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Preface

NOTICE TO CUSTOMERS

All documentation becomes dated, and this manual is no exception. Microchip tools and
documentation are constantly evolving to meet customer needs, so some actual dialogs
and/or tool descriptions may differ from those in this document. Please refer to our website
(www.microchip.com) to obtain the latest documentation available.

Documents are identified with a “DS” number. This number is located on the bottom of each
page, in front of the page number. The numbering convention for the DS number is
“DSXXXXXXXXA”, where “XXXXXXXX” is the document number and “A” is the revision level
of the document.

For the most up-to-date information on development tools, see the MPLAB® IDE online help.
Select the Help menu, and then Topics, to open a list of available online help files.

INTRODUCTION

This chapter contains general information that will be useful to know before using the
MCP1663 Mini-Module SEPIC Converter Evaluation Board. Items discussed in this
chapter include:

* Document Layout

» Conventions Used in this Guide

* Recommended Reading

* The Microchip Website

» Customer Support

* Document Revision History

DOCUMENT LAYOUT

This document describes how to use the MCP1663 Mini-Module SEPIC Converter
Evaluation Board as a development tool. The manual layout is as follows:

» Chapter 1. “Product Overview” — Important information about the MCP1663
Mini-Module SEPIC Converter Evaluation Board.

» Chapter 2. “Installation and Operation” — Includes instructions on how to get
started with the MCP 1663 Mini-Module SEPIC Converter Evaluation Board and a
description of the user’s guide.

» Appendix A. “Schematic and Layouts” — Shows the schematic and layout
diagrams for the MCP 1663 Mini-Module SEPIC Converter Evaluation Board.

* Appendix B. “Bill of Materials (BOM)” — Lists the parts used to build the
MCP1663 Mini-Module SEPIC Converter Evaluation Board.

© 2019 Microchip Technology Inc. DS50002846A-page 4



Preface

CONVENTIONS USED IN THIS GUIDE

This manual uses the following documentation conventions:

DOCUMENTATION CONVENTIONS

Description

Represents

Examples

Arial font:

Italic characters

Referenced books

MPLAB® IDE User’s Guide

Emphasized text

...Is the only compiler...

Initial caps A window the Output window
A dialog the Settings dialog
A menu selection select Enable Programmer
Quotes A field name in a window or | “Save project before build”
dialog
Underlined, italic text with A menu path File>Save
right angle bracket
Bold characters A dialog button Click OK

A tab

Click the Power tab

N‘Rnnnn

A number in verilog format,
where N is the total number of
digits, Ris theradixand nis a
digit.

4'b0010, 2'hF1

Text in angle brackets < >

A key on the keyboard

Press <Enter>, <F1>

Courier New font:

Plain Courier New

Sample source code

#define START

Filenames autoexec.bat

File paths c:\mccl18\h

Keywords _asm, _endasm, static
Command-line options -Opa+, -Opa-

Bit values 0, 1

Constants 0xFF, ‘A’

Italic Courier New

A variable argument

file.o, where file can be
any valid filename

Square brackets [ ]

Optional arguments

mccl8 [options] file

[options]

Curly brackets and pipe
character: {| }

Choice of mutually exclusive
arguments; an OR selection

errorlevel {0]1}

Ellipses...

Replaces repeated text

var_name [,
var name...]

Represents code supplied by
user

void main (void)

{
}

© 2019 Microchip Technology Inc.
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Preface

RECOMMENDED READING

This user’s guide describes how to use the MCP1663 Mini-Module SEPIC Converter
Evaluation Board. Other useful documents are listed below. The following Microchip
documents are available and recommended as a supplemental reference resource:

 MCP1663 Data Sheet — “High-Voltage Integrated Switch PWM Boost Regulator
with UVLO” (DS20005406)

* AN2085 - “Designing Applications with MCP166X High Output Voltage Boost
Converter Family” (DS00002085)

THE MICROCHIP WEBSITE

Microchip provides online support via our website at www.microchip.com. This website
is used as a means to make files and information easily available to customers.
Accessible by using your favorite Internet browser, the website contains the following
information:

* Product Support — Data sheets and errata, application notes and sample
programs, design resources, user’s guides and hardware support documents,
latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQs), technical
support requests, online discussion groups, Microchip consultant program
member listing

» Business of Microchip — Product selector and ordering guides, latest Microchip
press releases, listing of seminars and events, listings of Microchip sales offices,
distributors and factory representatives

CUSTOMER SUPPORT

Users of Microchip products can receive assistance through several channels:

+ Distributor or Representative

* Local Sales Office

* Field Application Engineer (FAE)
* Technical Support

Customers should contact their distributor, representative or field application engineer
(FAE) for support. Local sales offices are also available to help customers. A listing of
sales offices and locations is included in the back of this document.

Technical support is available through the website at:
http://www.microchip.com/support.

DOCUMENT REVISION HISTORY
Revision A (May 2019)

« Initial release of this document

© 2019 Microchip Technology Inc. DS50002846A-page 6
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Chapter 1. Product Overview

1.1 INTRODUCTION

This chapter provides an overview of the MCP1663 Mini-Module SEPIC Converter
Evaluation Board and covers the following topics:

* MCP1663 Short Overview
* What is the MCP1663 Mini-Module SEPIC Converter Evaluation Board?
* What the MCP1663 Mini-Module SEPIC Converter Evaluation Board Kit Contains

1.2 MCP1663 SHORT OVERVIEW

The MCP1663 is a compact, high-efficiency, fixed-frequency, non-synchronous step-up
DC-DC converter which integrates a 36V, 400 mQ switch. This product provides a
space-efficient, high-voltage step-up, easy-to-use power supply solution and is
configurable in various DC-DC topologies.

The MCP1663 offers the advantage of a minimum number of external components for
applications powered by two-cell or three-cell alkaline, Ultimate Lithium®, Ni-Cd,
Ni-MH, one-cell Li-lon or Li-Polymer batteries.

The MCP1663 operates in Pulse-Width Modulation (PWM), at a fixed 500 kHz switch-
ing frequency. The device features an Undervoltage Lockout (UVLO), which prevents
Fault operation below 1.85V typical (UVLO Stop), corresponding to the value of two dis-
charged alkaline batteries. The MCP1663 starts its normal operation at 2.3V input volt-
age, typically (UVLO Start), and the operating input voltage ranges up to 5.5V.

For standby applications, MCP1663 can be turned off by pulling the EN pin to GND.
The device will stop switching and will consume 300 nA of input current. Note that,
while in Shutdown mode, the input voltage will be bypassed to the output through the
inductor and the Schottky diode. In the Step-Up/Step-Down configuration, using a
SEPIC (Single-Ended Primary Inductor Converter), there is no direct path from input to
output. Connecting the EN pin to GND will provide an output disconnect.

MCP1663 also provides overvoltage protection (OVP) in the event of:
 Short-circuit of the feedback pin to GND
+ Disconnected feedback divider from Vot

In these conditions, the OVP will stop the switching and will prevent damage to the
device. This feature is disabled during the start-up sequence and thermal shutdown.

The goal of the MCP1663 Mini-Module SEPIC Converter Evaluation Board is to
demonstrate the capabilities of the MCP1663 device used in the SEPIC topology for
applications designed in a very small form factor like the DDPAK package.

1.21 SEPIC TOPOLOGY

The SEPIC topology is commonly used in battery-powered devices as it requires the
minimum number of components in order to develop a DC-DC power converter that
provides a positive regulated output voltage from either a lower or a higher input volt-
age. This type of converter follows the flyback design, adding a coupling capacitor
between the windings of the transformer.

© 2019 Microchip Technology Inc. DS50002846A-page 7



The SEPIC topology can use either two single inductors with separate windings or a
coupled inductor, with both windings on the same core. The difference between the two
types of inductors is small, from the circuit operation point of view. The uncoupled
inductors solution offers better output current capabilities, but might require a bigger
area on the PCB. This is very dependent on 1:1 coupled inductors available on the mar-
ket vs. load current requirements. This evaluation board offers a good trade-off solution
with regards to both size and performance.

This converter eliminates the need for a snubber circuit. The extra active clamping
circuit is removed with a capacitor connected between the first and the second inductor.
The capacitor clamps the winding leakage inductance energy, offers DC isolation and
protection against a shorted load. The input inductor smooths the current draw from the
battery and reduces the required input filtering.

L4 Cc Vour
56 uH 47 UF D1 3.3V @ 300 to 600 mA
" V,\ dependent
v L2
N 5.6uH
2.8V to 4.2V SW H
V|N = RT J: COU'I'
. Cin 22kQ T 10 uF
g 10 pF I Ve
=
z Rg
3 - 1.3kQ
N ON EN
OFF[ 4 1 L
GND -
L
FIGURE 1-1: Typical MCP1663 SEPIC Converter.

1.3 WHATIS THE MCP1663 MINI-MODULE SEPIC CONVERTER EVALUATION
BOARD?

The MCP1663 Mini-Module SEPIC Converter Evaluation Board is used to evaluate
Microchip Technology’s MCP 1663 product. This board demonstrates the capabilities of
the MCP1663 SEPIC converter, which has its output voltage set to 3.3V and is
designed in a very small form factor (DDPAK package), as shown in Figure 1-2. The
size plays an important role in every application where space is one of the constraints.

© 2019 Microchip Technology Inc. DS50002846A-page 8



Top View Bottom View

o
<" 'MCP1663 SEPIC 3.3V

k= 39.50mm >

FIGURE 1-2: MCP1663 Mini-Module SEPIC Converter Evaluation Board.

The MCP1663 Mini-Module SEPIC Converter Evaluation Board was developed to help
engineers reduce the product design cycle time.

Another important feature of this evaluation board is that it has the EN pin accessible
and can be controlled from an MCU or another device. The EN pin is a logic-level input
and will enable the regulator’s output when its voltage is greater than 85% of V. When
this pin is set low or connected to ground, the SEPIC converter enters Output
Disconnect mode.

In this application, the output voltage is set to the proper value by using an external
resistor divider, resulting in a simple and compact solution.

1.4 WHAT THE MCP1663 MINI-MODULE SEPIC CONVERTER EVALUATION
BOARD KIT CONTAINS

The MCP1663 Mini-Module SEPIC Converter Evaluation Board kit includes the follow-
ing items:

*+ MCP1663 Mini-Module SEPIC Converter Evaluation Board (ADM01014)

* Important Information Sheet

© 2019 Microchip Technology Inc. DS50002846A-page 9
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Chapter 2. Installation and Operation

21 INTRODUCTION

MCP1663 is a non-synchronous, fixed-frequency step-up DC/DC converter that has
been developed for applications that require higher output voltage capabilities.
MCP1663 can regulate the output voltage up to 32V and can deliver 250 mA load at
3.3V input and 12V output. At light loads, MCP1663 skips pulses to keep the output
ripple low.

Anotherimportant feature is that the device integrates the compensation and protection
circuitry so that the final solution lowers the total system cost, eases the implementation
and requires a minimum number of additional components and a small board area.

The SEPIC topology is used to provide a positive regulated 3.3V output voltage from
an input voltage that varies from a minimum of 2.3V to a maximum of 5V. Refer to
Figure 2-1 for the maximum output current that can be obtained for different input volt-
ages.

The DDPAK footprint brings an advantage in terms of performance, as the design was
optimized for both high efficiency and maximum output current capabilities, while keep-
ing a small form factor of the module.

700 | |
600 — VOUT =3.3V //
—]
500 —
—_— //
< 400 =
£ "
&= 300 /’
3 "
200
T, =25°C
100 A=2
0
23 26 29 32 35 38 41 44 47 5
Vin(V)
FIGURE 2-1: MCP1663 SEPIC - 3.3V Vgoy1 Maximum oyt vs. Viy Using a
Power Supply.
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Installation and Operation

100°A) | ‘ | | T T
90% -1— Vour=3.3V Vin =5V
0% LN
0 —/ ’NZT
— 10%
S / j
S 60% 7 - 1
g / V=28V V=42V
2 50%
S 40% /
"“u]' 30%
20%
10%
0%
1 10 100
lour (MA)
FIGURE 2-2: MCP1663 SEPIC 3.3V Vo1 Mode Efficiency vs. loyr
211 MCP1663 Mini-Module SEPIC Converter Evaluation Board
Features
The MCP1663 Mini-Module SEPIC Converter Evaluation Board has the following

features:

» Undervoltage Lockout (UVLO): 1.85V (typical)

« Start-up Voltage: 2.3V (UVLO Start)

* Input Voltage Range (V) after start-up: 1.85V to 5.5V

» Output Voltage: 3.3V

* Output Current: 300 mA @ 3.3V Output, 2.8V Input; refer to Figure 2-1
* PWM Operation

» Switching Frequency: 500 kHz

» Peak Input Current Limit: 1.8A

* Internal Compensation

+ Soft Start

» Overtemperature Protection (if the die temperature exceeds +150°C, with 15°C
hysteresis)

» Small Size Package: 13 mm x 9.5 mm (DDPAK)

2.2 GETTING STARTED

The MCP1663 Mini-Module SEPIC Converter Evaluation Board is fully assembled and
tested to evaluate the MCP1663 product and demonstrate its capabilities. This board
requires the use of external laboratory power supplies and load.

The mini-module’s performance was tested using a motherboard which includes a
DDPAK footprint, as shown in Figure 2-3. All measurements presented in this docu-
ment were performed by utilizing this motherboard.

© 2019 Microchip Technology Inc. DS50002846A-page 11
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c]\[n] GND
=]

ﬁ\ MicrocHIP
DDPAK

0

FIGURE 2-3: Motherboard Used to Evaluate the Mini-Module with DDPAK
Footprint.

2.21 Power Input and Output Connection

2211 POWERING MCP1663 MINI-MODULE SEPIC CONVERTER
EVALUATION BOARD

The MCP1663 Mini-Module SEPIC Converter Evaluation pin information is presented

below.
DDPAK 4
13 x 9.5 mm Symbol Description
1 VN Input Voltage Pin GND
2 EN Enable Control Input Pin
3 Vout Output Voltage Pin E E
4 GND Ground Pin z - 5
> W )
>
Bottom View
FIGURE 2-4: MCP1663 SEPIC DDPAK Mini-Module Bottom View and Pins
Description.

Surface mounted pads are available for input voltage, output load and ground connec-
tions. The maximum applied input voltage should not exceed 5.5V.

Soldered pads are available in order to allow connecting a load. The peak current limit
of the MCP1663 will provide a safe maximum current value. The maximum output cur-
rent for the converter will vary with the input voltage, as shown in Figure 2-1.

© 2019 Microchip Technology Inc. DS50002846A-page 12



Installation and Operation

2212 BOARD POWER-UP PROCEDURE

1. Connect the power supply as shown in Figure 2-5.
2. Connect the Enable pin to the V| pin; refer to Figure 2-4.

3. Connect the load between the Vot and GND terminals (pads). This can be
either a 33Q resistor or an electronic load set to 100 mA.

4. Set the input voltage to 2.5V and turn on the power supply. Use the voltmeter to
measure Vot The output voltage must be regulated around 3.3V (+ 5%).

5. Change the input voltage in the range of 1.85V to 5V and check if Vgt stays

regulated. With the V| below 1.6V, the output voltage of the mini-module should
drop to around OV.

Board - Bottom Side

Electronic Load/| | \-meter
Resistive Load

V-meter | Ipower Supply
+
+

FIGURE 2-5: MCP1663 Mini-Module SEPIC Converter Evaluation Board
Setup.

© 2019 Microchip Technology Inc. DS50002846A-page 13



@ MCP1663 MINI-MODULE SEPIC
CONVERTER EVALUATION
MICROCHIP BOARD USER’S GUIDE

Appendix A. Schematic and Layouts

A1 INTRODUCTION

This appendix contains the following schematics and layouts for the MCP1663
Mini-Module SEPIC Converter Evaluation Board - ADM01014:

» Board — Schematic

* Board — Top Silk

» Board — Top Copper and Silk

» Board — Top Copper

» Board — Bottom Copper

* Board — Bottom Copper and Silk

» Board — Bottom Silk

© 2019 Microchip Technology Inc. DS50002846A-page 14
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Schematic and Layouts

A.3 BOARD - TOP SILK

MicrocHIP

C€

A.4 BOARD - TOP COPPER AND SILK

A.5 BOARD - TOP COPPER

© 2019 Microchip Technology Inc. DS50002846A-page 16



Schematic and Layouts

A.6 BOARD -BOTTOM COPPER

A.7 BOARD -BOTTOM COPPER AND SILK

A.8 BOARD -BOTTOM SILK

© 2019 Microchip Technology Inc. DS50002846A-page 17
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Appendix B. Bill of Materials (BOM)

TABLE B-1: BILL OF MATERIALS (BOM)
Qty. |Reference Description Manufacturer Part Number
2 C1,C2 Capacitor Ceramic, 10 pF, 10V, 20%, X5R, |Samsung CL10A106MP8NNNC
SMD, 0603
1 CcC Capacitor Ceramic, 4.7 pF, 10V, 20%, Y5V, |[Samsung Elec- CL21F475ZPFNNNE
SMD, 0805 tro-Mechanics America,
Inc
1 D1 Diode Schottky, RB161MM-20TR, 350mV, ROHM Semiconductor |RB161MM-20TR
1A, 20V, SMD, SOD-123F
2 L1, L2 Inductor Fixed, 5.6 pH, 2.2A, 238 mOHM, Bourns®, Inc. SRP3020TA-5R6M
SMD, AEC-Q200
1 PCB1 Printed Circuit Board Microchip Technology 04-10931-R1
Inc.
1 RB Resistor, TKF, 1.3k, 1%, 1/10W, SMD, 0402 |Panasonic® - ECG ERJ-2RKF1301X
1 RT Resistor, TKF, 2.2k, 1%, 1/10W, SMD, 0402 |Panasonic® - ECG ERJ-2RKF2201X
1 U1 Microchip Analog Switcher Boost 32V Microchip Technology MCP1663T-E/OT
MCP1663T-E/OT SOT-23-5 Inc.
Note 1: The components listed in this Bill of Materials are representative of the PCB assembly. The released BOM

used in manufacturing uses all RoHS-compliant components.

© 2019 Microchip Technology Inc.

DS50002846A-page 18




MICROCHIP

Worldwide Sales and Service

AMERICAS

Corporate Office

2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200

Fax: 480-792-7277
Technical Support:
http://www.microchip.com/
support

Web Address:
www.microchip.com

Atlanta

Duluth, GA

Tel: 678-957-9614
Fax: 678-957-1455

Austin, TX
Tel: 512-257-3370

Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
Chicago

Itasca, IL

Tel: 630-285-0071
Fax: 630-285-0075

Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924

Detroit
Novi, MI
Tel: 248-848-4000

Houston, TX
Tel: 281-894-5983

Indianapolis
Noblesville, IN

Tel: 317-773-8323
Fax: 317-773-5453
Tel: 317-536-2380

Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608
Tel: 951-273-7800

Raleigh, NC
Tel: 919-844-7510

New York, NY
Tel: 631-435-6000

San Jose, CA
Tel: 408-735-9110
Tel: 408-436-4270

Canada - Toronto
Tel: 905-695-1980
Fax: 905-695-2078

ASIA/PACIFIC

Australia - Sydney
Tel: 61-2-9868-6733
China - Beijing

Tel: 86-10-8569-7000
China - Chengdu
Tel: 86-28-8665-5511
China - Chongqing
Tel: 86-23-8980-9588

China - Dongguan
Tel: 86-769-8702-9880

China - Guangzhou
Tel: 86-20-8755-8029

China - Hangzhou
Tel: 86-571-8792-8115

China - Hong Kong SAR
Tel: 852-2943-5100
China - Nanjing

Tel: 86-25-8473-2460
China - Qingdao

Tel: 86-532-8502-7355

China - Shanghai
Tel: 86-21-3326-8000

China - Shenyang
Tel: 86-24-2334-2829

China - Shenzhen
Tel: 86-755-8864-2200

China - Suzhou
Tel: 86-186-6233-1526

China - Wuhan

Tel: 86-27-5980-5300
China - Xian

Tel: 86-29-8833-7252

China - Xiamen
Tel: 86-592-2388138

China - Zhuhai
Tel: 86-756-3210040

ASIA/PACIFIC

India - Bangalore
Tel: 91-80-3090-4444

India - New Delhi
Tel: 91-11-4160-8631

India - Pune
Tel: 91-20-4121-0141

Japan - Osaka
Tel: 81-6-6152-7160
Japan - Tokyo
Tel: 81-3-6880- 3770

Korea - Daegu
Tel: 82-53-744-4301

Korea - Seoul
Tel: 82-2-554-7200

Malaysia - Kuala Lumpur
Tel: 60-3-7651-7906

Malaysia - Penang
Tel: 60-4-227-8870
Philippines - Manila
Tel: 63-2-634-9065
Singapore

Tel: 65-6334-8870

Taiwan - Hsin Chu
Tel: 886-3-577-8366

Taiwan - Kaohsiung
Tel: 886-7-213-7830
Taiwan - Taipei

Tel: 886-2-2508-8600

Thailand - Bangkok
Tel: 66-2-694-1351

Vietnam - Ho Chi Minh
Tel: 84-28-5448-2100

EUROPE

Austria - Wels
Tel: 43-7242-2244-39
Fax: 43-7242-2244-393

Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829

Finland - Espoo
Tel: 358-9-4520-820

France - Paris

Tel: 33-1-69-53-63-20

Fax: 33-1-69-30-90-79
Germany - Garching

Tel: 49-8931-9700

Germany - Haan
Tel: 49-2129-3766400

Germany - Heilbronn
Tel: 49-7131-72400

Germany - Karlsruhe
Tel: 49-721-625370

Germany - Munich

Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Germany - Rosenheim
Tel: 49-8031-354-560

Israel - Ra’anana
Tel: 972-9-744-7705

Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781
Italy - Padova

Tel: 39-049-7625286
Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Norway - Trondheim
Tel: 47-7288-4388

Poland - Warsaw
Tel: 48-22-3325737

Romania - Bucharest
Tel: 40-21-407-87-50
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
Sweden - Gothenberg
Tel: 46-31-704-60-40
Sweden - Stockholm
Tel: 46-8-5090-4654
UK - Wokingham

Tel: 44-118-921-5800
Fax: 44-118-921-5820
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