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1 Introduction

11 EVM Features

e Evaluation Module For 8-cell Li-ion battery. To support other voltage battery, the output voltage
set point can be changed by changing the feedback voltage divider.

¢ High Efficiency Synchronous Buck Charger

e User-programmable Battery Voltage

o Test Points for Key Signals Available for Testing Purpose. Easy Probe Hook-up.

e Jumpers Available. Easy to Change Connections.

1.2 General Description

The bq24610 is highly integrated Li-ion or Li-polymer switch-mode battery charge controllers. It offers a
constant-frequency synchronous PWM controller with high accuracy charge current and voltage
regulation, termination, charge preconditioning, and charge status monitoring,

The bgq24610 EVM charges the battery in three phases: preconditioning, constant current, and constant
voltage. Charge is terminated when the current reches a minimum user-selectable level. A programmable
charge timer provides a safety backup for charge termination. The bq24610 automatically restarts the
charge cycle if the battery voltage falls below an internal threshold, and enters a low-quiescent current
sleep mode when the input voltage falls below the battery voltage.

For details, see bq24610 (SLUS892) data sheets.

1.3 1/O Description

Table 1:
Jack Description
J1-Vin input positive terminal
J1-PGND Input ground terminal
J2— BAT Output positive terminal
J2— PGND Output ground
J2-TS Temperature Qualification Voltage Input
J2-TSA1 Temperature Qualification Voltage Input 1
JP1-CE Charge enable pin
JP1-GND Ground

1.4 Controls and Key Parameters Setting

Table 2:
Jack Description Factory Setting
JP1 Charge enable setting Jumper installed: disable charge

Installed : Disable charge
Non-installed: Allow charge
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1.5 Recommended Operating Conditions
Table 3:
Symbol Description Minimum | Typical | Maximum Unit Notes
Supply Input voltage_ from 33 48 60 Vv
voltage, Vin ac adapter input
Battery Voltage applied at
voltage, Vear VBAT terminal 0 336 50 v
Subplv current Maximum input
PP 3|/ ’ current from ac 0 4.5 A
AC adapter input
Charge Battery charge
current, lchrg current 1 3 4 A
Operating
junction o
temperature 0 125 ¢
range, T,

2 Test Summary

2.1DEFINITIONS

This procedure details how to configure the HPAG03 evaluation board. On the test procedure the
following naming conventions are followed. Refer to the HPA603 schematic for details.

VXXX':
LOADW:

V(TPyyy):

V(JIxx):

V(TP(XXX)):

V(XXX, YYY):
I(IXX(YYY)):

Jxx(BBB):
Jxx ON :
Jxx OFF:

External voltage supply name (VADP, VBT, VSBT)

External load name (LOADR, LOADI)

Voltage at internal test point TPyyy. For example, V(TP12) means the voltage at
TP12.

Voltage at jack terminal Jxx.

Voltage at test point “XXX”. For example, V(ACDET) means the voltage at the
test point which is marked as “ACDET".

Voltage across point XXX and YYY.

Current going out from the YYY terminal of jack XX.

Terminal or pin BBB of jack xx

Internal jumper Jxx terminals are shorted

Internal jumper Jxx terminals are open

Jxx (-YY-) ON: Internal jumper Jxx adjacent terminals marked as “YY” are shorted
Measure:>A,B Check specified parameters A, B. If measured values are not within specified

limits the unit under test has failed.

Observe - A,B Observe if A, B occur. If they do not occur, the unit under test has failed.

Assembly drawings have location for jumpers, test points and individual components.

2.2 EQUIPMENT

2.2.1

POWER SUPPLIES

Power Supply #1 (PS#1): a power supply capable of supplying 60-V @ 5-A is required.
Power Supply #2 (PS#2): a power supply capable of supplying 5-V @ 1-A is required.
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2.2.2 LOAD #1
mode
2.2.3 METERS
2.2.4 Oscilloscope

A 60V (or above), 5A (or above) electronic load that can operate at constant current

Four Fluke 75 multimeters, (equivalent or better)

The current meters must be capable of measuring 5A+ current.

Tektronix TDS3054 scope or equivalent, 10X voltage probe.

2.3EQUIPMENT SETUP

A) Set the power supply #1 for OV £ 100mVDC, with the current limit set to > 5 A and then turn off
supply.
B) Connect the output of power supply #1 in series with a current meter (multi-meter) to J1 (VIN,

GND).

C) Connect a voltage meter across J1 (VIN, GND).

D) Set the power supply #2 for OV + 100mVDC, 0.2 + 0.1A current limit and then turn off supply.
E) Connect the output of the power supply #2 across J2 (TS, GND).

F) Connect Load #1 in series with a current meter to J2 (BAT, GND). Turn off Load #1.
G) Connect a voltage meter across J2 (BAT, GND).

H) Connect an oscilloscope’s probe across J2 (BAT, GND).
[) IfJP1 is not installed, install the jumper.
J) After the steps above, the test setup for HPA603 is shown in Figure 1.

Power
supply #1

lin J1

GND

Vin _VCC bias suppl

o
J2
TS1
u1 TS
B GND
BAT
APPLICATION CIRCUIT
LOW bat protector
Sleep mode comparator Test Points
JP1 0000
O creor 0000
oOo00e

Power
supply #2
£
W\ Ibat Load
+ #1
Oscilloscope

Figure 1: Original test setup for HPA603 (bq24610EVM-HV)
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2.4PROCEDURE
2.4.1 Vec Bias Supply Power Up
24.1.1 Turn on PS#1. Set the power supply #1 to 48V + 1VDC
Measure > V(TP(VREF)) = 3.3V + 0.1V
Measure - V(TP(REGN)) = 0V + 0.5V
Measure > V(TP(Vcc)) = 8.5V + 0.5V
2.4.2 CHARGE VOLTAGE REGULATION
2421 Turn on PS#2. Set the power supply #1 to 1.8V + 100mVDC
2422 Take JP1 off (Enable the charging).

Oscilloscope Measure - Peak V(J2(BAT)) = 33.6V + 1V
Measure > V(TP(REGN)) = 6V + 500mV

2.4.3 CHARGE CURRENT REGULATION

2431 Set the output voltage to 15V. Turn on Load#1.
Measure = Ibat = 500mA + 200mA

2.4.3.2 Set the output voltage to 28V.Turn on Load#1.
Measure > Ibat = 4.15A + 300mA

2.4.4 CHARGE CUT-OFF BY THERMISTOR

2441 Slowly increase the output voltage of PS2 until Ibat = 0 [J10Ma

Measure — V(J4(TS)) = 2.44V + 200mV
Measure - |bat = OmA + 100mA

2442 Slowly decrease the output voltage of PS2 to 1.8V + 100mV
Measure - |bat = 4150mA + 300mA

3 PCB Layout Guideline

The switching node rise and fall times should be minimized for minimum switching loss. Proper layout
of the components to minimize high frequency current path loop is important to prevent electrical and
magnetic field radiation and high frequency resonant problems. Here is a PCB layout priority list for
proper layout. Layout PCB according to this specific order is essential.

1). Place input ceramic capacitor as close as possible to switching MOSFET’s supply and ground
connections and use shortest copper trace connection.
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2). The gate drive IC, UCC27201, should be placed close to the switching MOSFET’s gate terminals
and keep the gate drive signal traces short for a clean MOSFET drive. The IC can be placed on the
other side of the PCB of switching MOSFETSs.

3). Place inductor input terminal to switching MOSFET’s output terminal as close as possible.
Minimize the copper area of this trace to lower electrical and magnetic field radiation but make the
trace wide enough to carry the charging current. Do not use multiple layers in parallel for this
connection. Minimize parasitic capacitance from this area to any other trace or plane.

4). The charging current sensing resistor should be placed right next to the inductor output. Route the
sense lead nets close to each other (minimize loop area) and do not route the sense leads through a
high-current path.

5). Place output capacitor next to the sensing resistor output and ground.

6). Output capacitor ground connections need to be tied to the same copper that connects to the input
capacitor ground before connecting to system ground.

8). Route analog ground separately from power ground. Connect analog ground and connect power
ground separately. Connect analog ground and power ground together using power pad as the single
ground connection point. Or using a 0Q resistor to tie analog ground to power ground (power pad
should tie to analog ground in this case if possible).

9). Decoupling capacitors should be placed next to the IC pins and make trace connection as short as
possible.

10). It is critical that the exposed power pad on the backside of the IC package be soldered to the
PCB ground. Ensure that there are sufficient thermal vias directly under the IC, connecting to the
ground plane on the other layers.

4 Bill of Materials, Board Layout and Schematics
41 Bill of Materials

COUNT RefDes Value Description Size Part Number MFR
1 C1 0.22uF Capacitor, Ceramic, 100V, X7R, 20% 1206 STD STD
3 C10, C16, C28 0.1uF Capacitor, Ceramic, 16V, X7R, 10%, 0603 STD STD
4 C11, C17, C20, C24 0.1uF Capacitor, Ceramic, 50V, X7R, 10% 0603 STD STD
2 C12, C36 4.7uF Capacitor, Ceramic, 16V, X7R, 20% 1206 STD STD
2 C14, C19 22pF Capacitor, Ceramic, 50V, X7R, 10% 0603 STD STD
1 C2 33uF Capacitor, Radial, Aluminum, 100V, 20% 0.492 inch UPW2A330MPD Nichicon
0 C21, C22 Open Capacitor, Ceramic, 50V, X7R, 10% 0603 STD STD
1 C25 3.3nF Capacitor, Ceramic, 50V, X7R, 10% 0603 Std TDK
1 C26 10uF Capacitor, Radial, Aluminum, 100V, 20% 0.492 inch Tg()s’\;1OOMH4#5 Elna America
2 C27,C29 100pF Capacitor, Ceramic, 16V, X7R, 5%, 0603 STD STD
2 C3,C37 2.2uF Capacitor, Ceramic, 100V, X7R, 10% 1812 STD STD
1 C30 1.0uF Capacitor, Ceramic, 16V, X7R, 10% 0603 STD STD
1 C31 15pF Capacitor, Ceramic, 50V, X5R, 10% 0402 Std Std
1 C32 2.2uF Capacitor, Ceramic, 100V, X7R, 10% 1210 Std Std
1 C33 0.1uF Capacitor, Ceramic, 6.3V, X5R, 20% 0402 Std Std
1 C34 3300pF Capacitor, Ceramic, 6.3V, X5R, 20% 0402 Std Std
1 C35 0.1uF Capacitor, Ceramic, 10V, X5R, 20% 0402 Std Std
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C38 Open Capacitor, Ceramic, 100V, X7R, 20% 0805 STD STD
C4 0.22uF Capacitor, Ceramic, 100V, X7R, 10% 1206 STD STD
C5, C6 2.2uF Capacitor, Ceramic, 50V, X5R, 20% 1812 STD STD
C7,C13,C18 0.1uF Capacitor, Ceramic, 16V, X7R, 10% 0603 STD STD
C8 0.1uF Capacitor, Ceramic, 100V, X7R, 10% 1206 STD STD
C9, C15, C23 1.0uF Capacitor, Ceramic, 16V, X7R, 20% 0805 STD STD
D1 BZX84B15-V Diode, Zener, 15-V, 300-mW SOT-23 BZX84B15-V Diodes
D2 MMSD701T1G Schottky Barrier Diodes, 70-V, 200-mA, 225mW, SOD-123 MMSD701T1G On Semi
D3, D4 Open Diode, Signal, 300-mA, 75-V, 350-mW SOD-123 1N4148W-7-F Diodes
D5, D8 1N4148W-7-F Diode, Signal, 300-mA, 75-V, 350-mW SOD-123 1N4148W-7-F Diodes
D6 Open Diode, Schottky Barrier Rectifier, 2A, 100V SMB B2100-13 Diodes
D7 DDZ5V6BS Diode, Zener, 5.6V, 900mA, 200mW SOD-323 DDZ5V6BS Diodes
D9 BAT54 Diode, Schottky, 200-mA, 30-V SOT-23 BAT54 Vishay
J1 ED1609-ND Terminal Block, 2 pin, 15A, 5.1mm 0.40 x 0.35inch ED1609 OSsT
J2 ED2227 Terminal Block, 4 pin, 15A, 5.1mm 0.80 x 0.35inch ED2227 OST
JP1 PEC02SAAN Header, Male 2-pin, 100mil spacing, 0.100 inch x 2 PEC02SAAN Sullins
L1 22uH Inductor, Low Profile High Current, 6A, 20% 0.51 x 0.52 inch 7443551221 Wurth

0.402 x 0.394

L2 100uH Inductor, SMT, 2.48A, 89milliohm inch MSS1038-104ML Coilcraft
Q1,Q2 SI7852DP MOSFET, NChan, 80V, 10.9A, 22 millohm PWRPAK S0-8 Si7852DP \S/:ﬁsgr{m
Q3, Q5 Open MOSFET, NChan, 80V, 10.9A, 22 millohm PWRPAK S0-8 Si7852DP \S/:ﬁssrillx
Q4 SI7469DP MOSFET, PChan, 80V, 28A, 29millohm PWRPAK S0-8 SI7469DP Vishay
Q6 SI7469DP MOSFET, PChan, 80V, 28A, 29millohm PWRPAK S0-8 SI7469DP Vishay
R1 200k Resistor, Metal Film, 1/4 watt, 5% 1206 Std Std
R10 100k Resistor, Chip, 1/16W, 1% 0603 Std Std
R11, R12 15.0k Resistor, Chip, 1/16W, 1% 0603 Std Std
R13, R14, R25, R26 0 Resistor, Chip, 1/16W, 5% 0603 Std Std
R22 2.00k Resistor, Chip, 1/16W, 1% 0603 Std Std
R17, R19, R36 10.0k Resistor, Chip, 1/16W, 1% 0402 Std Std
R18 0.02 Resistor, Chip, 1/2W, 1% 2010 WSL2010R0100FEA | Dale
R2 51.1 Resistor, Chip, 1/16W, 1% 0603 Std Std
R20 100k Resistor, Chip, 1/10W, 1% 0805 Std Std
R21 4.02k Resistor, Chip, 1/16W, 1% 0603 Std Std
R23 464k Resistor, Chip, 1/10W, 1% 0805 Std Std
R24 30.9k Resistor, Chip, 1/10W, 1% 0805 Std Std
R28, R29 1.00M Resistor, Chip, 1/16W, 1% 0603 Std Std
R3 40.2 Resistor, Chip, 1/16W, 1% 0603 Std Std
R30, R33 866k Resistor, Chip, 1/10W, 1% 0805 Std Std
R16, R31 10.0k Resistor, Chip, 1/16W, 1% 0603 Std Std
R35 750k Resistor, Chip, 1/16W, 1% 0603 Std Std
R37 100k Resistor, Chip, 1/16W, 1% 0402 Std Std
R38 10k Resistor, Chip, 1/16W, 1% 0603 Std Std
R39 5.49k Resistor, Chip, 1/16W, 1% 0402 Std Std
R4 9.31k Resistor, Chip, 1/16W, 1% 0402 Std Std
R40 154k Resistor, Chip, 1/16W, 1% 0402 Std Std
R41 88.7K Resistor, Chip, 1/16W, 1% 0402 Std Std
R42 113k Resistor, Chip, 1/16W, 1% 0402 Std Std
R43, R44 Open Resistor, Chip, 1/2W, 1% 2010 STD STD
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1 R45 3.3 Resistor, Chip, 1/10W, 1% 0805 Std Std

2 R46, R47 200 Resistor, Chip, 1/2W, 1% 2010 Std Std

1 R5 432k Resistor, Chip, 1/16W, 1% 0402 Std Std

2 R6, R27 1.00k Resistor, Chip, 1/16W, 1% 0603 Std Std

1 R7 10 Resistor, Chip, 1/16W, 1% 0603 Std Std

3 R15, R32, R34 23.2k Resistor, Chip, 1/16W, 1% 0603 Std Std

1 R8 100 Resistor, Chip, 1/16W, 1% 0402 Std Std

0 R9 OPEN Resistor, Chip, 1/16W, 1% 0603 Std Std

0 SH1, SH2 Short jumper

0 TP1, TP18, TP19 STD Test Point, 0.020 Hole STD STD
0.100 x 0.100

1 TP10 STAT2 Test Point, White, Thru Hole Color Keyed inch 5002 Keystone
0.100 x 0.100

1 TP11 REGN Test Point, White, Thru Hole Color Keyed inch 5002 Keystone
0.100 x 0.100

1 TP12 VREF Test Point, White, Thru Hole Color Keyed inch 5002 Keystone
0.100 x 0.100

1 TP3, TP13 GND Test Point, Black, Thru Hole Color Keyed inch 5001 Keystone
0.100 x 0.100

1 TP14 VCC Test Point, White, Thru Hole Color Keyed inch 5002 Keystone
0.100 x 0.100

1 TP15 CHGEN Test Point, White, Thru Hole Color Keyed inch 5002 Keystone
0.100 x 0.100

1 TP17 BTST Test Point, White, Thru Hole Color Keyed inch 5002 Keystone
0.100 x 0.100

3 TP2, TP4,TP5 5002 Test Point, White, Thru Hole Color Keyed inch 5002 Keystone
0.100 x 0.100

1 TP16 TS Test Point, White, Thru Hole Color Keyed inch 5002 Keystone
0.100 x 0.100

1 TP6 TTC Test Point, White, Thru Hole Color Keyed inch 5002 Keystone
0.100 x 0.100

1 TP7 ISET2 Test Point, White, Thru Hole Color Keyed inch 5002 Keystone
0.100 x 0.100

1 TP8 ISET1 Test Point, White, Thru Hole Color Keyed inch 5002 Keystone
0.100 x 0.100

1 TP9 STAT1 Test Point, White, Thru Hole Color Keyed inch 5002 Keystone

1 U1 bg24610RGE IC, QFN-24 bg24610RGE TI

1 U2 INA169 IC, 2.7V to 60V High-Side Current Shunt Monitor S0T23-5 INA169 Tl

1 U3 UCC27201QDD | IC, High Freq. Half Bridge Driver, 120V 3A Peak EPSO-8 UCC27201QDD T

1 U4 LM2903PW IC, Dual Differential Comparators, 2-36 Vin TSSOP-8 (PW) LM2903PW TI

1 us LM358AD IC, Dual Operational Amplifiers SO-8 LM358AD Tl

1 ue TPS54060DGQ IC, DC-DC Converter, 60V, 0.5A MSOP-10 TPS54060DGQ TI

1 - HPAG603 PCB, 4 Inx41Inx0.62 In HPA603 Any
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4.2 Board Layout

Figure 2. Top Layer
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Figure 3. 2™ Layer
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Figure 4 3" Layer
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Figure 5. Bottom Layer
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Schematics

Figure 8. Schematic
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) 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 Tl components. To minimize the risks associated with customer products and
applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl 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 Tl regarding third—party products or services does
not constitute a license from Tl 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 Tl.

Reproduction of 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.

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 Tl product or service and is an
unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Mailing Address:
Texas Instruments

Post Office Box 655303
Dallas, Texas 75265

Copyright ©2007, Texas Instruments Incorporated
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EVM IMPORTANT NOTICE
Texas Instruments (TI) provides the enclosed product(s) under the following conditions:

This evaluation kit being sold by Tl is intended for use for ENGINEERING DEVELOPMENT OR EVALUATION
PURPOSES ONLY and is not considered by Tl to be fit for commercial use. As such, the goods being provided may
not be complete in terms of required design-, marketing-, and/or manufacturing-related protective considerations,
including product safety measures typically found in the end product incorporating the goods. As a prototype, this
product does not fall within the scope of the European Union directive on electromagnetic compatibility and therefore
may not meet the technical requirements of the directive.

Should this evaluation kit not meet the specifications indicated in the EVM User’s Guide, the kit may be returned
within 30 days from the date of delivery for a full refund. THE FOREGOING WARRANTY IS THE EXCLUSIVE
WARRANTY MADE BY SELLER TO BUYER AND IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED,
IMPLIED, OR STATUTORY, INCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY
PARTICULAR PURPOSE.

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user
indemnifies Tl from all claims arising from the handling or use of the goods. Please be aware that the products
received may not be regulatory compliant or agency certified (FCC, UL, CE, etc.). Due to the open construction of the
product, it is the user’s responsibility to take any and all appropriate precautions with regard to electrostatic discharge.

EXCEPT TO THE EXTENT OF THE INDEMNITY SET FORTH ABOVE, NEITHER PARTY SHALL BE LIABLE TO
THE OTHER FOR ANY INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES.

TI currently deals with a variety of customers for products, and therefore our arrangement with the user is not
exclusive.

Tl assumes no liability for applications assistance, customer product design, software performance, or infringement of
patents or services described herein.

Please read the EVM User’s Guide and, specifically, the EVM Warnings and Restrictions notice in the EVM User’s
Guide prior to handling the product. This notice contains important safety information about temperaturesand
voltages. For further safety concerns, please contact the Tl application engineer.

Persons handling the product must have electronics training and observe good laboratory practice standards.

No license is granted under any patent right or other intellectual property right of Tl covering or relating to

anymachine, process, or combination in which such Tl products or services might be or are used.

Mailing Address:

Texas Instruments
Post Office Box 655303
Dallas, Texas 75265

Copyright ©2007, Texas Instruments Incorporated
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