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FEATURES

« Safe and fast charging of Nickel Cadmium (NiCd),
Nickel Metal Hydride (NiMH), Lithium lon (Lilon), and
Sealed Lead Acid (SLA) batteries

« Three charge states for NiCd or NiMH; fast, top-off and
trickle or voltage regulation (optional)

« Two charge states for Lilon or SLA; current and voltage
limited

¢ Adjustable fast charge current [0.5CA to 5CA nominal
(CA = Capacity Amperes)]

« DC top-off and pulsating trickle charge current (NiCd
and NiMH)

« Temperature dependent AT/At battery full detection

« Automatic switch-over to accurate peak voltage
detection (-¥4%) if no NTC is applied

« Possibility to use both AT/At and peak voltage detection
as main fast charge termination

¢ Support of inhibit during all charging states

« Manual refresh with regulated adjustable discharge
current (NiCd and NiMH)

« Voltage regulation in the event of no battery

« Support of battery voltage based charge indication and
buzzer signalling at battery insertion, end of refresh and
at full detection

« Single, dual and separate LED outputs for indication of
charge status state

¢ Minimum and maximum temperature protection
« Time-out protection
« Short-circuit battery voltage protection

¢ Can be applied with few low-cost external components.

ORDERING INFORMATION

GENERAL DESCRIPTION

The TEA1102; TEA1102T are fast charge ICs which are
able fast charge NiCd and NiMH, SLA and Lilon batteries.

The main fast charge termination for NiCd and NiMH
batteries are AT/At and peak voltage detection, both of
which are well proven techniques. The TEA1102;
TEA1102T automatically switches over from AT/At to peak
voltage detection if the thermistor fails or is not present.
The AT/At detection sensitivity is temperature dependent,
thus avoiding false charge termination. Three charge
states can be distinguished; fast, top-off and trickle.

Charging Lilon and SLA batteries is completely different.
When the batteries reach their maximum voltage
(adjustable), the TEA1102; TEA1102T switches over from
current regulation to voltage regulation. After a defined
time period, which is dependent on battery capacity and
charge current, charge is terminated. Due to small self
discharge rates of Lilon and SLA batteries, trickle charge
can be omitted.

Several LEDs, as well as a buzzer, can be connected to
the TEA1102; TEA1102T for indicating battery insertion,
charge states, battery full condition and protection mode.

The TEA1102; TEA1102T are contained in a 20-pin
package and are manufactured in a BICMOS process,
essentially for integrating the complex mix of requirements
in a single chip solution. Only a few external low cost
components are required in order to build a state of the art
charger.

TYPE PACKAGE

NUMBER NAME DESCRIPTION VERSION
TEA1102 DIP20 plastic dual in-line package; 20 leads (300 mil) SOT 146-1
TEA1102T S020 plastic small outline package; 20 leads; body width 7.5 mm SOT163-1
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QUICK REFERENCE DATA

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Vp supply voltage 5.5 - 115 \%
Ip supply current outputs off - 4 - mA
AVNTe/VnTe | temperature rate dependent Vntec =2V, - -0.25 - %

(AT/At) detection level T;=0to50°C
AVpat/Vbat voltage peak detection level with | Vp=2V; - -0.25 - %
respect to top value Tj=0to 50 °C
Ivbat input current battery monitor Vpat =0.3t01.9V - 1 - nA
Vbat() voltage at pin 19 for detecting low - 0.30 - \%
battery voltage
s battery charge current fast charge 10 - 100 HA
top-off mode - 3 - HA
liB(max) maximum battery charge current | voltage regulation full | - 10 - A
NiCd and NiMH battery
liB(Lmax) maximum load current no battery - 40 - MA
fosc oscillator frequency 10 - 200 kHz
Vieg regulating voltage Lilon - 1.37 - \Y
SLA - 1.63 - \%
NiCd and NiMH - 1.3250r |- \Y
(pin Vsty Open-circuit) Vstb
open battery - 1.9 - \Y
1997 Oct 09 3
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Lilon
PINNING
SYMBOL PIN DESCRIPTION
Vstb 1 standby regulation voltage input
(NiCd and NiMH)
B 2 charge current setting
GND 3 ground
PSD 4 program pin sample divider Vsib [ 1] U [20] Ryef
LED 5 LED output B |Z E Vpat
POD 6 program pin oscillator divider onp [3] 18] n0
PTD 7 program pin time-out divider
—— PSD [ 4] [17] Ls
NTC 8 temperature sensing input
MTV 9 maximum temperature voltage teo[s] TEA1102 [16] Vs
RFSH 10 | refresh input/output POD [ 6| 15] PWM
FCT 11 |fast charge termination and PTD [ 7] [14] osc
battery chemistry identification nTC 3] 3] vy
Vp 12 | positive supply voltage vy 3] 2] ve
Vg 13 | switched reference voltage output
OSsC 14 | oscillator input RFSH[10 ujret
PWM 15 | pulse width modulator output MBHo67
Vs 16 | stabilized reference voltage
LS 17 | loop stability pin
AO 18 | analog output
Vpat 19 | single-cell battery voltage input Fig.2 Pin configuration.
Ryef 20 | reference resistor pin
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INTRODUCTION

All battery types are initially fast charged with an
adjustable high current. Fast charge termination depends
upon the battery type. With NiCd and NiMH batteries the
main fast charge termination will be the AT/At (temperature
detection) and/or peak voltage detection and with SLA and
Lilon batteries when the battery voltage reaches

2.45 or 4.1 V respectively.

The fast charge period is followed by a top-off period for
NiCd and NiMH batteries and by a fill-up period for SLA
and Lilon batteries. During the top-off period the NiCd and
NiMH batteries are charged to maximum capacity by
reduced adjustable charge current.

During the fill-up period the SLA and Lilon batteries are
charged to maximum capacity by a constant voltage and a
gradually decreasing current. The fill-up and top-off period
ends after time-out or one hour respectively.

Atfter the fill-up or top-off period, the TEA1102 switches
over to the standby mode. For NiCd and NiMH batteries
either the voltage regulation or trickle charge mode can be
selected. The voltage regulation mode is selected when
the battery includes a fixed load. Trickle charge prevents a
discharge of the battery over a long period of time.

For SLA and Lilon batteries the charge current is disabled
during standby. The fast charge mode is entered again
when the battery voltage reaches 1.5V (SLA) or 3V
(Lilon).

Charging principles
CHARGING NiCd/NiMH BATTERIES

Fast charging of the battery begins when the power supply
voltage is applied and at battery insertion.

During fast charge of NiCd and NiMH batteries, the battery
temperature and voltage are monitored. Outside the
initialized temperature and voltage window, the system
switches over to the top-off charge current.

The TEA1102 supports detection of fully charged NiCd
and NiMH batteries by either of the following criteria:

o AT/At
* Voltage peak detection.

If the system is programmed with AT/At and Vpeai OF, AT/At
or Vpeak @s the main fast charge termination, it
automatically switches to voltage peak detection if the
battery pack is not provided with a temperature sensing
input (NTC). In this way both packages, with and without
temperature sensor, can be used randomly independent of
the applied full detection method. Besides AT/At and/or
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voltage peak detection, fast charging is also protected by
temperature cut-off and time-out.

To avoid false fast charge termination by peak voltage
detection or AT/At, full detection is disabled during a short
hold-off period at the start of a fast charge session. After
fast charge termination, the battery is extra charged by a
top-off period. During this period of approximately one
hour, the charge current is lowered thus allowing the
battery to be charged to nearly 100% before the system
switches over to standby.

After the battery has been charged to nearly 100% by the
top-off period, discharge of the battery (caused by a load
or by the self-discharge) can be avoided by voltage
regulation or by trickle charge.

If batteries are charged in combination with a load, the
TEA1102 can be programmed to apply voltage regulation
during the standby mode. In this way, discharge of the
battery caused by self-discharge or by an eventual load is
avoided. The regulating voltage is adjustable to the
voltage characteristic of the battery. For battery safety the
charge current is limited and the temperature is monitored
during voltage regulation. If a trickle charge is applied, the
self-discharge of the battery will be compensated by a
pulsating charge current.

To avoid the so called ‘memory effect’ in NiCd batteries, a
refresh can be manually activated.The discharge currentis
regulated by the IC in combination with an external power
transistor. After discharging the battery to 1 V per cell, the
system automatically switches over to fast charge.

CHARGING LilON/SLA BATTERIES

Charging these types of batteries differs considerably from
charging NiCd and NiMH batteries. The batteries will be
charged with a charge current of 0.15 CA if their cell
voltage is below the minimum voltage of 0.9 V for Lilon or
0.45 V for SLA. With batteries in good condition the battery
voltage will rise above 0.9 V in a short period of time.
When the batteries are short-circuited the voltage will not
rise above 0.9 V within one hour and the system will
change over to cut-off, which means that the output drivers
AO and PWM are fixed to zero and that battery charge can
only be started again after a power-on reset. If the battery
voltage of a good condition battery is above the minimum
level of 0.9 V the battery will be charged with the
programmed fast charge current.

If Lilon or SLA batteries are used, ‘full’ is detected when
the battery voltage reaches 4.1 and 2.45 V respectively.
At this point the TEA1102 switches from current regulation
to voltage regulation (fill-up mode).
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After the ‘fill-up’ period the charge current is not regulated,
which means that the output drivers AO and PWM are
fixed to zero. When the battery voltage becomes less than
3V for Lilon and 1.5 V for SLA, the IC enters the fast
charge mode again.

FUNCTIONAL DESCRIPTION
Control logic

The main function of the control logic is to support the
communication between several blocks. It also controls
the charge method, initialization and battery full detection.
The block diagram of the TEA1102 is illustrated in Fig.1.

Conditioning charge method and initializations

At system switch-on, or at battery insertion, the control
logic sets the initialization mode in the timer block. After
the initialization time the timer program pins can be used
to indicate the charging state using several LEDs.

The charge method is defined at the same time by the

¢ The standby charge method (NiCd and NiMH), trickle
charge or voltage regulation, is defined by the input pin
Vsib- By biasing this voltage with a set voltage, the output
voltage will be regulated to the Vg, set voltage. If this pin
is connected to Vg, or no NTC is connected the system
applies trickle charge.

If pin RFSH is connected to ground by depressing the
switch, the TEA1102 discharges the battery via an
external transistor connected to pin RFSH. The discharge
current is regulated with respect to the external (charge)
sense resistor (Rsense). ENd-of-discharge is reached when
the battery is discharged to 1 V per cell. Refreshing the
battery can only be activated during charging of NiCd and
NiMH batteries. When charging Lilon and SLA batteries,
discharge before charge is disabled.

The inhibit mode has the main priority. This mode is
activated when the Vg, input pin is connected to ground.
Inhibit can be activated at any charge/discharge state,
whereby the output control signals will be zero, all LEDs
will be disabled and the charger timings will be set on hold.

following methods: Table 1 gives an operational summary.

 Ifthe FCT pinis 0 or 1.25 V, indicating that SLA or Lilon
batteries have to be charged, the battery will be charged
by limit current and limit voltage regulation. Without
identification (FCT pin floating), the system will charge
the battery according to the charge characteristic of
NiCd and NiMH batteries.

Table 1 Functionality of program pins

FUNCTION FCT NTC RFSH Vsib
Inhibit X® X X low
Lilon and SLA detection low X@ X@) X@)
Refresh (NiCd and NiMH) not low® X low not low
AT/At detection floating note 3 not low not low
AT/At and voltage peak detection high note 3 not low not low
Voltage peak detection not low note 4 not low not low
Trickle charge at standby not low X@ not low high
not low note 4 not low not low
Voltage regulation at standby not low note 3 not low floating®)

Notes

1. Where X = don’t care.

Not low means floating or high.

The NTC voltage has been to be less than 3.3 V, which indicates the presence of an NTC.
The NTC voltage is outside the window for NTC detection.

o~ DN

Vsin has to be floating or set to a battery regulating voltage in accordance with the specification.

1997 Oct 09 7
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Supply block

The supply block delivers the following outputs:

< A power-on reset pulse to reset all digital circuitry at
battery insertion or supply switch-on. After a general
reset the system will start fast charging the battery.

e A 4.25V stabilized voltage source (Vs) is externally
available. This source can be used to set the thermistor
biasing, to initialize the programs, to supply the external
circuitry for battery voltage based charge indication and
to supply other external circuitry.

* A 4.25V bias voltage (Vg) is available for use for more
indication LEDs. This output pin will be zero during the
initialization period at start-up, thus avoiding any
interference of the extra LEDs when initializing.

Charge control

The charge current is sensed via a low-ohmic resistor
(Rsense), See Fig.4. A positive voltage is created across
resistor Ry by means of a current source l,ef Which is set by
Rref in the event of fast charge and by an internal bias
current source in the event of top-off and trickle charge
(Iig), see Fig.1. The positive node of Ry, will be regulated to
zero via error amplifier A1, which means that the voltage
across Ry and Rgense Will be the same. The fast charge
current is defined by the following equation:

Ifast x Rsense = Rb x Iref (1)
The output of amplifier Al is available at the loop stability
pin LS, consequently the time constant of the current loop
can be set. When Vpea¢ (NICD and NiMH) is applied, the
current sensing for the battery voltage will be reduced,
implying that the charge current will be regulated to zero
during:

10
tsense = 2 x POD x tOSC (2)
Actually battery voltage sensing takes place in the last
oscillator cycle of this period.

To avoid modulation on the output voltage, the top-off
charge current is DC regulated, defined by the following
equation:

_ -6
Itop—off x Rsense - Rb x3x10 ®)
where:
_ 227 o
ttop—off - xTOD x tosc (4)

The top-off charge current will be approximately 0.15 CA,
which maximizes the charge in the battery under safe and
slow charging conditions. The top-off charge period will be
approximately one hour, so the battery will be extra
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charged with approximately 0.15 Q. In this way the battery
is fully charged before the system switches over to
standby.

When pin 1 (Vgy) is connected to Vs, or no NTC is
connected the system compensates the (self) discharge of
the battery by trickle charge. The trickle charge current will
be pulsating, defined by the following equation:

15 -6
R = R, x=x10 5)

sense 16

trickle x

During the non current periods at trickle charge the charge
current is regulated to zero, so that the current for a load
connected in series across the battery with the sense
resistor will be supplied by the power supply and not by the
battery.

If at pin 1 (Vgy) a reference voltage is set in accordance
with the specification, and no NTC is connected the charge
mode will switch over from current to voltage regulation
after top-off. The reference regulating voltage can be
adjusted to the battery characteristic by external resistors
connected to pin Vg,

This reference voltage has to be selected in such a way
that it equals the rest voltage of the battery. By using
voltage regulation, the battery will not be discharged at a
load occurrence. If the Vg, input pin is floating, the
TEA1102 will apply voltage regulation at 1.325 V during
the standby mode (NiCd and NiMH). The current during
voltage regulation is limited to 0.5 CA. If the battery charge
current is maximized to 0.5 CA for more than 2 hours
charging will be stopped. Moreover, if the temperature
exceeds Tmax, charging will be stopped completely.

As voltage regulation is referred to one cell, the voltage on
the Vpat pin must be the battery voltage divided by the
number of cells (NiCd and NiMH).

For Lilon or SLA batteries, the battery is extra charged
after full detection by constant voltage regulation during a
certain fill-up period. Lilon and SLA batteries have to
identify themselves by an extra pin on the battery pack to
ground, which is connected via a resistor to pin 11 (FCT).
As the battery voltage sense (Vpat) has to be normalized to
a one cell voltage of NiCd and NiMH packages, the V4
input pin will be regulated to 1.367 and 1.633 V during
fill-up for Lilon and SLA respectively. In this way this
system can accept a mixture of one Lilon, two SLA and
three NiCd or NiMH packages.

Atter fill-up, charging of Lilon or SLA batteries is disabled.
The battery charge is then fixed to zero, ensuring
maximum life-cycle of the battery.

Because of a fixed zero charge current, the battery will be
discharged if a load is applied.
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To ensure an eventual load during all charging states, the
fast charge mode will be entered again if the battery
voltage drops below 15 V for SLA or 3 V for Lilon.

When charging, the standby mode (Lilon and SLA) can
only be entered after a certain period of time depending on
time-out. The same applies for charging NiCd or NiMH
batteries. To support full test of the TEA1102 at
application, the standby mode is also entered when

Vpat < Viayq) at fill-up or top-off respectively.

Timer

The timing of the circuit is controlled by the oscillator
frequency.

The timer block defines the maximum charging time by
‘time-out’. At a fixed oscillator frequency, the time-out time
can be adapted by the Programmable Time-out Divider
(PTD) using the following equation.

_ .26
t = 2 xPODxPTD xt,, (6)

time —out

Table 2 Timing and current formulae

The time-out timer is put on hold by low voltage,
temperature protection and during the inhibit mode.

The Programmable Oscillator Divider (POD) enables the
oscillator frequency to be increased without affecting

the sampling time and time-out. Raising the oscillator
frequency will reduce the size of the inductive components
that are used.

At fast charging, after battery insertion, after refresh or
supply interruption, the full detector will be disabled for a
period of time to allow a proper start with flat or inverse
polarized batteries. This hold-off period is disabled at fast
charging by raising pin Vg, to above +5 V (once).

So for test options it is possible to slip the hold-off period.
The hold-off time is defined by the following equation:

_sxt

thold—off =2 time —out (7)

Table 2 gives an overview of the settings of timing and
discharge/charge currents.

SYMBOL DESCRIPTION FORMULAE
tosc timing see Fig.3
Tsampling (AT/At) NTC voltage sampling frequency 217 x POD x PSD X tgse
Tsampling (Vpeak) battery voltage sampling frequency 216 x POD X tyg
tiop-off 227 x POD X togc
ttime-out 226 x POD % PTD X togc
thold-off 275 X time-out
tLeD inhibit or protection 214 x POD X togc
tsense 210 x POD x togc
tswitch 221 x POD x PTD X togc
lfast charge/discharge currents R Y/
b Vref
Rsense Rref
ltop-off R
e b x3x107°
Rsense
Iricki R
rickie b y E < 10 6
Rsense 16
IIoad-max R —
b x40x107°
Rsense
IRFSH 100 mV
Rsense

1997 Oct 09
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PTD programming
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Fig.3 time-out @S a function of R23 and PTD with C4 as parameter.

LED indication

With few external components, indication LEDs can be
connected to the program pins and the LED pin of the
TEA1102. These program pins change their function from
an input to an output pin after a short initialization time at
system switch-on or battery insertion. Output pin Vg
enables the external LEDs to be driven and avoids
interaction with the programming of the dividers during the
initialization period.

The applied LEDs indicate:
* Protection

« Refresh

e Fast charge

* 100%

* No-battery.

The LED output pin can also indicate the charging state by
one single LED. The indication LED can be connected
directly to the LED output. This single LED indicates:
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¢ Fast charge (LED on)
e 100% or refresh (LED off)
« Protection or inhibit (LED floating).

The refresh can be indicated by an extra LED connected
to pin 4 (PSD). A buzzer can also be driven from the
TEA1102 to indicate battery insertion end of refresh or full
battery.

AD/DA converter

When battery full is determined by peak voltage detection,
the V4t Voltage is sampled at a rate given by the following
equation;

16
t xPOD xt, . (8)

sampling (Vpeak) =2
The analog value of a Vpat sample is then digitized and
stored in a register. On the following sample, the digitized
value is converted back to the analog value of Vp; and
compared with the ‘new’ Vgt Sample.
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At an increase of the battery voltage the 14-bit
analog-to-digital convertor (ADC) is refreshed with this
new value. Therefore, the digitized value always
represents the maximum battery voltage. A decreased
Vpat Voltage is not stored, but is compared to the stored
value.

Full is detected when the voltage decrease of Vpg is ¥4%
of the stored peak battery value. To avoid interference due
to the resistance of the battery contacts during battery
voltage sensing, the charge current is regulated to zero
during t = 210 x POD x t,gc, via the regulation pins AO and
PWM. At the last period, the V4 voltage is sensed and
stored in a sample-and-hold circuit. This approach
ensures very accurate detection of the battery full
condition (minus ¥,%).

When battery full is determined by AT/At, the voltage on
the NTC pin is used as the input voltage to the AD/DA
convertor. The sampling time at AT/At sensing is given by
the following equation:

OATO _

217
sampling[TAT O ~

t ><POD><PSD><tOSC

©)
After this initialized sample time the new temperature
voltage is compared to the preceding AD/DA voltage and
the AD/DA is refreshed with this new value. A certain
increase of the temperature is detected as full battery,
depending on the initialization settings. The decision of full
detection by AT/At or Vpea is digitally filtered thus avoiding
false battery full detection.

1997 Oct 09
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Output drivers

The charge current regulation signal is available at two
output pins, AO and PWM.

ANALOG OUTPUT

The analog control voltage output at pin 18 (AO) can be
used to drive an opto-coupler in mains separated
applications when an external resistor is connected
between AO and the opto-coupler. The maximum current
through the opto-coupler diode is 2 mA. The voltage gain
of amplifier A2 is typical 11 dB (times 3.5). The DC voltage
transfer is given by the following equation:

Va0 = 3.5 % (Vg —1.35).

The AO output can be used for:

« Linear (DC) applications

« Not mains isolated SMPS with a separate controller
« Mains isolated SMPS, controlled by an opto-coupler.

PuULSE WIDTH MODULATOR (PWM)

The LS voltage is compared internally with the oscillator
voltage to deliver a pulse width modulated output at PWM
(pin 15) to drive an output switching device in a SMPS
converter application via a driver stage. The PWM output
is latched to prevent multi-pulsing. The maximum duty
factor is internally fixed to 79% (typ.). The PWM output can
be used for synchronization and duty factor control of a
primary SMPS via a pulse transformer.
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LIMITING VALUES

In accordance with the Absolute Maximum Rating System (IEC 134); note 1.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Voltages
Vp positive supply voltage -0.5 - 115 \%
VoLED output voltage at pin 5 -0.5 - 15 \
Vi voltage at pins PWM, LS and NTC -0.5 - +Vs \%
Vis voltage at pin 2 -0.5 - 1.0 \%
Currents
lvs current at pin 16 -3 - +0.01 mA
lvsi current at pin 13 -1 - +0.3 mA
loLED output current at pin 5 - - 12 mA
lao output current at pin 18 -10 - +0.05 mA
lopwM output current at pin 15 -15 - +14 mA
IRref current at pin 20 -1 - +0.01 mA
Ip positive supply current T;< 100 °C - - 30 mA
Ip(stb) supply standby current Vp=4V - 35 45 A
Dissipation
Piot total power dissipation Tamp = +85 °C
SOT146-1 - - 1.2 w
SOT163-1 - - 0.6 w
Temperatures
Tamb operating ambient temperature -20 - +85 °C
T junction temperature - - +150 °C
Tstg storage temperature -55 - +150 °C
Note

1. Allvoltages are measured with respect to ground; positive currents flow into the IC; all pins not mentioned in the
voltage list are not allowed to be voltage driven. The voltage ratings are valid provided that other ratings are not
violated; current ratings are valid provided that the power rating is not violated.

QUALITY SPECIFICATION

General quality specification for integrated circuits: SNW-FQ-611E.

1997 Oct 09
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CHARACTERISTICS
Vp =10V, Tamp = 25 °C; Ryes = 62 kQ; unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Supplies; pins V p, Vs, Rrer @and Vg
Vp supply voltage 5.5 - 11.5 Vv
Ip supply current outputs off; Vp = 11.5V - 4 6 mA
Isth standby current Vp=4V - 35 45 MA
Velamp clamping voltage (pin 12) lclamp = 30 MA 115 - 12.8 \Y
Vstart start voltage 6.1 6.4 6.7 \%
Visp low supply protection level 5.1 5.3 55 \Y,
Vs source voltage (stabilized) Is=2mA 414 4.25 4.36 Y
Vs LED source voltage ILep = 50 HA 4.05 4.25 4.45 \%
\ reference voltage lref =20 HA; Vp =10 V 1.21 1.25 1.29 \%
TCuret temperature coefficient of the | Tamp = 0 to 45 °C; 0 60 +120 ppm/K
reference voltage lref = 20 PA; V(e = 1.25V
AV, e AVp power supply rejection ratio of | f=100 Hz; Vp =8V, -46 - - dB
the reference voltage AVp =2V (p-p)
ANV load rejection of source Als=20mA; Vp =10V - - 5 mV
voltage
IRref current range of reference 10 - 100 MA
resistor
Charge current regulation; pins IBand R ¢
lig/lref fast charge ratio Vig=0
lref = 10 HA 0.93 1.03 1.13
lref = 100 pA 0.93 1.0 1.07
Vinie threshold voltage at pin 1B Tamb =25 °C -2 - +2 mV
Tamb =010 45°C -3 - +3 mV
s charge current top-off mode; Vig =0 2.6 3.2 3.8 MA
lB(max) maximum charge current voltage regulation full 9 10.5 12 A
NiCd/NiMH battery; Vig =0
liB(Lmax) maximum load current open battery; Vig =0 34 42 50 MA
=) input leakage current currentless mode - - 170 nA
Refresh; pin RFSH
VRsense sense resistor voltage lrefresh = Vig/ Rsense; refresh | 75 100 125 mV
mode; lrefresh = 18 MA
VRESH refresh voltage for NiCd/NiMH 0 - 250 mV
programming start of refresh
Vpat voltage at pin Vpg for NiCd/NiMH 0.96 1.0 1.04 \%
detecting end of refresh
Isource(max) maximum source current Veg=75mV;Vp =10V, 1.4 2 2.6 mA
VResH = 2.7 V; Tamp =25 °C
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SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. [ UNIT
VRFsHmax) | maximum refresh voltage IrREsh = 1 MA 2.7 - - \
VRFSH(off) voltage at pin RFSH when 700 770 840 mV

refresh is off

Temperature related inputs; pins NTC and MTV

VNTCh input voltage at pin NTC for | pin MTV open-circuit 0.9 1 1.1 Vv
detecting high temperature | TV setting 0.95MTV | MTV 1.05MTV |V
VNTCh(hy) hysteresis of Vntch - 80 - mV
VNTCI input voltage at pin NTC, 2.7 2.8 2.9 \Y
detecting low temperature
VNTCI(hy) hysteresis of Vyrc - 75 - mV
VNTC(co) input voltage at pin NTC for 0.7MTV | 0.75MTV | 0.8MTV |V
detecting temperature cut-off
VNTC(bat) maximum input voltage at pin 3.22 3.3 3.38 \%
NTC for detecting battery with
NTC
InTC input current at pin NTC VNTe=2V -5 - +5 HA
Vmtv voltage level at pin MTV default (open-circuit) 0.95 1 1.05 \%
0.5 - 25 Vv
AVNTc/VNTC | AT/AL detection level Vntc=2V; Tj=010 50 °C - -0.25 - %
Voltage regulation
Vieg regulation voltage Lilon; lyef = 20 pA 1.34 1.37 1.40 \%
SLA; lref = 20 A 1.59 1.63 1.67 Y
NiCd and NiMH,; 1.30 1.325 1.35 Y
pin Vgip Open-circuit
NiCd and NiMH; Vg, = 1.5V |0.99Vgy | Vstp 1.01Vgy |V
open battery 1.86 1.9 1.94 Y
TCuyreg temperature coefficient of Vieg = 1.37 'V, 0 +60 +120 ppm/K
regulation voltage Tamp =0t0 45 °C
Om transconductance of Vpat = 1.9V, - 2.0 - mA/V
amplifier A3 no battery mode
Program pin V gy
Vsib open voltage at pin Vg 1.30 1.325 1.35 Vv
Vsth(im) voltage at pin Vg, for 0 - 0.8 \%
programming inhibit mode
Vsth(st) voltage at pin Vg, for NiCd and NiMH 1.0 - 2.2 Vv
programming voltage
regulation at standby
Vsto(tc) voltage at pin Vg, for NiCd and NiMH 2.6 - Vg \Y
programming trickle charge at
standby
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SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

Program pins; PSD, POD and PTD

Vag7 voltage level at pins PSD, default (open-circuit) 1.9 2.1 2.3 Vv
POD or PTD

Va6,7(1) voltage level at pins PSD, 0 - 1.2 \
POD or PTD for programming
the divider = 1

Va,6,7(2) voltage level at pins PSD, 1.6 - 25 \Y
POD or PTD for programming
the divider = 2

Va6,7(4) voltage level at pins PSD, 3.1 - Vs \
POD or PTD for programming
the divider =4

lpoDsink protection current for Vpop =15V 8 10 12 mA
multi-LED indication

IPTDsink full battery current for Vprp=15V 8 10 12 mA
multi-LED indication

IpsDsink refresh current for multi-LED |Vpgp =15V 8 10 12 mA
indication

I input leakage current Vpop =4.25V, 0 - 50 HA

Vprp =4.25V; Vpgp =4.25V

Program pin FCT

VECT(SLA) voltage level for detecting an 0 - 0.7 \%
SLA battery

VECT(Lilon) voltage level for detecting a 0.9 - 1.6 \
Lilon battery

VECT(on voltage level for programming | NiCd and NiMH 2.0 - 3.3 \%
AT/At or Vpeak as fast charge
termination

VEcT(and) voltage level for programming | NiCd and NiMH 3.7 - Vs Vv
AT/At and Vpeai as fast
charge termination

VEcT voltage level at pin FCT default (open-circuit) 2.3 2.6 29 \%

Program pin LED

VLED(m) output voltage level for 0 - 2.5 \%
programming multi-LED
indication

VLED(s) output voltage level for 3.1 - Vp \%
programming single LED
indication

Isink(max) maximum sink current Viep=15V 8 10 12 mA

ILiLED) input leakage current Viep=10V 0 - 70 MA

VLED =06V 0 - 5 IJA
Vo(max) maximum output voltage - - 15 \%
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SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

Output drivers; AO, LS and PWM

la0(source) analog output source current |Vao =3V (p-p); Vis=2.8V |-9 - 0 mA

IAO(sink) analog output sink current Vao =3V (p-p); Vis=1.2V |50 - - MA

Om1 transconductance of Vig =50 mV - 250 - HAN
amplifier Al

Gyi,2 voltage gain of amplifiers Vao =3V (p-p) - 72 - dB
Al and A2

Gy2 voltage gain of amplifier A2 Vao =2V (p-p) - 11 - dB

ILs(source) maximum source current Vig=225V =25 =21 -16 A
(pin LS)

I s(sink) maximum sink current Vig=225V 16 21 25 MA
(pin LS)

loHPwM) HIGH level output current Vpwm =3V -19 -15 -11 mA

loLpwm) LOW level output current Vpwm = 0.7V 10 14 18 mA

SpwM maximum duty factor - 79 - %

Battery monitor; V pat

I\bat battery monitor input current | Vpa=1.85V - 1 - nA

Vpat voltage range of Vpeax 0.3 - 2 Y
detection

AVpaVpat | Vpeak detection level with Vbat =1.85V,; Tj=01t0 50 °C |- -0.25 - %
respect to top level

AVpat voltage resolution for Vpeax - 0.6 - mV

Protections; V pat

Vbat() maximum voltage at pin Vpgt 0.25 0.30 0.35 Vv
for detecting low battery
voltage

Oscillator; pin OSC

Vosc(H) HIGH level oscillator - 25 - Vv
switching voltage

Vosc(L) LOW level oscillator switching - 15 - \%
voltage

fosc(min) minimum oscillator frequency | Ryes= 125 kQ; Cosc = 400 pF | 20.9 23 25.1 kHz

fosc(max) maximum oscillator frequency | Ryet = 12.5 kQ; Cosc = 400 pF | 158 174 190 kHz
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Fig.5 Linear application diagram.
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Fig.7 Track side of printed-circuit board (test board).
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Fig.9 Track side of printed-circuit board (linear application) scale 1 : 1.
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PACKAGE OUTLINES

DIP20: plastic dual in-line package; 20 leads (300 mil) SOT146-1

\« seating plane

[ | I

scale

DIMENSIONS (inch dimensions are derived from the original mm dimensions)

A Al A ® @ z @
UNIT | o | mid | mex b by c D E e e, L Mg My w .
1.73 | 053 | 036 | 26.92 | 6.40 360 | 825 | 10.0
mm.o| 42 ) 051 | 32 | 13, | 938 | 023 | 2654 | 622 | 22* | 762 | 305 | 780 | 83 | 0254 | 20
. 0.068 | 0.021 | 0.014 | 1.060 | 0.25 0.14 | 032 | 0.39
inches | 0.17 | 0.020 | 0.13 | o'ocr | 0'0%= | 0009 | 1045 | 024 | 010 | 030 | 15 | 031 | oa3 | 001 | 0078
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION PROJECTION ISSUE DATE
IEC JEDEC EIAJ

SOT146-1 SC603 =— @ )
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S020: plastic small outline package; 20 leads; body width 7.5 mm

SOT163-1

D - E > E
| —
[ | | [ { \\
‘V 1
v A
.Y c—= /
v ~ 7
Oly] -« He > {=[v@[A]
4>‘Z<7
i H H H H H H H H Hll
|
Y
T o
N - U A2
D Ay L) ’I
pin 1 index f +ie
I Al
I
! | 10
~[e]l-- -
p
0 5 10 mm
L I | I
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A
UNIT | | A1 | A2 | As | by c p® | EM | e He L Lp Q v w y 7MW | 9
0.30 | 2.45 0.49 | 032 | 130 | 7.6 10.65 11 | 11 0.9
mmo | 2651 610 | 225 | 925 | 036 | 023 | 126 | 74 | Y27 |1000| 4 | 04 | 10 | 025|025 | 01 1 oy | o
00
. 0.012 | 0.096 0.019 | 0.013 | 0.51 | 0.30 0.419 0.043 | 0.043 0.035
inches | 010" | 5’004 | 0.089 | %01 | 0014 | 0.009 | 0.49 | 029 | 9990 | 0304 | 0955 | 016 | 0.039 | 001 | 0-01 | 0.004 |5 7g
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION IEC JEDEC EIAJ PROJECTION
SOT163-1 075E04 MS-013AC = @ 9975_0951_222
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SOLDERING Several techniques exist for reflowing; for example,
. thermal conduction by heated belt. Dwell times vary
Introduction

There is no soldering method that is ideal for all IC
packages. Wave soldering is often preferred when
through-hole and surface mounted components are mixed
on one printed-circuit board. However, wave soldering is
not always suitable for surface mounted ICs, or for
printed-circuits with high population densities. In these
situations reflow soldering is often used.

This text gives a very brief insight to a complex technology.
A more in-depth account of soldering ICs can be found in

our “IC Package Databook” (order code 9398 652 90011).

DIP
SOLDERING BY DIPPING OR BY WAVE

The maximum permissible temperature of the solder is
260 °C; solder at this temperature must not be in contact
with the joint for more than 5 seconds. The total contact
time of successive solder waves must not exceed

5 seconds.

The device may be mounted up to the seating plane, but
the temperature of the plastic body must not exceed the
specified maximum storage temperature (Tsg may)- If the
printed-circuit board has been pre-heated, forced cooling
may be necessary immediately after soldering to keep the
temperature within the permissible limit.

REPAIRING SOLDERED JOINTS

Apply a low voltage soldering iron (less than 24 V) to the
lead(s) of the package, below the seating plane or not
more than 2 mm above it. If the temperature of the
soldering iron bit is less than 300 °C it may remain in
contact for up to 10 seconds. If the bit temperature is

between 300 and 400 °C, contact may be up to 5 seconds.

SO
REFLOW SOLDERING

Reflow soldering techniques are suitable for all SO
packages.

Reflow soldering requires solder paste (a suspension of
fine solder particles, flux and binding agent) to be applied
to the printed-circuit board by screen printing, stencilling or
pressure-syringe dispensing before package placement.

1997 Oct 09

between 50 and 300 seconds depending on heating
method. Typical reflow temperatures range from
215 to 250 °C.

Preheating is necessary to dry the paste and evaporate
the binding agent. Preheating duration: 45 minutes at
45 °C.

WAVE SOLDERING

Wave soldering techniques can be used for all SO
packages if the following conditions are observed:

¢ A double-wave (a turbulent wave with high upward
pressure followed by a smooth laminar wave) soldering
technique should be used.

¢ The longitudinal axis of the package footprint must be
parallel to the solder flow.

» The package footprint must incorporate solder thieves at
the downstream end.

During placement and before soldering, the package must
be fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syringe
dispensing. The package can be soldered after the
adhesive is cured.

Maximum permissible solder temperature is 260 °C, and
maximum duration of package immersion in solder is

10 seconds, if cooled to less than 150 °C within

6 seconds. Typical dwell time is 4 seconds at 250 °C.

A mildly-activated flux will eliminate the need for removal
of corrosive residues in most applications.

REPAIRING SOLDERED JOINTS

Fix the component by first soldering two diagonally-
opposite end leads. Use only a low voltage soldering iron
(less than 24 V) applied to the flat part of the lead. Contact
time must be limited to 10 seconds at up to 300 °C. When
using a dedicated tool, all other leads can be soldered in
one operation within 2 to 5 seconds between

270 and 320 °C.
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DEFINITIONS
Data sheet status
Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.
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Philips Semiconductors — a worldwide company

Argentina: see South America

Australia: 34 Waterloo Road, NORTH RYDE, NSW 2113,
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Tel. +91 22 493 8541, Fax. +91 22 493 0966

Indonesia: see Singapore
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South America: Rua do Rocio 220, 5th floor, Suite 51,

04552-903 So Paulo, SAO PAULO - SP, Brazil,

Tel. +55 11 821 2333, Fax. +55 11 829 1849

Spain: Balmes 22, 08007 BARCELONA,

Tel. +34 3 301 6312, Fax. +34 3 301 4107

Sweden: Kottbygatan 7, Akalla, S-16485 STOCKHOLM,

Tel. +46 8 632 2000, Fax. +46 8 632 2745

Switzerland: Allmendstrasse 140, CH-8027 ZURICH,

Tel. +41 1 488 2686, Fax. +41 1 481 7730

Taiwan: Philips Semiconductors, 6F, No. 96, Chien Kuo N. Rd., Sec. 1,
TAIPEI, Taiwan Tel. +886 2 2134 2865, Fax. +886 2 2134 2874
Thailand: PHILIPS ELECTRONICS (THAILAND) Ltd.,

209/2 Sanpavuth-Bangna Road Prakanong, BANGKOK 10260,

Tel. +66 2 745 4090, Fax. +66 2 398 0793

Turkey: Talatpasa Cad. No. 5, 80640 GULTEPE/ISTANBUL,

Tel. +90 212 279 2770, Fax. +90 212 282 6707

Ukraine : PHILIPS UKRAINE, 4 Patrice Lumumba str., Building B, Floor 7,
252042 KIEV, Tel. +380 44 264 2776, Fax. +380 44 268 0461

United Kingdom: Philips Semiconductors Ltd., 276 Bath Road, Hayes,
MIDDLESEX UB3 5BX, Tel. +44 181 730 5000, Fax. +44 181 754 8421
United States: 811 East Arques Avenue, SUNNYVALE, CA 94088-3409,
Tel. +1 800 234 7381

Uruguay: see South America
Vietnam: see Singapore

Yugoslavia: PHILIPS, Trg N. Pasica 5/v, 11000 BEOGRAD,
Tel. +381 11 625 344, Fax.+381 11 635 777

Internet: http://www.semiconductors.philips.com

Building BE-p, P.O. Box 218, 5600 MD EINDHOVEN, The Netherlands, Fax. +31 40 27 24825
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