National
Semiconductor

Batteries

General Description

The LM3647 is a charge controller for Lithium-lon (Li-lon),
Nickel-Metal Hydride (Ni-MH) and Nickel-Cadmium (Ni-Cd)
batteries. The device can use either a pulsed-current charg-
ing or a constant-current charging technique. The device can
also be configured to discharge before charging. Throughout
the charging sequence the LM3647 monitors voltage and/or
temperature and time in order to terminate charging.

Charge termination methods are:

* Negative delta voltage (-AV)

* Optional: Delta temperature/delta time (AT/At)

¢ Backup: Maximum temperature

* Backup: Maximum time

¢ Backup: Maximum voltage

If both voltage and temperature fail to trigger the termination
requirements, then the maximum time (configured by external
hardware) steps in which terminates the charging.

In Ni-Cd/Ni-MH mode, four different charging stages are
used:

* Soft-start charge

* Fast charge

* Topping charge

* Maintenance charge

In Li-lon mode, four different charging stages are us

¢ Qualification

* Fast Charge Phase 1, Constant Current

* Fast Charge Phase 2, Constant Voltage

* Maintenance charge

The charge current of the LM3647 is configurad via external
resistors, which in turn controls the duty f the PWM
switching control output. For cost-¢ e applications, the

LM3647 charge controller cab be contig 110 use an exter-

nal current source and no te 2 seil

When using an external current sot the current is con-
trolled by the LM3647 which turns the current source on and
off. The LM3647 automatic latecis the presence of a bat-

tery and starts the charging | ire when the battery is
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installed. Whenever an error occurs (e.g., short circuit, tem-
perature too high, temperature too low, bad battery, charge
time over, etc.) the LM3647 will stay in error mode until the
battery is removed or it gets within the allowed charging tem-
perature range. The LM3647 is available in a standard 20-
lead SOIC surface mount package.

Features
m  Auto-adaptive fast charae
m High-resolutic curaie voltage monitoring prevents Li-

lon undercharge archarge

m Fast charge, pre-char 1d maintenance currents are
provid arent currents are selectable via external
resisiors.

m Fasi-charge termination by A temperature/A time,

Kimum voltage, maximum temperature, negative A
tage and maximum time
m Dy ically cletects battery insertion, removal, short
circuit »ad battery without additional hardware
m  Supports charging of battery packs with 2—8 cells of Ni-Cd/
Ni-MH or 1—4 cells of Li-lon (1 cell of NiCd/NiMH can be
orted by added external 2x voltage amplifier)
w ihree optional LED indicators and Buzzer output indicate
operational modes
Ni-MH/Ni-Cd charge mode, Li-lon charge mode or
discharge mode can be selected manually

m  Supports control of current feedback power supply and
constant current power supply

Applications

m Battery charging systems for:
— Portable consumer electronics
— Audio/video equipment
— Communications equipment
— Point of sale devices
— Power tools
— Personal convenience products
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LM3647

2.0 Connection Diagram

SEL3 —] 1 ~ 20 b= seLz
SEL4 —] 2 19 b= seLt
RCIN — 3 18 |~ Pwm
GND —] 4 17 |~ Buzzer
Vee —15 20-PIN 16 = SYSOK
RESET — 6 SOIC 45 = DIscHG
LED1— 7 14 |~ TEMP
LED2 — 8 13F-cs
LED3 — 9 12 b= ceL
Veer {10 11 b= cext
10131802
Top View

Order Number LM3647IM
See NS Package Number M20F
2.1 PIN DESCRIPTIONS

Pin No. Name 110 Jascription
1 SEL3 | Input to Select Power S 'rce?Ll-. oIl Voltage
2 SEL4 | Input to Select Maintenance Charge Time Out, Connected to an RC-Network
3 RCIN RC-Timing Pin o
4 GND Ground B
5 Vee 5V, Power Supply
6 RESET | Reset Pin, Acti w
7 LED1 0 LED Out ‘
8 LED2 0 LED Ouiput
9 LEDS3 ) LED Output
10 Vieer | Voltag ference Analog Input
11 CEXT cxternal Capacitor
12 CEL | Ba y Voltage Input (through resistor divider)
13 CS | |Uurre_' ense Input
14 TEMP 1 InTC emperature Sensor Input
15 DISCHG o/ _ jh when Discharging, Else Low
16 SYSOK ( ystem Monitor Output
17 BUZZER 0 Buzzer Output
18 PWM 1 Charge Control Output
19 SEL1 Tri-Level Input, Discharge/Maintenance Charge Select
20 SEL2 o Tri-Level Input, Battery Type Select (NiCd, NiMH, Li-lon)

2.2 ORDERING INFORMATION

Device Package Temperature
LM3647 20 SOIC —40°C to +85°C
www.national.com 2
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Typical Application

Vee

Vee

i

NVA

{2

N

CONFIGURATIONS

UNREGULATED
DC VOLTAGE (MAX 20V)

?

NTC

CONTROL
PMW » | LM317T
{constant current)
LM3647 | CURRENT
M Current
VOLTAGE [I] Source
CEL |« Resistor
LED1
TEMPERATURE
LED2 TEMP |«
LED3
BUZZER
r — |
_/l_. . =
SELY .. SEL4  DISCHC BATTERY
RCIN —

1] - —
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LM3647

Absolute Maximum Ratings (vote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Total Current out of

GND Pin (Sink) 110 mA
Storage
Temperature Range -65°C to +140°C

Note 1: Note: Absolute Maximum Ratings indicate limits beyond which

Supply Voltage damage to the device may occur. DC and AC Electrical Specifications are
Vee) 7V not ensured when operating the device at absolute maximum ratings.
Voltage at Any Pin -0.3V to Vg +0.3V
Total Current into
V¢ Pin (Source) 100 mA
DC Electrical Characteristics
-40°C = T, < +85°C unless otherwise specified.
Parameter Conditions Min Typ Max Units
Operating Voltage 4.5 5.5 \
Supply Current 25 mA
LED-pin Sink Current 75 | 15 mA
Temperature Input Levels
Ni-Cd/Ni-MH Upper Limit (Voltage at TEMP-pin) 3.15 \
Li-lon Upper Limit (Voltage at TEMP-pin) 3.0 \
Lower Limit (Voltage at TEMP-pin) 0.5 \
Start Limit (Voltage at TEMP-pin) y 2.2 \
L-lon (for both 4.1 and 4.2V Cells)
Maintenance Charge Minimum Voltage (CEL pin) 2.6 \
Maintenance Charge Restart Voltage (CEL pin) 2.153 \
Good Battery Threshold (CEL pin) 1.2 \
Maintenance Current (Voltage at CS-pin) 2.3 \
Maintenance Current Lower Threshold (Voltage ai 2.42 \Y
Minimum Current Fast Charge Termination | (Voltage at CS-pin) 2.3 \
Qualification Current (Voltage at CS-pin) 2.3 \
Maximum Charging Current (Voliage at 15 \
Ni-Cd/Ni-MH
Maximum Battery Voltage ( ) 3.017 \
Maximum Battery Current (Voltage at C3-pin) 15 \
Battery Presence Limit CEL pin) 1.0 \
Discharged Battery Limit (CEL pin) 1.7 \
Good Battery Threshold |(CEL pin) 1.2 v
Soft Start Current (Voltage at CS-pin) 2.3 \
Topping Charge Current (Voltage at CS-pin) 2.3 \
Maintenance Charge Current (Voltage at CS-pin) 2.425 2.45 \
VRer 25 \
AC Electrical Characteristics
Parameter Conditions Min Typ Max Units
RCIN Frequency R=3.3kQ, C=68pF 2.5 MHz
Fast-PWM Frequency 250 Hz
Slow-PWM Frequency 0.1 Hz

www.national.com
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3.0 Functional Description

3.1 GENERAL

The LM3647 can be configured to charge three different types
of batteries: Ni-Cd, Ni-MH and Li-lon. The charger behavior
for Ni-Cd and Ni-MH is similar but the charge curves will ap-
pear slightly different due to the differences in chemistry. The
Ni-Cd/Ni-MH charging algorithm is divided into four phases:
Soft Start: The LM3647 detects that a battery is
connected and optionally verifies that
the temperature is within safe oper-
ating limits (approx. -5°C to +50°C).
Charging starts with a current of 0.2C
and switches into the next phase af-
ter approx. 5 minutes. Error termina-
tion will be triggered by Maximum
Battery Voltage (CEL-pin > 3.017V)
or if the battery voltage does not
reach the defective battery level
(CEL-pin < 1.2V).

Constant current is applied to the bat-
tery and the LM3647 monitors volt-
age and temperature (optional).
Switching into the next phase will ap-
pear after a voltage drop in the charg-
ing curve: Ni-Cd ~ 50 mV/cell and Ni-
MH ~ 17 mV/cell. Error termination
will be triggered by over-tempera-
ture.

A current of 0.2C is applied to the
battery for a user defined time (RC
network at SEL4).

MaintenanceCharge: |s user selectable and is a fixed per-
centage of the Fast Charge raie. Dis-
charge before charge is us o-

Fast Charge:

ToppingCharge:

lectable.
Ni-Cd Charging Curve:
Voltage
A
ime
- - —‘.-« -
/o] )
Discharge Soft Fe Topping Maintenance
Start Charg Charge
10131803
Ni-MH Charging Curve:
Voltage
N
Time

»
»

/o1

Discharge Soft Fast  Topping Maintenance
Start Charge Charge Charge

10131804
The Li-lon charging algorithm is also divided into four phases:
* Qualification: The LM3647 detects that a battery is
connected and verifies that the temperature (optional but

highly recommended for safety reasons) is within limit.
Charging starts with a current of 0.2C and switches into
next phase after approx. 1 minute. Error termination will
be triggered if the battery voltage does not reach the Li-
lon battery qualification level (CEL-pin < 1.2V) within one
minute.

* Fast Charge Constant Current: Battery voltage will rise
until Maximum Battery Voltage (CEL-pin = 2.675V or
2.74V depending on SEL3) is reached.

* Fast Charge Constant Voltage: Keeps the voltage
constant until the current has decreased below the
threshold (CS at 2.3V).

* Maintenance Charge: Is user selectable and is a fixed
percentage of the Fast Charge rate.

Voltage
Current

4

] ~ -

- Time
.~

=
“harge Fast Charge Maintenance
Constant Current Constant Voltage Charge

Qualification

10131805

3. ANCELD PIN DESCRIPTIONS

SEL1 | ection pin to control the LM3647 discharge and
maintenaince charge modes. The pin has three states: tied to
Ve, GND, or unconnected (Hi-Z). When the charger is con-

to charge Ni-Cd or Ni-MH batteries, this pin deter-
1 5 if the charger discharges the battery before charging
or if the charger shall only maintenance charge the battery.
When the charger is configured for Li-lon batteries, this pin
determines how the charger behaves during maintenance
charge.

SEL1 Charge mode
condition SEL2 = GND (NiCd) or V¢ (NiMH)
Vee No discharge before charge
GND Maintenance charge only (no fast charge)
Open Discharge before charge
Charge mode
SEL1 condition SEL% = Open (Li-lon)
Vee Maintenance charge indefinite
Maintenance charge indefinite, restart fast-
GND charge if battery gets discharged (load
connected)
Open No maintenance charge, restart fast charge if
battery becomes discharged

SEL2 is a selection pin to determine the battery type to be
charged. The pin has three states: tied to V¢ (Ni-MH), GND
(Ni-Cd), or unconnected (Li-lon).

SEL2 Battery Type Select
Ve Ni-MH

GND NiCd

Open Li-lon

SEL3 is a selection pin used to set charger hardware modes.
The pin has two states: tied to Vo or GND. When the LM3647
is configured for Ni-Cd/Ni-MH batteries, this pin selects be-

5
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LM3647

tween a power supply with current feedback when tied to
Vee (PWM “fast” frequency) or a constant current source
when tied to GND (PWM “slow” frequency). When configured
for Li-lon batteries, SEL3 switches between 4.1V cells or 4.2V
cells.

Note: SEL3 must be hard wired to V if a charger that supports both Li-lon
and Ni-Cd/Ni-MH is implemented.

PWM Output Frequency Select
output SEL2 = V¢ (NiMH) or GND (NiCd)

Vee Current feedback (“fast” PWM frequency)

SEL3

No current feedback (external constant current
source) (“slow” PWM frequency)

Li-lon Cell Voltage Select

output SEL2 = Open (Li-lon)

GND

SEL3

Voo |4.2Vicell
GND  [4.1V/cell

Note: Current feedback is automatically selected, if LM3647 is configured
for Li-lon charging (pin SEL2 open).

SEL4 is connected to a RC-network that determines the

charge time-outs. This RC-network is also connected to the

output LED1. (See Section 3.3.2 for details).

RCIN is a high-speed timing pin connected to a RC-network,
used to drive the charger at the right operating frequency.

GND is the ground pin.

Ve is the power-supply pin. This pin should have a 100 nF
decoupling capacitor tied to GND.

RESET is a reset pin.

LED1 is an active-low output used to indicate charge phase.
It is also used when measuring the charge timeout valu

LED?2 is an active-low output used to indicate charge or dis-
charge. It also sends out digitally what the LM3647 has read
at the mode selection pins and charge timeout.

LED3 is an active-low output used to indicate
stop and error.

Vger is the voltage reference analog input. Th k7 s
this pin as a reference when measuring the other analog in-
puts. Vzer has to be connected to a 2 ltage reference
(e.g., LM4040A - 2.5).

arge sie

CEXT is a timing pin used by the LI it must be con-
nected to a low loss capacitor (polyester)
CEL is an analog input that rr e baltery voltage via

a resistor divider network.

CS is an analog input that is connecte
plifier that measures the volta: er nall current sensing
resistor, when used in conjuncticn 1 current feedback pow-
er supply. When the LM3647 is used with a constant current
power supply, CS should be connected to the 2.5V voltage
reference (pin Vgep).

TEMP is an analog input that is connected to the temperature
sensing NTC-resistor (is used). If no temperature sensor is
used, the input must be connected to a voltage between 0.5V
to 2.2V.

DISCHG is a digital output that controls a power-FET that
discharges the batteries before charging them. If the dis-
charge function is not used, leave this pin unconnected.

SYSOK is an open drain output that resets the LM3647 in the
rare case of an internal illegal operating condition. This pin is
connected to the RESET pin to increase reliable operation of
the device in hostile operating environments (e.g., noisy en-
vironments).

a differential am-

BUZZER is a digital output that controls a small FET and turns
an optional buzzer on and off. The buzzer must have it's own
oscillator drive circuitry.

PWM is a digital output that controls the charge voltage or
turns the external current source on and off (depending on
mode-selection).

3.3 CONFIGURATIONS

3.3.1 Maximum Battery Voltage

The maximum battery voltage corresponds to the number of
battery cells. The resistor network in the figure below scales
the battery voltage to a level suitable for the LM3647. For Ni-
Cd/Ni-MH batteries the tolerance of the network is not critical,
and only defines the maximum battery voltage (which is used
as a backup termination method). For Li-lon batteries the net-
work must be more accurate, and resistors with low toler-
ances must be used (1% or better).

Ni-Cd/Ni-MH

Each battery cell ominal voltage 1.2V, but the critical
voltage is ier the um voltage per cell specified at
1.85V. Tl aximum cell voltage is used for maximum volt-

age el ic ation. If a Ni-Cd/Ni-MH cell fails, it either
becomes shorie joes high impedance. In the case of high
impedance the ceil voltage will reach 1.85V. By multiplying
the number of cells with the maximum cell voltage, the Max-
i itery Voltage (Vgam) is achieved.

Wheil dmum battery voltage has been determined, the
voltage divider network can be dimensioned using the follow-
ing formula (SEL2 connected to V; or GND):

R7

Voatm X =———=x = CEL = 3.017V
Batm ™ (R6 + R7)
BATTERY _VOLTAGE
R6
CEL
R7 C1

10131807
Resistor network selection Quick Guide:

No. of Ni-Cd/Ni-MH

Cells Nominal Max R6 R7
2 2.4V 3.7V 10k 43k
3 3.6V 5.55V 47k 56k
4 4.8V 7.4V 16k 11k
5 6V 9.25V 62k 30k
6 7.2V 111V 15k 5.6k
7 8.4V 12.95V 27k 8.2k
8 9.6V 14.8V 39k 10k
9 10.8V 16.65V 68k 15k
10 12v 18.5V 22k 3.9k
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Example: A standard 9V Ni-Cd block battery is composed of
6 small Ni-Cd cells and therefore has a nominal voltage of
7.2V. See table above for resistor values.

Li-lon

The voltage divider network for Li-lon must be selected with
great care for maximum utilization of the batteries. Li-lon bat-
tery cells have a nominal voltage of 3.6V or 3.7V and the
maximum voltage per cell is specified at 4.1V or 4.2V respec-
tively. By multiplying the number of battery cells with the
maximum cell voltage, it is possible to determine the Maxi-
mum Voltage of the Battery Pack. When the maximum battery
voltage (Vg,m) has been determined, the voltage divider net-
work has to be dimensioned using the following formula
(SEL2 open):

Pin SEL3
GND R7
v, X —————— = CEL = 2.6750V
Batm ™ (R6 + R7)
Vee 7 X LY CEL = 2.740V
Batm © (R6 + R7) ‘

The LM3647 supports two different user selectable battery
input voltages on the CEL pin. These are 2.675V (SELS tied
to GND) and 2.740V (SELS3 tied to V). This selection pin
can be used to configure the charger to handle both 3.6V and
3.7V Li-lon-cells, without changing the resistor values in the
CEL pin voltage divider network. SEL3 can also be used to
obtain a better match when choosing standard series resistor
values for certain cell combinations.

BATTERY _VOLTAGE

CEL

10131810
Resistor network selection Quick Guide:

No. of Li-lon (3.6V cell)
Cells T r; Max R6 R7
1 36V | J41v 16k 30k
2 7.2V 8.2V 62k 30k
3 0.8V 12.3V 27k 7.5k
| _f | 16.4V 22k 3.9k
[£ No. ¢ Li-lon (3.7V cell)
| Nominal | Max R6 R7
1 3a7v 42V 16k 30k
2 7.4V 8.4V 62k 30k
111V 12.6V 27k 7.5k
| 4 14.8V 16.8V 22k 3.9k

3.3.2 Charge Timeout

The LM3647 uses the charge timeout value as a backup ter-
mination method if the normal termination methods fail. The
charge timeout also controls the length of some of the phases,
(e.g., the Topping Charge phase). The timeout is selectable
by choosing different R-C values as shown in the table below:

R Value C Value | i-Cd/Ni- _.1 Fast Ni?Clei-_MH Li-!on CcC Li-.Ion Ccv
| (minutes) | Topping (minutes) (minutes) (minutes)
100 kQ 0nF 75 20 50 75
100 kQ 10 F J_ 100 25 70 100
100 kQ nF 160 40 110 160
100 kQ E 190 50 130 190
100 kQ 331 260 65 170 260
100 kQ 47 nF 330 80 220 330
100 kQ 68 nF 450 115 300 450
100 kQ 100 nF 540 135 360 540

3.3.3 Charge Current

Charge current selection depends on the type of power supply
used. The LM3647 supports two types: current feedback and
constant current. The PWM pin is used to control the power
supply and depending on the supply type, it either produces
a simple on/off signal (PWM slow, constant current supply) or
a PWM signal that is filtered externally to a DC voltage to
regulate the charge voltage in a current feedback power sup-
ply (PWM fast). (SEL3 = Vg, if SEL2 = GND or V; auto-
matic if SEL2 = open.)

3.3.3.1 Current Feedback Power Supply

A current feedback type power supply must be used if charg-
ing Li-lon batteries. When a current feedback power supply is
used, the charge-current is selected by setting the current
sensing resistor and the gain of the differential amplification
stage. The current sensing resistor (R5) should be dimen-
sioned such that a voltage drop over it is not too small,
because the signal will be more susceptible to noise and off-
sets in the amplification-stage. The resistance should not be
too large either (especially in high-current applications), be-
cause this will only generate more heat from the component.

101318 Version 9 Revision 4
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LM3647

A suitable value is one that develops about 50 mV across the
resistor when maximum current flows through it.

POWERSUPPLY

LM7301

2.5V-REFERENCE
R3 R2
100k
+
5.1k 5
RS *
0.047 4
- R4
3 ||~
5.1k 100k

The current-sensing signal is amplified, inverted and centered
on the 2.5V reference by the operational amplifier and fed into
the CS pin on the LM3647. The amplification stage must be
dimensioned by setting the appropriate ratio between R1 (R2)
and R3 (R4). The figure above is dimensioned for a maximum
current of about 1.1A. This was calculated using the following
formula:

R

MaxCurren =

(Rz’)/S(R” X (Vagr = 1.5V)

R1 = R2 R3 = R4

Example:
R3 =5.1 kQ, R1 =100 kQ, R5 = 0.047Q, Vggr = 2.5V

— MaxCurrent = 1.09 Ampere

With a current feedback power supply the PWM pin be
configured for “fast” mode (SEL3 = V; if SEL2 = Gi

Vc; automatic if SEL2 = open).

The RC-network R6, C9 and R5, C11IC2 lowpass e
PWM-signal from the LM3647 to a DC-level tha dinto the
operational amplifier. The resistor R22 is uired to prevent

DC-output before the LM3647 has irol of the RC-net-

works.
CURRENT-LIMITER
PWM R6 R5 DC-PWM
10k | ! |
R22 ce 1 ¢ c2
10k | 1 uf | 1 pf | 1 uf

10131813

10131811

3.3.3.2 Constani Current Power Supply

A constant cur ower supply can only be used with Ni-Cd/
Ni-MH batteries, it 1ot be used to charge Li-lon batteries.
With a consiant curre ver supply (NiCd/NiMH batteries
only: SE GND or V) the PWM pin must be configured
for “slow” mic ‘SEL3 = GND). In that mode the PWM-pin
turns the extern 'rent source on and off at a rate of 0.1
Hz. (This example is just one of many possible design solu-
fions.) The PWM-pin (SLOW_PWM) turns the transistor Q1
ol if. When the transistor is off the current source is on,
and v iransistor is on the current source is off (V_OUT
at approximate 0.7V). The value of R1 depends on the size
of the charge current (see formula):

1.25 -V,

R Vp = Voltage Drop Across D

lout =

www.national.com
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UNREGULATED_DC

LM317T

DD

GG Q1
SLOW_PWM

SS

The charge current duty cycles for the different phases cycles
are listed below:

Charge Phase Charge Current Duty Cycle
Soft Start 10%
Fast Charge 100%
Topping Charge 10%
Maintenance Charge 5%

3.3.4 Dimensioning the Reset Circuitry

The reset-circuitry is designed to hold the RESET pin low until
the power supply to the LM3647 has stabilized. The RC-net-
work (R21 and C4) should be dimensioned in the following
way:

(R21 x C4) > 5xPowerSupplyRiseTime

The diode D2 discharges the capacitance C4 when power
loss occurs. The resistor R20 is used to protect the $YSOK-
pin, and its value is not critical (typical value is 2 kQ). R an
be eliminated if the SYSOK pin is not connected to RESE

if the value of C4 is 0.1 pF. The connection between RESET
and SYSOK is optional but highly recommen f 0-
eration of the LM3647.

10131816

3.3.5 Dimensioning the RCIN Circuitry

The RC-circuitry is designed to time the charger so it charges
and regulates at the correct frequency. The values of the R
and C are important, because a change in the RC-value gives
a higher or lower operating frequency which affects charge
quality. The capacitance should be a ceramic type and prefer-
ably an NPO type, which gives the least frequency deviation
with temperature change.

—————

R1 D1

U1

5

R2

10k

10131815

RCIN

c1
I 68 pf
10131817

3.3.6 Dimensioning the DISCHARGE Circuitry
The discharge-circuitry controls the discharge rate during the
ge phase (if used). The discharge output turns on the
transistor Q2, and a current flows from the battery through the
discharge resistor R8. The current through R8 depends on
battery voltage and the value of R8. This value depends on
the maximum discharge rate for the battery pack. The ap-
proximate value can be calculated using the formula below:

RS MaximumBatteryVoltage

MaximumDischargeRate

The resistor R7 keeps the transistor Q2 off until the LM3647
has been powered up and is in control of the circuitry.

— ] +BATTERY

I5
5 «

DISCHG

R7
10k

10131819

3.3.7 BUZZER Output Circuitry

The buzzer-circuitry turns the transistor Q3 on when the
buzzer should sound. If the current consumption for the
buzzer is lower than 0.3 mA then the buzzer may be directly
connected to the BUZZER-pin. Please note that the BUZZER-

9
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LM3647

pin does not generate a PWM-signal, therefore the buzzer
must have its own oscillator circuitry. If an electromagnetic
buzzeris used, then the transistor may need a reverse-biased
diode to protect it from harmful voltage spikes.

BUZZER

+5V

10131820

3.3.8 User Interface

The user interface consists of up to three LEDs and one
buzzer. The LEDs have four different states:

On, off, slow flash (~1 Hz) and fast flash (~10 Hz). The buzzer
has three different states: off, one short beep (~100 ms) and
one long beep (~1s).

The user interface is designed in a flexible way. Use of the
buzzer or the LEDs is optional, depending on design require-
ments. It is possible to use the LM3647 with one, two or all
three LEDs.

A single “end of charge” Status LED can be implemented with
a 2-input NAND gate on pins LED1 and LEDS. In this imple-
mentation, note that a pull-up resistor is required on LED1 and
LED3.

Ni-Cd/Ni-MH User Interface Scheme

Charge Phase LED1 Status LED2 Status | ED‘. a s Buzzer Status
No Battery Off Off Off
New Battery/Temp-Test |Fast Flash Off |(_)ff Short Beep
Softstart Charge Slow Flash Off [ off Off
Charging On Slow Flash 4 Off Off
Topping Charge On Fast Flash 'F Off
Maintenance On Off {On Long Beep
Discharge Off Slow Flast | Off Off
Temperature Error 2 Fast Flashes Off - On Short Beep
Error Fast Flash Off N Fast Flash Short Beep
Li-lo ser Interface Scheme
Charge Phase LED1 Status _l_ LED2 Status LED3 Status Buzzer Status
No Battery Off Off Off
New Battery/Temp-Test |Fast Flash Off_ Off Short Beep
Qualification Charge Slow Flash C Off Off
Charging CC On v 'Slow Flash off off
Charging CV On ~ |FastFlash Off Off
Maintenance On Off On Long Beep
Temperature Error 2 Fast Flashe A Off On Short Beep
Error Fast Flash Off Fast Flash Short Beep

3.3.9 Recommended Dimensic
Sensor

The LM3647 is designed for use with a NTC resistor as a
temperature sensor. The NTC should have 3 kQ @ 25°C and
a B =3988. The voltage at TEMP-input must be between 2.2V
and 0.5V for the charger to start. While charging, the voltage
must stay between 3.0V (maximum temperature) for Li-lon,

or the Temperature

or 3.15V (maximum temperature) for Ni-Cd/Ni-MH, and 0.5V
(minimum temperature) or the charger will register a temper-
ature fault and abort the charge. These voltages correspond
to the upper and lower limits for the battery pack temperature.

When no NTC is used the TEMP-input pin must be connected
to a voltage level between 2.2V and 0.5V.

www.national.com
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Typical Configuration Curve, (NTC Characteristics: 3 kQ @ 25°C, 3=3988)
3.5

3

]
2.5 ]

Voltage Temperature Input
\

0.5 ]

-10 -5 0 S 10 15 20 25 30 35 40 45 50

Temperature in °C

10131821
3.4 TYPICAL CIRCUIT CONFIGURATIONS
3.4.1 Common Circuitry Used for both Ni-Cd/Ni-MH and Li-lon
FPmmm e — = 1
1 +5V 1
1 1
1 1
1 1
: BUZZER_7.6CC : +5v
1 1 l
1 1
| | e
T 100nF
O : i
PMBF 170 ¢
! -
1 1
1 1
R1
' ' H 33¢ = o5
1 1 & b
1 1
1 1 ]
I I +5Y
: : A
| ) ICi rPmm——————— "
1 1 | 1 1
1 1 _I:E:'S SELf 9 BATTERY_VOLTAGE [ + J1-1
i i lna
! ! _': Y
! ! o ReseT 6 [ niscarse J-2
: LED1 e [+
b LED2 s = ] cURRENT-SENSE
b _— £03 CEL =
1 1 | — £ CEXT J_
L m e m e e m = a 100 | LM3647 ¢z
Optional User Interface —l_—-\ S § I” nF
Voltage Measurement
LM404
DS
NC
Temperature Measurement
10131822
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LM3647

3.4.2 Circuitry Used Only for Ni-Cd/Ni-MH

P e mm mm o mm e mm e Em Em o Em e Em Em e em o Em e o

UNREGULATED _DC(MAX20V)

LT

PWM

D1

"
1
u3 1
[
1
ouT 1
ADJ |
[
LM317T R4 I
> I
R37 |
240 I
1
a6 :
PMBF170 |
1
I
[
——————————— ol
P m e ———
1
1
1
" R3
I 5
1
1
1 il o
1
| DISCHARGE
1
I L
! {0k
I e
1
1
| SEES—— —— —
Optione

pl—

BATTERY _VOLTAGE

l'/—4

BUZ71

J2-2

10131823
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3.4.3 Circuitry Used for Li-lon

(can also be used for Ni-Cd and Ni-MH if those chemestries are to be supported with the same charger)

1

R19 R22 )

PWM ° ° !

10k 10K | | !

R24 c9 c12 c15 1

10k 1 uf 1 uf 1 uf :

1

1

1

—————————————————————————————— o
DC Filter

" —>

C

o]

=

3
1$[ )
~l

TIP121

R7

10k

———————————— b =

L e e

Current Surge Protection

CURRENT-

urrent Sense Circuitry

Note: D7 is required to protect Q4 from reverse ¢

BATTERY_VOLTAGE [ y—

10131824
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LM3647

Physical Dimensions inches (millimeters) unless otherwise noted

_0.495-0.512 =
) {12.588—13.005)
20 19 18 17 16 15 14 13 12 1

{ﬁﬂﬁﬂﬁﬂ

0.394-0.419
{10.008 —10.643)

LEADNO. 1 __L—]
IDENT
/
R
1 2 3 5 6 7 8 9 10 f
0.010 yax
(0.254)
0.291-0.299
{7.391-7.595)
0.010-0.028 . 0.093 -0.104
{0.254—0.737) ¥ | [ {2.362-2.642)
( N som-no
ALL LEADS | ‘:l' . (0.102-0.305)
illm_jl = _‘EI;—‘ AR NEEDY SEATING
/ * T | | * PLANE
0.009-0.013 (gj:]g:] Y 0.016—0.050 '322,2, - 0.050 | 0.014 -0.020 yyp
{0.229—0.330) ALL LEAD TIPS {0.406—1.270) : ' (1.270) > (0.356 —0.508)
TYP ALL LEADS TYP ALL LEADS e
| _0.008 typ
{0.203) M20B (REV F)
Molded SC hdy Package (WM)
Order Num 1. M3647IM
NS Package Number M20B
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Notes
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LM3647 Universal Battery Charger for Li-lon, Ni-MH and Ni-Cd Batteries

Notes
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