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MAX1535 Evaluation Kit/

MAX1535 Evaluation System

General Description

The MAX1535 evaluation kit (EV kit) is an efficient, mul-
tichemistry battery charger. It uses the Intel System
Management Bus (SMBus™) to control the battery reg-
ulation voltage, charger current output, and input cur-
rent-limit set point.

The MAX1535 EV kit can charge one, two, three, or four
series Li+ cells with a current up to 8A.

The MAX1535 evaluation system (EV system) consists of
a MAX1535 EV kit and the Maxim SMBUSMON board.
The MAX1535 EV kit includes Windows® 95-/98-/
2000-/XP-compatible software to provide a user-friendly
interface.

Features

4 0.5% Battery Voltage Accuracy

4 3% Battery Charge-Current Accuracy

4 Input Current-Limiting Set Point through SMBus

Command

* & & o oo o

Up to 8A Battery Charge Current

+8V to +25V Input Voltage Range
Charges Li+, NiCd, NiMH Battery Chemistries
SMBus-Compatible 2-Wire Serial Interface
Includes Windows 95-/98-/2000-/XP-Compatible

Software and Demo PC Board
4 Fully Assembled and Tested

Automatic Selection of System Power Source

Ordering Information

SMBus
TEMP Ic
PART INTERFACE
RANGE  PACKAGE TYPE
MAX1535EVKIT 0°C to +70°C o2 N QFN
(5mm x 5mm)
MAX1535EVSYS 0°C to +70°C o2 1IN QPN qp e ismon
(5mm x 5mm)

Component Suppliers

SUPPLIER PHONE FAX WEBSITE
AVX 843-946-0238 843-626-3123 WWW.avXCorp.com
Diodes Inc. 805-446-4800 805-446-4850 www.diodes.com

General Semiconductor

760-804-9258

760-804-9259

Wwww.gensemi.com

International Resistive Co. (IRC)

361-992-7900

361-992-3377

www.irctt.com

Kemet

864-963-6300

864-963-6322

www.kemet.com

Murata

770-436-1300

770-436-3030

www.murata.com

On Semiconductor

602-244-6600

602-244-4545

wWWww.onsemi.com

Sumida 847-545-6700 847-545-6720 www.sumida.com

Taiyo Yuden 800-348-2496 847-925-0899 www.t-yuden.com

TDK 847-803-6100 847-390-4405 www.component.tdk.com
Vishay Dale 402-564-3131 402-563-6296 www.vishay.com

Note: Please indicate you are using the MAX1535 when contacting these manufacturers.

SMBus is a trademark of Intel Corp.

Windows is a registered trademark of Microsoft Corp.

MAXIMN

Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
vivive.DataSheet4U.com

1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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Component List

Evaluates: MAX1535

DESIGNATION | QTY DESCRIPTION DESIGNATION | QTY DESCRIPTION
2.2F £20%, 35V B-size tantalum 0.5A, 30V Schottky diode (SOD123)
C1 4 | capacitor D1 ;| Diodes Inc. BOS30W
AVX TAJB225M035 General Semiconductor MBR0530
Kemet T491B225M035AS On Semiconductor MBR0O530
TWF £10%, 25V X7|? ) D2 0 | Not installed
ceramic capacitor (1206 .
co ’ Murata GRM31MR71E105K J1 1 2 x 10 right-angle female receptacle
Taiyo Yuden TMK316BJ105KL g2 ’ Smart-battery header assembly,
TDK C3216X7R1E105K right angle, keyless, five position
Oo«]uF +10% 50V X7R JU1, JU2, JU3 0 Not installed
ceramic capacitors (0603) L1 1 4.3uH, 11A, 11.4mQ inductor
C3,C4,C5 3 Murata GRM188R71H103K Sumida CEP125-4R3MC-U
Taiyo Yuden UMK107B103KZ
DK CAB08XTR 1LH 03K " ;| 1354, 30V N-channel MOSFET (S08)
Fairchild FDS6670S
0.1F £10%, 2$tV ><7£603) P1_Pg g | 13A -30V Pchannel MOSFETs (SO8)
ceramic capaciiors - Fairchild FDS6679Z
C6, C8, C10 3 Murata GRM188R71E104K
TDK C1608X7R1E104K 0.01Q £1%, 1W sense resistors (2512)
R1, R2 2 | Vishay Dale WSL2512 0.010 1.0%
1uF £10%, 16V X7R IRC LRC-LRF2512-01-R010-F
ceramic capacitors (0805) .
C7,C9 2 | Murata GRM21BR71C105K R3 1| 365kQ +1% resistor (0805)
Taiyo Yuden EMK212BJ105KG R4 1 49.9kQ +1% resistor (0805)
TDK C2012X7R1C105K R5 1 | IMQ +5% resistor (0805)
C11, C12, ) R6, R7, ,
C15 C16 0 | Not installed (2220) R16-R19 0 | Not installed (0603)
22UF +20%, 25V X5R R8 1 20kQ +5% resistor (0603)
%113; %112' 4 | ceramic capacitors (2220) R9-R12 4 | 10kQ +5% resistors (0805)
’ TDK C5750X5R1E226M R13 1| 33Q +5% resistor (0805)
C19-C22 0 Not installed (0805) R14, R15 0 Not installed
3300pF +10%, 50V X7R R20 1 |5.1Q £5% resistor (0603)
ceramic capacitor (0603) R21 1 69.8kQ +1% resistor (0603)
C24 1 ¥9r8ti Gj“"fﬁiig;‘;gggﬂ R22 1| 49.9kQ +1% resistor (0603)
aiyo Yuden N -
TDK C1608X7R1H332K R23 1 14.7kQ +1% resistor (0603)
R24 1 100kQ +1% resistor (0603)
R25 1 10Q +5% resistor (0603)
U1 ’ MAX1535ETJ, 32-pin, 5mm x 5mm,
thin QFN
2 N AXI/V
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Quick Start

Recommended Equipment

e DC source to supply the input current to the charger.

This source must be capable of supplying a voltage

greater than the battery-voltage set point and have
sufficient current rating.

o \oltmeter

s Smart battery

e Computer running Windows 95, 98, 2000, or XP
e 9-pin serial extension cable

¢ SMBUSMON board

Procedure
The MAX1535 EV kit is a fully assembled and tested
board. Follow the steps below to verify board operation.
Do not turn on the power supply until all connec-
tions are completed. Observe all precautions on the
battery manufacturer’s data sheet.

1) Set the VPP jumper on the SMBUSMON board to
VCCS5.

2) Carefully connect the boards by aligning the 20-pin
connector of the MAX1535 EV kit with the 20-pin
header of the SMBUSMON board. Gently press
them together.

3) Connect a cable from the computer’s serial port to the
SMBUSMON interface board. Use a straight-through
9-pin female-to-male cable.

4) Install the software by running the INSTALL.EXE
program. The install program copies the files and
creates icons for them in the Windows 95/98/2000/XP
start menu. An uninstall program is included with the
software. Click on the UNINSTALL icon to remove
the EV kit software from the hard drive.

5) Connect power to the SMBUSMON board.

6) Connect the input-current supply across the
ADAPTER_IN and PGND pads.

Connect a smart battery to connector J2.

Turn on the power supply.

Start the MAX1535 EV kit software.

10) Verify current is being delivered to the battery.

_ _Detailed Description of Software

The MAX1535 program provides easy access to the
MAX1535 registers. It is also capable of reading the reg-
isters of a smart battery and monitoring SMBus traffic.

Upon execution of the program, the software enables the
MAX1535 smart-charger command panel (Figure 1),

© o N
o = <= <=

MAXIMN

after which any of the allowed SMBus commands can
be sent to the MAX1535. Refer to the MAX1535 data
sheet for more information regarding the allowed
SMBus commands.

Smart-Charger Command Panel

ChargeVoltage()
To issue the ChargeVoltage() command to the
MAX1535, enter the desired voltage, in millivolts, into
the Charging Voltage edit field and select the adjacent
Write button.

ChargeCurrent()
To issue the ChargeCurrent() command to the
MAX1535, enter the desired current, in milliamps, into
the Charging Current edit field and select the adjacent
Write button.

Auto Rewrite Checkboxes
The MAX1535 needs to receive a ChargeVoltage() or
ChargeCurrent() command every 175s (typ); otherwise,
the MAX1535 times out and terminates charging.
Usually, a smart battery sends these necessary com-
mands. However, when not using a smart battery with
the MAX1535 EV Kit, select either (or both) of the Auto
Rewrite checkboxes located directly under the
Charging Current and Charging Voltage edit fields. This
generates a ChargeVoltage() or ChargeCurrent() com-
mand at the selected Auto Refresh time interval located
on the Data Refresh panel.

ChargerMode()
To issue the ChargerMode() command to the
MAX1535, select a combination of checkboxes in the
Charger Mode panel of commands. Each checkbox
represents a bit in the ChargerMode() command word.
Select the checkboxes next to the bits for which the
software should write a 1, unselect the checkboxes for
a 0. Send the command by selecting the Write button.

ChargerStatus()
Charger status is shown in the Charger Status panel.
Each of the bits in the ChargerStatus() command word
are shown individually with a short description of the bit.

By default, the status is automatically read once every
two seconds. Disable this feature by unselecting the
Auto Refresh checkbox located on the Data Refresh
panel. Change the refresh time by entering a new value
into the edit box adjacent to the Auto Refresh check-
box. When Auto Refresh is disabled, issue a
ChargerStatus() command by selecting the Read but-
ton on the Charger Status panel.

GESLXVIN -s9jenjeay
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ChargerSpecinfo()
ChargerSpecinfo() returns the Charger Specification
(0x0002) from the MAX1535. This command is avail-
able through the “Other Bitmapped Charger
Registers...” panel. Select Charger Spec Info by pick-
ing it from the pulldown list located directly under the
Other Bitmapped Charger Registers... label. Issue a
ChargerSpeclinfo() command by selecting the Read
button. The returned hexadecimal value is shown at the
bottom of the panel.

AlarmWarning()
Alarm Warning is shown on the Other Bitmapped
Charger Registers... panel (Figure 2). Select Alarm
Warning by picking it from the pulldown list located
directly under the Other Bitmapped Charger
Registers... label. Each of the bits in the
AlarmWarning() command word are shown individually
with a short description of the bit and a checkbox.
Select the checkboxes next to the bits for which the
software should write a 1; unselect the checkboxes for
a 0. Send the command to the MAX1535 by selecting
the Write button.

InputCurrent()
Input Current is shown on the Other Bitmapped Charger
Registers... panel (Figure 2). Select Input Current by
picking it from the pulldown list located directly under the
Other Bitmapped Charger Registers... label. Each of the
bits in the InputCurrent() command word are shown indi-
vidually with a short description of the bit and a check-
box. Select the checkboxes next to the bits for which the
software should write a 1; unselect the checkboxes for a
0. Send the command to the MAX1535 by selecting the
Write button.

Note: The default input-current-limit setting at POR is
256mA. All codes requesting input current greater than
11.004A result in an input-current overrange, limiting
the input current to 11.004A.

ManufacturerID()
ManufacturerID() returns the Manufacturer ID (0x004D)
from the MAX1535. This command is available through
the Other Bitmapped Charger Registers... panel (Figure
2). Select Manufacturer ID by picking it from the pull-
down list located directly under the Other Bitmapped
Charger Registers... label. Issue a ManufacturerlD()
command by selecting the Read button. The returned
hexadecimal value is shown at the bottom of the panel.

DevicelD()
DevicelD() returns the Device ID (0x0006) from the
MAX1535. This command is available through the
Other Bitmapped Charger Registers... panel (Figure 2).
Select Device ID by picking it from the pulldown list
located directly under the Other Bitmapped Charger
Registers... label. Issue a DevicelD() command by
selecting the Read button. The returned hexadecimal
value is shown at the bottom of the panel.

Smart-Battery Command Panel
The software is capable of reading the registers of a
smart battery. The smart battery page of the software is
shown in Figure 3. The software only reads the registers
selected with checkmarks. By default, the registers are
automatically read once every two seconds. Disable this
feature by unselecting the Auto Refresh checkbox locat-
ed on the Data Refresh panel. Change the refresh time
by entering a new value into the edit box adjacent to the
Auto Refresh checkbox. When Auto Refresh is disabled,
read the battery by selecting the Refresh button.

_ Detailed Description of Hardware

The MAX1535 includes all the functions necessary to
charge a smart battery. The EV kit is capable of charg-
ing with a maximum current of 8.064A and a maximum
voltage of 19.2V. For more information on the operation
of the MAX1535, refer to the Detailed Description sec-
tion of the MAX1535 data sheet.

Connecting a Smart Battery
The MAX1535 EV kit includes a 5-pin smart battery
connector. To connect a smart battery to the EV kit, turn
off power to the EV kit and connect the battery, making
sure to correctly orient the connectors.

Evaluating the MAX1535 Above 25V
To evaluate the MAX1535 with an input voltage
greater than 25V (up to 28V), capacitors C1, C2, C13,
and C14 must be replaced with higher voltage-rating
parts. Any capacitors that were installed in locations
C11, C12, C19, and C20 must also meet the higher
voltage rating.

MAXIMN
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4 SMEBK E valuation Kit [_To] x] [
File Logging Interface Script Help N
Syatem Dverview I b28¢1 780 Smart Battery [Ox16] M&x1535 Smart Charger [0x12] I SMBus Interface I SMBus Scripting I SMBus Traffic | E

o rOther Bitmapped Charger Registers. .. m
Smart Charger described in file: IM.&X1 B35 IMI j IEI:-:'H:H ChargerGpecinio ;I [~
0«13 ChargerStatu 012 Chargertd oder m
Wit Read | adrite | m
LSE] L3E) e | LSE) M4
Bit0 CHARGE_IMHIBITED i Bit0  IMHIBIT_CHARGE (g Bit0  CHARGER_SPECT T
Bit1  MASTER_MODE i Bit1  EMABLE_POLLING [l Bit1 CHARGER_SFECZ T A g
Btz WOLTAGE_MOTREG 1 Bit2 POR_RESET [l Bit2 CHARGEFR_SPECS T [
Bit3 CURRENT_MOTREG 1 Bit3 RESET_TO_ZERO 1 Bit3 CHARGER_SFECS T O b
Bitd  LEVEL_2 1 Bit4  AC_PRESEMNT_MASK [l Bit4  SELECTOR_SUPPORT 7 [ x
Bith LEVEL 2 1] Bit5  Baltery_Present hask (g BitE  reserved N ml
Bit6 CURREMT_OR a Bit6  POWER_FAIL_MASK i BitE  reserved g m
Bit7  WOLTAGE_OR 1] Bit 7 reserved (g Bit7  reserved F u
Bitd  THERMISTOR_DR a Bit&  Calibration_Enable [l Bitd  reserved e m
Bit3 THERMISTOR_COLD i} Bit3  reserved (g Bit3  reserved N
Bit10 THERMISTOR_HQT a Bit10 HOT_STOP 1 Bit 10  reserved T [
Bit11 THERMISTOR_UR i] Bit11  reserved g Bit11  reserved T i
Bit12 aLaRM_IMHIBITED a Bit12 reserved [ Bit12  reserved e g
Bit 13  POIWER_FAIL i} Bit 13  reserved (g Bit13  reserved N
Bit14 BATTERY_PRESENT 1 Bit14  reserved 1 Bit14  reserved rA e
Bit 15 AC PRESEMT 1 Bit15  rezerved 1 Bit15  reserved ? [}
[MSE] wCO1C [MSE] w729 || MSE) Ome???
w14 ChargingCunnent—————————— 0«15 Chargingoltag Other Numeric Charger Registers...
00| ma wite || | [8000 v wite ||| =l
[ &uto Re-wiite [ Auto RewWrite Fromd | Ii - e |
Data Refreshr
[V Auto Refresh every |2 e Read [26] passed Pefrath |
85 4COM1 [ready |enabled [btnChargerPiefreshCiick every 2000ms i

Figure 1. MAX1535 Smart-Charger Command Panel
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4 SMBK Evaluation Kit HE= E
File Logging Interface Script Help
Syztemn Overview I 1780 Smart Battery [0x16) | MAX1535 Smart Charger (0x12) | SMBus Interface I SMBus Scripting I SMBus Tralfic I
] o rOther Bitmapped Charger Registers. .
Smart Charger dezcribed in file: IMA'P<1 B35.INI ;I 01 Elarmiod aming LI
~0x13 ChargerStatus———————————— 0«12 Chargetode |0x11:R ChargerSpecinfo
Fead Iy O JarriAf arning
[LSE] a3 [LSE] fite Ox3F W [nputCurrent
BitD  CHARGE_INHIBITED 0 || BitD  IMHIBIT_CHARGE 1 SHEEEE‘ B"a”.“fj'guref'[’
Bit1 MASTER_MODE 0 || Bit1 EMABLE_POLLING M || e e —
Bit2 WOLTAGE_MOTREG 1 Bit2 POR_RESET 1 Bit2  Mat Uszed 7 O
Bit3 CURREWT_MOTREG 1 Bit3 RESET_TO_ZERO [ Bit3 Mot Used T [
Bitd  LEWEL 2 1 Bitd  AC_PRESEMT_MASK [ Bit4  Mat Uszed 7 O
Bit5  LEWEL 3 0 Bit5  Battery_Present_Mask [C71 || BitS  MotUsed T
Bit6 CURREMT_OR I Bit&  POWER_FAIL_MASEK (g BitE Mot Uzed T [
Bit7  WOLTAGE_OR I} Bit 7  reserved 1 Bit¥ Mot Uzed 7 O
Bit8 THERMISTOR_OR I Bit&  Calibration_Enable [ Bit8 Mot Used T [
Bit3  THERMISTOR_COLD 1] Bit3  reserved 1 Bit3  Mat Uzed K
Bit10 THERMISTOR_HOT 0 Bit10 HOT_STOPR 1 Bit10  reserved 7 O
Bit11 THERMISTOR_UR I Bit 11 rezerved [ Bit11 Mot Uzed. T [
Bit12 ALARM_IMHIBITED 1] Bit12 rezerved 1 Bit12  Ower Temperature I
Bit13 POWER_FAIL 1] Bit13 reserved 1 Bit13  Other &larm 7 O
Bit14 BATTERY_PRESEMNT 1 Bit14  reserved 1 Bit 14  Terminate Charge N A
Bit15 AC_PRESEMT 1 Bit15 rezerved 1 Bit 15 Ower Charge Alarm I
[MSE) 0xCOC | | [MSE) 0x7??77 || [MSE) w7777
—0x14 ChargingCurent—————— 015 Charging'altage——————————— [~Other Mumeric Charger Registers...
00| Wiite | [1B000 | v Wiite | | =]
Auto Fewrite Auto Rewfrite
= O Read | I e white |
Data Refrezh

[ &uta Refresh every

|2_ =l

Fead [55] paszed

[WACOMT  |[ready

|enabled |btnChargerHefreshEIick every 2000ms

Figure 2. MAX1535 Smart-Charger Command Panel Showing the Pulldown List for Charger Spec Info, Alarm Warning, Input Current,

Manufacturer ID, and Device ID
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4 SMEBK E valuation Kit
File Logaging
System Overview | MAXT730 Smart Battery (0x18] | 4441535 Smart Charger [0x1 2]| SMBus Interface I SMBus Scripting I SMBus Traffic |

Interfface  Script  Help

| Smart Battery descibed in file; |M.~’-‘q><1 Felini

]

Smart Battery Setting
| W 0x00 Marwfacturer Access IURDDDD
i
[ 0x01 Remaining Capacity &larm |4D|] itk

W 0x02 Remaining Time Alarm |1 0 rrinutes
[+ 0x03 Battery Mode IDHDDDD méh

¥ 0x04 At Rate

—

Apphy Selected Changes (Ox00..0x04 writeable] |

|55535 minutes
|85535 rirLbes
Ilrue

¥ 005 At Fate Tine to Ful
¥ 0x06 At Bate Tie to Emphy
[ 0x07 &t Rate OK

V¥ 0x05 T emperature |3E:B,D K 944cC
¥ 0x09 Valtage |1 7895 my

¥ 004 Current ||] it
[+ 0x0B AverageCument ||j i

[+ 0x0C Max Errar 0z
[# 0:00 Relative State of Charge [0 %
¥ 0:0E Absoluke State of Charge [0
[+ 0x0F Remairing Capacity

¥ 0x10 Full Charge Capacity
[ 0x11 Run Time ta Empty
[ 0x12 Awerage Time to Emphye
[+ 0213 Average Time to Ful
[+ 0214 Charging Currert

[ 0:15 Charging Yaltage
[ 0x1E Battery Status

[+ 0x17 Cycle Count

[+ 0:18 Design Capacity

[ 0219 Design Valtage

[ 0x14 Specification [nfo
¥ 0x1B Manufacture D ate
¥ 0x1C Serial Mumnber

W 0220 Manufacturer Name
¥ 0:21 Device Name

[ 0222 Device Chemisty

[o0omen
EET—
.
TS
I
[fomw
T
[raon
——

[ MM

|M¢><1?=30Ew<

|LIDN

¥ %23 Manufacturer Data I{ 0x30 033 0x31 034 )

diagnaosticl IUH3U

diagrinstic? IUr:33

diagrostic3 IUH31

diagnosticd IUH34

D ata Refresh

[V Auto Refresh eveny I2 e

Select Al | Select Mone

[ Stop Auto-Fefresh on Erraor

Read [127] passed <60 good reads:

[# Eraze old data
[ UsePECs

[%4C0M1 |[Script completed

|enabled [binE attenFiefreshClick every 2000ms

Figure 3. Smart-Battery Command Panel
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Figure 4. MAX1535 EV Kit Schematic
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Figure 5. MAX1535 EV Kit Schematic—Smart Battery Connector
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Figure 6. MAX1535 EV Kit Component Placement Guide—Component Side
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Figure 7. MAX1535 EV Kit PC Board Layout—Component Side
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Figure 8. MAX1535 EV Kit PC Board Layout—VDD and Power Ground Plane
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Figure 9. MAX1535 EV Kit PC Board Layout—Ground Plane
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Figure 10. MAX1535 EV Kit PC Board Layout—Solder Side
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