number of components
placed depends on the requirements of the application and the use of features like programmable soft-
start. The LM2650 evaluation board is intended to be a reusable tool on which many different converters
meeting the requirements of many different applications can be built. It is not intended to demonstrate only
one application of the LM2650.

For convenience, a sample of the LM2650 and eight other components have been assembled: a 0.1 pF
capacitor at each of C1, C2, C6, and CB, a 0.2 uF capacitor at CVp, a 0.01 yF capacitor at CSS, a 24.9
kQ resistor at R2, and a 0 Q resistor at R4. Of the eight, the first seven are common to many applications,
and the last is simply a jumper grounding the SYNC input. When the synchronization feature is not being
used, the SYNC input should be grounded.

3 Example Circuits

The components contained in Table 2, Table 3, and Table 4 can be used to build typical application
circuits. As with the design of any DC/DC converter, the design of these involved tradeoffs between
efficiency, size, and cost. The converters detailed in Table 2 were designed with efficiency as the number
one criteria. Those detailed in Table 4 trade slightly higher switching losses for a much smaller inductor.

All trademarks are the property of their respective owners.
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Figure 1. The LM2650 Evaluation Board Rev. 1 Schematic

Thermal Performance

The 24-lead SO package is a molded plastic package with a solid copper lead frame. Most of the heat
generated at the die flows through the lead frame into the 3-ounce copper planes on the board. The board
then acts as a heat sink. The junction-to-ambient thermal resistance of the packaged IC mounted on the
board has been measured to be 38°C/W, 37 °C/W, and 35 °C/W for the dissipation of 1.0W, 1.5W, and
2.0W respectively. These measurements were made in still air. The junction-to-ambient thermal resistance

of the packaged IC alone in still air is 78°C/W. The board is 0.063" thick FR-4 material.

Art

Figure 2 through Figure 4 show the PCB art work.

Table 1. A Complete List of Pads for Placing Components

Label No Notes

Ul For placing the LM2650.

C1,C2,C3,and C4 Capacitors placed here filter high-frequency switching noise from the input power rail.

C5 0 These pads should not be labeled with a C. No component is placed here. They can be used to
ground the SLEEP LOGIC input. The pad connected to the SLEEP LOGIC pin can be used to
pull the input up.

C6 1 A capacitor placed here also filters high-frequency switching noise from the input power rail but
at the VIN rail, the rail used by the signal-level circuits inside the IC.

C9 1 Usually no component is placed here. A capacitor might be placed here for loop compensation
purposes, but most applications don't use it.

C10 A capacitor is placed here for loop compensation purposes.

CB The bootstrap capacitor is placed here.

CcC A capacitor is placed here for loop compensation purposes. This capacitor and an internal 6.5
kQ resistor create an integrator pole.

CIN1 and CIN2 2 The bulk input capacitors are placed here.
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Table 1. A Complete List of Pads for Placing Components (continued)

Label No Notes
COUT1, COUT2, and 3 The output filter capacitors are placed here.
COUT3

Css 1 A capacitor placed here programs the soft-start interval.

CVpp 1 A capacitor placed here bypasses the output of the V;, regulator.

L1 1 The inductor is placed here.

R1 1 One of the feedback resistors is placed here.

R2 1 The other feedback resistor is placed here.

R3 1 A resistor is placed here for loop compensation purposes.

R4 1 These pads can be used to ground the SYNC input when the synchronization feature is not
being used. The pad connected to the SYNC input can be used to connect the synchronization
signal. The evaluation board has a 0 Q jumper placed here to ground the SYNC input.

RC 1 A resistor is also placed here for loop compensation purposes. This resistor and the capacitor
placed at CC create an integrator zero.

RFA 1 A resistor placed here adjusts the switching frequency up from the nominal 90 kHz. No
component is placed here for applications switching at 90 kHz.
RSIA and RSIC Resistors placed here program the sleep-in threshold.
RSOA and RSOC 2 Resistors placed here program the sleep-out threshold.
Table 2. Components for Two Typical 90 kHz Application Circuits

Input Voltage

7t0 18 VIN

Applicable Cell Stacks

8- to 12-Cell NiCd or NiMH, 3- to 4-Cell Li lon, 8- to 11-Cell Alkaline, 6-Cell Lead Acid

Output

5V, 3A Out

3.3V, 3A Out

Input Filter Capacitors C1, C2,
and C6

0.1 uF ceramic chip capacitor

0.1 pF ceramic chip capacitor

Bootstrap Capacitor CB

0.1 pF ceramic chip capacitor

0.1 pF ceramic chip capacitor

Soft-start Capacitor CSS

0.01 pF ceramic chip capacitor

0.01 pF ceramic chip capacitor

Vpp Bypass Capacitor CVpp

0.2 pF ceramic chip capacitor

0.2 pF ceramic chip capacitor

Input Bulk Capacitors CIN1
and CIN2

22 pF, 35 V AVX TPS Series or Sprague 593D
Series tantalum chip capacitor

22 pF, 35 V AVX TPS Series or Sprague 593D
Series tantalum chip capacitor

Inductor L1

40 pH (see Table 3)

33 uH (see Table 3)

Output Capacitors COUT1,
COUT2, and COUT3

220 pyF, 10 V AVX TPS Series or Sprague 593D
Series tantalum chip capacitor

220 pF, 10 V AVX TPS Series or Sprague 593D
Series tantalum chip capacitor

Feedback Resistors R1 and
R2

R1 =75KkQ, 1%, R2 = 24.9 kQ, 1%

R1 =412 kQ, 1%, R2 = 24.9 kQ, 1%

Compensation Components
RC, CC, R3, and C10

RC =37.4 kQ, CC = 4.7 nF, R3= 3.57 kQ,C10 =
5.6 nF

RC =23.2kQ, CC=8.2nF, R3=2.0kQ, C10 =
10 nF

Sleep Resistors RSIA and
RSOA

RSIA = 33 kQ, RSOA = 200 kQ

RSIA = 39 kQ, RSOA = 130 kQ

Table 3. Toroidal Inductors Using Cores From MICROMETALS, INC.

Core No Core Material Wire Gauge No of Strands No of Turns
15 pH T38 -52 AWG #23 1 21
20 pH T38 -52 AWG #23 1 25
33 uH T50 -52 AWG #21 1 41
40 pH T50(B) -18 AWG #21 1 41
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Table 4.

Components for Two Typical 200 kHz Application Circuits

Input Voltage

7t0 18 VIN

Applicable Cell Stacks

8- to 12-Cell NiCd or NiMH, 3- to 4-Cell Li lon, 8- to 11-Cell Alkaline, 6-Cell Lead Acid

Output

5V, 3A Out

3.3V, 3A Out

Input Filter Capacitors C1, C2,
and C6

0.1 pF ceramic chip capacitor

0.1 pF ceramic chip capacitor

Bootstrap Capacitor CB

0.1 pF ceramic chip capacitor

0.1 pF ceramic chip capacitor

Soft-start Capacitor CSS

0.01 pF ceramic chip capacitor

0.01 pF ceramic chip capacitor

Vpp Bypass Capacitor CVpp

0.2 pF ceramic chip capacitor

0.2 pF ceramic chip capacitor

Input Bulk Capacitors CIN1
and CIN2

22 uF, 35 V AVX TPS Series or Sprague 593D
Series tantalum chip capacitor

22 pF, 35 V AVX TPS Series or Sprague 593D
Series tantalum chip capacitor

Inductor L1

20 pH (see Table 3)

15 pH (see Table 3)

Output Capacitors COUT1,
COUT2, and COUT3

220 pF, 10 V AVX TPS Series or Sprague 593D
Series tantalum chip capacitor

220 pF, 10 V AVX TPS Series or Sprague 593D
Series tantalum chip capacitor

Feedback Resistors R1 and
R2

R1 =75KkQ, 1%, R2 = 24.9 kQ, 1%

R1 =412 kQ, 1%, R2 = 24.9 kQ, 1%

Compensation Components
RC, CC, R3, and C10

RC =53.6 kQ, CC = 2.7 nF, R3=4.02 kQ, C10
=4.7nF

RC = 33.2 kQ, CC= 3.9 nF, R3 =3.01 kQ, C10
=6.8nF

Sleep Resistors RSIA and
RSOA

RSIA = 47 kQ, RSOA = 200 kQ

RSIA = 47 kQ, RSOA = 91 kQ

Frequency Adjusting Resistor
RFA

RFA = 24.9 kQ

RFA = 24.9 kQ
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Figure 2. LM2650 Evaluation Board Top Silk Screen (Scale 1:1)
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Figure 3. LM2650 Evaluation Board Bottom Silk Screen (Scale 1:1)
Figure 4. LM2650 Evaluation Board Component Side (Scale 1:1)
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Figure 5. LM2650 Evaluation Board Solder Side (Scale 1:1)
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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.

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 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.

Tl 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 Tl 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 Tl 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, Tl 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 TI components are authorized for use in FDA Class Il (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.

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.

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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