Configuration Guide for
LM3647 Reference Design

The LM3647 provides a single-chip charge management
solution for Nickel Cadmium, Nickel Metal Hydride and
Lithium-lon cells. The device handles the entire charging
process from rejuvenating deeply discharged cells to provid-
ing a number of charge termination and maintenance op-
tions. The LM3647 Demo Board allows users to create a
battery charging solution with little effort.

Standard Cells

The charge and discharge parameters of cells are often
identical within families of size and capacity when normal-
ized to a standard cell rating. The standard cell rating (C) is
defined as the capacity of a new cell under constant-current
discharge at room temperature. Since discharge and charge
are inversely related, the standard cell rating is also used in
reference to charge rates. Therefore, a charge rate of 0.1C
means that a completely discharged cell, at perfect charge
efficiency, will attain full charge in 10 hours.

Jumper Locations and Pin Numbering

Jumpers on the LM3647 Reference Design are shown in
Figure 1. The dots indicate the position of pin 1.

National Semiconductor
Application Note 1165
Noel Baisa

September 2000

+[ua]

J17

* <
M~
I =

NElN «[J10]

— ||
. . —||=
=2
™| |©
=2 | [ Y

Lo I* [uia]®

J6
J5
J2

[Ji5] J1 ]+

AN101316-1

FIGURE 1. Jumper Location

Nickel-Cadmium Battery Configuration

Ni-Cd cells have a nominal voltage of 1.2V and can reach a
peak of 1.85V during charging. The rated cell capacities of
Ni-Cd cells are based on minimum values. When cells are
partially discharged and repeatedly charged, they become
prone to an effect known as "memory”. To improve Ni-Cd
battery service life, the Discharge Before Charge feature
(which also enables Maintenance mode) should be enabled.

TABLE 1. Ni-Cd Jumper Settings

Battery Number PWM Current Battery Discharge
. Voltage Range .
Chemistry of Feedback Control Type Maintenance

Type Cells J1 J12 J14 J6 J5 J2
Ni-Cd 4 13-14 13-14 5-6 Table 3 GND Table 5
Ni-Cd 5 3-4 3-4 7-8 Table 3 GND Table 5
Ni-Cd 6 9-10 9-10 7-8 Table 3 GND Table 5
Ni-Cd 8 11-12 11-12 9-10 Table 3 GND Table 5
Ni-Cd 10 7-8 7-8 9-10 Table 3 GND Table 5

Nickel-Metal Hydride Configuration

Ni-MH cells also have a nominal voltage of 1.2V and can
reach a peak of 1.85V during charging. The rated cell ca-
pacities of Ni-MH cells are based on average values. For
Ni-MH cells, the rated capacity is determined at a discharge

rate that fully depletes the cell in five hours. The Ni-MH cell
provides 30% greater capacity over a standard Ni-Cd and is
less affected by memory than the Ni-Cd cell. The Discharge
Before Charge feature is not as important for Ni-MH, but can
still be helpful in extending battery life.

TABLE 2. Ni-MH Jumper Settings

Battery Number PWM Current Battery Discharge
Chemistry of Voliage Range Feedback Control Type Maintenance
Type Cells J11 Ji2 Ji4 J6 J5 J2
Ni-MH 4 13-14 13-14 5-6 Table 3 Vee Table 5
Ni-MH 5 3-4 3-4 7-8 Table 3 Vee Table 5
Ni-MH 6 9-10 9-10 7-8 Table 3 Vee Table 5
Ni-MH 8 11-12 11-12 9-10 Table 3 Vee Table 5
Ni-MH 10 7-8 7-8 9-10 Table 3 Vee Table 5
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Ni-Cd and Ni-MH Configuration Options

It is possible to charge Ni-Cd and Ni-MH cells either with
Fast PWM or Slow PWM modes. The Fast PWM mode
provides a higher quality charge than the Slow PWM mode.
Cost-sensitive applications can implement the Slow PWM
mode, which reduces the number of required components.

TABLE 3. Ni-Cd/Ni-MH Charge Regulation

Charge J7
Regulation
Fast PWM Mode Vee

Note

Note: Set Feedback
Current Range

Note: J10 Must Not Be

Open

Note: During the charge cycle of Ni-based batteries, should J6 (SEL3) come
loose, the LM3647 charge control will switch from Fast PWM Mode to
the Slow PWM (ON/OFF) Mode. Since the regulation signal is in-
verted, the battery will be exposed to maximum voltage and current.
When using the LM3647 to charge both Ni-based and Li-lon batteries,
hardwire SEL3 directly to V¢c. (The voltage feedback resistor values,
normally selected via J11 & J12, will need to be modified slightly when
charging 4.1V/cell Li-lon battery-packs.) For production-intent Ni-Cd/
Ni-MH and Li-lon designs, Pin 1 should be connected directly to V¢ to
prevent potential overstress to the battery pack.

Slow PWM GND

TABLE 4. Ni-Cd/Ni-MH Charge Control

Current Control J6 Note
LM3647 Current Vee Note: Set
Feedback Feedback Current

Range
External Current Control GND

In order to ensure a fully charged battery, a Maintenance
Charge is applied to counter the effects of self-discharge.
Another method to ensure a fully charged battery is to mini-
mize the effects of memory. Ni-Cd cells are prone, and to a
lesser extent Ni-MH cells, to a voltage depression effect
known as "memory”. This effect occurs when cells are rou-
tinely partially discharged. To minimize this effect, the
LM3647 can discharge Nickel-based cells before starting the
normal charge sequence. Enabling this feature requires that
a suitable discharge resistor is installed at J15. A typical
discharge rate for this purpose is 0.2C.

TABLE 5. Ni-Cd/Ni-MH Discharge Setting

Discharge Maintenance J2 Note
No Discharge before Vee
Charge
Discharge before Charge N.C. | Note: Install
Discharge
Resistor

Maintenance Charge Only GND

Lithium-lon Configuration

Li-lon cells have a nominal voltage of either 3.6V or 3.7V and
during charging can reach a peak of 4.1V or 4.2V, respec-
tively. Cells are first charged with a constant-current until it
reaches its maximum voltage and then charged with a
constant-voltage until current drops to a preset threshold.
Charging Li-lon cells requires finer charge control than
Ni-cells, which omits the possibility of using Slow PWM
mode; settings for Fast PWM will need to be used.

TABLE 6. Li-lon Jumper Settings

Battery Number PWM Cell Battery Maintenance
) Voltage Range

Chemistry Of Feedback Voltage Type Charge
Type Cells J11 J12 J14 J6 J5 J2
Li-lon 1 1-2 3-4 3-4 Table 7 N.C. Table 8
Li-lon 2 3-4 3-4 5-6 Table 7 N.C. Table 8
Li-lon 3 5-6 5-6 7-8 Table 7 N.C. Table 8
Li-lon 4 7-8 7-8 9-10 Table 7 N.C. Table 8

Li-lon Configuration Options

The maximum cell voltage for Li-lon varies per manufacturer.
The LM3647 can accommodate two different voltages, with-
out changing the scaling networks. Caution: When using the
LM3647 to charge both Ni-based and Li-lon batteries, hard-
wire J6 (SEL3) directly to Vc.

TABLE 7. Li-lon Cell Voltage

Maximum Cell Voltage J6
4.2V [ cell Vee
4.1V / cell GND

A number of Li-lon post-charge options are available to
counter the effects of self-discharge. A choice of a low-rate
maintenance charge and an automatic restart of the charge
process are available.

TABLE 8. Li-lon Maintenance Settings

Maintenance Charge J2
Maintenance until Removal Vee
Maintenance w/Auto-Restart N.C.
No Maintenance w/Auto-Restart GND

Feedback Current Range

The appropriate current range must be selected when charg-
ing Nickel-based batteries with current feedback enabled or
when charging Li-lon batteries.
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A Topping charge, or Top-Up Charge, is performed on
Nickel-based cells to ensure a full charge.

TABLE 9. Li-lon/Ni-MH/Ni-Cd Current Range When
Feedback is Enabled

Range J10 J9 J13
390 mA 1-2 3-4 3-4
470 mA 1-2 5-6 5-6
560 mA 1-2 7-8 7-8
750 mA 1-2 9-10 9-10
830 mA 2-3 3-4 3-4
1000 mA 2-3 5-6 5-6
1200 mA 2-3 7-8 7-8
1600 mA 2-3 9-10 9-10

A Topping charge, or Top-Up Charge, is performed on
Nickel-based cells to ensure a full charge. See the following

table:

TABLE 10. Topping Charge and Maximum Charge

Scaled Topping Charge J18
2.4C 3-4
1.2C 5-6
0.7C 7-8
0.5C 9-10

A thermistor at the charging cell can be used with the
LM3647 to provide an enhanced charging solution. A ther-
mistor to measure the temperature of the battery pack is
optional. See the following table:

TABLE 11. Optional Temperature Sensor

Temperature
J8 J3
Sense
Not Used 1-2 X
Used N.C. Note: Connect NTC thermistor

Example 1: Charging a Nickel-Cadmium Battery Pack
Battery Pack: 4.8V pack: 4 cells @ 1.2V, 650 mAh
Charger Requirement: Low-cost, Discharge Before Charge
The minimum input voltage required at full load is:
minimum Vg,pny = N (Vi) + Vigg — minimum V.
4(1.85V) + 1.25V = 8.65V

Charging at a rate faster than 1.0C is not normally recom-
mended. Thus, a charge current of 650 mA will charge the
battery in approximately one hour. The value of the regulator
resistor is obtained via:

Rieg = (1.25V - 0.7V) / 650 mA = 0.85Q = 1.0Q

The power dissipated by the regulator resistor is approxi-
mately 0.42 watt. Thus, a 1.0Q resistor with a power rating

greater than 0.5 watt (i.e., 2 watts - 5 watts) should be
connected to J17.

supply ~

A discharge rate of 0.2C is typical for most discharge before
charge applications. The value of the discharge resistor is
obtained via:

C =650 mAh - 0.2C = 130 mAh

In order to discharge within 30 minutes, a current of 260 mA
will be required — resulting in a discharge resistor value:
Raischg = 4(0.9v) / 200 mA = 13.8Q = 14Q

The power dissipated by the discharge resistor is approxi-
mately 0.9 watts.

Note: Vigg is the minimum input to output voltage drop across LM317

Charger Settings for 4.8V Nickel-Cadmium Pack

Jumper Connection Comment Jumper Connection Comment
Ji Battery Pack 4 Ni-Cd cells J10 X Only for Fast PWM
J2 N.C. Disch. before charge J11 13-14 Ni 4-cells Range
J3 N.C. No NTC used J12 13-14 Ni 4-cells Range
J4 Power Supply minimum Vg0 = 8.65v J13 X Only for Fast PWM
J5 GND Ni-Cd Battery J14 X Only for Fast PWM
J6 GND Ext. Current Control J15 Rdischg 14Q / 5W Resistor
J7 Slow Slow for Ext. Control J16 N.C. No J16 on Ref. Board
J8 1-2 Shorted J17 Rreg 1.0Q / 5W Resistor
J9 X Only for Fast PWM J18 9-10 0.5C Topping
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Example 2: Charging a Nickel Metal Hydride Battery

Pack

Battery Pack: 4.8V pack: 4 cells @1.2V, 1200 mAh
Charger Requirement: High-Quality Charge, Long Cell Life
The minimum input voltage required at full load is:

minimum Vgpnry
4(1.85V) + 1.25V = 8.65V

=N (Vo) + Vieg — minimum V.

supply —

Fast PWM is recommended for a high quality charge.

Charger Settings for 4.8V Nickel Metal Hydride Pack

The value of the discharge resistor for 0.2C is obtained via:
C = 1200 mAh - 0.2C = 240 mAh

In order to discharge within 30 minutes, a current of 480 mA
will be required — resulting in a resistor value:

Raischg = 4(0.9V) / 480 mA = 7.5Q

The power dissipated by the discharge resistor is approxi-
mately 1.7 watts.

Note: Vieg is the minimum input to output voltage drop across LM317.

Jumper Connection Comment Jumper Connection Comment
J1 Battery Pack 4 Ni-MH cells J10 2-3 1200 mA Range
J2 N.C. Disch. before charge Ji11 13-14 Ni 4-cells Range
J3 NTC Batt Pack Themistor J12 13-14 Ni 4-cells Range
J4 Power Supply minimum Vg5, = 8.65v J13 7-8 1200 mA Range
J5 VCC Ni-MH Battery Ji14 5-6 Ni 4-cells Range
J6 VCC Fast PWM Mode J15 Raischg 10Q / 10W Resistor
J7 Fast Fast PWM Model J16 N.C. No J16 on Ref. Board
J8 Open Attach NTC at J3 J17 N.C. Only used in Slow
J9 7-8 1200 mA Range J18 9-10 0.5C Topping

Example 3: Charging a Lithium-lon Battery Pack
Battery Pack: 10.8V pack: 3 cells @ 3.6V, 1200 mAh
Charger Requirement: High-Quality Charge, Long Cell Life

A 3.6V cell develops a peak voltage of 4.1V when charging.
The minimum input voltage required at full load is:

Charger Settings for 10.8V Lithium-lon Pack

minimum Vgypoy = N (Vi) + Vigg — minimum V.
3(4.1V) + 1.25V = 13.55V

Note: Viygq is the minimum input to output voltage drop across LM317. For
multi-chemistry charging solutions, it is recommended that J6 be hard-
wired to V. Scaling resistors will have to be changed to accommo-
date 4.1V cells.

supply

Jumper Connection Comment Jumper Connection Comment
J1 Battery Pack 3 Li-lon cells J10 2-3 1200 mA Range
J2 N.C. Maint. with auto-restart Ji1 5-6 3 Li-lon cells
J3 NTC Battery Pack Thermistor J12 5-6 3 Li-lon cells
J4 Power Supply minimum Vg5, = 13.55v J13 7-8 1200 mA Range
J5 N.C. Li-lon Battery J14 7-8 3 Li-lon cells
J6 GND 4.1V [cell (see note) J15 N.C. Only Used for Ni-cells
J7 Fast Fast PWM Mode J16 N.C. No J16 on Ref. Board
J8 Open Attach NTC at J3 Ji7 N.C. Only used in Slow
J9 7-8 1200 mA Range J18 X 0.5C Topping
References Fairchild Semiconductor 1N5401 data sheet. (http:/

AN-1164 Application Note for LM3647

LM3647 Datasheet

www.fairchildsemi.com/ds/1N/1N5401.pdf)
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LIFE SUPPORT POLICY

Notes

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a

significant injury to the user.

2. A critical component is any component of a life

support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its

safety or effectiveness.
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