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DESCRIPTION

Demonstration circuit 2558A is a high voltage switch-
ing buck regulator, Li-lon cell charger and power backup
manager. It is based on the LTC4091 and provides the fol-
lowing functions: 2A buck regulator with 7.5V-36V (60V
absolute max) input range and with output voltage track-
ing cell voltage, full-featured cell charger with selectable
4.1V or 4.2V maximum charge voltage, and a power path

LTC4091
36V Buttery Churger and
Power Buckup Munhuagyer

manager for the cell. Output voltage is strictly limited to
4.45V. Temperature protection is optional with an external
NTC temperature sensor.

Design files for this circuit board are available at
http://www.linear.com/demo/DC2558A

A7, LT LTC, LTM, Linear Technology and the Linear logo are registered trademarks and
Bat-Track is a trademark of Analog Devices, Inc. All other trademarks are the property of their
respective owners.

PGBFOBMHI’ICG Summﬂﬁ\' Specifications are at T = 25°C
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
VWin Input Supply Range - Viy (Withstands up to 60V Without Damage) 7.5 36 v
VuvLo Vin Undervoltage Lockout Threshold 7.0 74 v
VoviLo Vin Overvoltage Lockout Threshold 36 38 40 v
Vout Output Voltage with Vy Assumes HVOUT to OUT Connection (Q1) 345  Vgar+01 445 v
Cell Charger
IcHG Constant-Current Mode Charging Current Vi = 12V, Vgar = 3.6V, R14 = 75kQ 650 700 750 mA
Veug Vpar Regulated Output Voltage Igat = 2mA; JP4 in 4.1V position 4.048 4100 4152 v
IgaT = 2mA; JP4 in 4.2V position 4.148 4.900 4.952 v
ITRKL Trickle Charge Current Vgar =2V 35 50 75 mA
AVRecHrg | Recharge Threshold Threshold Voltage Relative to Vgug -65 -100 -150 mV
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DEMO MANUAL DC2558A

FUNCTIONAL OVERVIEW

The DC2558A demonstration board showcases the
LTC4091 cell charger and power backup manager inte-
grated circuit. The LTC4091 includes a buck converter
that both provides an intermediate output voltage as well
a constant-current, constant-voltage charging circuit for
a lithium-ion cell. The LTC4091 features a hard voltage-
output limit of 4.45V making it suitable for powering, for
example, MMIC LNA (monolithic microwave integrated
circuit low-noise amplifier) devices with absolute-maxi-
mum power supply voltages of 4.5V.

The intermediate voltage output (J3) follows the cell volt-
age plus approximately 130mV of headroom to minimize
power dissipation when charging the lithium-ion cell.
However, regardless of cell voltage, the buck converter

will regulate its output voltage to at least 3.45V, and no
more than 4.45V .

The V) input is capable of withstanding input voltages up
to 60V; the buck converter is guaranteed to operate up to
36V. The cell-charging current can be programmed with
a single resistor. The buck regulator operates at 800kHz
and can deliver a total of 2A of current split between the
intermediate output voltage and charging current.

Current to the output is supplied by the lithium-ion cell
when input power is removed. An on-chip 75mgQ ideal
diode ensures seamless switchover without interrup-
tion of load current. Gate drive for an optional external
PMOS FET to further reduce ideal-diode voltage drop is
also provided.

eQUIPMENT

6 DVMs

1 DC Supply 0V-50V 3A for the Vjy Input Test
1 DC Supply 0V-5V 3A

1 Power Resistor 2Q2, 10W

1 Adjustable Load 0A-2A
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DEMO MANUAL DC2558A

QUICK START PROCEDURE

Refer to Figure 1 for proper measurement equipment
setup, and follow the procedure below:

1.

With power off, connect the input power supplies,
meters and output load as shown in Figure 1. For the
Vinyinputuse a0V-50V, 3A adjustable power supply. To
emulate the cell, use a 0V-5V adjustable power supply
that can deliver at least 3A in parallel with a 2Q, 10W
power resistor. Attach a 0A-2A adjustable load to the
system output (OUT).

. Check that the jumpers are in their default positions as

shown in the schematic.

Validation of Trickle-Charge Current

3.

Set the cell emulator voltage to zero. Set the system
load at zero. Connect the adjustable 0V-50V power sup-
ply to the demo board Vy input; turn it on and slowly
increase the V,y voltage. When V|y passes through
~7.2\I-7.4V/, current is drawn from V). The red LED
D2 will light up to indicate that the buck regulator is
active. The charger should activate, and green LED D4
will turn on to indicate cell charging.

. Set the Vyy input voltage at 12V. Increase the voltage

at BAT to 2.0V. The cell will now be in trickle-charge
mode, and the charge current should be in the range
70mA-80mA.

Validation of Operation at Full Constant-Current
Charge

5. Slowly increase the cell emulator voltage, and note that

when the cell voltage rises through 2.8V-3.0V the cell
charge current will jump to ~700maA.

. Increase the cell voltage to 3.6V. The voltage at OUT

will be 3.7V-3.9V. The cell will be charging at 665mA-
735mA. Increase the system load (at OUT) to 1.3A
and check that the cell charge current does not drop
significantly. (The buck regulator is delivering 1.3A +
0.7A = 2A current).

Validation of Input Overvoltage Behavior
7. Increase the voltage at Viy slowly and note that as

the voltage exceeds ~36V-38V, the input current will
drop to zero, and the red LED (D2) and the green LED
(D4) will turn off, indicating that the buck regulator
has shut down due to overvoltage, and charging has
terminated. Settheinputvoltage (V|y) to 40V. Confirm
that the load connected to OUT is now powered from
the cell. Decrease the Vy voltage through 36V-38V,
and observe that the buck regulator and charger will
resume normal operation.

Validation of Operation at OUT Voltage = Vgar
8. Increase the cell emulator voltage (at BAT) slowly,

and note that the green LED turns off and the charge
current falls to zero as the voltage at BAT rises above
~4.15V-4.25V. Confirm the voltage at OUT does not
exceed 4.45V.

dc2558af

3



DEMO MANUAL DC2558A

QUICK START PROCEDURE

°
P Yo i 5 o
LTC4091 82
36V BATTERY CHARGER AND = l;}@@ %
POWER BACKUP MANAGER : lI| [o2]
DEMO CIRCUIT 2558A HVOUT
/ wr @
vIN ssmis e

—. DIS =
2o Il w

NTC
. NTC CHRG
() B EXT EN *OUT+BAT CURRENT
2 (S H NOT TO EXCEED 2A
RT o/ NT [@fDIs CHRG
e = =~
(408) 432-1900 SYNC CHRG PROG VINGD
www.linear.com R'1'4.

VIN
4.45V MAX
[ | 2A
7.5V-36V
‘ J1
44V 42V

BATTERY
EMULATOR

Figure 1. Proper Test Equipment Setup
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DEMO MANUAL DC2558A

The jumpers on the DC2558A can be used as follows:

JUMPER POSITION FUNCTION

JP1 SS/DIS SS: Enables the LTC4091 with soft-start circuit
DIS: Disables LTC4091

JP2 NTC INT: Uses an on-bhoard 10k< resistor in lieu of NTC
EXT: Uses an external NTC connected through J2

JP3 CHRG EN: Enables cell-charging function
DIS: Disables cell-charging function

JP4 VBaT 4.1V: Sets maximum cell-charging voltage to 4.1V
4.2V: Sets maximum cell-charging voltage to 4.2V

The LTC4091 includes enable/disable functionality
through the RUN/SS pin. For the demanding automotive
cold-crank application, an additional undervoltage-lockout
feature is included. See the circuit surrounding D3 and
Q3 in the schematic.

R1 and C2 comprise a snubber which has been included
on the input to reduce voltage surges that might be
induced onto the DG2558A when it is hot-plugged to a
power source.

Q1 is chosen so the voltage drop across it does not interfere
with the operation of the charging circuit. The Bat-Track™"
functionality of the LTC4091 regulates the voltage at the
HVOUT pin to ~130mV above the voltage at OUT. Addi-
tionally, the voltage difference between the OUT pin and
BAT pin (Vg in Electrical Characteristics table) must be

~80mV for the charger to enable. This leaves ~50mV of
margin for voltage drop across Q1. The DG2558A uses
a relatively low-Rpg(on) (9MmQ max.) PMOS FET for Q1
which allows 2A total current (load current plus cell-
charging current) to pass through the device with plenty
of voltage-drop margin. An application with a lower total-
current requirement will work with a smaller PMOS device
provided the voltage drop across the device is less than
~50mV with maximum load plus charging current.

Functionality of the DC2558A can be deleteriously affected
by contamination in the vicinity of the GATE pin of the
LTC4091. If a soldering iron is used on the board, be sure
the board is properly cleaned.
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DEMO MANUAL DC2558A

PARTS LIST

ITEM | QTY |REFERENCE

PART DESCRIPTION

MANUFACTURER/PART NUMBER

Required Circuit Components

1 1 |Gt CAP, 0.47uF, X5R, 16V, +10%, 0402 TAIYO YUDEN EMK105ABJ474KV-F

2 1 [C10 CAP, 10pF, NP0, 25V, +10%, 0402 AVX 04023A100KAT2A

3 1 |C3 CAP, 3.3uF, X5R, 16V, £10%, 0603 TDK C1608X5R1C335K080AC

4 1 |C4 CAP, 4.7uF, X7R, 50V, £10%, 1206 AVX 12065C475KAT2A

5 1 |C5 CAP, 330nF, X7R, 50V, +10%, 0805 Murata Electronics GCM219R71H334KA55

6 1 |C6 CAP, 68uF, X5R, 10V, +20%, 1206 TDK C3216X5R1A686M160AC

7 1 |C7 CAP, 150nF, X5R, 16V, +20%, 0402 TDK C1005X5R1C154M050BB

8 1 |C8 CAP, 100pF, X5R, 10V, +20%, 1210 MURATA GRM32ER61A107ME20L

9 1 (C9 CAP, 220pF, COG, 50V, 5%, 0402 AVX 04025A221JAT2A

10 1 D1 DIODE, SCHOTTKY REGTIFIER, 60V DIODES INC. B360A-13-F

11 1 |D3 DIODE, ZENER, 6.8V, 500mW, SOD-123 CENTRAL SEMICONDUCTOR CORP CMHZ4692

12 1 (U IND., 6.8uH, PWR, +20%, 3.9A, 74.1mQ COILCRAFT XAL4030-682MEC

13 1 |Q1 XSTR., MOSFET P-CHAN, 20V, 17A VISHAY SIS447DN-T1-GE3

14 1 |Q3 TRANSISTOR, DUAL NPN, SOT-363 DIODES INC MMDT5551-7-F

15 1 |RN RES., 15kQ, £1%, 1/16W, 0402 NIC NRC04F1502TRF

16 1 |R14 RES SMD, +75kQ, 1%, 1/16W, 0402 VISHAY DALE CRCW040275KO0FKED

17 2 |R16,R18 RES., 100k, +1%, 1/16W, 0402 VISHAY CRCW0402100KFKED

18 1 |R17 RES., 49.9kQ, +1%, 1/16W, 0402 NIC NRC04F4992TRF

19 1 |R2 RES., 140kQ, +1%, 1/16W, 0402 VISHAY CRCW0402140KFKED

20 1 |R6 RES., AEC-Q200, 4.99kQ, +1%, 1/10W, 0402 PANASONIC ERJ2RKF4991X

21 1 |R7 RES., 40.2kQ, £1%, 1/16W, 0402 NIC NRCO4F4022TRF

22 1 |R9 RES., 0.05Q, +1%, 1/4W, 0603 SUSUMU RL0816S-R050-F

23 1 (Ut IC, 36V BAT.CHARGER & BACKUP 22-Pin DFN LINEAR TECHNOLOGY LTC4091EDJC#PBF
Additional Demo Board Circuit Components

1 1 |C2 CAP, 10pF, X5R, 50V, +10%, 1206 MURATA GRM31CR61H106KA12L

2 1 |D2 LED, RED, WATERCLEAR, 1206 WURTH ELEKTRONIK 150120RS75000

3 1 |D4 LED, GREEN, WATERCLEAR, 1206 WURTH ELEKTRONIK 150120GS75000

4 1 |Q2 XSTR., MOSFET P-CHAN, 20V, 17A VISHAY SIS447DN-T1-GE3

5 1 |R1 RES., 22Q, +1%, 1/2W, 1210 VISHAY CRCW121022ROFKEA

6 1 |R3 RES., 49.9kQ, £1%, 1/16W, 0402 NIC NRCO4F4992TRF

7 2 |R4,R15 RES., 7.5kQ, 1%, 1/16W, 0402 VISHAY CRCW04027K50FKED

8 1 |R5 RES., 1kQ, +1%, 1/16W, 0402 VISHAY CRCW04021KOOFKED

9 3 |R8,R10,R13 RES., 10kQ, £1%, 1/16W, 0402 VISHAY CRCW040210KOFKED

Hardware: For Demo Board Only

1 9 |E1,E2 E5-E8,E10-E12 | TEST POINT, TURRET, 0.064", MTG. HOLE MILL-MAX 2308-2-00-80-00-00-07-0
2 3 |E3,E4,E9 TEST POINT TURRET, 0.094", MTG. HOLE MILL-MAX 2501-2-00-80-00-00-07-0
3 3 [J1-43 CONN., TERMINAL BLOCK, 1x2, 3.5mm, THT WURTH ELEKTRONIK 691214110002
4 1 |J4 CONN., SHROUDED HEADER, 1x2, 3.81mm,THT WURTH 691322310002

5 1 [J5 TERM BLOCK PLUG 2P0OS STR 3.81MM Wurth Electronics Inc 691361300002
6 4 |JP1-JP4 CONN., HDR, MALE, 1x3, 2mm,THT, STR Wurth ELEKTRONIK 62000311121

7 4 | MP1-MP4 STANDOFF, NYLON, SNAP-ON, 0.250" KEYSTONE 8831

8 4 | XJP1-XJP4 CONN., SHUNT, FEMALE, 2 POS, 2mm Wurth ELEKTRONIK 60800213421
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DEMO MANUAL DC2558A

SCHEMATIC DIRGRAM
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Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
However, no responsibility is assumed for its use. Linear Technology Corporation makes no representa-

tion that the interconnection of its circuits as described herein will not infringe on existing patent rights.



DEMO MANUAL DC2558A

DEMONSTRATION BOARD IMPORTANT NOTICE
Linear Technology Corporation (LTC) provides the enclosed product(s) under the following AS IS conditions:

This demonstration board (DEMO BOARD) kit being sold or provided by Linear Technology is intended for use for ENGINEERING DEVELOPMENT
OR EVALUATION PURPOSES ONLY and is not provided by LTC for commercial use. As such, the DEMO BOARD herein may not be complete
in terms of required design-, marketing-, and/or manufacturing-related protective considerations, including but not limited to product safety
measures typically found in finished commercial goods. As a prototype, this product does not fall within the scope of the European Union
directive on electromagnetic compatibility and therefore may or may not meet the technical requirements of the directive, or other regulations.

If this evaluation kit does not meet the specifications recited in the DEMO BOARD manual 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 THE 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. EXCEPT TO THE EXTENT OF THIS INDEMNITY, NEITHER PARTY SHALL BE LIABLE TO THE OTHER FOR
ANY INDIRECT, SPECGIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES.

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user releases LTC from all claims
arising from the handling or use of the goods. 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. Also be aware that the products herein may not be regulatory compliant or
agency certified (FCC, UL, CE, etc.).

No License is granted under any patent right or other intellectual property whatsoever. LTC assumes no liability for applications assistance,
customer product design, software performance, or infringement of patents or any other intellectual property rights of any kind.

LTC currently services a variety of customers for products around the world, and therefore this transaction is not exclusive.

Please read the DEMO BOARD manual prior to handling the product. Persons handling this product must have electronics training and
observe good laboratory practice standards. Common sense is encouraged.

This notice contains important safety information about temperatures and voltages. For further safety concerns, please contacta LTC application
engineer.

Mailing Address:

Linear Technology
1630 McCarthy Blvd.
Milpitas, CA 95035

Copyright © 2004, Linear Technology Corporation
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