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A versatile battery charger

IT'S EASY TO FIND BATTERY CHARGERS
that are capable of handling one,
two, or four cells at once. But
when you have some device that
requires some odd-ball number of
batteries, or perhaps uses more
cells than a single charging unit
can handle at one time, what do
you do? If you own one of the com-
mercially available units, you must
charge the maximum number of
batteries. And then, after what
seems like years, do the same for
the remaining cells.

Because of that, | decided to
build my own charger; one that
would handle any number of AA
cells, from one to six and charge at
a rate of 50 mA as recommended
by the cell’s manufacturer. The re-
sult is shown in Fig. 1.

A look at the circuit

The operation of the circuit is
pretty simple. The supply for the
circuit is a conventional full-wave
rectifier. An LM317 voltage reg-
ulator is configured as a constant-
current source. [t is used to supply
the 50 mA charging current to
SO1-506, an array of AA-cell bat-

tery holders Each of the battery
holders is wired in series with an
LED and its associated shunt re-
sistor. When the battery holder
contains a battery, the LED glows
during charging.

Note that each of the battery
holder/LED combinations is paral-
leled by a 5.1-volt Zener diode. if
the battery holder is empty, the
Zener conducts the current
around the holder. An exception
to thatis SO1. A microswitch, $1, is
inserted in that battery holder so
that the switch is closed when a
battery is in place. That switch is
the power switch for the circuit.

The balance of the unit is a tim-
ing circuit that prevents over-
charging. When power is applied
to the circuit, timing is initiated by
1C2, a CD4541 oscillator/program-
mable timer. The output of IC2 is
fed to Q1, a VN67AF VMOS tran-
sistor. When that output is high,
the transistor is on, and the charg-
ing circuit is completed. When the
output is low, the transistor is off,
and the path to ground is inter-
rupted.

Note that resistors R1, R2, and R5
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1.7 Charging Methods

In brief, charging is the process of supplying direct
current to the battery so as to convert it back into a
chemical state at high energy level, capable of delive-
ring electric power.

There are a variety of charging methods which canbe
used to charge sealed lead-acid batteries. From the
view point of controlling the charging process, these
methods can be classified into some basic categories:
constant-voltage, constant-current, tapered-current
and combination charge systems. (There are some
other special methods used to control the charge by
detecting internal pressure or battery temperature.)
The above types (with the exception of the special
methods) are discussed here: (a summary chart
appears in section 1.6.1)

u.7.1 Constant Current Charging _}

Constant current charging is one of the most well-
known methods.

The advantage of constant current charging is the
ease of determining the amount of capacity (amp hrs)
supplied during charging; and there is no need for
temperature compensation which is required in con-
stant voltage systems.

On the other hand, the required charging time should
be strictly adhered to, especially at high currents
which provides a full charge in a short period. On
high-rate charge, the battery voltage rises excessively
and the water decomposes, accompanying heat
generation at the final stage of charge. This can
damage a battery.

The constant current method, however, may be
satisfactory when the charge rate can be kept at a
relatively low rate and charging time is not critical.
Because of self-discharge, batteries require a refreshing
charge from time to time during storage. A constant
current charge may be used as a_refreshing charge
when many batteries are charged at one time, as this
method will easily determine the amount of charge
returned to the battery. Batteries, which have been
left on the shelf under the same known condition,
shall be recharged approximately 120 percent of the
lost capacity {Ah), as estimated from the datashownin
Fig 7.

If storage conditions such as temperature and time
are known, but different for each battery, the charging
amount shall be based on the worst storage condition
or the largest lost capacity. For longest life, it is not
recommended to repeatedly use constant current
charging for refreshing the batteries.

It is also important to minimize the need to repeat the
refreshing charge,by always keeping the batteries
under a well-controlled stock rotation plan. Storing at

lower temperature is the key to battery shelf life.
If stored at a high temperature, batteries will require
frequent refreshing charges.

{ 1.7.2 Constant Voltage Charging

It is very often necessary to restore batteries to a fully
charged condition in as short a time period as practical.
In doing this, much care must be exercised not to
exceed specified charge rates or charge voltages as
the battery is approaching a fully charged condition.
A constant voltage charger can accomplish this type
of charging. ldeally such a charger should have very
stable output voltage and high current capacity, as
extremely large currents are allowed to flow at the
initial stage of charge, where the battery voltage is
low. This type of charger, however, is not practical
because the requirement of a high current capacity
or a negligible small impedance for the power trans-
former, results in high cost and a large and heavy
charger. Undesirable heat generation inside the battery
cells,caused by initial high current, should also be taken
into consideration.

in general, a commonly utilized constant voltage
charger has a device to limit initial current. This current
limitation can be accomplished by a constant-current
regulator, a properly designed output voltage from the
power transformer, or by designing the overall
impedance of the circuit (for example by using a
current regulating resistor). A constant voltage charger
will perform effectively for charging in a short time, as
during the final stage of charge the current automatically
decreases, and the water decomposition will be
minimized.

[_1.7.3 Tapered Current Charging T

This is a simple and relatively inexpensive method.
The circuit requires a powertransformer, rectifiers and
a suitable resistance for limiting current. In this system,
the charging current drops gradually as the charging
proceeds. If the impedance of the circuit is low, a
step current slope can be obtained. This type for
charge is generally considered to be unsuitable for
charging sealed lead-acid batteries because the char-
ging current will vary with fluctuation of line voltage
as well as changes in battery voltage.

These effects, however, can be minimized by using a
power transformer with a secondary voltage which is
considerably higher than the battery voltage and a
suitably high resistance in the circuit for current limiting.
This type of charger will perform similar to a constant
current charger, and can be utilized instead of a constant
current charger for t“‘-',.‘\,‘1stria| uses; not only for
recharging many battenes at one time, but also as a
trickle charging system.



[ 1.7.4 Combination Charging (Two-step) j

A combination charging employs two types of charg-
ing. It's called a “Two-rate” or,.; wo-step” charging. A
variety of couples can be maue, such as constant-cur-
rent/constant current, constant-voltage/constant-cur-

fast charge mode, and the second uses a low charge
current. The switching from-the first step to the
second can be carried out by many different methods;
battery voltage sensing, a time control, charge current
sensing etc. Some of these typical charging patterns

rent and so on. In general the first step uses a quick or 7 are shown in Figure 12.
Constant-Current Charge Constant-Voltage Charge
with Current Limited
Vv
/ \Y)
|
|
Time Time
Taper Current Charge Two-Rate Charge
\
|
|
Time Time
Figure 12
Typical Charging Patterns

L 1.7.5 Charging Application Notes

All of the charging methods discussed above are
commonly used with satisfactory results. Applications
of sealed lead-acid batteries can be classified roughly
into two types; cyclic operation and standby service,
and must be charged accordingly.

1.7.5.1 Cyclic Operation

Cyclic applications generally require a short time
charge and protection against excessive charges and
discharges, because the battery may be operated under
unfavorable conditions by inexperienced users.

The most important requirements in a constant voltage
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charge technique are to hold the output voltage at the
specified level at the final stage of charge, and to sup-
press the initial current below the designated maximum
value as follows;
Constant Voltage Charge:
Initial current: 0.4 C* or less
Regulated voltage: 7.3 to 7.5V/per 6V battery
(Note) * C means the nominal capacity.
The regulated voltages are at a
temperature of 68°F (20°C)
For a 12V- or a 24V-battery, the regulated voltage
(above) shall be muitiplied by 2 or respectively.
If the battery will be charged in a wide range of




ambients, it is desirable for the charger to be
temperature-compensated as shown in Figure 13.
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Recommended Temperature-Compensation for

Voitage Regulation at the End of Charge

Without temperature compensation,the charge might
be excessive in a high ambient area, insufficient in a
low ambient area, resulting in cycle life patterns as
illustrated in Figure 14.

Overcharge cycle
.- Appropriate charge
cycle

. Undercharge
cycle

—~ Capacity (%)

—— Charge-discharge Cycles

Figure 14
Cycle Life Patterns Resulting from Various
Charging Conditions.

1.7.5.2 Standby/Backup Charging

LCR batteries (unless otherwise noted) can be utilized
in standby applications, where they normally are kept
in fully charged condition, and serve as a power supply
to the load only when AC power fails. There are two
modes of charging standby applications; trickle- and
float-charge.

1.7.5.2.(a) Trickle Charge

This is a system in which AC power is normally suppli-
ed or operating the equipment, while charging the
batteries which are not connected to the load. If AC
power fails, a relay circuit connects the batteries to
the load and battery power is supplied.

Trickle charging is generally considered to compensate
for selfdischarge by continuously charging the battery
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at a low constant current to keep it fully charged. A
constant voltage charge can accomplish this objective.
The appropriate current rate for trickle charge is
0.002C to 0.005C. (C/500 to C/200)
In applications where AC power failure occurs
infrequently, and the discharge is very small, the
battery will be restored to a fully charged condition in
short time, even at such a low current rate. Iln the
case of deep discharges, this method will take an
extremely long time to charge the battery. A two-rate
charger, or a constant voltage charger, is recommend
for solving the problem, because of their initial quick
charge modes. A two-rate charger has a distinct
advantage, as there is no need for temperature-
compensation.

A constant voltage charger requires some precautions

as follows:

(1) In these applications, the batteries are subjected
to constant charging so long as a voltage difference
exists between the battery and charger voltages.
The charger voltage,therefore, must be stabilized
in a narrow range during trickle charge.

(2) When using the battery in a wide range of
ambients, the charger should be temperature-
compensated, as the charge characteristics will
be greatly affected by the ambient temperature.
(See Figure 13).

Typical data for trickle charge application is shown in

Figure 15.
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Figure 15 Trickle Charge Life

1.7.5.2.(b) Float Charge

“This is a system in which the load and the battery are

connected in parallel with the rectified power source.
This system requires only a constant voltage charger,
in which the charge voltage is stabilized in a range of
6.8V to 6.9V per 6V battery, regardless of the power
consumption by the load.

As the regulated voltage of a float charger is very
close to the open circuit voltage of the battery, major
fluctuations in the charge voltage may cause many
small discharges of the batt~ s while on float. In other
words, the constant voltag . zharger should be designed
for the maximum load, or the maximum load should be
balanced within the stabilizing ability of the charger.
Otherwise the life of the battery can not properly be
estimated due to the irregular and complicated discharge



patterns. ln(general, life in float service may be some-
what shorter than in trickle charge service.
e
N
1.7.5.3 Charger Design

1.7.5.3.(a) General Considerations

Battery life is affected not only by performance of the

charger, but also by operating conditions. Charger,

selection and design, therefore, must consider battery
usage as well as charging characteristics. All charger
designs use the same fundamental principles and
require knowledge of the following basic parameters.

(1) the internal resistance of the batteries,

(2) the initial and final charge current and/or voltage
value,

{3) the charges in battery volitage during the charging
process,

(4) the required charging time,

(5) the effect of variable conditions such as ambient
temperature and changes in voltage on the battery
parameters,

(6) the maximum overall cost for the charger and
batteries, and

(7) the expected battery life.

It should be noted that the resistances of lead wires

and wire connections may be higher than the internal

resistance of the battery.

1.7.5.3.{b) Unregulated Charger

This is one of the simplest chargers, and it is called a
transformer type charger. This type of charger consists
of a power transformer, diodes, and a resistive element
for limiting current.

An elementary charging circuit is shown in Figure 16
from which the following basic electrical relations are
derived.

Edc = Eb + IR lzid%;—ﬂl

Where Edc is an impressed voltage from a direct current
power source, Eb is battery voltage during charge, |
is a charging current, and R is an overall impedance
in the circuit (which consists of the internal battery
resistance, rectifier dynamic resistance, current limiting

DC Power Source

-~— |

Figure 16
Elementary Charging Circuit
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resistance,and impedance of power transformer).
The DC voltage of the circuit decreases with increasing
charge current due to the overall impedance.
The V-| performance of the charger depends on the
circuit resistance and the open the circuit voltage of
the transformer. Figure 17 shows three different V-I
performances by chargers P-, Q- and R-. The circuits
of P and Q have the same impedance, but different
open circuit voltages. P- and R-circuits have the same
open circuit voltage, but their impedances are different.
The V- relations of the battery at various states, from
the discharged to the fully charged condition are also
illustrated.

ed baﬁ.erv

regulated voltage line
ed battery

'\3/0/
transformer circuits

Charge Current-|

Voitage-V

Figure 17
V-1 Relations of Chargers and Battery at various
states of charge

B

These three chargers having different V- characteristics,
will provide different charging performances as shown
by solid lines in Figure 18.

o regulated voltage line Q
> R
]
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Charge Time
Figure 18

Charge Performances of P-, Q- and R- chargers
having ditferent V-1 characteristics

The difference in V-I characteristics of the chargers
resuits in different final steady state on charge voltages.
However, if these circuits are connected to the
batteries through a voltage regulating device, charge
performance curves will reach the same final state.
This constant voitage charger will be discussed in the
next section. The single phase charging circuits and
design equations are shown in Figure 19.
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HALF-WAVE
Eac=K, (Eb+Ed)+K,ldc+R
Irms=K; Idc V2

FULL-WAVE, BRIDGE
Eac=K,(Eb+ Ed)+!<2?ldc-R
Irms=K, Idc

FULL-WAVE, CENTER TAP
Eac=K,(Eb+Ed)+§—’Idc-R
Irms=K, Idc

Single Phase- Unregulated Charging Circuits
and Design Equations

The symbols in Figure 19 are as follows:

Eac = Open circuit rms source (secondary} voltage

Eb == Battery voltage during overcharge
Ed = Rectifier forward threshold voltage
tdc = Average overcharge current

R
Ky
K2

= Total circuit resistance

= DC voltage equation factor {taken from Figure 20)
= DC current equation factor (taken from Figure 20)
Ks; = Current form factor (taken from Figure 20)
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Design Equation Factors for Transformer Type
Chargers

Charge currents at the 1-hour rate or less are common-
ly used in this type of charging system. Although the
battery voitage during overcharge (Eb} varies with the
charge rate and temperature, a value of 2.8 volts per
cell is used with a satisfactory result for charger design
calculations.

A smaller ratio of (Eb + Ed) to Eac requires higher
resistance for current limiting, which results in higher
power losses. However, this may minimize charge
current changes with line voltage fluctuations. The
ratio is commonly chosen to be between 0.4 and 0.7.
The rectifier voltage drop (Ed) depends on diode
materials and circuit types, as shown in the following
Table 2.

Table 2 Rectifier voltage drops (Ed)
Materials
Type of circuit Silicon
Half-wave 0.8v
Full-wave, Center tap 0.8v
Full-wave, Bridge 1.6V

Peak inverse voltage (P1V) applied to the diode is the
sum of the AC peak voltage (/2 Eac) and the battery
voitage (Eb) for half-wave and, full-wave bridge type
rectifications, or 2/2 Eac for full-wave center tap.
Half-wave rectification is more economical than fuill-
wave, if the product of Irms and Eac is small. Other-
wise it is advisable to shift to full-wave rectification.
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1.7.5.3.(c) Constant Voltage Charger

A constant votage charger is a system in which a
voltage regulating device is put between the transfor-
mer circuit and the batteries, as shown in Figure 21.

| ¢

!
1
]

Charging Circuit with Voltage Regulation

Regulating

Voltage
Device

The transformer circuit used in a constant voltage
charger is generally required to have full-wave rectifi-
cation, because of the relatively high DC current
required.

The voltage regulating device includes apower transistor
or thyristor to be connected in series with the batteries.

Therefore, Ed in the design equations should inctude
the voltage drop which a transistor or thyristor produces
(0.8 or 1.1 volts, respectively).

Practical transformer design can be satisfied with the
following rough calculation: the required rms secondary
voltage of the transformer, supplying the desired initial
current, is 3.5 to 4 voits in excess of the nominal
voltage of the batteries. For example: to design a charger
with an initial current of 1.0 ampere for a 12 volitbattery,
the transformer is required to have a secondary voitage
of 156.5 (=12+ 3.5) volts when loaded at 1.0 ampere.
The voltage regulating device has a voitage detecting
circuit which may allow a small currentleakage from the
batteries when AC line fails; and a diode for preventing
reverse current flow may be put between the regulating
device and the batteries, if necessary. In this case,
however. the voitage drop caused by this diode shouid
be included in the total diode voltage drop Ed. (it
should be noted that the regulating device maintains
a total potential equal to this diode plus the batteries,
but does not apply a constant voltage to the batteries.}
In order to get a smooth current a filter capacitor is

usually utilized. A big capacitance results in a large,
well-smoothed current. But too big a capacitance may
shorten life of the capacitor.

Characteristics of semi-conductors such as transistors
diodes and Zener diocdes, are al! affected by temperature.

Some have negative coefficients, and others positive
ones. It is important to select semiconductors, and
combine them, so that the voltage regulating device will
have a temperature coefficient conforming to the battery
characteristics.




Section V
Methods of Charging

SECTION YV
METHODS OF CHARGING

FUNDAMENTAL PRINCIPLES

In order to recharge a storage battery after discharge, it is
necessary to pass direct current through the cells in the
proper direction (opposite to that of discharge) for a time
sufficient to equal the ampere hours discharged, plus a
small excess to make up for losses. This excess amount
may vary from 5 to 20 per cent, depending upon the
previous discharge, rate of discharge, age of battery,
temperature, etc.

Proper charging simply means recharging sufficiently with-
out excessive gassing, overcharging or overheating of the
battery. In general, any charging rate is permissible which
does not produce excessive gassing or a cell temperature
exceeding 110°F (43°C).

CONDITIONS

The type of battery, service conditions, time available for
charging, and the variation in battery voltages {number of
cells) when charged in muitiple, will determine which of
the four following methods is best adapted to the solution
of any particular problem. In charging lead acid batteries,
the ‘“finishing rate” of the charge is of the utmost import-
ance and must not exceed the battery manufacturer’'s
published values. Normally, lead acid batteries are
recharged in eight hours based on normal discharged con-
dition. However, batteries can be recharged over longer
periods if time permits.

Before discussing various methods of charge, first review
the volt-ampere characteristic of the lead acid battery
during charge at various amounts of discharge. Figure 42
shows that a well discharged battery will absorb high
charge rates at a relatively low battery voltage. It also
shows that as the charge progresses, the voltage at end of
charge is considerably greater than the voltage at the
beginning of charge.

On this curve we have indicated ampere rates up to 40 per
100 ampere hour capacity. This means up to eight times
finishing rate. This is a very high charge rate and is never
used in normal charging but we have carried this curve to
this high value to illustrate how much the voltage varies
between rates at various percentages of charge. With
modern charging equipment properly adjusted, the normal
start charge rate to a completely discharged battery is in
the area of 3-1/4 times finishing rate which usually is
between 16.5 and 22.5 amperes on this curve.

Note the slight increase in voltage, even over this wide
range of ampere rates between a 100% discharged battery
and when 10% of the charge has been given to it.

An analysis of this curve will explain why, with modified
constant voltage and taper charge, we have high charge
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rates during the early part of a charge to a well-discharged
battery and low end-of-charge rates when the battery is
practically charged and yet no adjustment was made to the
equipment during the charge.

This curve is not to be used for checking equipment. It is

only for general information of battery volt-ampere char-
acteristics.

METHODS OF CHARGING
MODIFIED CONSTANT POTENTIAL METHOD

In this method, the direct current voitage is maintained
within a constant £ 3% of the rated voltage or 2.63 volts
per each cell of the battery if an 8 hour recharge is re-
quired.

Figure 43 illustrates the relationship of volts per cell versus
available time for recharge. Note for an 8 hour charge, 2.63
volts per cell is required of the power source; while for a 16
hour recharge, 3.27 volts per cell would be required. By
the same comparison, on an 8 hour recharge 22-1/2

)

o
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m @ @ @ ® ©® amperes per hundred ampere hours at start of charge is
P Vo e hee Ampers Rates required; where the 16 hour recharge requires only 8.5
for b= N:m.:'"_ﬁ.m}.: Startol Resitor amperes per hundred ampere hours. The modified
Recharge ® ° Charge  Capacity constant potential method of charge is illustrated in figure
70 260 0016 0027 275 325 44, Note in flgure 43 thc:at a chargmg r'esstor of sufficient
15 261 0018 0.029 %5 300 current carrying capacity and resistive value may be
80 2.63 0022 0.031 225 260 selected to provide the proper start and finish rates of the
85 2.65 0026  0.035 200 230 battery.
90 2.67 0030 0039 185 210
95 269 0034  0.048 170 195 The cha_rglng current, when using this method, will
190 272 0040 0049 155 175 aufomatlc_ally be reduced as the charge progresses, to the
120 2.84 0064 0073 120 135 ultimate finish rate of the battery.
140 3.00 009%  0.105 100 110
160 3.27 0.150  0.160 85 90 When charging batteries in multiple from either a constant

Design constants based on 100 ampere hour cell capacity. For. cells of other clplcllr
external resistance per cell will be inversely proportional and ampere values directly
proportional to the capacity. Cell res values correspond to electrolyte tem-

voltage source derived from a motor generator or rectifier,
the modified constant potential method of charge is most

perature TI°F (25°C), . acceptable, since the charge current inherently tapers
during the charge, reducing the possibilities of severe
Figure 43. Modified Constant Voltage Charging overcharge.

2.6

2.5

N
D

n
w

Volts per Cell

2.2

2.1

2.0

Design Constants
The primary disadvantage of this method of charge is the
loss in watts created by the necessity of ballast resistance.
Furthermore, hot batteries will be charged excessively
because the battery voltage will be depressed as the bat-
tery temperature increases which prevents the normal
tapering of the charge current.
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Figure 44. Typical Modified Constant Voltage Charge



Section V
Methods of Charging

To calculate the kilowatt requirements for motor genera-
tors to charge batteries in multiple from a fixed voltage bus
in 8 hours would be as follows:

KW=A.H. x0.225xno.cells x2.63x0. 8 xno. circuits

1000
Example: To charge four (4) 18 cell 500 ampere hour bat-
teries:
500 x 0.225 x 18 x 2.63x0.8x4

in figure 44 note the relationship of charge amperes to
volts per cell. At the start of charge, we have approxi-
mately 22-1/2 amperes per hundred ampere hours at 2.135
volts per cell. At the end of charge, we have 5 amperes per
hundred ampere hours and 2.52 volts per cell. These
curves are typical of a modified constant potential method
of charge.
\

TAPER METHOD b

This method can apply to either generator or rectifier typé

equipment and can be considered a variation of the modi- .

fied constant potential method of charge. It is employed

only where one battery of a certain type and number of
cells is to be charged. There are shunt wound motor
generators so designed that their volt-ampere characteris-
tics correspond to the modified constant potential type
charge.

This is also true in the case of the controlied rectifier where
the volt-ampere characteristic of the rectifier is designed to
recharge the battery safely in a manner similar to the
drooping voltage method of motor generators. In either
case, no resistance is placed in series with the battery and
the generator or rectifier is designed to provide the correct
charge rate for the battery. Start of charge rates for lead
acid batteries should be approximately four to five times
the finish rate specified by the battery manufacturer. The
rate in amperes will depend on the type of cell and the
number of plates in the battery. The taper method of
charge is not suitable for charging several batteries in
paraliel.

In order to meet the requirements of charging a single
battery from a motor generator set, the following design
perameters must be met:
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Figure 45. Tvpical Single Unit Taper Charae
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The nominal voltage of the generator should be approx-
imately 2.25 volts per cell. The generator should be so
designed that at the start of charge, the generator voltage
should droop to about 2.135 volts per cell. As the charge
progresses, the voltage should rise in proportion to the
increase of counter e. m. f. voltage of the battery being
charged. At the end of 8 hours, the charging current
should be approximately 5 amperes per hundred ampere
hours and the voitage of the generator should rise to 2.52
volts per cell.

Figure 45 illustrates a charging curve produced by a sinq!e
circuit motor generator having inherent taper characteris-
tics.

TWO-RATE METHOD

Where the charging voltage available equals or exceeds 2.7
volts per cell, two-rate charging is necessary. Two definite

Section V
Methods of Charging

resistor values are selected. One resistor is calculated,
based on the output voltage of the power source, to
provide the proper ‘‘start’”” of charge in amperes. The
second resistor is selected with sufficient capacity in
amperes and resistance, and is placed in series with the
“start” resistor so that when it is switched into the circuit
the two resistors will provide the proper ““finish rate.”

The ““‘charge rate’”” {or when the charge rate resistor is
incorporated into the circuit) will usually occur at the
gassing point of the battery. Which is when the average
cell voltage of the battery reaches 2.37 volts per cell.

Figure 46 illustrates the charge curve characteristic when
utilizing the two-rate method of charge. Note that when
the battery reaches the gassing point, there is a sharp
decrease in charging current.
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Section V
Methods of Charging

SOLID STATE CHARGE SYSTEM

’Solid State Charge System’’ implies a system which does
not incorporate any mechanical means for the control of
charger output current or voltage. Since the charging
system depends on the battery back voltage which is
sensed by the control unit (a solid state system), the
sensing device is independent of any mechanical means.
The mechanically operated chargers offer at best a two
step function whereas the “’Solid State Charge System”
permits much finer regulation of the charger functions, as
can be seen from figure 47.

Figure 47.

The solid state control provides a constant current for
about 80% of the recharge and then changes to a constant
voltage control mode so that only the necessary amount of
charge is provided. A special feature of such system is the
low trickle rate estabiished when the battery has been fully
charged. This does not only maintain the battery fully
charged but also provides an equalizing charge for a
battery over weekends without any extra effort of control®
necessary.

y
\

Since the solid state control provides for a constant
current over 80% of the charge period required, it offers

special savings in the peak power demand because a 36%
lower charge rate for a given battery needs to be provided.

Typically a charge rate of 16.5A/100AH battery capacity is
required for the solid state controlled charger, whereas
most other systems require 22.5A/100AH starting rate.

A further benefit arises with the use of solid state

controlled chargers; they are virtually maintenance free,

since they contain no moving parts like fans, relays,
mechanical timers, etc.

However, while all charge systems function well and
prevent overcharging of batteries when the batteries being
charged are healthy and at normal operating temperature,
this is no longer true when defective cells occur, the
battery ages, or operates at excessive temperatures.

For such reasons chargers are available, which incorporate
a second completely independent control function, so that
overcharging of other than perfect batteries is safely pre-
vented. This independent control supervises the charge
programme on a time basis and reduces the high charge
rate at 80% of the charge period to the finish rate. At
100% of the charge, the rate is reduced to the trickle rate
of approximately 1.5A7100AH which remains constant
until the battery is disconnected.
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Figure 47. Solid State Charger Performance
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FIGURE 102. THE FOUR CHARGE CYCLES

Application Note 102: The Four Cycles required to Charge a Battery.

A performance charging system treats the battery to at least three distinct cycles. In technical
parlance, the three are known as bulk charge, absorption, and float. For ultimate performance, a
fourth, ‘equalization’ cycle should be applied periodically.

The four cycles are shownin Figure 102.  As shown, bulk charge cycle covers initial charging until
the battery voltage reaches the vigorous gassing point at about 14.4 Volts. The voltage should
then be held constant at 14.4 until the charge current through the battery declines to about 5% of
the Amp-Hour Rating of the battery. This portion of the cycle is called the absorption cycle.

Following the abso'rption cycle, the battery is usually placed on a maintenance ‘float’ voltage.
This is a voltage high enough to keep the battery charged, but low enough to prevent continuous
charge current. A typical float voltage falls in the range of 13.5 to 13.65 Volts.

Periodically, an equalization cycle should be applied to conventional liquid electrolyte batteries.
The equalization process breaks up sulfate crystals which are a by-product of normal discharge.
As shown in Figure 102, equalization starts where absorption leaves off. To properly equalize a
battery, use a constant current equal to 5% of the Amp-Hour rating of the battery.  Apply this cur-
rent for 3 to 4 hours or until the battery voltage tops out at 16.2 Volts. ‘

‘All the voltage values given are for liquid electrolyte, lead-acid batteries at 77 degrees
- Fahrenheit. Immobilized electrolyte batteries charge at different voitages, and do not require
equalization. For a full description of proper charging and temperature correction, refer to our
book ‘Living on 12 Volts with Ample Power.’ : ' '
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Designing battery chargers

Difficult-to-find design curves and an inexpensive
over-charging protection circuit

by Thomas Roddam

Have you ever seen a simple account of
how to design a battery charger? It was
with some surprise that I realised
recently that I could not recall any
description at all of the design
characteristics of a transformer-recti-
fier system for pumping energy into a
battery. Yet we are all using batteries
nowadays. In my earliest days there was
a dimple procedure: you seized the
leather strap, and headed for the local
bicycle shop. Later there was the great
array of cells in a battery room: two lots
at 13 volts and two at 24 volts. Fred, in
permanent attendance, living in a
permanent sulphuric atmosphere, spent
all his day charging and discharging
‘his’ batteries. Now we have float
~~eration and if we are very rich,
sensors for cell temperature, electrolyte
specific gravity, the F.T. index, and a
small computer to decide just what
current to deliver.

I just want to charge my batteries,
though I may add a cut-off device. How
do 1 choose the transformer and the
rectifier. The essential conditions really
boil down to the following. If the mains
voltage is high, and the battery voltage
is low we must not overheat the
transformer or overload the rectifiers. I
assume we are not in a mad panic to get
the battery charged again, so that we
are well below the safe charging current
of the battery. If the mains voltage is
low and the battery is not particularly
low we want to go on feeding energy
into the battery.

There is a G.E. application report
which can be used to guide the designer,
although I found, when I tried to use the
equations provided, that I fell rather
quickly into confusion. The alternative
method which I have now adopted
involves some guess and try, but does
provide a very simple approach. The
starting point is a very useful set of
curves for the design of rectifier circuits
with capacitor input filter which are out
of print in the original publication and
which are reproduced in Fig. 1.

To use these curves we consider what
happens.when we charge a battery. The
charging current is, or so the meter
says, a direct current, while the terminal

%
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voltage remains nearly constant. This is .

very much the behaviour of a parallel
capacitance and resistance. The only
difference is that instead of thinking of
a load current we must now think of a
charging current. The battery capaci-
tance is very large, so that we can replot
the ratio curves as a single graph for
wCR large, with simply output voltage

Fig. 1. E4./ Ergnax % as a function of
wR, C for full-wave circuits. C in farads
and R, in ohms, = 2xf.

as a function of the ratio of source
resistance to load resistance. This is
what we have in Fig. 2.

Let us assume that we are dealing
with a nominal 24-volt battery, with 12
cells. The float level of this battery will
in practice be 2.25 volts per cell, giving
27 volts. The reason for operating at 2.25
volts per cell is that this is the point at
which we have the maximum energy
storage combined with the longest
possible life. When a battery has been
used it is not uncommon to boost it up
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Fig. 2. Characteristics of full-wave
rectifier for wCR large, as is the case in
battery charging.

to 2.6 to 2.7 volts per cell. I am not sure
why, but it may be to make sure that all
the cells are fully charged. This can
bring us to a terrifying 32.4 volts, when
lamps and transistors start to pop.
Actually, the terminal voltage falls back
once the charging current is cut.

Let us allow a meagre 1.2 volts drop in
the rectifier bridge and our extreme
condition corresponds to a direct
voltage of 33.6. For the purpose of this
analysis I shall assume that on a day
when the mains input is 6% low it will
take forever to reach 2.7V per cell. |
shall therefore have I,4=0, so that
Ripq—>°° and Rg/R; =0. For a peak
voltage E; of 33.6 we must have
Es=23.8V. This, however, is for a low
mains input, and the nominal value
must be 6% higher, or 25.3V rm.s. We
have thus defined the turns ratio of the
input transformer.

When the mains are 6% high we shall

get E ;. =26.8V,and E; =37.8V. Now we
must subtract, say, 1.3V for the recti-
fiers, and we have an effective E; of 36.5
volts. -~

It must be accepted that if you are
sharing a battery, the other users will
run it down to 1.8 volts per cell. When at
last you can switch on the charger the
terminal voltage will be only 21.6 volts.
Sooner or later this condition coincides
with "the high mains input and we
must consider the condition where
Ey./E;=21.6/36.5, which is pretty close
to 60%. :

This max-min-max-min rate gives us
our entry point to Fig. 2. We find that
we must have a value of Rg/R =27%.
Let us say that to save money, not time,
we have a nominal charge rate of 6
amps. For this current, and 24 volts, the
value of R, is 4 ohms. Immediately we
see that we must make Rg 1 ohm. This
includes the resistance of the trans-
former secondary and the primary
resistance as seen at the secondary.
Usually we can simply take twice the
secondary winding resistance as a
reasonable approximation. The trans-
former is, roughly, a 150W size, and will
certainly not have 36 watts of copper
loss: a physical resistor will be needed.

— -
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We do not know if this design is even
roughly right, however. Let us go to
design centre conditions. We shall then
have a nominal 23.5V rms., giving
Er=33.2, from which we take off 1.2V
(the exact figure is chosen to get round
numbers) to get E;(max)=32V. The
battery voltage is assumed to be at the
2.25 volts per cell level, or 27V so that
E4./Er=85%. Returning to Fig. 2, we
find Rs/R; =4%, to that R, must be
about 25 ohms. At the float level, then,
the charging current is only a little more
than 1 amp. We probably need to
change something. What has happened
is that we have been overcautious with
our boost condition, but I shall stick
with this transformer for a moment
longer.

I do not work with a simple float
system, because it is really too noisy and
although it does not affect the way my

equipment works, it gives a fuzzy trace

on the oscilloscope. Now a battery
which is roughly 20 to 80% fully charged
is operating fairly close to 2 volts per
cell. Under these conditions, when the
battery is- being topped up at lunch-
time, for example, E,./E; =24/32=75%.
This means that Rg/R; = 10%. If we take
a desirable charging current as 4 amps,
this will make R; =6 ohms, and so
Rg=0.6 ohms. My guess for the effective
copper loss resistance of the trans-
former is 0.2 to 0.3 ohms. We then have
the possibility of putting in an external
resistor to give the extra 0.3 to 0.4 ohms,
with an additional 0.4 ohms which is
switched into circuit to limit the current

'under flat battery conditions. We could

Fig. 3. The ratio r.m.s. rectifier
current/average current per rectifier
plotted against nwR, C. C in farads, R,
in ohms. n=1 for half-wave, n=2 for
full-wave and n=10.5 for voltage
doubler.
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have changed the resistance to suit 2.25
volts per cell, but then we should have
needed to check .the 2.0V condition.
However, let us see what happens at
2.25 volts per cell with 0.6 ohms. We
have Rg/R, =4%, so that R, must be 15
ohins. The charging current has fallen
from 4 to 1.8 amps. At a rough guess, I
should say this was about the right size
of float unit for a system in which the
load varied from, say, 1 to 3 amps.

It is quite easy to work out the
charging current at various values of
E,4., an invented regulation characteris-
tic for the charger. If the current is
found to be excessive, a new value of Rg
must be used, and we can choose to
switch this into circuit. There are
advantages in putting this resistance on
the primary side. In our example the
transformer will be roughly 10:1 for 240
volts working. It is much easier'to find a
33-ohm resistor than a 0.33-ohm unit. At
6 amps the dissipation will be about 12
watts. An inductor, in the a.c. part of the
circuit, can be used. A ImH inductor
will give 0.3 ohms effective impedance
at 50Hz, and will reduce the amount of
heat generated — at a price.

Rectifier circuits

A figure for rectifiers in the ordinary
power supply is shown as Fig. 3. Again
we just use the right-hand edge of this
set of curves. We had a condition of 6
amps average with Rg/R; =27%, and 4
amps average with Rg/R; = 10%. For use
in Fig. 3 we need to take Rg/2R;,
because the rectifier is full-wave, and so
we have either (2.1 X 6)/2 or (2.5 X 4)/2
as our criterion. It boils down to a
rectifier r.m.s. current of 6 amps as our
design figure. The reverse peak voltage
follows the usual rule of being either E;
or 2E; but everyone is conservative
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Fig. <. The ratio repetitive peak
current/average current per rectifier,
plotted against nwR,C. C in farads and
R, in ohms, w=2nf and f is line
frequency. n=1 for half-wave, n=2
for full-wave and n=0.5 for
voltage-doubler.

when it comes to the choice of rectifier
and step-down circuits are notoriously
sensitive to mains spikes.

It is useful to check the rectifier peak
circuit, using Fig. 4. There is no single
inrush problem with a battery, asitisa
charged capacitor when it starts. Under
running conditions we shall get a ratio
of I,/I, of about 6.5 or a current of
about 13A. The rectifier designer has
usually taken this into account, but this
figure enables us to guess an order of
magnitude for the ripple voltage. A
battery will have an internal resistance
in the region of 10 milliohms, though it
is not easy to get more than a rough
number. But 10 milliohms will give 0.13
volts peak-to-peak ripple on the battery.
It is a spiky ripple, as the peak-to-aver-
age current ratio indicates and is
acoustically more of a nuisance than the
numerical value indicates.

The use of half-wave rectification for
battery charging was quite common at
one time. Whether this was simply an
economy measure in the days when
copper was cheap and rectifiers were
expensive, or whether it was the result
of a mildly magical belief that the
battery needed 15 milliseconds rest after
a 5 millisecond current injection it is
hard to know. Half-wave circuits have
been used recently with thyristor
controllers and it is useful to have on
record the essential design curves, even
if only to use them for their original
purpose. Fig. 5 is the half-wave version
of Fig. 1 and, as before, we can construct
Fig. 6 to cover the very-large-capacitor

or battery application. The regulation is’

seen to be even worse than the regula-
tion of the full-wave system. The curves
for the rectifier requirements are appli-
cable to both modes of operation, so
that we have a complete basis for the
design of the half-wave system.
Information about the transformer,
and all those odd factors which appear
as utilisation factors, can be found in

any reference book and in a good many .

rectifier catalogues. It is hardly neces-
sary to repeat them here. One detail is
worth mentioning, however, because it
does sometimes get designers confused.
If we use a half-wave rectifier we
naturally have current flowing in the
transformer secondary only for, say, the
positive half-cycles. This means that a
meter will show d.c. flowing through
the winding. We all know that if you
have d.c. in an iron-cored coil you will
probably need to provide an air gap in
the core. The unwary designer thinks of
his transformer secondary as an induc-
tor carrying d.c. and arrives at an
unnecessarily large structure. The
conditions in the core are set by the
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Fig. 5. Eqc/ Epymex% as a function of
wR, C for half-wave circuits. C in
farads, and R; in ohms, « = 2nf.

applied voltage: the flux density is the
time integral of the voltage, with turns
and area as factors, and the voltage is
symmetrical. The use of half-wave
rectification does not produce any flux
offset under any normal operating
conditions. The high I /I, ratio makes
the transformer pretty inefficient
anyway, but there is no advantage in
making it even worse,

The full-wave rectifier circuit was

10

L1 nunJ
100 1000

®RC

designed as an example to show the use
of the design curves and with the
criterion that it should just haul the
battery up to the ‘boost’ voltage,
combined with a maximum current at
the start of charge, we found that the
charging current fell smartly as charg-
ing progressed. We should call this
‘taper charging’ if we wanted to sell a
cheap charger with this performance,
and would point out the essential safety
of the drooping current characteristic.
Some users, however, do not want to
wait forever, to get a really full charge
into the battery.

Examination of Fig. 2 shows that the
curve is pretty close to
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Fig. 6. Characteristics of half-wave
rectifier for wCR large.

Let us choose to have 6 amps charg-
ing at 21.6 volts, which makes R 3.6,
and 4 amps charging at 27 volts, the
normal float level, which makes R, 6.7.
We can then write

E; _36+2R
216 36
Er  6.7+2Rg

and 27 67

It is a quick step to get E;=37.2 volts
and Rg = 1.3 ohms.

We can, if we wish, construct a full
regulation characteristic, but the resis-
tor is now going to be rated at, in
practical terms, 48 watts. This charger,
left on indefinitely, will try to bring the
battery up to just over 3 volts per cell.

Over-charging protection

It is not expensive to provide some
protection against over-charging. The
cost starts to rise if we write a very tight
specification. At one time the method
was to use a voltage-sensitive trip
circuit, but it is probably cheaper to use
solid-state switching, and we can make
the system fully automatic. This means
that it will be permanently connected to
the battery. The disadvantage is battery
noise, but in many applications the
equipment must be designed to put up
with this, anyway.

The circuit is shown in Fig. 7. Ignore
D, and R,, which are simply there to
provide ‘50 to 100 mA trickle into a
charged, idle battery, and possibly some
lamps. The main charging path is
through the thyristor Th,. If Th, is not
conducting, Th, will start to conduct as
soon as point P rises enough above the
battery voltage to get triggering current

* through R, and D,. For a BTY79, which
‘can be obtained easily, and which will
carry the 6 amps of d.c., we might make
R; 100 ohms, and D, a small half-amp
rectifier diode.

As soon as the voltage at P reaches
about 3 to 4 volts above the battery
voltage the thyristor triggers and
current flows into the battery.

Now let us operate Th,. The cathode
of Th, is at not less than 21 .6 volts, while
P will peak up to 37.2 + 6%, say 40 volts
under worst mains conditions. We can
make R, = R,, and the gate of Th, will
only be 20 volts above the negative line,
so that Th; will not trigger. The current
through R, + R, will be, at its peak,
40/200, or 200 mA, which makes Th, a
small device and R, and R, conveniently
3-watt resistors. A suitable cheap device
(£0.50) for Th, is the BTXI8, which
needs up to 5mA to trigger it, and which
may trigger at anything from 0.5 to 2
volts. The trigger current is provided by
the capacitor, C, which is only needed to
be, say, a 5-volt unit and can be 10 to
100pF. Resistor R; is needed to let C leak
away, and 1000 ohms is as good a value
as any.

The choice of P, the resistor in series
with it, and the zener diode are pretty
arbitrary. For a 24-volt battery it seems
reasonable to choose a 10 or 12V zener
diode. Value of P, is conveniently 1000
ohms, and the series resistor should be
worked out so that the slider of the
potentiometer is fairly near the top.
Indeed, it is probably better to use a 500
or 200-ohm potentiometer and put
resistors both above and below it, to
limit the range of adjustment.

There are three phases of the control
_operation. If the battery is low, Th, fires
but Th, does not. As the critical region is

O—
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approached, after Th, has firea, the
ripple voltage across the battery will be
enough to tip Th, on, although as Th,
has already fired this does not matter.
When the battery voltage is high
enough for the necessary few milliamps
to be flowing through the zener diode,
Th, will fire as soon as its anode volts
permit. This is before Th, has reached
the trigger point, and the firing of Th,
cuts off the trigger supply to the gate of
Th;. Charging, except through D, and
R,, stops.

The circuit can be set up fairly quickly-
if a large capacitor and, say, a 6-ohm
resistor are used in place of the battery.
The low current through the zener
diode and the range of values for the
trigger conditions of Th, make it
impossible to calculate the exact set-
ting. In practice a unit of this kind will
have a transition region of about half a
volt, which is good enough for general
applications. The use of an operational
amplifier or comparator, in a control
section of the style shown in Fig. 8, will
give a very high precision, but such
precision is meaningless when the ripple
voltage is greater than the setting
accuracy.

Perhaps the only justifiable improve-
ment is to go the whole hog. The
equipment is supplied from a stabilised
power supply and the battery is merely
a stand-by system. The problem we
have considered is basically different
from, and simpler than, this. The design
curves are the necessary aids to its
construction.

Fig. 7. Automatic charger control.
Circuit can be simply set up by using a
large capacitor and suitable resistor in
place of battery.

Fig. 8. Use of precision control section
is only meaningful if ripple voltage is
less than required setting accuracy.
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It is not generally appreciated that, if
Nickel-Cadmium batteries are subjected to
prolonged overcharging from chargers of the
constant current type, their life may be
considerably reduced. The charger described
here overcomes this problem by charging at
a constant current but switching off the
charger when the terminal voltage of the
battery rises, which indicates a fully-charged
condition. The basic circuit described is
intended to charge a single 500 mAh ‘AA’
cell at the recommended charge rate of
around 50 mA, but it can easily be extended
at little cost to charge more than one cell.
Power for the circuit is provided by a trans-
former, bridge rectifier and 5 V IC regulator.
The cell is charged by a constant current
source T1 which is controlled by a voltage
comparator based on a TTL Schmitt trigger
N1. While the cell is charging the terminal
voltage remains at around 1.25 V, which is
below the positive trigger threshold of NI.
The output of N1 is thus high, the output
of N2 is low and T1 receives a base bias
voltage from the potential divider R4/RS.
While the cell is being charged D1 is lit.
When the cell approaches the fully-charged

@ EPS 77075
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state the terminal voltage rises to about
1.45 V, the positive trigger threshold of Nl
is exceeded and the output of N2 goes high,
turning off T1. The cell ceases to charge and
D1 is extinguished.

As the positive trigger threshold of N1 is
about 1.7V and is subject to a certain
tolerance, R3 and Pl are included to adjust
it to 1.45 V. The negative trigger threshold
of the Schmitt trigger is about 0.9 V, which
is below the terminal voltage of even a fully-
discharged cell, so connecting a discharged
cell in circuit will not cause charging to
begin automatically. For this reason a start
button S1 is included which, when pressed,
takes the input of N1 low.

To charge a number of cells the portion of
the circuit enclosed in the dotted box must
be duplicated. This has the advantage that,
unlike chargers in which cells are connected
in series, cells in any state of discharge may
be placed on the charger and each will be
individually charged to the correct level. The
disadvantage is that batteries of cells cannot
be charged. However, up to ten AA cells
may be charged if the circuit is duplicated
the appropriate number of times.
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The recent reduction in the price of nickel
cadmium batteries has led to increasingly
widespread use of these energy sources. Thp
following circuit, which uses a 5551C, is
a simple but effective automatic charger
for these popular batteries.

Although originally designed for normal
batteries, the circuit can be adapted to
charge batteries with sintered electrodes
by suiting the values of R1 and R2 to the
manufacturer’s specifications.

To determine whether the battery is fully
charged, the battery voltage is monitored.
This method will only function satisfactorily

if the temperature of the battery is always
the same when fully charged. For this reason
D5 is placed next to the battery to provide
a certain amount of automatic temperature
compensation. However, if the ambient
temperature varies over a wider range, then
P1 should be adjusted accordingly. The
IC 555 has two voltage-sensitive inputs.
The input at pin 6 will switch the output to
zero as soon as this input voltage exceeds
the zener voltage at pin 5; the other input at
pin 2 will switch the output back in as soon
as this input voltage drops below half the
zener voltage. Thus the voltage at which the
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charger will be switched on and off can be
set by means of P1 and P2 respectively. In

addition, the battery is trickle-charged
continuously to compensate for self-
discharging.

D3 and D4 are LEDs which indicate whether
the charger is on or off. The procedure for
adjusting the circuit for different types of
battery is as follows: the correct cut-off
voltage is set by means of P1 (normally P2
will need only a single initial adjustment);
the charging current is determined by R2
and the correct value for this resistor can be
calculated as:

_ 16 — Vboatt

Icharging
Care should be taken to ensure that the
current does not exceed 200 mA, lest the
IC be damaged.

R2

77107

The current used to continuously trickle-
charge the battery is set in a similar fashion
by means of R1.

The simplest way to set P1 and P2 is to use
an additional variable supply. The battery is
replaced by a variable supply in series with
a high wattage resistor. The voltage at the
cathode of D1 is then measured using a
universal meter, the variable supply is set to
the voltage level at which the 555 should cut
off (corresponding to ‘battery fully
charged’), and P1 is adjusted until D3 just
lights up. The variable voltage is then set at
the level at which the charger should switch
on, and P2 is adjusted until D4 just lights. If
P2 is set incorrectly, then it is possible that
the circuit will begin to oscillate.




INEXPENSIVE

AUTO BATTERY

TESTER

BY HANK OLSON

Simulates 200-ampere starter-notor load

N AUTOMOTIVE battery works

very hard, especially when crank-
ing the engine, and if you have a pletho-
ra of electrically operated accessories
that often draw more power than the un-
aided alternator can deliver, it may not
have a full charge to work with. Even a
battery that loafs most of the time may
age to the point where it can no longer
start the engine on a cold day, so it’s a
good idea to check your battery’s health
now and then. :

Numerous tests can be made on a bat-
tery, and all of them give some indica-
tion of its condition. But none is as con-
clusive as checking its performance un-
der load. To do that you need a profes-
sional battery tester, an inexpensive ver-
sion of which you can build, as described
in this article.

The Circuit. The battery tester,
shown schematically in Fig. |, assumes
the test current to be 200 amperes at 12
volts. (To determine appropriate load
current, refer to the box.) Using Ohm’s
Law and assuming a 12-volt battery, you
can readily see that load resistor R2’s
value would have to be a very low 0.06
ohm (R = E/I = 12 volts/200 amperes
= (.06 ohm). Furthermore, its power
rating would have to be a whopping
2400 watts (P = IE = 200 amperes X
12 volts = 2400 watts). Clearly, you're
not going to find a resistor with these
ratings in your local electronics parts
store. Fortunately, however, you can
fabricate your own power resistor from
available inexpensive materials.
Continuing with our example of 12
volts and 200 amperes, you’ll need about
12 feet of l/2-inch wide, 0.025-inch thick
steel banding strap (used to cinch wood-
en packing cases) to fabricate R2. Con-
nect the strap in series with an ammeter
that can handle at least 2.5 amperes
across a variable power supply capable
of delivering up to 1 volt at more than 2
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amperes. Adjust the power supply for a
2-A output and measure the voltage
across the load. If it is over 0.12 volt,
trim the strap until it equals 0.12 V.
Turn off the power supply and discon-
nect the test setup. You've now deter-
mined the length of steel strap to use for
a 0.06-ohm load resistor. (You can use
the same test setup to determine the
length needed for any other battery volt-
age/power ratings simply by changing

the voltage or/and current to the appro-
priate values in the formulas that are
provided in the box.)

You're not likely to find a switch that
can handle 200 amperes in an electronic
parts store, but a conventional 12-volt
automotive starter solenoid (X! in Fig.
1) will fill your need. Operating current
for the solenoid is controlled by normally
open pushbutton switch S1.

Meter M/, resistors R3 through R6,

POPULAR ELECTRONICS
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Fig. 1. In the circuit, a standard
starter solenoid and contact
are used instead of a switch.

PARTS LIST

D1—1N4454 diode

D3—10-volt zener (Motorola Va M10Z 10 or
similar)

K1—12-volt automotive starter solenoid

LED1—Two-color LED (Monsanto MV5091
or similar; see text)

M1—0-1-mA meter movement

R1—Thyrite varistor for solenoid

R2—See text

R3—2.4-k(2, V2-W, 5% resistor

R4—2.2-kQ2, v2-W, 5% resistor

R5—200-Q, v2-W, 5% resistor

R6, R7T—620-Q, Y2-W, 10% resistor

S1—Normally open pushbutton switch

S2-—Spdt switch

Misc.—#4 wire cables; suitable Mueller
clips or jumper-cable clamps (2); 12 feet

s2
W POLARITY

Lep ¥
MV 508+

*SEE TEXT

steel banding (for R2); 2" steel or alumi-
num spacers (13); 1" X 12" metal L
brackets; %4~ plywood board; 16-gauge
sheet aluminum; 6-32 machine screws
(1" and Vs long); large flat No.. 6 wash-
ers; No. 6 X V2 metal spacers; Va"
machine hardware; assorted terminal
strips (see text); %a"-long round-head
wood screws; #24 hookup wire; etc.

and diodes DI and D2 make up a O-to-
6-volt dc voltmeter. When connected in
series with 10-volt zener diode D3, this
meter circuit becomes an expanded-
scale 10-to-16-volt dc voltmeter. Diode
D2 protects the meter against reverse
polarity, while diode D] protects against
overvoltage when the meter is connected
in proper polarity.

When selector switch S2 is set to po-
LARITY, LED] glows green if the tester
is connected to the battery in proper po-
larity, red when the connection’s polarity
is incorrect. Note that Fig. 1 shows and
the Parts List specifies an integrated
red/green LED assembly for LEDI. If
you wish, you can replace this with dis-
crete red and green LEDs, connecting
them into the circuit as shown for the
integrated unit.

Construction Hints. As shown in
Fig. 2, the best way to mount the steel
strapping that makes up the load resis-
tor, R2, is on a ¥4-inch plywood board,
using No. 6 metal—not plastic—spacers
and machine hardware. Start by drilling
a la-inch hole spaced ls-inch in from
each end of the strapping.

Next, drill two rows of !8-inch holes
through the board, spacing the rows
about 8 inches apart and the holes within
each row about 1 inch apart. Then
mount a metal spacer at each hole loca-
tion with a 6-32 X 1" machine screw,
placing a large flat No. 6 washer under
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the head of each screw. Mount another
large flat washer on top of each spacer
with a 6-32 X 14" machine screw.

Mount the starter solenoid at the right
rear of the plywood board and fasten
one end of the steel strapping to one of
its terminals. Then route the strapping
back and forth from spacer to spacer.
(The washers prevent the strapping from
slipping off the spacers.)

Fasten a large L bracket to the free
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end of the strapping with '4-inch hard-
ware. Then secure the L bracket and
one- and two-lug terminal strips to the
wood base with ¥s-inch round-head
wood screws.

For the front panel, you will need a
sheet of 16-gauge aluminum. Trim it to
the width of the plywood base. Then, if
possible, bend a 90° lip, about 1 inch
wide, along the panel’s bottom edge (al-
ternatively, use three large L brackets)
and drill three or four Ig-inch holes
along the length of the lip to permit
mounting the panel to the plywood base.

Machine the panel and mount on it
the meter movement, integrated LED
assembly (or discrete LEDs), switches,
and two three-lug terminal strips. This
done, mount the panel to the top front of
the plywood base with 3s-inch-long
roundhead wood screws.

Wire the circuit as shown in Fig. 1.
Note that separate #24 wires are used as
voltage sensors and are run in parallel
with the large #4 cables that carry the
actual current. The #24 wires are used to
measure the voltage at the battery be-
fore any voltage drops in the cable re-
sulting from the high-current flow
through R3. When installing the #24
wires, route them along the #4 cables
and use either lacing cord or tape to bind
wire and cable together. Finish the as-
sembly by attaching large Mueller clips
or jumper-cable clamps to the free ends
of the #4 cables.

Use. To use the tester, connect the two
Mueller clips (or clamps) 1o the battery/
charger system (at the battery’s termi-
nals) in the vehicle you wish to test and
set S2 to poLArITY. If the LED glows
green, the tester is properly connected,
but if the LED glows red, reverse the
connections to the battery.

6-32 X 174" SCREW

@ W, "
LARGE ’
NO.6 1/2 " METAL
FLAT SPACER
WASHER
woo0
*—BASE

LARGE NO.6
FLAT WASHER

6-32 X 1" SCREW

/2" WIDE

——

STEEL STRAPPING

S

Fig. 2. Using this diagram as a guide and following instructions in the text,
you can make up your own load resistor from Vz-inch steel banding strap.
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battery tester

Now set S2 to VOLTAGE; the meter
should indicate between 10 and 13 volts.
Press and hold LoaD switch S7 for no
longer than 5 seconds (the limit because
as R2 heats up, from the current flowing
through it, its resistance increases) and
note the meter indication. A fully
charged battery should indicate 10 volts
or more.

Release ST but leave S2 set to VOLT-
AGE. Start the vehicle’s engine. The me-
ter’s pointer should now swing up-scale
to a point between 13 and 15 volts as the
vehicle’s charging system comes into
play. If you obtain abnormally low read-
ings at any time, try fully recharging the
vehicle’s battery and repeat the tests. If
the condition still persists, the battery is
most likely bad.

You shouid periodically ‘load test”
your vehicle’s battery, say, once a
month. Regular testing will help you
keep track of the battery’s condition and
can also indicate preventive mainte-
nance steps to keep it delivering maxi-
mum current for as long as possible. Pe-
riodically clean the battery terminals
and connectors and, unless yours is a
sealed, ‘‘no-maintenance” type, check
the liquid level in each cell often and add
distilled water where necessary. &

SELECTING A LOAD

Battery testers used by professionals
have built-in load resistors specifically se-
lected for testing a range of typical automo-
tive battery power-delivery capabilities. As
a general rule, load-resistance values are
calculated from a simple formula that states
that the load resistor should draw half of
the battery’s maximum current during a volt-
age measurement. Since automotive bat-
teries are usually rated in watts, rather than
current-delivery capability, it is necessary
to first convert to current before you can
calculate the load resistance.

Using the standard power formula P = JE
(P is rated battery power, /is unknown bat-
tery current, and £ is battery voltage), we
obtain 1 = E/P. Now, let's assume the bat-
tery is rated at 12 volts and 4800 watis.
First, we divide the power rating by 2,
obtaining 2400 watts. Plugging these val-
ues into the formula, we get I = P/E =
2400 watts/ 12 voits = 200 amperes.

Now, use Ohm’'s Law to calculate the
resistance of the load: R = E//, where Ris
load resistance, £ is battery voitage, and /
is test current (calculated above). Continu-
ing our example, we obtain R = 12 volts/
200 amperes, or 0.06 ohm. Therefore, for a
typical 12-volt, 4800-watt automotive bat-
tery, the load resistance shouid be 0.06
ohm at 2400 watts.

Using the procedure described above,
you ¢€an calculate the required load resis-
tor's parameters for any battery voitage/
power ratings.

POPULAR ELECTRONICS



ARE YOU COMMITTING

Yinter Is the time of the year that mamy people are
cosnitting "batterycide.® Portusately, Inm most cases, it
is not preseditated and the gqoilty verdict only resclts i»
3 fine that empties the vallet.

¥ost of these cases are actually accidental and can be
prevented.  There are tvo vays thal batteries are commonly

aurdered. In the folloving paragrapbs we will talk aboat

these and other vays to keep oor batteries alive and
healtdy.

Probably the most comaon vay that a battery is killed
Is to leave it out In the cold to starve to death. We
botten ap our boats for tke winter and go home to the
fireplace. Then spring comes ve find dead batteries and no
anouet of charge resuscitation will bring them back to
1ife,

That bhappens is that batteries slovly lose their
charge vhen Jleft wnused.  ¥hea a battery discharges,
sulphur is deposited on the plates (remember thisj. The
sulpbor comes fros the sulfuric acid that is in the
battery. (Please doen't stop readiag nov as this is as
technical as wve are going to get.] If the battery is left
dischazged for any length of time the sulpher vill
crystalize permanently. Them ve have a Dattery that is
*sulphated.®  The battery will mo longer take a charge.
May it rest in peace; and please don't bory it in the
river, .

The next most common vay to nmurder a battery is to
cook it. Here our perpetrator wants to look less obvious.
He puts his charger on and then leaves for Baha for the
vinter, Vhen he retarns the batteries have died of thirst.
Nov he can claim that the charger directioms said it vas
automatic or that it wvould never damage batteries.

Balomey! o $29.95 battery charger {is "actomatic®. And,
if you read the small print of the more expeasive so called
"autonatic® battery chargers, you vill fiad a statement .

like this: "Check and refill the vater ia your batteries
reqularly.® What they doa't say Is that you vill rein then
if the vater gets belov the plates inside.

Nov most of us are good, honest people and have no
desire to comnit "batterycide.® So hov do ve prevent it?
Figure I shovs a fer important voltage levels and what they
pean to your battery.

Most inexpensive battery chargers are not automatic
and vill push the voltage wup to 14.2 velts and higher.
This incluodes many trickle chargers. Smaller versions of
these (10 amps and wnder) cam be left unattended for 10
hours or so. Larger versions should be checked much more
frequently. Vhen 14.2 volts is reached, tura it off until
the nmext charge.

If you have a charger that is really autosatic and has
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""TBATTERYCIDET?"

a finish voltage of 13.8, check the vater level oa at
least tvo veek Intervals,

¥ov, for those of us vho bave a charging system that
Einishes at 13.2 volts, baag this sige on our boats:
*Batterycide prevention boat.' If your system charges to
14.2v and then retuorss to 13.2v, use flashing meon lights.

To summarize: [Keep your batteries charged (at least
nonthly}. A discharqed battery vill becose salphated and
die. Do not overcharge. Overcharging vill cause
excessive vater loss and, 1f the plates are exposed,
damage vill occur.

P.S. Use distilled vater or "Bull Run" vater to top
off your battery.

fhat this means
to your battery

Bffect to
Electrolyte

Charging
Yoltage

Beeded to fully charge a
battery, i.e. remove
salphur from the plates.
(Renenber?) 1lso it
quickly "boils® the vater
out. Many alternators/
requlators are set at
this level.

14,29 Hard gassing

A poor cospronise used by
. i/, MaDY charger manufactur-
Covreet witye ers. It never fully
’Fi“ M,Vﬁylffyﬁe&/ charges the battery,

e often leading to early
sulphation. It also
slovly "hoils® out the
vater leading to damage
if the batteries are not
kept full.

13.87 Light gassing

C’N: V'ﬁ/e/r
[ Bl

1 good maintenance volt-
age, The batteries caz be
left on "charge® indefi-
nitely vithout damage.
Great for live-aboard use

1n.w Ro gassing
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Clut vyt " or leaving the batteries
(hcaz ’K) unattended.
Fiqure I




st , —

 —  S— R ] o — [ ] o M (W=

CAUGES, DIaLS,

POINTERS,

AND OTHER

SEEMINGL Y MEANINGLESS GADGETS !

Previously ve talked about the czime of "batterycide® and
its prevention. Nov let's talk about the meters that are
on  our boats, and hov they can belp us prevest
batterycide."

There are tvo kinds of meters that vill help. ~The
flrst is a voltaeter, It nmeasures the electrical
"pressure” of the battery. 1 good apalogy for voltage is
the amount of vater pressure in a hose.
vater pressure, the farther the wvater will squirt. The
higher the voltage the higher the electrical pressure.

The amaeter is the other kind of meter that is uwsefunl
to us. It neasares the amount of electrical curreat ia
amps. It toc can be compared to vater. Here ve are
concerned about the amouat of vwater (or electricity)
floving. We could compare a large flov of vater like the
Colunbia River to say Johason Creek vhich bas a relatively
small curreat (I'm sure some Johnsor Creet residents would
arque the point at times). Relate this to the amount of
curreat your engine starter uses compared to your remming
lights. ‘

The voltaeter is the most useful of the tvo meters.
There are tvo basic types: analog and digital. Bither
type is fine, but they must be accarate and be readable
vithin 0.1 volts. 1An examination of the folloving chart
vill quickly reveal vhy:

*These’voltages are peasured vhen the battery is at

rest. In other words, turn off yoar charger, alternator

(eagine}, or anything hooked up to the battery.

Vhen reading tde voltage on a battery, be avare that a -

surface charge will resaia on the battery for several hours
after charging, This will cause a falsely high reading.
It nay be removed by discharging the battery for about a
rinote at 10 amps. Just turm on a fev things for about one
ninate, thea tura everything off, leaving on onme small
light or the Lozan vill make little difference in the
accuracy of your reading.

The amaeter vill tell us hov much correnst is going out
or coming iato oar battery. Whea ve turn things on ve can
see hov much curzest is going out. If ve are only draving
5 anps, our battery will last a long time, but if ve are
draving 50 asps, our battery vill be dead soon.

The higher the -

" BATIERY VOLYAGE BATTERY CONDITION

6V 12V 24V 3%

1.1 14,2 28.4 37.9% -- Bigh gassing level, needed for
full charge. Typical alternator
requlator setting. -

6.9 13.8 27.6 36.3 -- Light gassing level. Pypical
Yautomatic® battery charger
setting.

6.6 13.2 26.4 35.2 -- Mo gassing. A good maintenance
voltage,

6.4 12.8 25.6 34.1 -- 100% charge on battery?

6.3 12.5 25.0 33.3 -- 75% charge on batteryt

6.1 12,2 24.4 32.5 -- 50% charge on batteryt

5.4 11.8 23.6§ 31.5 -- 25% charge on battery?

5.6 11.2 22.4 30.8 -- Completely discharged battery*t

5 A0 Q0 (26 -- Battery damaged vith one or more
shorted cellst

Then charging vith a conventional charqing systes,
our ammeter vill shov a high rate of charge at first.
This curzest vill reduce guickly as the battery takes a
charge. This is vhy conventional charging systems take

" longer to charge than the pev ‘'intelligent® charging

systexs. The nev systems will continse to charge your
battery at a high rate uatil 14.2 volts s reached. It
vill then step back to a maintenance voltage and shov a
lov charge curreat.

Nuch more conld be said, but space here von't permit
it. 111 of the voltages shovm are approxinate and depend
on the battery and teaperatore, but the above table vill
suffice in most circusstances. If you vart to knov more,
the best book that I bave found is Living on Twelve Volts
vith daple Pover, by David Smead and Ruth Ishidara,
available at wmost boating book outlets or I bhave a fev
copies at oar shop nov.




ALARM SYSTEM BACKUP

I've designed an alarm cir-
cuit for my house that's
powered by line voitage but |
want it to switch over to back-
up batteries if and when the
power fails. The control part of
the circuit is the only section
that has to be constantly
powered. I'm not worried
about lights and other high
current devices since | have a
commercial unit for that part
of the system. Do you have a
simple circuit that can provide
the battery backup? ! only
need 100 milliamps or so.—G.
Benjamin Indianapolis, IN

Having a fail-safe power-supply for
a home alarm system is a good idea
and, if you think of it, is probably the
most important part of the alarm sys-
tem. Fortunately, it's also one of the
easiest things to add to the circuit. In
your case, it's even easier, since you
designed the alarm-control circuit
yourself.

There are several ways to add a
battery backup to a circuit, but since



you're only looking for 100 milliamps,
you can keep it simple and the back-
up circuit can be made so smalf you'll
be able to easily find room for it in
your existing enclosure.

The circuit shown in Fig. 1is a sim-
ple design that can do the job. When
the line voltage is available and oper-
ating, D2 is reverse-biased and cur
rent flows into the batteries through
R1, the current limiter for the nickel-
cadmium (Ni-Cd) batteries, or what-
ever type of rechargeable battery you
want to use. If the main power is dis-
connected (inadvertently by you or
intentionally by a burglan), D2 is for-
ward-biased and battery power is
available for the alarm circuit. By
adding D1 to the circuit, you can keep
the battery from powering other cir
cuitry that's not essential to keeping
the alarm system active.

T F/O~/2VDC

7O ALARM
i SYSTEM CONTROL.

D/ CIRCUIT
IN# OO/} ¥ (.

Y B k. X
IN#0O) CAPACITOR
VOLTAGE DEPENDS

IN BATTERY AND
SYSTLENM VOLTAGE

AAA

B8/
(RECHARGEABLE.
BATTER/ES)

a1

HKome 7EXT

FIG. 1—THIS SIMPLE BATTERY backup
circuit can be used to power a control
circuit for an alarm system.

The particular diode you should
use for D2 depends on the amount of
power you want to draw from the bat-
tery when the main power is discon-
nected. If you're sure that you'll never
need more than 100 milliamps, you
can probably get by with a small
1N914 diode but, if there's a chance
you might draw more current, or you
just want to play it safe, you're better
off with something like a 1IN4001.

If you use Ni-Cd batteries, you'll
need a constant trickle-charging cur-
rent. You should select R1 to limit the
charging current to the battery’s
C/10 rating, which is 10% of the ca-




pacity of the battery. In a C/10 rating,
"C" is the charge capacity in amp-
hours, and 10" is the number of
hours the battery can supply useful
power. Therefore, the capacity divid-
ed by that operating interval equals
the maximum current safely drawn
from or supplied to the battery. The
trickle current charge, I, must be
less than or equal to the maximum
safe current drawn through the bat-
tery.

The value of R1 can easily be calcu-
lated using

R1=[(V~(0.6 volts+V )}l

where V_ is the circuit voltage, V, is
the battery voltage, and [_ is the
charging current.

This is just a straight application of
Ohm’s Law. The reason it seems
more complex is that you have to sub-
tract the 0.6 voit-diode drop and bat-
tery voltage from the supply voltage.

The capacitor in the circuit is used
to filter any voltage glitches and also
to provide a few seconds of power if
you want to change batteries.

(o}



through R11 are half-watt units.
That's because of the power that
each may have to dissipate. Also,
the VN67AF may be replaced with
a VN10KM. The circuit may be built
using the construction method of
your choice.

There is, however, one precau-
tion to keep in mind; since IC2is a
VMOS device, it is static sensitive
and we all know what that means.
So be careful when handling the
device. The LM317 regulator
should be heat sinked to avoid
thermal damage to the unit during
operation.—Joseph A. Scannell
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The recent reduction in the price of nickel
cadmium batteries has led to increasingly
widespread use of these energy sources. Thp
following circuit, which uses a 5551C, is
a simple but effective automatic charger
for these popular batteries.

Although originally designed for normal
batteries, the circuit can be adapted to
charge batteries with sintered electrodes
by suiting the values of R1 and R2 to the
manufacturer’s specifications.

To determine whether the battery is fully
charged, the battery voltage is monitored.
This method will only function satisfactorily

if the temperature of the battery is always
the same when fully charged. For this reason
D5 is placed next to the battery to provide
a certain amount of automatic temperature
compensation. However, if the ambient
temperature varies over a wider range, then
P1 should be adjusted accordingly. The
IC 555 has two voltage-sensitive inputs.
The input at pin 6 will switch the output to
zero as soon as this input voltage exceeds
the zener voltage at pin 5; the other input at
pin 2 will switch the output back in as soon
as this input voltage drops below half the
zener voltage. Thus the voltage at which the
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charger will be switched on and off can be
set by means of P1 and P2 respectively. In

addition, the battery is trickle-charged
continuously to compensate for self-
discharging.

D3 and D4 are LEDs which indicate whether
the charger is on or off. The procedure for
adjusting the circuit for different types of
battery is as follows: the correct cut-off
voltage is set by means of P1 (normally P2
will need only a single initial adjustment);
the charging current is determined by R2
and the correct value for this resistor can be
calculated as:

_ 16 — Vboatt

Icharging
Care should be taken to ensure that the
current does not exceed 200 mA, lest the
IC be damaged.

R2

77107

The current used to continuously trickle-
charge the battery is set in a similar fashion
by means of R1.

The simplest way to set P1 and P2 is to use
an additional variable supply. The battery is
replaced by a variable supply in series with
a high wattage resistor. The voltage at the
cathode of D1 is then measured using a
universal meter, the variable supply is set to
the voltage level at which the 555 should cut
off (corresponding to ‘battery fully
charged’), and P1 is adjusted until D3 just
lights up. The variable voltage is then set at
the level at which the charger should switch
on, and P2 is adjusted until D4 just lights. If
P2 is set incorrectly, then it is possible that
the circuit will begin to oscillate.
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A battery backup for CMOS-based circuits

ONE OF THE BIGGEST ADVANTAGES OF
CMOS-based circuit design is the
ability to run everything off bat-
teries. Not only does that make the
circuit completely portable, but it
simplifies the overall design pro-
cess as well. Powering a device
from a wall socket means that you
have to use transformers and rec-
tifiers. It also means that you have
to deal with ripple, regulation, and
a lot of other stuff that has nothing
to do with the circuit you're trying
to build.

Of course, there are two sides to
every story. Batteries simplify a lot
of problems, but they also have
one big one of their own: They go
dead. And if power is drawn by a
circuit to retain memory, those
batteries will fail a lot sooner.

Memories like the 5101, 6116,
6264, and the other members of
the CMOS low-power series re-
quire only about 10 pA at 2 volts to
retain their contents. That makes it
possible to use a battery backup
with those devices.

Battery backup circuit

If a battery backup is to be of any
use, you need a circuit that will
automatically switch from the
main supply to the battery backup
with an absolute minimum of glit-
ching. That’s the purpose of the
circuit shown in Fig. 1. Designed
for use with rechargable Ni-Cd
units, it charges the batteries
whenever power is applied to the
+V terminal, and supplies power
from B1 when power is absent
from that terminal. The circuit is
easily modified for use with non-
rechargeable batteries.

The first thing you should notice
about the circuit is its simplicity.
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The circuit’s operation is straight-
forward. When power is supplied
to +V, D1 conducts and, since D2
is reverse-biased, current flows
into the batteries through current
limiter R1. When the power is re-
moved from +V, D2 is forward-
biased and current flows from the
battery to the output and on to the
low-power voltage input of the
CMOS device. Since D1is reverse-
biased at that time, no current can
leak out via the +V terminal to the
main part of the circuit. Capacitor
Clis included to filter out any glit-
ches that may pop up during the
change over from main power to
battery backup, or when you re-
place the battery.

Component selection

Diode D2 can be a 1N914 unit
since only small amounts of cur-
rent will ever flow through it.
Choosing a unit for D2 presents
more of a problem; its selection
depends on how much current is
expected to flow through that di-
ode. Chances are, if you're power-
ing a CMOS [C, that the operating
current is so low that you can use a
1N914 there as well. It is a simple
matter to measure the current
needs of the device to be

ROBERT GROSSBLATT
CIRCUITS EDITOR

powered; that should be done be-
fore making a decision about
which diode to use for D2.

Resistor R1 is the current limiter
for the battery. Its value will de-
pend on the battery’s charging cur-
rent and the voltage that's available
from +V. The value can be found
from:

Ri=(+V — 0.6 — Vg)/lc

where +V is the voltage available
at the +V terminal, 0.6 is the volt-
age drop across diode D1, Vg is the
nominal voltage of the battery, and
lc is the charge current required
by the battery. For I use the bat-
tery’s 14-hour charge rate. The val-
ue of |- might be different for
batteries from different manufac-
turers. The value for the battery
you will use may be marked on the
battery itself. Otherwise it can be
obtained from the battery’s data
sheet or from the manufacturer.
You can modify the circuit for use
with lithium or other non-re-
chargeable units by deleting R1.

Stabilizing control lines

One precaution you should take
when using the circuit is to make
sure that the memory control lines
are stable before switching from
main power to backup. If the con-
trol lines are enabled during the
switch over, you stand a good
chance of generating a write pulse
and scrambling the data. [In most
cases, it's possible to three-state
the appropriate inputs on the IC,
which will take care of the prob-
lem. Otherwise, extra circuitry can
be added that will perform the
same function. If there’s enough
interest in that topic, we'll talk
about it in more depth in a future
column. R-E
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BATTERY “Y"AEROBICS?"™

We have talked about how to keep your battery out of the
morgue. We talked about how "batterycide" is committed. That
can easily be done by not charging them for months at a time or
overcharging them for a long period. Then we talked about a few
important voltages that can mean life or death to our batteries.
To top it off there was a lesson on how to interpret all those
meters on our boats.

I'm afraid by now that fear has struck deep into the hearts
of those who sincerely don't want to commit "batterycide." The
meters are being read and compared to the charts. Batteries are
being charged. Some chargers are being turned on and some off.
But the question is, "are wve treating our batteries right?"

I think the best way to answer that question is to describe
a little device that puts our batteries through an "aerobic
exercise program." It is an alternator regulator designed by
Dave Smead of Ample Power Company. By studying what it does wve
will know what has to happen to our batteries for their best
health. :

The first thing it does when turned on is sense the voltage
and temperature of our battery with a sensor at the battery.
Let's say it is March 24, 1989 and it is a cold, rainy, miserable
day. It doesn't know that; but it does know that the temperature
of the battery is 47 degrees and has a voltage of 12.3. It's
reaction is simple -- CHARGE! _

_ Our regulator tells our alternator to put out all it can to
charge the battery. The alternator will continue to put out its
maximum current until 14.6 volts is reached. (At normal room
temperature it would stop at about 14.2 volts.) This would give
our battery what is called the "bulk" charge and hard gassing
will have started.

Now our regulator goes through what is called an "absorption
cycle." It reduces the current of the alternator to maintain the
hard gassing level of 14.6 volts. This level is held for a time
(25 to 45 minutes) relative to how long it took the battery to
reach 14.6 volts.

Satisfied that the battery 1is £fully charged, our smart

little device reduces the alternator output tec 13.5 volts (13.2
at 70 degrees). This is called the float voltage. Our batteries
may be 1left at this level for months at a time without worry of
damage.
: As you can see, there are three steps to charging our
batteries. First there 1is the bulk charge which gives us about
an 80 percent cycle. Then we have the absorption cycle. The
hard gassing that occurs here completes the charge and helps
reduce sulphation, prolonging battery life. Lastly we reduce the
charge to a float voltage for maintaining the batteries without
danger of harming them.
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"“"THE BIG COMPROMISE?"™

To get the best possidle Iife out of your batteries
they need to be on 2 good exercise program. Just like our
bodies, poorly tatea care of batterjes vill have a poorer,
shorter life,

I told you previously about the aple Pover three ste
regulators that did everything right, gov I will tell yoﬁ
vben and vhy the old systen {5 ap acceptable cospromise.
:C vill discoss reasons for {mproviag the system. that you

ave.

Te first peed a short history oz batteries to
understand why the stock requlators on’ our alternators are
mot necessarily the best. When 1ead acid batterfes vere
Eirst discovered, they vere siaply built, used, and thea
Iebullf.. It vas 2 long time before Edison provided
electricity to everyone's Qoor and battery chargers vere
available. "Batterycide® abogpgeq.

The bfst research on good battery care vas dose during
the beginning of this centory, pesearchers then knew hov
to get the best life from 1lead acid batteries, but the
technology vas not available tq do the job automatically.
The first requlators vere electronechanical (hov's that for
a sit bit vord?) devices that pged a vibrating relay to
requlate the alternator at one fized voltage. These
regulators vere used for more thap half a ceatury.

Becently the old regulators yere replaced vith mever
solid state devices. Unfortunately they vere no smarter
than the old ones. They vere set at a fized voltage around
4.4 volts, This vould do 1ittle to properly charge a
battery setting at 30 degrees vhich peeds about 14.8 volts
for a complete charge.
you vere sitting on an L., freevay in August. They hoped
that the comute vouldn't tage luge thanga couple og hogrs
and that the vater level vould be checked sometine. If

not, it vould just ean that wany more nillions for the
battery manafacturers.

The engineers had to assuae that

So vhat do ve de? Batteries in your car will esually
last three to five years treated this vay. Kot bad. Some
cold norning you go out and tke lizzy won't start. You
lose a couple hours vork, buy a $39.95 special and off you
go again. Bat vhat about the boat? A1l bat the tiniest
boats should have tvo good batteries. (It is hard to pull
over to the side of the chanrel and hold out jusper cables
vhen needed!) That's at least a $120 investaent. Some
larger boats have over $2,000 in batteries.

Marine service is also =moch harder oam batteries. I
have replaced many batteries after only ome year of
service. It is very common to see only two years of life.
Beyound that it can be assuaed that the batteries have sees
fairly qood care.

Nov ve get dova to vhere the rubber meets the road.
What is our best cost to benefit trade off? If we have a
boat vith a couple of good small batteries, a VAP radio,
running lights and a couple of cabin lights, we should not
vorry about making asy big changes to our charging system.
Just do the minimaa to prevemt qross ‘*batterycide.®
(Please see previoss articles.)  Have your batteries
checked at the beginning of each season and replace vhea
needed.

If, on the other hand, ve have refrigeration (the §i
big one), an inverter, lighted companion ways, and a 12
volt toaster (don't laugh), ve need a battery system tkat
vill last through at least three cold beers. ¥e also need
a charging systes that recharges our batteries vithout
ronning the engines 4 to 5 hours daily. this systea
shonld have the capability to give our batteries regular
aerobic exercise.

That you invest in your batteries and charging systes
depeads on many factors.  These include:  all the
electrical equipment on your boat, your cruising habits,
hov reliable you vaat yoar system to be, and of course,
your pocket book. All this and other factors meed to be
considered in properly engineering a battery systea.
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It is not generally appreciated that, if
Nickel-Cadmium batteries are subjected to
prolonged overcharging from chargers of the
constant current type, their life may be
considerably reduced. The charger described
here overcomes this problem by charging at
a constant current but switching off the
charger when the terminal voltage of the
battery rises, which indicates a fully-charged
condition. The basic circuit described is
intended to charge a single 500 mAh ‘AA’
cell at the recommended charge rate of
around 50 mA, but it can easily be extended
at little cost to charge more than one cell.
Power for the circuit is provided by a trans-
former, bridge rectifier and 5 V IC regulator.
The cell is charged by a constant current
source T1 which is controlled by a voltage
comparator based on a TTL Schmitt trigger
N1. While the cell is charging the terminal
voltage remains at around 1.25 V, which is
below the positive trigger threshold of NI.
The output of N1 is thus high, the output
of N2 is low and T1 receives a base bias
voltage from the potential divider R4/RS.
While the cell is being charged D1 is lit.
When the cell approaches the fully-charged
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state the terminal voltage rises to about
1.45 V, the positive trigger threshold of Nl
is exceeded and the output of N2 goes high,
turning off T1. The cell ceases to charge and
D1 is extinguished.

As the positive trigger threshold of N1 is
about 1.7V and is subject to a certain
tolerance, R3 and Pl are included to adjust
it to 1.45 V. The negative trigger threshold
of the Schmitt trigger is about 0.9 V, which
is below the terminal voltage of even a fully-
discharged cell, so connecting a discharged
cell in circuit will not cause charging to
begin automatically. For this reason a start
button S1 is included which, when pressed,
takes the input of N1 low.

To charge a number of cells the portion of
the circuit enclosed in the dotted box must
be duplicated. This has the advantage that,
unlike chargers in which cells are connected
in series, cells in any state of discharge may
be placed on the charger and each will be
individually charged to the correct level. The
disadvantage is that batteries of cells cannot
be charged. However, up to ten AA cells
may be charged if the circuit is duplicated
the appropriate number of times.




Automatic micropower
battery charger

In micropower equipment it is
sometimes necessary to switch between
an intermittent power source, such as a
solar cell, and a storage battery which
must be kept charged. The circuit
shown offers this facility with very few
components. When the solar cell vol-
tage is 0.2V below the battery voltage,
the circuit is powered through the for-
ward biased diode. When the cell vol-
tage is greater than the battery voltage,
the battery is charged by an ap-
proximately constant reverse leakage
current from the diode. The diode,
which may be a Germanium point con-

tact or junction type such as an OAS0 or
OA73, should be selected for a suitable
reverse leakage current. The battery
can be a manganese-alkaline type or a
Zn-AgO watch type cell.

M. Hadley,

University of Southampton.

+1 3V
5
OA90
To circuit ‘{/
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DESICNER’S
NOTEBOOK

A battery backup for CMOS-based circuits

ONE OF THE BIGGEST ADVANTAGES OF
CMOS-based circuit design is the
ability to run everything off bat-
teries. Not only does that make the
circuit completely portable, but it
simplifies the overall design pro-
cess as well. Powering a device
from a wall socket means that you
have to use transformers and rec-
tifiers. It also means that you have
to deal with ripple, regulation, and
a lot of other stuff that has nothing
to do with the circuit you're trying
to build.

Of course, there are two sides to
every story. Batteries simplify a lot
of problems, but they also have
one big one of their own: They go
dead. And if power is drawn by a
circuit to retain memory, those
batteries will fail a lot sooner.

Memories like the 5101, 6116,
6264, and the other members of
the CMOS low-power series re-
quire only about 10 pA at 2 volts to
retain their contents. That makes it
possible to use a battery backup
with those devices.

Battery backup circuit

If a battery backup is to be of any
use, you need a circuit that will
automatically switch from the
main supply to the battery backup
with an absolute minimum of glit-
ching. That’s the purpose of the
circuit shown in Fig. 1. Designed
for use with rechargable Ni-Cd
units, it charges the batteries
whenever power is applied to the
+V terminal, and supplies power
from B1 when power is absent
from that terminal. The circuit is
easily modified for use with non-
rechargeable batteries.

The first thing you should notice
about the circuit is its simplicity.
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The circuit’s operation is straight-
forward. When power is supplied
to +V, D1 conducts and, since D2
is reverse-biased, current flows
into the batteries through current
limiter R1. When the power is re-
moved from +V, D2 is forward-
biased and current flows from the
battery to the output and on to the
low-power voltage input of the
CMOS device. Since D1is reverse-
biased at that time, no current can
leak out via the +V terminal to the
main part of the circuit. Capacitor
Clis included to filter out any glit-
ches that may pop up during the
change over from main power to
battery backup, or when you re-
place the battery.

Component selection

Diode D2 can be a 1N914 unit
since only small amounts of cur-
rent will ever flow through it.
Choosing a unit for D2 presents
more of a problem; its selection
depends on how much current is
expected to flow through that di-
ode. Chances are, if you're power-
ing a CMOS [C, that the operating
current is so low that you can use a
1N914 there as well. It is a simple
matter to measure the current
needs of the device to be

ROBERT GROSSBLATT
CIRCUITS EDITOR

powered; that should be done be-
fore making a decision about
which diode to use for D2.

Resistor R1 is the current limiter
for the battery. Its value will de-
pend on the battery’s charging cur-
rent and the voltage that's available
from +V. The value can be found
from:

Ri=(+V — 0.6 — Vg)/lc

where +V is the voltage available
at the +V terminal, 0.6 is the volt-
age drop across diode D1, Vg is the
nominal voltage of the battery, and
lc is the charge current required
by the battery. For I use the bat-
tery’s 14-hour charge rate. The val-
ue of |- might be different for
batteries from different manufac-
turers. The value for the battery
you will use may be marked on the
battery itself. Otherwise it can be
obtained from the battery’s data
sheet or from the manufacturer.
You can modify the circuit for use
with lithium or other non-re-
chargeable units by deleting R1.

Stabilizing control lines

One precaution you should take
when using the circuit is to make
sure that the memory control lines
are stable before switching from
main power to backup. If the con-
trol lines are enabled during the
switch over, you stand a good
chance of generating a write pulse
and scrambling the data. [In most
cases, it's possible to three-state
the appropriate inputs on the IC,
which will take care of the prob-
lem. Otherwise, extra circuitry can
be added that will perform the
same function. If there’s enough
interest in that topic, we'll talk
about it in more depth in a future
column. R-E
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BUILD A

STATFE-OF-THF -ART

BATTERY

CHARGE MONITOR

Prevents early failure of Ni-Cd batteries

by determining proper time to recharge.

HE PRIMARY cause of early cell
failure in nickel-cadmium batteries
is internal shorting that results from al-
lowing the battery to become too deeply
discharged in service. Therefore, any
electronic device that uses Ni-Cd cells
should contain a low-battery indicator
that trips and warns you to recharge
long before the battery’s “critical” volt-
age is reached. Though there are a
number of different types of charge
monitors you can incorporate into your
battery-powered equipment, the lamb-
da-diode monitor described here is more
advanced than other monitors in use.
Most low-battery indicators use a tran-
sistor to switch on the drive current for a
LED or meter movement. The disadvan-
tage here is that the monitor circuit
places a constant drain on the battery,
even when the LED is extinguished. in

BY W. J. PRUDHOMME

low-power applications, this drain can
drastically reduce the available operat-
ing time of the battery. The ideal solution
is to use a circuit that draws no current
from the battery as long as the supply
voltage is greater than the critical poten-
tial of the battery. This is what the lamb-
da-diode monitor does. In addition, the
trip potential is adjustable over an 8-
to-20-volt range, and cost is low.

Technical Details. The output po-
tential of most batteries varies in relation
to the state of charge. This relation is dif-
terent for each type of battery. Lead-acid
batteries, for example, exhibit an aimost
linear dropoff in output voltage as the
cells become discharged. The same is
generally true for dry cells. For Ni-Cd
batteries, however, the dropoff is not
quite linear.

LAMBDA DIODE
+ T T e —
“— BATTERY ! P—CHANNEL
PACK |
o
| I
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Fig. 1. Battery charger uses a lambda diode made of 2 FEIT’S.

A fully charged Ni-Cd ceil has an out-
put potential of typically 1.25 volts. The
cell maintains an almost constant output
potential until it is almost completely dis-
charged, at which point, the potential
drops rapidly to about 1.0 to 1.1 volts, or
1.05 volts average. A precise voltage
monitor set to trip at this “critical” volt-
age level (or at a multiple of this potenti-
al if more than one cell is in series) can
be very useful in determining the charge
level of the battery.

An eight-cell Ni-Cd battery pack, for
example, would have a fully charged
output potential of 10.0 volts. When
nearly completely discharged, the bat-
tery would have an output of 8.4 volts. If
the lambda-diode monitor circuit shown
in Fig. 1 were set to trip at 8.4 volts, we
have a useful state-of-charge monitor
for a Ni-Cd battery system.

PARTS LIST

LED1—Any discrete light-emitting diode

QI1—P-channel junction field-effect transistor
(2N4360 or similar)

Q2—N-channel junction field-effect transistor
2N3819 or similar)

Q3-- Silicon switching transistor (2N2222A or
similar)

R1--10,000-0ohm, 1/S-watt miniature pc po-
tentiometer

R2—Current-limiting resistor (sec %xt for de-
tails on how to calculate value; typica:
about 150 ohms, Y2-watt)

Misc.—Printed circuit board or perforatet
board and solder clips; relay (substitutes for
LED1; see text); hookup wire; solder; etc.

POPULAR ELECTRONIC,



The two-terminal, negative-resistance
lambda diode shown inside the dashed
box in Fig. 1 consists of one each n- and
p-channel FET's. (There is no “lambda”
diode available commercially.) Note that
in this configuration there are only two
terminals, which can be labelled
“anode” (A) and “cathode” (K).

If the lambda diode is biased into cut-
off, transistor Q3 is also cut off and
LED1 is off. As battery voltage drops, a
point is reached where the lambda diode
abruptly conducts. This biases Q3 into
conduction and turns on LED1 to indi-
cate a low-battery condition. (The oper-
ating characteristic of the lambda diode
is shown in Fig. 2.)
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FORWARD BREAKDOWN

The potential at which the lambda di-
ode conducts can be adjusted by poten-
tiometer R1. Resistor R2is a current iim-
iter for LED1. Its value is determined by
Ohm’s Law (R2 = E/l, where R2 is in
ohms, E is the potential of the battery at
the point LED1 turns on, and ! is the op-
erating current of the LED used.

Construction Details. The lambda-
diode battery-charge monitor is small
enough to be built into the equipment in
which a Ni-Cd battery pack is used for
power. Alternatively, it can be assem-
bled as an external low-battery indicator
accessory and housed in a small utility
box. In either case, printed-circuit (Fig.

Fig. 2. Operating
characteristics

of the lambda-diode
portion of circuit.
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Fig. 3. Etching and drilling
guide (right) with component
layout (left) can be used or

a perforated board will do.
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3) or perforated board construction can
be used.

The choice of JFET’s for making up
the lambda diode is not critical. Almost
any combination of n- and p-channel de-
vices will work as well as those specified
in the Parts List.

You may want to consider substituting
a small relay for LED1 to disconnect the
battery pack from the load when the po-
tential falis low enough to trigger the
system. This setup will automatically
protect the battery pack from polarity
reversal during discharge. O




OPENING STATEMENT CONTRADICTED

The opening statement of “Battery Charge
Monitor” by W.J. Prudhomme (June 1977) is
contradicted by information contained in
“Characteristics and Uses of Nickel-Cadmi-
um Batteries,” third edition, by the Interna-
tional Nickel Co., Inc. | have, however, seen a
number of examples of the failure with short-
ing described in the article. On the other
hand, it is sometimes recommended that the
“memory” phenomenon sometimes ob-
served in NiCd cells that are repeatedtly
charged after only partial discharge can be
overcome by complete discharge, then re-
charging.—Milford S. Brown, Albany, CA.
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battery stand-by
circuit

This simple circuit will find many

applications as a battery eliminator for

low power requirements. It consists of a
" transformer, a bridge rectifier and an

——H o

5x15V
electrolytic capacitor followed by a
zener controlled series pass transistor.
The output is stabilised at 7.5 volts. The
stand-by battery, 7.5 volts, in series

with D2, floats across the output ter-
minals, ready to take over in case of
mains failure. The voltage drop across
D2 will then reduce the power supply to
about 7 volts.

Resistor R2 has an additional function:
when working off the mains it will
trickle charge the dry cells or storage
battery. Since not many accumulators,
and very few dry batteries, will stand
prolonged overcharging, R2 must not
allow for more than just the self-leakage.
Its correct resistance can be found by
dividing the voltage potential difference
between the zener and the battery by
the safe trickle current, which may
amount to some 0.7 milliamps.




NEW LIFE INTO
DEAD NiCd BATTERIES

That dead cell may not be completely gone.
A properly applied high current can often clear a

HE NICKEL-CADMIUM cell is a pa-

radox. Capable of being charged
many hundreds to many thousands of
times, it occasionally fails long before its
claimed life cycle comes to an end. Most
people simply replace a cell that has
failed with a new cell. Considering that
most Ni-Cd cell failures are reversible,
this is a waste of money.

In this article, we will discuss the most
common reason for early Ni-Cd cell fail-
ure and how the great majority of ali fail-
ures can be reversed. The procedure
described here will restore just about
any dead Ni-Cd cell to provide its entire
claimed useful life.

Why Cells Fail. In general, most de-

vices powered by Ni-Cd cells employ
more than a single cell. As the battery of

RN

fault, making the cell useful again.

BY DOUGLAS C. MYERS

cells is discharged and recharged, the
time available between recharges re-
duces. Almost invariably, this is due to
the weakening of a single cell in the bat-
tery.

To understand the cause of such a
failure—one cell “dead"” while the others
are still good—refer to Fig. 1, a sche-
matic of a typical Ni-Cd power supply for
small battery-powered devices. Without
the charging source connected to the
circuit, the 200-ohm load “‘sees” 5 volts
and draws 25 mA from the battery of
cells. Since each cell must pass the en-

tire 25 mA and each cell's potential is
1.25 volts, Ohm'’s Law tells us that each
cell sees the equivalent load of 50 ohms.
Ideally, the four cells deliver identical
performance and, hence, share the load
equally.

In practice, no four cells in a battery

pNpil AR El ECTRONICS
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Fig. 1. Schematic of a typical
NiCd supply for a small load.

ever exhibit exactly the same output
voltage. Assume that one cell is deliver-
ing only 1.20 voits, while the other cells
are delivering their rated 1.25 volts.
Now, the 200-ohm load sees 4.95 volts
and draws 24.75 mA. Since all four cells
must pass the entire 24.75 mA, each of
the strong cells at 1.25 volts sees an
equivalent load of 50.5 ohms. This
means that the weak cell sees only 48.5
ohms. While this does not seem to be
too unequal a distribution, note that the
weak cell is working into the heaviest
load and, as a result, will discharge
more rapidly than the other cells in the
battery. Similarly, when the cells are re-
charged for only a short period of time,
the weak cell, which has been working
the hardest, is aiso the one that receives
the least charging power.

This unequal loading and recharging
is of little consequence in normal opera-
tion. The inequality is small for any given
charge or discharge cycle, due to the
relatively flat output voltage Ni-Cd cells
exhibit over most of their range. And a
good charge tends to equalize any ener-
gy differences between cells. However,
during heavy usage, one is tempted to
“quick charge” the battery just enough
to restore service. A combination of
shallow charges and deeper-than-nor-
mal discharges tends to exaggerate the
energy difference between a weak cell
and the other cells in the battery system.
Operated continually in this manner, the
weak cell inevitably reaches its “knee,”
the point at which its voltage decreases
sharply, long before the other cells
reach the same point.

At the knee, the picture changes dra-
matically. Suddenly, the weakest cell
sees an increasingly heavy load, which
causes its voltage to drop even faster.
This avalanche continues until the cell is
completely discharged, even as the oth-
er cells continue to force current to flow.
The inevitable result is that the weak cell
begins to charge in reverse, which even-
tually causes an internal short.

Once an internal short develops, re-
charging the cell at the normal rate is fu-
tile. The short simply bypasses current
around the cell’s active materials. (Even
though the cell is apparently dead, most
of its plate material is still intact.) If the

JULY 1977

small amount of material that forms the
short could be removed, the cell would
be restored to virtually its original capac-
ity once again.

Clearing the Short. Using the circuit
shown in Fig. 2, the internal short can be
burned away in a few seconds. In opera-
tion, energy stored in the capacitor is
rapidly discharged through the dead cell
to produce the high current necessary to
clear the short. Current is then limited by
the resistor to a safe charge rate for a
small A cell.

Several applications of discharge cur-
rent are usually necessary to clear a
cell. During the “zapping” (restoration)
process, it is a good idea to connect a
voltmeter across the cell to monitor re-
sults. Momentarily close the normally
open pushbutton switch several times to
successively zap the cell, allowing suffi-
cient time for the capacitor to charge up
between zaps, until the voltage begins
to rise. Then, with the toggle switch
closed, watch as the potential across the
cell climbs to 1.25 volts. If the potential
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Fig. 2. Shorted cell is cleared
by energy stored in capacitor.

stops before full voltage is reached,
some residual short still remains and
another series of zaps is in order. If you
observe no effect whatsoever after sev-
eral zaps and shorting out the cell and
taking an ohmmeter measurement indi-
cates a dead shon, the cell is beyond re-
demption and should be replaced.

Once full cell potential is achieved, re-
move the charging current and monitor
battery voltage. If the cell retains its
charge, it can be returned to charge and
eventually restored to service. But if the
cell slowly discharges with no apprecia-
ble load, the residual slight short shouid
be cleared. To do this, short circuit the
cell for a few minutes to discharge it, zap
again, and recharge it to full capacity.

Not all Ni-Cd cells can be restored by
the method described here, but most
can. After restoration, a cell’s life expect-
ancy will be roughly the same as that of
the other cells taken from the same
service application. <




Out of Tune

In “Build a Versatile Nickel-Cadmium Bat-
tery Charger” (October 194), the schematic
shouid be modified as follows: The bottom
of the secondary of T should be connected
to the B71-BP1-negative node, rather than
R1-S2A.

DECEMBER 1974




Timed NICAD Charger

Extend the capacity and
Iife of your nicad bat-
teries by optimizing the
charge.

By Robert Card

NICAD batteries are an increasingly
popular replacement for dry cell batteries.
Their one disadvantage is that you have to
have a special charging unit, and although
relatively cheap units are available, they
have the drawback that they don’t have
any facility for timing. Timing the length
of charge is important; overcharging can
actually reduce the capacity of the bat-
tery

The unit described here avoids this
problem by providing a timed charging in-
terval after which it switches off the cur-
rent and flashes a ready light.

The way the circuit works is shown in
the block diagram. It is quite difficult to
generate a low frequency accurately, so
the first section generates a relatively high
frequency, SKHz or higher, and then uses
a binary counter to divide this down by
16384 to give a frequency of about 0.3Hz.
This section is the clock generator, and its
frequency is set by the value of Rx.

The next section, divide and stop, is
another binary counter but one which
turns itself off when it reaches its max-
imum count. The output from this stage
goes to the control logic, which turns off
the constant current generator and flashes
the indicator light.

The final section is the constant cur-
rent generator; this provides a constant
current to the battery regardless of the
voltage across the battery’s terminals.
This is the usual way of charging nicads,
and has the advantage that several bat-
teries can be put in series and charged at
the same time. The magnitude of the
charging current is set by selecting one of
the resistors using the switch shown. This
is necessary because different battery sizes
require different charging currents.

Other sections are: the power supply,
which converts the 115VAC to 15VDC,
the GO switch, which, when off, resets the
divide and stop function and holds off the
charging current and indicator light, and
the indicator lights with drivers Q1 and
Q2.
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Fig. 1 The block diagram. Several batteries can be charged in series. There are limitations.

Choosing and Setting

Nicads have capacities usually measured
in milliamp-hours (mAH) or amp-hours
(AH). In theory, a battery with a capacity
of 1AH could deliver a current of one
amp for one hour, but in practice it
doesn’t work this way; the battery’s
voltage tails off as it runs down. There is
also some energy dissipated in the
battery’s internal resistance. Nonetheless,
the capacity is a guide to how much charg-
ing is necessary.

Generally, nicads prefer reasonably
long charging periods, say ten hours, and
for this Rx should be 33K. Other periods
are possible: Rx is equal to 3456T - 1350
where T is the required charge time in
hours. Table 1 shows some charge times if
you don’t trust your math.

Actually, choosing ten hours makes
the choice of charging current much
easier, so we recommend sticking to this.
Note that some batteries can be charged at
a very high rate, requiring a much shorter
period.

The next step is to work out the
charging current: this is the battery’s
capacity divided by the charging time. A
1AH battery for ten hours would be a 100
mA charge.

The value of Ry sets the charging cur-
rent, and unless you only use one type of
battery you’ll find it useful to use a
switch, SW3, to select different values of
Ry according to Table 2. If none of these
values suit you, you can work out the
value of Ry from the equation Ry =
2.5/1, where 1 is the required current in
amps, and Ry is in ohms.

To prevent overcharging, be sure that
the batteries are discharged before charg-
ing them. A fully charged nicad has a
lower voltage than standard cells, about
1.2V compared to about 1.5V. This may
make them unsuitable for certain applica-
tions.

One final point on this section is that
a switch, S1, can be used to select the full
divide chain, or miss off the final divider
stage by taking the output from pin 2
rather than pin 3. This latter option halves
the timing period.

The output from this section is pass-
ed to IC3d, arid this gates the output from
the divide and stop section and gates it
with the GO switch. As long as both these
signals are low, the output of IC3d is high,
which keeps the constant current

NUT
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4 INSULATING BUSH
POWER
TRANSISTOR
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i WASHER
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B CE
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BC107 B8C184C
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TIP4IC
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Q2

Fig. 2 The heatsinking arrangement for the
power transistor, plus connection details
for the other transistor types.
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Timed NICAD Charger

Table 1 Charging
Times And Resistor
Values

Time Rx
(hours)
1 2k1 (or 2k2)
2 5k6
5 16k (or 15k)
10 33k
14 47k
20 68k

generator on. If either the counter output
or the output from the circuit around
SW2a goes high, the output from 1C3d
goes high. SW2a also controls the input to
the rest of the divide and stop section, pin
11 of IC4; opening SW2a takes this input
high and resets all the stages of the divider
IC.

The CCG

The output of IC3d goes to the constant
current generator (CCG). This uses the
fact that transistors have a relatively cons-
tant voltage between base and emitter. If
we hold the base voltage constant by
means of a Zener regulator diode, the
emitter will also be held at this voltage
(less the B-E drop). Now any resistor
from the emitter to ground will have a
constant current through it (because of
the constant voltage), and this current
flows through the collector circuit. If we
place the load (in this case, the battery)
from the collector to the power supply, it
has a constant current through it. This
current can be changed by varying the
emitter resistor.

In this circuit, Q3 and Q4 form a
Darlington amplifier; Q3 is used to reduce
the control current into the base of Q4
and prevent loading of 1C3d, a CMOS
gate.

A limitation of the circuit is that since

there has to be a volt or two between Q3’s’

collector and its base, plus 3V9 for the
Zener diode, the maximum output voltage
is limited to about 10 volts. This means
that a maximum of about six cells can be
charged in series, less for some types of
cells.

The indicator drivers are formed
from 1C3. IC3c keeps IC3b off while the
input to IC3c¢ from the divide and stop is
low. This means that the output for IC3¢
will be high, holding IC3b off, until the
divide and stop output goes high. From
then on, when the other input to to IC3b
from the clock generator goes low, IC3b
can turn on and illuminate LED 2 via Q1.
When the clock generator goes high, IC3b
is turned off, switching off the LED. As
the line oscillates between high and low,
LED 2 will flash.

The overall effect of this circuit is as
follows: while charging is taking place,

4

Table 2 Battery Capacities And
Charging Currents
Battery Charging Current Ry Ry
capacity for 10hr charge value power
(mAH) (mA) (ohms) (watts)
110 11 230 (or 220) Va
200 20 125 (or 120) Ya
500 50 50 (or 47) VA
1AH 200 25 (or 24) A
4AH 400 6.25 (or 4.7 + 1.8) 2
._—-—o ]
_H KV‘O.I.E(OV“S';';SK 24V DG WPRLY
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>
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* = SEE TEXT NOTE

BATTERIES TO BE CHAAGED
MUST BE CONNECTED iN SERIES

Fig. 3 The Circuit.

Fig. 4 The PCB overlay. Assembly is
straightforward, but observe the usual safe-
ty precautions in fitting and grounding the
power connections and transformer.

o
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LED 3 will be on, driven by Q2 from the
output of IC3c. When the charging period
is finished, this turns off and LED 2 will
flash. Moving the GO switch to OFF turns
off LED 2 via SW2b. LED 1 is on all the
time as a pilot light.

More Workings
IC1, a 555 timer, is configured as a con-
tinuous oscillator with the frequency set

by C4 and Rx. The output at pin 3 is sent
to IC2, a 14-stage binary counter which
divides by 16384. This divided output at
pin 3 comprises the output of the clock
generator section. The output from IC2
pin 14 is taken from part way along the
divider chain; it’s the 555 signal divided by
1024, and this is used to pulse the ‘‘charge

finished’’ LED.
The divide and stop section is based
continued on page 28
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Timed NICAD Charger

on IC4, another 14-stage counter. To
reach the counter, the clock pulses have to
pass through a NOR gate, IC3a. While the
other input to this gate, from the output
of the binary counter, is low, pulses from
the clock generator can pass, although
they are inverted by the gate. Once the
other input to the gate goes high, the out-
put of the gate will go low whatever the
clock generator output is doing, so no fur-
ther pulses pass to IC4. Otherwise, 1C4
would carry on counting and eventually
turn on the CCG via the control logic.

Constraction

The prototype was built in a metal box
with the PCB mounted on plastic pillars.
The power transistor, Q4, becomes quite
hot when fully loaded. This has to
dissipate up to 20 watts, so it will require a
heatsink. This can be achieved by bolting
Q4 to the bottom of the box, using a
suitable insulator and heatsink compound
on both sides of the insulator.

Testing

The voltage across C1 should be 18 to 25
volts and the red LED should be il-
luminated. The voltage across ZD1 should
be zero when SW2 is OFF, and about
3.9V in the ON position. The yellow LED
should illuminate in the ON position.

amPARTS LIST,
Resistors Q4 . TIP41C
(All carbon film %W 5% unless noted) ICl e 555 timer
Rl ... 2k7, 2% IC2, 3. e i e 4020
R2 22k IC4 . 4001
R3 e 1k ICS o e e 7815
R4 i e 5.6k DI-4 . IN4001
RS, 6,7 oo 1.2k ZDl ..o 3.9V, 400mW
Zener diode
Capacitors LEDI4 ... ... 0.2in
Cl.o 2200u, 25V red, green and yellow
electro
C2,3,6 .o e fu, 35V Miscellaneous

tantalum TL o 18-0-18V, 1A
[ Sn6, 2% mains transformer
polyestyrene Flo.o oo 800mA
O e 22n quick blow fuse
polyester SWL (oo SPDT
CT o 474, 6V3 SW2 . DPDT
tantalum SW3 ... single pole, six way rotary
C8 o 10u, 25V (See text)
tantalum Metal case to fit; 4mm wander plugs and
Semiconductors sockets; heat sink for Q4; PCB pillars, nuts
QL2 . BC107 and bolts; cable gland for mains cable;

Q3 e BC184C PCB, wire, solder etc.

Check that the calculated values of cur-
rent are flowing through the battery ter-
minals by placing an ammeter across
them.

To ensure that the timing circuit is
working without having to wait for the
full charge time, calculate a value for Rx
so that the time is one hour, for example

(try 47K and 2K2 in parallel). The switch
S1 to the half charge position and start the
charge using SW2. The yellow LED
should light and charging current flow for
thirty minutes and then stop; the yellow
LED goes off and the green one flashes to
indicate a charge. Now replace Rx with
the proper value.






Designer’s casebook

Solar-powered regulator
charges batteries efficiently

by G. J. Millard

Volcanological Observatory, Rabaul, Papua New Guinea

For use with solar panels, this simple and efficient
regulator circuit provides an energy-saving solution to
charging batteries of the lead-acid type commonly found
in automobiles. Not considering the cost of the solar
cells, assumed to be at hand for use in other projects, the
regulator alone is under $10.

Unlike many other shunt regulators that divert
current into a resistor when the battery is fully charged,
this circuit opens the charging path so that the resistors
can be eliminated. This method is extremely advanta-
geous when solar panels are used, for large resistors
would otherwise be required to dissipate the high power
levels typically encountered.

When the battery voltage, e,, is below 13.5 volts

(normally the open-circuit potential of a 12-v battery),
transistors Q;, Qz, and Q; turn on and charging current
flows from the solar panels as required. The active green
light-emitting diode indicates the battery is taking
charge.

As e, approaches the open-circuit voltage, op amp A,
switches Q,—Q; off. This condition is maintained until
such time as the battery voltage drops to 13.2 v, whereu-
pon the charge cycle repeats.

If the battery voltage should continue to fall from 13.2
to approximately 11.4 v, indicating a flat battery, A
switches low, causing a red LED to flash at a rate
determined by the astable multivibrator A, in this case
oscillating at a frequency of 2 hertz. A4 provides a
reference of 6 v to maintain the switching points at the
11.4- and the 13.2-v levels.

The circuit will handle currents to 3 amperes. To draw
larger currents, it is necessary to increase the base
currents of Q, and Q; so that these transistors will
remain in saturation during the charging periods. O

Desligner’s casebook is a regular feature in Electronics. We invite readers to submit original
and unpublished circult Ideas and solutions to design problems. Explain briefly but thoroughly
the circuit’s operating principie and purpose. We'll pay $50 for each item published.

2 x ARCO 16-1200
SOLAR PANELS

7N

> 1N914
109k ? 0O
goae = |- o | ©
= = 4— BC640
v ~  Trooour O
GREEN O
. LIGHT-
. 12kQ k1301§ &X' siv X EmTTIiNG O
DIOGE
) 470 2 470 Q
\ 1N1613 >], .
N | 2n3085
Ay LM348 82042
*: HEAT SINK
ZSHZ
ASTABLE
COMPARATOR 'BN;Z MULTIVIBRATOR
10k

Light charge. Regulator for handling currents produced by solar panels charges lead-acid batteries without wasting excessive power. Circuit
cuts off current to battery when its open-circuit voltage is greater than 13.5 V, eliminating need for dissipating power in resistors. Green LED
indicates battery is charging. Flashing red LED indicates battery is flat (battery voltage below 11.4 V) and refuses to take charge.
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Shunt regLIIator monltors reference voltage of shunt-regulator

battery voltage L, 25V

When the b ltage is high
Vladimir Rentyuk, Modul-98 Ltd, Zaporozhye, Ukraine ' than ;:; [thiesit;féy v‘;i;zg?:}sle itﬁf
Ny A TL431 shunt reg-

+ ode voltage of the TL431 is at

ulator is a perfect 16 t its low level of approximately
choice for many applica- TO BATTERY 2V, and transistor Q, turns on,
tions. You can use it as a lighting LED, . You calculate the
comparator with hyster- 20— release voltage, V., of the trig-

geras V. =V . X(1+R XR,/
(R,+R,) X1/R,).
When the battery voltage

esis by taking advantage of
its inner voltage reference
along with few additional Ry

SHUNT

components. You can use ToU REGULATOR . is less than the release volt-
this comparator with hys- R age, the cathode voltage of the
teresis, like a Schmitr trig- IR, Al TL431 goes to its high level—
ger, as a simple battery mon- 311k ‘\ to the battery voltage. Transis-
itor (Figure 1). You calcu- tor QQ, turns off, and LED, does

late the threshold voltage, - 1 A shunt l; d ated circuitry f
V.., of this comparator as igure 1 A shunt regulator and associated circuitry func-

V.. =V, X (1+R /R)), Tion as a Schmitt trigger, lighting LED, when the battery
E Ut b s fully charged.
where V

not shine. LED, turns on again
when the battery voltage, after
recharging, exceeds the thresh-

the internal old voltage.epn
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Comparator circuit regulates
battery’s charging current

by Ajit Pal

Indian Statistical Institute, Calcutta, India

As charge builds up in a battery, its effective plate-
charging area gradually decreases. To prevent damage, a
good battery charger should continuously limit the
charging current from the power line as a function of
time. This completely solid-state charger performs the
required regulation for a 12-volt automobile battery
using a simple circuit built around the uA710 compara-
tor. Although designed for 220-v operation, the charger
is easily adapted for 110-v service, making it suitable for
application in the U.S.

The comparator automatically adjusts the charging
current by sensing the battery voltage, which increases

as charge accumulates. The 710 also regulates the cur-
rent by controlling the on-off switching times of a thyris-
tor that is placed in series with the battery.

As shown in the figure, a dc voitage proportional to
the battery voltage is applied to pin 3 of the comparator,
with potentiometer R, determining the actual value.
Simultaneously, a ramp signal that is derived from the
power line is fed to pin 2 of the 710, with R, setting the
slope of the ramp.

When the battery is being discharged, the voltage at
pin 3 of the 710 is nearly equal to the lowest instanta-

‘neous ramp voltage, and so the output of the 710 is

virtually always high. Thus, the thyristor is on for almost
the entire 180° switching cycle.

At the other extreme, when the battery is almost fully
charged, the voltage at pin 3 is practically equal to the
highest instantaneous ramp voltage, and so the thyristor
is on for only a small portion of the cycle. For intermedi-
ate conditions, the thyristor will be on from between 0°
and 180° of the cycle. The maximum charging current is
limited by the resistor Rj.

050, 10W
10  2N3668
1N4001 Rs r
5 SILICON
1 TS CONTROLLED 208
1008 RECTIFIER
AAA- .

16V | 56k
3 1N4001 ’
L 47kS  BCI58B
220 Vac 12:V
5V ™ BC1488 BATTERY
r 710 =
N 680 2 =
| »> 1kQ =
= - = = \ R T
COMPARATOR 1
1k
N LYt T,
—_
1N4001 55 * 100 ==
10V

Cutting down. This circuit progressively limits the amount of charging current through a standard 12-V automobile battery as it attains its
nominal terminal voltage from its discharged condition, thus avoiding cell damage. The single 710 comparator performs comparison regulation
functions. Other circuitry sets conditions where the thyristor can be fired over a 0° to 180° cycle.



MODIFIED NI-CD CELL ZAPPER

“'Zap' New Life Into Dead Ni-Cd Batteries”
(July 1977) was of great interest to me. After
building the project, | decided to modify it as

| shown in the schematic diagram to add what |

feel is an extremely desirable feature. My bat-
tery “zapper” both zaps and charges Ni-Cd

R
/1000
WIREWOUND

T4

D/

1A DIODE
24V

C.T.

|

R2
LK
WIREWOUND

cells. The 1500-chm wirewound potentiome-
ter (R2) is in the circuit to accommodate the
charging current required and to allow the
charge rate to be varied for different size
cells. The milliammeter is required to provide
a means for monitoring the charge current.
—Clifford D. Dorman, La Habra, CA.




NiCd ZAPPER WORKS
! When | first read the article on the NiCd “Zap-
per’ in your July 1977 issue, | didn't think it
would work so | didn't build it. Then | saw a
reader's recent comments on the device in
your “Letters” column so | decided to give ita
try after all. Surprise! It works great! So far,
I've run into only two cells that haven't re-
sponded to the treatment. The secret seems
to be to catch the cells before they've been
shorted too long. However, the heavy current
through the cell burns the switch contacts.
Therefore, I've modified the circuit slightly

CHARGE

g
328V) F

o+
24-56 v¥OC
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&

NiCO CELL

& -
with good results. Perhaps your readers
might like to try the modification as shown
here.—Zack T. Hinckley, Melbourne, FL.




NiCad Charger/Regenerator

by Mike Punnett

To accompany our bat-
tery article, here is a
NiCad charger which ex-
tends battery life my
minimizing ‘‘memory”’
and metallic deposits.

NICKEL-CADMIUM BATTERIES
(NiCads) are becoming increasingly
popular as replacements for conventional
dry batteries in a wide range of equip-
ment. Properly used, they can give an
enormous cost saving over the life of the
equipment, but if misused, tend to -fail
early.

Since NiCads have a tendency to self-
discharge over a few months, they have to
be charged regularly. Furthermore, to
avoid the inconvenience of a flat battery,
they are often *‘topped up’’ with charge
even when far from discharged. This leads
to an effect known as whiskering, where
fine deposits of cadmium build up, which
can partially short-circuit the cell, as well
as reducing the active electrode size. This
leads to a loss of capacity; a S00mAh cell
may be reduced to 300mAh after a year of
light service and frequent charges.

It has been found that ‘‘cycling”
NiCads can return them to an almost-new
condition, This process involves discharg-
ing the battery hard (at the 1 hour rate,
e.g. 500mA for a 500mAh battery), until it
reaches the minimum safe voltage —
NiCads can be easily damaged by over-
discharging. A full charge at the 10 hour
rate follows. This rather rough treatment
disintegrates the whiskers of cadmium,

and the full charge redeposits the metal on
the electrodes. However, cycling NiCads
“‘by hand’’ is a risky business, since they
can easily be damaged.

The ETI NiCaddy was designed to
cycle NiCads correctly and easily. It uses a
minimum of components, and has two
‘‘programs’’: cycle and charge. Operating
the unit is very straightforward: the Nic-
Cad is connected to it, and the ap-
propriate button for the required program
pressed. Cycle mode discharges the bat-
tery to its minimum safe voltage, and then
switches to charge mode, in which the unit
functions as a constant-current charger,
automatically turning off when the bat-
tery reaches full charge. If the NiCad is
already below its minimum safe voltage
when connected up, the unit will
automatically enter charge mode, over-
riding the switches, which are re-enabled
when the battery rises above minimum
safe voltage.

Construction

Construction of the unit is quite
straightforward, either on the PCB or
stripboard. Sockets are recommended for
the ICs particularly IC2 which is a CMOS
device. Do not forget the three wire links
on the PCB.

SW1
FS1
L 0__/ T
NOTE:
g IC1 IS LM339
N o—c/'. IC2 1S 4011
: Q1 IS 2N 3904
Q2 1S TIP31A
Q3 1S 2N2905
Q4 1S 2N3053
D1 1S 1N4148
E Vee ZD1 IS 18V ZENER
ZD2 IS ZENER (SEE TABLE
FOR VOLTAGE)
PIN3IC1 LED 1,2 ARE any LED
PIN 14 IC2 BR1 IS ZA BRIDGE
ZD2 R9
R6 (SEE % (SEE
10k TABLE) TABLE)
RV1 10
‘LOW" IC1a — | o3
PBI
e ov®
R7
Zk2
4 5
Ic = NICAD
RV2 IC1b ) 1 . L
10k + [ 12] ic2¢ P ’ > _L_ BATTERY
‘HIGH” 5 - Rez
>
PIN 12 IC1 z
PIN 7 IC2
PB2
T RS k2 LED? 1 CHARGE \
"CHARGE’
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NiCad Charger/Regenerator

Modifications

The circuit was originally designed for AA
size (S00mAh) NiCads, since these are the
most widely used, but it can easily be
adapted for other sizes by changing R9
and R10. These are calculated from the
quoted values simply by reducing the
resistance and increasing the wattage in
proportion to the capacity; so for a 1 Ah
six-cell battery, R9 would be SOR 1W and
R10, 6R 15W. (The values do not have to
be absolutely exact, of course). For cells

over 1 Ah capacity, it is best to uprate Q3
and Q4; since the circuit will be on for
long periods, it is advisable to rate com-
ponents generously, especially heatsinks.
Replacing Q3/Q4 with TIP32/TIP31
respectively, mounted off the PCB on a
suitable heatsink, will enable the unit to
cope with cells up to about 4 Ah. As a
rough guide, allow 1 Watt dissipation per
Ah cell capacity when choosing heatsinks.
Remember that the heatsink on Q1 may
need uprating also. Allow a dissipation of
1.2 W per AH cell capacity.

The power supply section is quite
straightforward, using a very simple voltage
regulator. V¢ is not critical, but the
reference voltage, Vyer, must be stable, even
though the precise voltage is not important.
With a separate regulating transistor (Q1)
the circuit shown is quite adequate. The two
reference levels (the points at which
discharge and charge respectively ter-
minate) are derived by RV1 and RV2.

IC1 is a dual comparator which has a
number of advantages over similar units,
including single-rail operation, the ability
to accept inputs at near-ground potential,
very low offset, and open-collector outputs.
In the circuit, the output of ICla goes low
to indicate that the battery has reached
minimum voltage, and that of IC1b goes
low when maximum voltage is reached.

IC2 is wired as two flip-flops, one for
discharging (IC2a,b) and one for charging
(IC2¢,d). Pressing ‘‘Cycle’’ sets the
dicharge flip-flop and clears the charge flip-
flop (via D2). When the battery reaches
minimum voltage, or ‘‘Charge’’ is pressed,
the discharge flip-flop is cleared and the
charge flip-flop is set. The battery reaching
full charge clears the charge flip-flop but
does not set the discharge flip-flop. The
status LEDs are driven directly by the two
flip-flops, which also drive the output
stage. The latter consists of a discharge cir-
cuit — when Q4 is turned on, the battery
dicharges through R11 — and a constant
current circuit consisting of Q3 and its an- |-
cilliary components, which is turned on by
an active-low signal (when IC2 pin 11 is
high, Q3 is driven fully off and passes no
current).

Resistors (all W 5% unless stated)
R1,7,8 2k2

R2,3,6 10k

R4,5 1k2

RY,10 See text

RV1,2 10k multi-turn
preset pot

Capacitors

C1 1000u 40V PCB mounting
electrolytic

C2 100u 25V PCB mounting elec-
trolytic

C3,4 220n polyester

Semiconductors

IC1 LM339

ic2 4011B

Q1 2N3904

Q2 TIP31A

Q3 2N2905 (but see text)

Q4 2N3053 (but see text)

D1 18V 400mW Zener

D2 1N4148 or similar

D3 400mW Zener (see Table 1)

LED1,2 Any0.125” LED

BRI 2A bridge rectifier

Miscellaneous

PBI1,2 Min push-to-make switches

Sw1 Two-pole power switch

FS1 1A power fuse and holder

Ti Power transformer, 15V 1A

secondary (but see text)
Two 14-pin DIL sockets, case to suit, bat-
tery connectors, heatsinks as required (sece
text).

[ET1]




Table 1 gives component values for
AA size (500mAh) cells (see later for
details of use with other battery sizes).
The circuit will work with batteries of up
to eight cells. Remember that R11 will get
hot, since the battery is discharged
through this. For power ratings over 4 W,
this component should be mounted off
the board, preferably outside the box, to
aid heat dissipation. Some of the tran-
sistors are fitted with heatsinks; Q1 has an
aluminum heatsink (see overlay), Q3 and
Q4 have push-fit TOS heatsinks.

Testing and Calibration

Check the voltages across C3 and C4.
Both should be in the range 16.5-17.4 V.
If not, the power supply section should be
investigated. The precise values do not
matter, since the calibration will allow for
some variability.

If the power supply is working pro-
perly, the unit can be calibrated. RV1 is
set to the minimum safe voltage for the
battery; this is 1.1 V per cell (i.e., 4.4. V
for a four cell battery). An accurate, high
resistance voltmeter connected to pin 8§ of
IC1 will enable the voltage to be checked.
RV2 (full charge voltage) must be set
rather more accurately, since the step in
voltage which a NiCad exhibits as it
reaches full charge is quite small. The best
method is to set the voltage too high at
first; about 1.7 V per cell on IC1 pin 11 is

+
—

BATTERY
prrrerreiaai

adequate. The operation of the unit is
then checked with a battery which is
known to be in full working order; at this
stage the circuit should perform as
described above, except that it will not
turn off after charging. The charging cur-
rent can be checked; it should be 0.1 of
the cell capacity (i.e., about S0mA for
500mAh (AA) bateries). The test battery
is then left on charge for a long period —
20 hours if flat. This guarantees that it
stabilizes at full charge voltage. Since the

charging is constant-current, there is no.

risk of damaging the battery by charging
for too long. At this point, RV2 can be
slowly turned down until the circuit just
switches off, and the setting re-checked.
The unit is now completed.

Table 1
No of D3 volt- R9 R10
cells age V ohms/wattsohms/watts
2 10 210/1 4.7/2
4 8.2 160/0.5 10/4
6 5.1 100/0.5 13/7
8 3.6 68/0.25 18/10
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Nickel-Cadmium rechargeable
batteries are gaining popularity in
many applications, as they offer

(in the long term) significant savings
over dry (primary) batteries. Of
course, the initial outlay involved is
increased because a charger unit is
required; however, this simple
charger can be built using com-
ponents that may be found in almost
any constructor’s junk box.

For maximum life (number of
charging cycles) NiCad batteries
should be charged at a fairly constant
current. This can be achieved quite
simply by charging through a resistor
from a supply voltage several times
greater than the battery voltage.
Variation in the battery voltage as

it charges will then have little effect
upon the charge current.

The circuit consists simply of a
transformer, diode rectifier and series
resistor as shown in figure 1. The
accompanying nomogram allows the
required series resistor value to be
calculated. A horizontal line is drawn
from the transformer voltage on the

78044 1

Ni
vertical axis until it intersects the
required battery voltage line. A line
dropped vertically from this point to
intersect the horizontal axis then
gives the required resistor value in
ohms. As an example, the dotted line
in figure 2 shows that if the
transformer voltage is 18 Vand a6 V
battery is to be charged then the
required resistance value is 36 ohms.
This resistance value is for a charging
current of 120 mA and if other
values of charging current are
required the resistor value must be

scaled accordingly, e.g. 18 ohms for
240 mA, 72 ohms for 60 mA etc. D1

2 2]

Utr
(RMS)

uper cheapo
|8ad char%er

may also be replaced by a bridge
rectifier, in which case the resistance
value for a given current must be
doubled. The power rating (watts) of
the resistor should be greater than
I2R, where I is the charge current in
amps and R the resistance in ohms.
As the circuit does not incorporate
any form of charge cutoff the charge
rate must not be too great or the life
of the battery may be reduced. As a
general rule it is permissible to
charge most NiCads at a current of
0.1C or less for several days, where C
is the capacity of the battery in
ampere-hours,

96V BAV 72V 6OV 48V 36V ,,y

78044 2
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Design A Linear Li-ion Battery Charger
For Portable Systems

Lithium-ion batteries help designers meet their goals of getting greener, whether used for storage
or backup power purposes, or in highly integrated solutions to develop low-power solutions.

nergy-storage devices such as

batteries continue to change

how people live. Every year

sees greater daily usage of bat-
tery-powered personal electronic devices.
Moreover, demands for longer run times
and smaller sizes are driving continuous
growth in both the battery and semicon-
ductor industries.

When the time to develop next-gener-
ation batteries takes longer than Moore’s
Law, the need arises for highly integrated,
teature-rich ICs that deliver betier per-
formance. It’s important to learn how to
design with these types of ICs to simplify
the development of new systems.

A battery converts chemical energy into
electric potential, or voltage. If the energy
can be restored, the battery is considered a
secondary or rechargeable battery. Nickel-
metal-hydride (NiMH) and lithium-ion
(Li-ion) batteries are common in portable
applications. Compared to NiMH batter-
ies, Li-ion batteries offer a higher nominal
voltage per cell, lower self-discharge rate.
and energy density in mass and volume
that make them attractive for powering
lightweight and space-sensitive applica-
tions (Table 1).

WHY USE SINGLE-CELL LI-ION?

Li-ion batteries are relatively safe when
designers use caution working with them.
Table 2 shows some typical applications
of Li-ion battery-powered systems. Sin-
gle- and dual-cell applications comprise
approximately 70% of the Li-ion battery
market. Recent trends in space, cost, and
weight reduction when designing small
tools, digital camcorders, and similar
devices are driving some dual-cell appli-
cations to become single-cell.

A single Li-ion cell can replace three
NiMH battery cells in devices (Table 1,
again). One advantage of reducing the
number of battery cells in a system is to
avoid extra design work for balancing
multiple cells.

With the widely used Universal Series
Bus (USB), Li-ion batteries are able to
be charged trom USB 'ports on a major-
ity of computers. A nominal voltage of 5
V makes the USB protocol attractive for
single Li-ion cell applications. The USB
specification defines the voltage drop
budget in the range of 4.75 to 5.25 V for
both host and/or hub, and no less than
445V is allowed at the connector of host
and/or hub.

4
Vin o * Veo Vaar

~ MCP73832

AN
PROG
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I. To operate, a typical baseline Li-ion battery charger typically needs an input capacitor. output

capacitor, and programming resistor.
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Li-ion batteries typically use the con-
stant-current constant-voltage (CCCV)
algorithm for charging. When a charge
voltage of 4.2 V per cell is met, the char-
ger maintains a constant voltage until
the termination condition is satistied.

A battery’s voltage should be carefully
designed with tolerance to avoid prema-
ture termination and hazard. The USB
voltage range is well suited for simple
step-down charger designs with a typical
Li-ion voltage-regulation value of 4.2 V.

Two common step-down topologies are
linear (low dropout, or LDO) converters
and switching (buck) converters. Ideally, a
switching topology offers 100% efficien-
cy. After considering areas of power loss,
efficiency may fall between 85% and 95%.
Equation | calculates LDO efficiency:

x IOUT
+Vi X1

- Vour
VX1

IN ouT

N

GND

When Ignp is much smaller than Igy, it
can be ignored. Thus, the efficiency of an
LDO-based Li-ion battery charger can be
simplified to the ratio of Voyr to Vin:

42V
v S5y ~o%
30V
Ngar=so v — m =60%

During a typical constant-current (CC)
charging mode. the efficiency moves from

BRIAN CHU, senior
applications engineer,
Analog and Interface
Preducts Division,
received a BSEE

and MSEE from the
University at Buffalo,
the State University of
Mew York.
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2. This dual-input Li-ion battery charger, which offers three different charge-current settings, can seamlessly switch between a wall wart (ac-dc adapter)

and a USB port.

60% to 84%. The efficiency will stay at
84% for the constant-voltage (CV) charging
mode. Thus, an LDO topology works well
in single-cell Li-ion battery-charger designs
when the input voltage is about 5 V.

An LDO topology also reduces cost by
omitting inductors, and it avoids electro-
magnetic interference (EMI) challenges
associated with switching topologies. But,
if a fast-charging current above ! A 1s
required, a switching topology should be
considered. Equation 4 presents a power-
dissipation calculation that illustrates this:

Prissipation
= Ieyarce X Vin = Vour)
=2 A(5V-3V)=4 Waits

In this example, a battery-charging cur-
rent of 2 A and a battery voltage of 3V

are selected to show the worst condition
in CC mode. An input voltage of 5V is
selected to simplify the calculation. When
designing a system, the worst condition
that’s based on a given tolerance should
be considered.

Even for a 35°C/W thermal-rated 4- by
4-mm quad flat no-lead (QFN) package,
it's difficult to dissipate 4 W:

35°C/Watt X 4 Watts = 144°C

A room temperature of 25°C with
an additional 144°C introduces a tem-
perature of 169°C in a system, A junc-
tion temperature of 169°C is over the
thermal-shutdown threshold of a typical
die temperature. Well-designed Li-ion
charging-management ICs should include
thermal feedback that reduces the charge

current when temperature begins to rise to
threshold levels.

BASELINE LINEAR LIHON
BATTERY CHARGERS

Baseline linear Li-ion battery chargers
are usually low-cost and have a low pin
count and low passive-component require-
ments. They’re often available in packages
such as SOT-23, MSOP, and DFN. With
the maturation of semiconductor technol-
ogy. most baseline linear battery chargers
are fully integrated. The typical pin count
ranges from five to 10 pins.

Charging a Li-ion battery safely is usu-
ally the primary and only goal for baseline
chargers. No fancy features are required.
Figure 1 depicts a simple five-pin bat-
tery charger that requires a minimum of
three components to operate—an input

e
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3. Power-path management features can switch between power sources in this system load-sharing Li-ion battery charger.
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Table 1: NiMH Vs. Li-ion Battery Characteristics

Nomiisal Energy Energy Self- Cycle life
Cell type voltage (V) density density discharge (charge/
£ (Wh/L) (Wh/kg)  (%/month) discharge)
Li-ion 36 500 160 10 500
NiMH 12 250 80 30 1000

Note: These values are for reference only. Actual battery parametérs may vary depending on the choice of materials, the
manufacturer, and testing conditions, Advanced NilMH and Li-ion batteries are not discussed here,

capacitor, an output capacitor, and a pro-
gramming resistor. Additional pins may be
available for functions such as extra status
indicators, power-good indicators, battery
temperature monitoring, timer, and logic
current control.

USB-BASED LINEAR LI-HION
BATTERY CHARGERS

In addition to linking peripherals and
computers, the USB protocol also delivers
high speed at an economic cost. Connect-
ing devices and peripherals through USB
ports to a computer has become the most
popular method. With a voltage range of
4.75t0 5.25V, USB is an excellent candi-
date for restoring energy back to single-
cell Li-ion battery cells or packs as previ-
ously discussed. There are many methods
for charging single-cell Li-ion batteries.

Table 3 lists a few basic methods for
designing a single-cell Li-ion battery
charger from USB ports. The first method
utilizes a low-power USB port for a fixed
charging current. This method usually
ends up below the absolute maximum cur-
rent of a low-speed USB port, which is
100 mA. Due to the resistor’s tolerance,
charge current, and supply current, this
charge current is typically under 90 mA.
This simply treats a USB port as a 5-V,
100-mA-rated power supply.

i Charge current

et g
Dy R s e

i
“ngut volicge

4. Charge current terminates when input
overvoltage protection is activated.

To take advantage of high-speed USB
ports, an external MOSFET can be used to
set two different charging currents when
driving the gate low or high. A high-speed
USB port allows an absolute maximum
current of 500 mA, but a port should
always start at low speed until verification
is complete.

An integrated MOSFET for setting two
different charging currents simplifies this
design and offers either a preset or resis-
tor-programmable charge current. Figure 2
shows an example that offers three differ-
ent charge-current settings and can seam-
lessly switch between a wall wart (ac-dc
adapter) and a USB port.

When a wall wart is present, the maxi-
mum charging current can easily be higher
than 500 mA from a high-speed USB port.
When just a USB cable is applied, the
charge current will be based on the logic
level high or low. Some designs require
only one input-power rail, but a different
input type can be set by communication
between interfaces.

Typically, the preset USB charging cur-
rent is below 450 mA for a high-speed
USB port for the same reason asitisina
low-speed USB port. Proper design meth-
ods should also limit the amount of input
current drawn from the USB port for safe-
ty, as well as to meet USB specifications.

Input voltoge

~

|
d

TR~ N AL P B e ]

Charge currenl

5. Charge current resumes once the input
voltage falls back to the designed range.
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Table 2:Typical LiHion Battery Applications

Number of Li-ion

cells in series Typical applications

Mobile phones, digital still cameras, media players, toys, Bluetaoth headsets,

1 global positioning systems, digital picture frames, home entertainment remotes
with touchscreen

2 Netboaks, digital camcorders, communication devices, power tools, medical devices

3 Netbooks, ultra-mobile computing devices, laptop computers, power tools

Laptop eomputers, power 100ls, electric bikes, electric wheelchairs, hybrid

4 and above electrical vehicles, military equipment, medical devices

Table 3: Methods For Charging From USB Ports*

Method Description
1 Fixed charge current (typically < 90 mA)
2 External MOSFET charge-current control
3 Integrated MOSFET for multiple charge-current controls
4 Logic dual-input charge control (typically 450 mA/90 mA)
5 Input current-limit controt with maximum charge-current setting

*system load-sharing and power-path management-type Li-ion battery charger

As today’s portable devices become
more feature-rich, requirements for proper
battery management increase. In space-
constrained applications, highly integrated
power-rail controls advance a designer’s
experience. Each power rail must be well
managed for seamless switching among
the input power path, system load, and
battery cell.

Figure 3 demonstrates a typical appli-
cation circuit of a Li-ion battery charger
with system load-sharing and power-path
management features that can switch
between power sources. One advantage to
using this design instead of a traditional
method is that each power rail is managed
and the battery is in support mode when
the input voltage is insufficient to keep the
output voltage steady. Sometimes, addi-
tional features such as low-power indica-
tors or controls, as well as power-source
selection, offer functionality beyond just
restoring energy back to batteries.
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ADDITIONAL BATTERY-CHARGER
FEATURES

Increased use of Li-ion batteries leads to
a broader range of safety and functionality
requirements. These requirements may
come from internal organizations that pro-
mote hazard-free design guidance; local
governmental regulations or policies;
regional product-manufacturer preference;
battery-manufacturer specifications; a
designer’s level of experience; or an end-
user’s habits. Common functions include
timers for each charging stage, input
overvoltage protection, communication
protocols, multiple channels of regulated
outputs, and battery authentication.

Figure 4 shows an input overvoltage
protection feature of a single-cell Li-ion
battery charger. The output-charge current
terminates when the input voltage passes
the protection threshold, and it resumes
once the input voltage falls back to the
designed range (Fig. 5). Since December
2006, this technique has been recom-
mended for mobile devices as a technical
requirement and test method of charger
interfaces for mobile telecommunication
terminal equipment.

Limiting the input voltage for a linear
battery charger keeps end users from
incorrectly using wall-wart or ac-dc adapt-
ers. It also prevents voltage spikes. Recall
Equation 4:

PDISSIPATION
= ICHARGE X (VIN - VOUT)

PDISSIPATION
=1AXx(7V-3V)
= 4 Watts

Assuming the charge currentis 1 A, if
the input and output voltages (battery volt- -
age) increase, power dissipation grows. ‘
Therefore, when the differences between
input and battery voltages jump to 4V, the
power dissipation is 4 W.

CONCLUSION

Green technology is always a hot topic.
Engineers and scientists constantly work to
improve existing designs and offer better
solutions for society. Li-ion batteries can
be designed with fuel cells, photovoltaic
solar cells, hydro power, and wind power
as storage, backup, or supportive power.

ELECTRONIC DESIGN GO TO WWW.ELECTRONICD

Highly integrated linear solutions may

overcome hurdles in low-power designs,

such as compactness and simplicity.
When intelligence, efficiency, or

power dissipation are concerns, designers

should survey their solutions thoroughly

and understand the tradeoffs between

platforms that are available. When design-
ing with batteries or any power systems,
safety is always the first priority.

For more information, visit www.micro-
chip.com/battery. Also, visit www.analog-
talk.com to view Microchip’s analog tech-
nology blog. O
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Introduction

By far the most common reason for batteries on a PC
board is to make Random Access Memory non-volatile,
to avoid loss of data during power outage. Another ap-
plication for batteries is to keep clock/calendar circuitry
functioning when power is down. However, as more cur-
rent efficient integrated circuits are found, a wider range
of circuit function non-volatility will become practical.

CMOS is the semiconductor technology of choice for
non-volatility by battery backup because of its low leakage
current for data retention (<< 10 LL A typical). CMOS also
has the ability to retain data with VpR' at 2 VDC, com-
pared to 5 VDC for normal operation.

With today’s CMOS RAM it is possible to use Catalyst
Research pPowerCell™ batteries to provide decades of
reliable non-volatile memory. As CMOS circuitry has
evolved to lower power, it has become possible to make
an entire microprocessor system non-volatile for the life
of the product.

Why CMOS
with Battery
Backup?

There are many alternatives for obtaining non-volatility
in the event of power loss (see table 1). Magnetic media
answer the most basic issue of volatility. However, it
requires transfer of volatile memory data to a separate
device, so it can not protect active RAM. ROMs, PROMs
and EPROMs can be used where there is no need to alter
data, such as in the storage of constants.

Another alternative is electrically alterable non-volatile
memory such as EEPROM and EAPROM. However,
these memory types impose their own severe limitations:

¢ They have a limited life in terms of write cycles.

® They have relatively slow write cycles.

For continuous protection of data without sacrificing

the advantages of RAM, the best choice is to use
uPowerCell™ battery backup. pPowerCell’s™ long
life and proven reliability mean that you can count on
effective data protection for the practical life of the circuit
and product.

‘VDR-raled data retention supply voltage.
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Table 1. Characteristics of solid state non-volatilte memory.
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Data retention time may be limited above +55°C. See CRC spec sheets. Below +55°C data retention times over 10 years are no problem.
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Why Lithium?

When choosing a battery for CMOS RAM backup,
there are several alternatives (see table 2).

Secondary (rechargeable) batteries would seem to be
a good choice for RAM backup. However, both Sealed
Lead Acid and Nickel-Cadmium (NiCad) rechargeable
batteries have low energy density due to low voltage per
cell and short life between charges due to high self
discharge. Their operational life is much shorter than
lithium cells, typically 3-5 years. Therefore, they must be
replaced if the equipment they are used in is to last more
than 3-5 years. Whereas a properly designed backup
system using uPowerCells™ can last 20 years or longer
without replacement when a// design considerations are
solved correctly. Don’t make the mistake of trying to use
high voltage, high capacity or rechargeability to overcome
problems of high energy requirements or inefficient
energy use. End of life is a function of energy required
and operational life only. Higher voltage, capacity and
rechargeability cannot make a 3-year battery a 20-year
battery.

Energy requirements can be dramatically lowered by
proper selection of hardware and circuit design (RAMS,
Diodes, switches, etc.). Sealed Lead Acid batteries are
also large and heavy. NiCad batteries suffer particularly
high discharge when the circuitry is subjected to high
temperatures. Similar problems and limitations apply to
“‘super caps’’ capacitors. Power must be on intermittently
to recharge the ‘‘super cap” or data is lost.

Table 2. Comparison of | PowerCell™
Lithium batteries with other chemistries.

IDEAL SEALED
CHARAC- POWER LEAD
TEAISTIC CELL ACID NICAD MERCURY ALKALINE SILVER LITHIUM
MAX
tenarv  High  Low Llow Med  Med  Med High

Low

=l High ToMed Low Low Med  Med  High
e ves  Yes Yes No No No  Partial*
:;QIl:IrgHT Yes No No No No Yes Yes
SAFETY High Med High Low High High  High*
cosT Low Med Med  High Low Med Med

*Depends upon particular system

Primary batteries hold their charge and do not require
recharging, giving a better result in CMOS backup
because they have much lower self discharge and therefore
much longer data retention without recharging (ten years
instead of several weeks). Of the primary battery
chemistries available, Lithium offers the best combina-
tion of energy density and shelf life. The uPowerCell™
has secondary characteristics, see Float Charging uPower-
Cell™, page 3.

Mercury batteries offer high energy density but do not
provide long shelf life. They are also quite heavy and have
demonstrated reliability and disposal problems. Alkaline
batteries do not have a very high energy density and have
short shelf life compared to Lithium. Elevated tempera-
tures limit shelf life even further. Silver oxide batteries
combine high energy density with moderate shelf life, but
still exhibit unacceptable self discharge rates at high
temperatures and have a lower energy density than
Lithium. And the cost of silver batteries fluctuates with
the market price of silver.

Why
Catalyst Research
uPowerCell™?

Within the group of Lithium battery chemistries, there
are again several alternatives. Since Lithium is a highly
reactive material, care must be taken to avoid batteries
that could explode due to reverse current, short circuit
or puncture. The higher the impedance of a Lithium cell,
the less likely these occurrences are.

The sealing of Lithium batteries is very important. The
ingredients of the cell must not leak and no outside air
or moisture should get in. Some cells have plastic seals
which limit their ability to withstand harsh environments
(temperature, shock, vibration, etc.). uPowerCells™
have glass to metal insulator seals and metal to metal weld
joints. They can withstand harsh environments as well
as any battery made and better than most.

Catalyst Research’s proprietary Lithium-Iodine
chemistry is truly solid state. A solid Lithium anode and
solid Iodine cathode form a Lithium-Iodide electrolyte
layer at their interface. This electrolyte separator is self
healing. If a break should occur, more Lithium-Iodide
is automatically formed to heal the break. Therefore the
separator is self healing and can not fail. The cell also
has high impedance properties which make a current
limited system that can not explode due to reverse current,
short circuit or puncture. There is no gas generation or
appreciable volumetric change. And the solid state
Lithium-Iodine cell will not freeze or rupture at very low
temperatures.

7



Hundreds of thousands of Catalyst Research Lithium-
Iodine (Lithiode™) cells have been used for cardiac
pacemakers. Their long life and high reliability are field
proven. Over a million Lithiode™ cells have been used
for CMOS RAM backup.

u PowerCells™ from Catalyst Research use the same
proven chemistry as the Lithiode™ but have a higher
energy density and are in packaging that is better suited
for electronic production. Within the pPowerCell™
line are rectilinear shapes and very small axial lead
packages.

W PowerCells™ can be handled just like other com-
ponents such as resistors and capacitors. They accept
wave soldering, cleaning cycles and drying ovens as long
as temperatures do not exceed 250°C for 5 minutes,
500°C for 2 minutes or 700°C for 10 seconds. And axial
lead pPowerCells™ can be machine inserted directly on
the PC board just like other components.

B

Backup Design
Considerations

The circuit for RAM backup is not as simple as it might
appear. And there are several pitfalls to avoid.

The following suggestions have come from Catalyst
Research engineers and are based on their analysis and
testing. However, each system’s configuration is likely
to have unique characteristics to be considered, so
Catalyst Research offers these only as examples of some
solutions that do work. Contact us about your particular
requirements.

Unregulated Regulator System
DC Vee To

[ 1
ITI RAM
Circuit
Rectifier

Care and Handling N
Of BaCkup Batterles Figure 1. Basic power supply elements.

High impedance and, therefore, low current require-
ments for data retention make CMOS ideal for uPower-
Cell™ backup. uPowerCells™ will retain their energy
while in the circuit, but switched off (open circuit) for
20 years. It is absolutely necessary to avoid parasitic
leakage paths in this open circuit mode because over the
life of product such leakage can use up the battery’s
energy. They must truly be on “‘open circuit”. That means
circuit elements (diodes, capacitors or transistors) that
are connected across the battery must be very low leakage.
It also means that care must taken in handling backup
batteries to avoid finger oil, conductive flux or corrosive
material bridging the battery and discharging it. Parasitic
leakage of a few yamps will shorten the battery’s life
35 mA hours or more per year.

The recommended procedure is to keep uPower-
Cells™ in their Catalyst Research shipping containers
until they are to be mounted on the PC board. Handle

Look Ahead
Power Fail
Detection

The backup issue should be considered as part of
overall system design. A typical power supply will have
the elements shown in figure 1. In the event of total power
failure, the AC will disappear immediately, but the
regulated DC will decay slowly due to system capacitance.
In a typical system there may be as much as 20
milliseconds or more between loss of power and DC decay
to the point of losing data in RAM. In microprocessor
based systems, that time can be used by the processor to
save registers and provide for an orderly shut down.

with gloves to avoid contaminating the terminals. Insure , AC Rectifier Unre Regulator 5V ‘S,yegem

thorough cleaning after soldering to eliminate all flux chJ To RAM
residue on the glass seal. If the operating environment 3 ’ ‘ % ‘_1_[?1‘_ Circuit
is expectqd ‘to include high humidity or coerSive atmo- System To Rest
spheres, it is recommended that the batteries and PC Capacitance of Circuit
board be encapsulated or conformally coated to avoid

Power Fail Interrupt To Processor
AC Cycle

Detection (one shot)

unexpected leakage paths from developing. Catalyst
Research engineers have used many encapsulating
materials successfully, but each designer must evaluate
his specific application. Figure 2. AC line look ahead power fail detection.
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To provide notification to the processor, the designer
could sense the unfiltered AC line to detect absence of
power cycles and use that absence to generate a Power
Fail Interrupt (PFI) signal (see figure 2). Another alter-
native is sensing the unregulated DC. Since most
regulators require 1 to 2 volts compliance, and system
capacitance can maintain the system long enough to save
important data, detection of the failing unregulated DC
supply can provide advance warning (see figure 3).

3

DC
AC Rectifier Regulator System Vge
PFI
To
Processor
Power

Fail Detector

Figure 3. Unregulated DC look ahead power fail detection.

RAM
Switchover

To switch from line power to battery backup requires
control of the sequence of events to insure data integrity.
Normal circuit power Ve should be 5.0V +10%. In
normal operation, a Chip Enable (CE) logic signal must
be provided to the RAM chip for proper read/write func-
tioning. When switching to backup, CE must be de-
selected before the supply voltage falls below 4.5 VDC,
placing the chip in backup mode where 2.0 VDC is suffi-
cient for memory retention, and Data Retention Current
(IpR) is at minimum. Logic level of CE must be main-
tained within 200mV of either supply rail (Ve or
ground) to guarantee minimum Data Retention Current.
CE must remain deselected in the absence of the power
supply.

Once CE has been deselected, the RAM power source
can be switched from the power supply to the battery.
The switehover must occur before the supply reaches 2
VDC (preferably it should be when supply equals battery
voltage or 2.8 VDC). A diagram of the switchover
sequence is shown in figure 4. Ideally PFI would be
generated at T, CE deselect at T, and battery switchover
would occur at Tj.

10

Battery

Power Power Deselect
Failure Failure Chip Switch
g Detected Enable to Battery
> M~
S 7 .
8 e
~ \990/3’
7 S,
~ ‘e
6 S
NG
5 -
4 4.5 VDC \\
RAM Vcc
3 1 N
2.8 VDC IATAN
2 - R NN
1 ZLNS
Co NN
oyt ¥ F ]
To T4 T2 T3

Recommended

Figure 4. Power switchover sequence.

Circuits

A system configuration for power switchover is sug-
gested in the block diagram (see figure 5).
Circuits that have been designed and tested by Catalyst
Research engineers for each of the block functions are
shown in figures 6 and 7.
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Figure 5. Battery backup system block diagram.
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Float Charging
uPowerCell™

The pPowerCell™’s Lithiode™ lithium iodine chem-
istry has secondary characteristics. We do not recommend
using it as a true secondary cell but we do recommend
setting up the battery backup circuit to allow a ‘‘float”
charge while the 5V power supply is on. This is particu-
larly useful and beneficial when the uPowerCell™ will
be exposed to high temperatures (above 55°C) while the
5V power supply is on. The backcurrent will reduce the
higher self discharge rate which occurs at high tempera-
tures (over 50°C).

There is no potential safety hazard associated with
backcurrent on a uPowerCell™. If done incorrectly (too
much backcurrent at too low a temperature) it is virtually
impossible for venting, overheating or outgassing to
occur. It is possible to damage the electrical function of
a uPowerCell™ if it receives more than 10-20 micro-
amps of backcurrent at room temperature (25°C).
Therefore, we strongly recommend using the ITT part
number SD103C or equivalent diode in the battery backup
circuit (see figure 8).

We suggest the following two float charge circuits:

Figure 8. Recommended Float Charge Circuits.

Backup Supply
(+5V) ' — To Backed-up Circuit

SD103C

P

uPowerCell™ — System VCC

(+5V)
10MQ
Si(1N914)
To Backed-up
Circuit

]

uPowerCell™

i

Generally speaking, charge current should be two (2)
times discharge current at a given temperature. See current
vs. temperature curves on each individual cell model’s
specification sheets.
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Design Pitfalls

to Avoi

Simpler circuits have been used for battery switchover.
They may work in some applications, but beware of prob-
lems like those described below.

To Other
Svstem V. Circuitry
ystem Voo
i o
& i
ips
D1 P
Battery

[

Figure 9. Simple diode Or.

This circuit seems to provide the minimum require-
ments of isolation between the primary supply and the
battery. However, the typical 0.7V voltage drop across
D2 allows an illegal condition to occur in normal opera-
tion. The RAM chip’s V¢ is 0.7V less than the poten-
tial voltage of a logic signal from a device not in the
backed up system. That can cause the RAM to latch up,
destroying data. Typical CMOS RAM specifications re-
quire that logic input signals not exceed VCC by more
than 0.3 VDC. The most obvious answer is to add D3

(see figure 10). D3
’ » TO Other
Circuitry

D2

’ — To
RAM
Chips
D1
Battery

]

Figure 10. Modified diode Or.

D3 takes care of the illegal condition described above,
but requires the system power supply to be increased to
a non-standard level of about 5.6 VDC to maintain 5.0
VDC on the circuits. Another problem with this circuit
is the drop across D1 in the backup mode. The lower
voltage available reduces backup life. This problem can
be partially solved by using a low voltage drop schott-
key diode.

System Voo

15



The next logical design step is to consider a ‘‘pass tran-
sistor’’ in place of D2 (see figure 11). Its saturation voltage
(VSAT) is less than 100mV, avoiding the illegal VC to
logic signal condition described above. That allows D3
to be removed and system VC( to be set at the standard
5.0 VDC.

o To Other
Circuitry
System Voo . a . . To

RAM
Chips

R2 R1 % D1

Q2 * Battery
R3 l

Figure 11. Use pass transistor.

The basic pass transistor approach is acceptable for
some applications, but has a poorly defined switchover
point. It is sensitive to the gain of Q2 and the threshold
established by R2 and R3. This approach produces a soft
transition between on and off conditions of the pass
transistor, Q1.

A more reliable switch point is achieved by using a
Zener diode (Z1) in the divider circuit (see figure 12).
However, the switch point is still sensitive to Q2 gain.

To Other
Circuitry

System Voo

Q1 . -

LowT To
R2 Leal_(la_ge RAM
R e D1 Chips
Z1
+

Q2 J: Battery
R3 B

Figure 12. Use Zener diode.
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The most effective way to switch to backup is with the
use of a precision comparator (see figure 13).

+ To

13

£E

of o3f

-0 £ o
3

1

x|
|

C

j
|

Figure 13. Use precision comparator.

R3
Comparator

+ |

System Voo

7T
i

Figure 13 includes provision for introducing hysteresis
in the switchover point to avoid oscillation around the
threshold point. R3 determines amount of hysteresis. Care
should be taken to choose a comparator or OP AMP that
behaves in a known or acceptable fashion during the
power supply transition from 5V to 0V and 0V to 5V.

CMOS Static RAMS

There are many manufacturers of CMOS static RAMS.
Most of them produce parts that are ideal for
U1 PowerCell™ battery backup. To save space we do not
list all the parts that each manufacturer makes. We show
the number of parts, range of organization, speed and
data retention currents and give one example of a par-
ticular part for each manufacturer.

Please note speeds as fast as 25 nanoseconds, densities
up to 256K bits and maximum data retention currents as
low as 3 Wamps at 70°C in some cases. Over ten years
of non-volatility at 70°C with a B-400 means battery
backup for the life of the product.

*Consult with RAM, clock/calendar and switching circuit manufacturers directly for
accurate specifications and availability.
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Catalyst Research
Backup Modules

A complete battery switch module can be purchased
from Catalyst Research. It is called the Data Retention

Module (DRMT™/DRM2™), The DRM contains the

cuitry similar to that shown in figure 7. The DRM also
provides logic signals for external processor use. DRM2
is the same as DRM but allows the battery to be mounted

Lithiode™ battery packaged with power switchover cir-
separately to provide flexibility in battery selection.
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The Catalyst Research Non-volatile RAM Module
(NVRMT™) performs the switching and backup features

The Real Time Module (RTM3™) incorporates an
OKI 5832 clock/calendar with a Lithium-Iodine backup

of the DRM and also contains RAM internally. It includes
battery and full automatic switchover circuitry.

2K bytes of Toshiba RAM.
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TMDRM, DRM2, NVRM and RTM3 are trademarks of Catalyst Research.

‘Buiuunl ¥90|9 INOYIM.
‘uonouNy }90J0 [BUIBIUI SUIBIUOYD),
‘D062 1B Ulelp wnwixew vl 02 ‘Aloeded 1yyw oSy (AI9Neq [eusaiul SulejrIo)),
G2l 0} GG~ 002 evie §'G 004 20 SeA 000} 9l € X¥L  L6IXYIW (v ‘elerduung)
aiduiny 4o S8 0l Ov —
0/ 01l ¢ 002 gvic §'S 00l 20 S8A 0001 8 € Xpg’ 069XVIN wixep
Gg 01 Qv - 10 (vD ‘ouipadng)
aydninpy 0201 0 000°0€ GlLiS'c SL/S'e 8¢ 20 ON 000S 8 8¢ X 6gg’ £29.101 TISHALNI
8 0L 010 [¢]8 L'EISeT G§'S 08 0 ON 001 gl ve Xyl Sletsd (XL ‘seleq)
8 02010 001 L'eISe GG 0Se 20 SBA 00} gl ve XS 65¢18d
8 oLA0 00} L'E/S°C joiye] 08 20 ON (¢[o] bl e X vl ve218d
gL oy 0L Q0 00} 174 Sg'S 08 co SaA 00l 8c vS XL cLersa
80 ¢ 04010 00t 14 'S 08 c0 SO 00} (74 e X 96 1e1sa
vole 02010 oy 14 g'S 08 c0 S8 001 9l Yo X vl 12elsa Jojonpuodiugg
3 0L 01 Q S vic S'G 08 [ SOA 001 8 ve X 8¢ 0Leisda Seleg
05 S8+ 01 0¥ — - € 2l 001 100 ON 1 vl R Znda (QW *asounjeg)
0s Gg+ 0l Oy — — — cl 001 100 ON I vi ZgXe WHQ  yoseasay 1sAjejed
dn xoeg (Do) (v1l) (s)10n) (ST (yw) (suon) 188} (vu) suld {sayouy) # Wed Jaunjoejnuepy
ue) )  asnjesedws] wauny sbejjop abejjop ssed doug fiayeg ureiq az18 :
sdiyd Bunesadp Aianeg Aisneg Alddng waun) abeljon Jeussjur  oniseled
Jaquiny wnwixey  WNWIXeW  WNWIxXep ndinQ plesuoy wnuwixep
Junuiuly wnuIXep J0a
WNWIXep

“SHN2A1D JaA0YdUMS dnijoeq Asa)jeq JO SIBJNOBNUBK °S 3|qel

25

24



Temperature °C.

Catalyst Research
Lithium-lodine
Battery
Performance Data

There are over 1,000,000 Catalyst Research industrial
Lithiode™ Lithium-Iodine batteries in use for CMOS
backup and watch operation. They collectively represent
over 5,000,000 battery-years operation. Based on all
known mechanical, electrical and chemical failures, they
have demonstrated MTBF between 600 years and 1100
years, depending on model types.

The uPowerCell™ line has been designed to remove
the few known failure mechanisms that existed in the
Lithiode™ line. Therefore, we expect the reliability
numbers to be higher and comparable to standard elec-
tronic component reliability.

Projected voltage performance for uPowerCells™ in
battery backup mode is shown for low currents in figure

Projected discharge at 25°C. 5 1A
2,75 -
@ 2.5 4
°
>
3
2.25
2.0 T T T T
[/} 5 10 15 20
Years

Figure 14. Voltage as a function of time.
The effect of temperature on shelf life to 20% capacity
is shown in figure 15.

B1000
ﬂ
80 4
4 B-600
40 i B-400
0 —
~40
10,000 1,000 100 10 1 0.1
Time/Years
Figure 15. Shelf life vs. temperature.
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Speed charging time of batteries by doubling up on the circuit

HARGING two or more lead-

acid batteries with one battery
charger, while keeping them isolated
from each other, can be a snap with
the simple circuit modification de-
scribed here. One of its uses is for
recreational vehicles that have a main
battery for starting and ignition and
an auxiliary battery for accessories.
These batteries are isolated from each
other so that overuse of accessories
while the engine is off will not run
down the starting battery and immo-
bilize the vehicle.

Circuit Operation. Figure 1 shows
a simplified schematic of a commer-
cially available ‘“‘automatic” battery
charger (the type that can be left per-
manently connected to a battery with-
out danger of overcharging). A trans-
former and rectifier feed rectified ac
to the battery through a silicon con-
trolled rectifier (SCR). A recreation-
al vehicle usually has a power convert-
er that charges the auxiliary battery
when line power is available. The con-
verter works in much the same way as
the battery charger. However, in some
converters, the SCR anode is connect-
ed directly to one side of the power
transformer.

In the battery charger, the control

"7V AC %

}l
SCR
N TRIGGER

e

circuit senses the battery voltage. If
that voltage is below a preset point
(e.g. 13.4 volts), the circuit turns on
the SCR. The SCR, in turn, passes
current to the battery. When the bat-
tery is fully charged, its voltage rises
above the preset point and the SCR is
not gated on. Recall that the gate of
an SCR can turn it on but cannot turn
it off. However, SCR turnoff is guar-
anteed in this circuit because of the
absence of a filter capacitor following
the rectifier. Without filtering, the
rectifier output drops to zero every
half cycle, turning off the SCR. When
self-discharge, electrolyte diffusion,
or loading pulls the battery voltage
below the preset point, the charger
turns on again—just long enough to
bring the voltage back up. Thus, the
battery floats at full charge.

Construction. Figure 2 shows how
to modify the battery charger to
charge two batteries at once. Break
the connections between the SCR
cathode, the output, and the voltage
sensing lead. Connect a diode between
the SCR cathode and each battery,
with the diode cathode going to the
battery. You can use a lug terminal
strip to make connections. Select
diodes that have a current rating at

SCR

Fig. 1. Simplified schematic of a typical
commercial “automatic’’ battery charger.

Fig. 2. Modification of the battery charger to
charge two batteries using individual diodes.

SCR
- |
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TRIGGER

I |
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{SEE TEXT)
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ONTROL
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CIRCUIT

least equal to the maximum output of
the charger.

Connect the voltage sensing lead to
one of the batteries. It’s best to con-
nect it to the battery that is most like-
ly to need charging, for example, the
auxiliary battery on a recreational ve-
hicle. The other battery will follow. If
the second battery has a higher state
of charge than the controlled battery,
the diodes will steer the charging cur-
rent away from it. If it is lower than
the controlled battery, the diodes will
steer the current into it. The charger
will not shut off until the controlled
battery comes to full charge. That
won’t happen until the other battery
comes up enough to allow current to
be steered to the controlled battery.
Self-discharge will always bring the
controlled battery down enough to
turn on the charger.

If your recreational vehicle has a
solid-state battery isolator, you don’t
need the diodes. Simply connect the
SCR cathode to the center terminal of
the isolator, the one to which the
alternator connects.

If you don’t want to use individual
diodes, you can use a bridge rectifier
assembly with the appropriate current
rating, as shown in Fig. 3. Here, two
of the diodes are active, while the oth-
er two are in series opposing and do
nothing. This circuit has been used
with a Heathkit GP-21 10-A battery
charger installed in a camper van and
it works very well.

BRIDGE ASSEMBLY ™ — —— —— 1
(SEE TEXT)I AC

SCR
TRIGGER

VOLTAGE
SENSE

BATTERY
1

L+

+
BATTERY "=

1.[ 2-]—

76

Fig. 3. The charger circuit can also be
modified by adding a bridge rectifier assembly.
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If the power fails, you needn’t
be left completely in the dark.
This unit automatically swit-
ches on a battery operated
lamp as soon as the power
goes off and keeps the battery
always fully charged and
ready for action.

IF YOU'VE ever lived in a large city
like Toronto on a hot July day when
everyone has their air conditioners
going, then you probably know what
it’s like to be suddenly and compiete-
ty without power.

Being deprived of the TV and hi-fi
for a while could well be good for the
imagination and improve your conver-
sational skills no end, but trying to
find the toothpaste in a pitch black
bathroom is simply infuriating!

In these circumstances, even a
low intensity light is infinitely better
than none at all. With this in mind
we've designed this project, which
switches on a 12 volit lamp of up to 24

ETI — September 1981
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. Lighting Unit

watts as soon as the main power
fails. it could also be used of course
to power any other 12 volt appliance
with the same power rating.

The emergency lamp runs on cur-
rent supplied by a 12 voit battery,
which is kept fully charged when not
in use by a trickle of current. We used
a NiCad battery for our prototype, but
there is no reason why you shouldn’t
use a lead/acid accumulator instead
because the charging current is kept
so low there is norisk of overcharging
and damaging the cells. The charging
current is determined by a current
limiting resistor, which must be
chosen to suit the capacity and
charge characteristics of the battery
you are using. We have provided a
table which lists the necessary
values of this resistor for different
batteries.

We've aisoincluded ared LED on
the front panel of the unit, to show
when it is operating (i.e. when the bat-
tery is discharging). This may seem
superfluous, because after all you

can see for yourself whetheralamp is
lit or not, but if you are using the unit
to run a fish tank heater or suchlike,
then an indication that the unit is
operating will be reassuring.

Construction

All the components are housed in a
plastic case with an aluminum front
panel that has terminals for the bat-
tery and lamp connections. The LED
which indicates power failure is set in
the panel above the lamp terminals.

As the circuit is very simple, we
decided to mount the eiectronics on a
length of twin tag strip. Mount the
components as shown in the diagram
on this page, being careful with the
orientation of the diodes and the elec-
trolytic capacitor.

The current limiting resistor R3
sets the charging current to the bat-
teries and must be selected to suit
the voltage and capacity of the bat-
tery. Consuit the table for the correct
value. This resistor may run quite
warm, so it should be mounted so

45



- EMERGENCY LIGHTING UNIT

that it is spaced about 5mm above
the tag board for adequate ventila-
tion.

If the emergency lamp draws 1 A
or less, the SCR does not need a heat-
sink; if the lamp draws between 1 A
and 2 A, the SCR can be mounted on
. the aluminium front panel with an in-

sulating mica strip between it and the
metal. For load currents over 2 A a
heavier SCR with its own heatsink
would have to be used, but we do not
recommend drawing this much cur-
rent because this is an emergency
lamp and you won't want to
discharge the battery too quickly.

Next wire the connections from
the tag board to the LED, the ter-
minals and the transformer. Be extra
careful with all of these connections
and use insulated hookup wire for all
wiring, including connections across
the tags on the tag board. The
transformer is mounted in the top
right corner of the box, leaving
enough room for the terminals and
the tag board.

Secure the power lead by pass-
ing it into the box through a clamping
type grommet. Connect the ground
wire of the line cord to the solder fugs

- on the transformer case and to the
the front panel. Make sure that these
connections are well made and that
there is slack left on the power
ground wire, so that if the cable is
pulled out of the grommet the ground
wire will be the last to break off.

S~
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25V 1k D1
g[r2 8
03 z|2|] 2
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LED1
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CAPACITY (5W,5%

BATTERY  VALUEO

T

INOENTATION (7 ©
ATTHISEND |7 %

ELECTROLYTIC CAPACITORS

FLAT ON StDE OF k ‘
CASE O SHORT
LEAD.

PARTS LIST
Resistors V2 W, 5%
unless otherwise specified
R1 iK

R2 100R
R3 Current limiting resistor,
: See table -

R4 1K

Capacitor
C1 100u electrolytic, 25V

Semiconductors

D1,D2 1N4001 or similar
silicon diode

D3 1N34 or similar ger-
manium diode

LED1 TIL220R or simitar red
LED

SCR1 C106Y or similar

Miscellaneous
Transformer with 120V primary and
12V secondary rated at 1.5A; 12V
NiCad battery; plastic box to suit
(155mm x 95mm x 50mm); four screw
terminals, two red, two black; 12V
light bulb and socket.
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When the power is on, the circuit float
charges a NiCad battery from a
transformer and rectifier. When the
power fails, a control circuit switches
the battery through to the emergency
light and the LED on the front panel.

When power is on the NiCad bat-
tery is trickle charged through a rec-
tifier diode DI, which supplies half
wave rectified current pulses to the
battery. Capacitor Cl smooths out
these pulses by charging to the peak
voltage from the transformer secon-
dary through D2 and R2 and discharg-
ing through R1 and the battery when
the output from the transformer falls.
the discharge time constant of Cl1 is
much longer than its charge time cons-
tant, so that it does not have time to
discharge fully during the transformer
negative half cycle. So Cl stays at a
high positive voltage, with some ripple,
as can be seen from the oscilloscope
photograph. '

rechard’ I
Nickel-
(:adrm‘ul-‘
battery

NiCad batteries may be used with this project and
they can be obtained in ratings from 500 mAh up
to 2 Ah capacity. Sealed lead-acid batteries can be
obtained in higher capacities

H ; : S = (:,.,”"“

i
T
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HOW IT WORKS

Waveform at the positive lead of C1.

As C1 remains charged, the
voltage on the gate of SCRI is always
lower than the voltage on its cathode
and SCRI1 is therefore reverse biased,
so that the emergency lamp is switch-
ed off. LEDI is also reverse biased and
not illuminated. .

When the power fails the output
from the transformer falls to zero and
C] starts to discharge through Rl and
the battery. Once Cl is fully discharg-
ed it begins to charge in the reverse
direction from the battery until the
voltage on the gate of SCRI is about
0.6 volts higher than the voltage on its
cathode. SCRI1 then switches on,
lighting the emergency lamp. LEDI1 is
now forward biased and illuminated.
The voltage on Cl does not rise any
further and the capacitor is not damag-
ed by the reverse polarity because the
voltage across it is less than the form-
ing voltage of the electrolyte,

When the power returns, C1
charges again through D2 and R2, turn-
ing off SCR1 and resetting the circuit.

D1 CURRENT LIMITING

1N40p1  RESISTOR (AS REQUIRED)
~1
o e ,
R4 R3
1K \?\ LED1
12v
lamp
1y
11
1l
T il
12 12.6v
L
| 1*
L
il -
1
R —
O ~2 ‘ I o
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520

attery charger

simple circuit shown is for charging
1.  size D nickel cadmium cells in
series .. constant current and with
automatic voltage limiting. The BC301
acts as a current source, its base voltage
being stabilized at about 3V by two
l.e.ds, which may also be used to

proaches the voltage across the
1kQ branch of the voltage divider. For

the component values shown, charge
current is 260mA at low V. 200mA at

Ve of 5V, and decreases to v1rtually zero
at V; of 6.5V.

indicate the charge condition. The N. H. Sabah,
2N3638 provides voltage limiting by American University,
cutting off the BC301 when V. ap- Beirut.
10V
’
v,
1K I < -
2N3638 220 T
AN
iy
T.B,BOOP Qv
~ BC301
=
+
470% 3004
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Analog Applications Journal

BRIEF

Enhanced-Safety, Linear Li-lon Battery Charger with
Thermal Regulation and Input Overvoltage Protection

By Jinrong Qian

Applications Manager, Battery Management Applications

The lithium-ion {Li-ion) battery is widely adopted in por-
table devices because of its high energy density on both a
gravimetric and volumetric basis. Due to their simplicity,
low cost, and small size, highly integrated linear battery
chargers are widely used to charge single-cell Li-ion batter-
ies. However, when unregulated adapters are used to
power portable systems, it can be a challenge to remove or
minimize the heat generated from the linear chargers and
to maintain their operation within a safe thermal range.
This articie describes a newly developed battery charger
with thermal regulation. This charger has input overvoltage
protection (OVP), which alleviates thermal concerns while
maximizing the charge rate and minimizing the charging
time, allowing use of an unregulated adapter.

Battery-Charging Requirements

The charge profile widely used for charging Li-ion batteries
cqnsists of three charging phases: precharge; fast-charge
constant current {CC); and constant voltage (CV). In the
precharge phase, the battery is charged at a low rate when
the cell voltage is below 3.0 V. Typically, when the cell voit-
age reaches 3.0 V, the charger enters the CC phase. The
faster-charge CC is usually limited to stay below the ceil’s
1C rating. The cell cycle life decreases with charge rates
above 1C because metallic lithium deposited on the node
easily reacts with the electrolyte and is permanently lost.
Finally, the charger enters the CV phase, where it maintains
the peak ceil voltage and then terminates charging when
the charge current drops to a predefined level.

The cell capacity is a function of the cell voltage—the higher
the voltage, the higher the capacity. However, higher cell
voltage results in shorter cycle life. For example, charging
a cell at 4.3V can provide 10% more capacity, but cell cycle
life may be 50% shorter. On the other hand, if the cell is
undercharged at just 40 mV under the optimum voltage, it
can have about 8% lower capacity. Therefore, a very
accurate battery charge voltage is extremely important.

Thermal-Regulated Battery Charger with
Input OVP

Figure 1t shows a low-cost, stand-alone linear battery
charger circuit with thermal regulation and input OVP. The

e,
e
= . - r - Wiiatne
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ground-plane voltage drops to keep core voltages
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* Download your copy now at wwuw.ti.com/aaj

charger simply drops the adapter’s DC voltage down to the
battery voltage. The power dissipation in the linear charger
is given by

Perar = (Vin = VBar) * e

There is a large difference between the input and battery
voltages when the charger transitions from precharge to
fast-charge mode, where the power dissipation reaches the
maximum. For example, if a 5-V adapter is used to charge
a 1200-mAh Li-ion battery, it has a maximum power dissi-
pation of 1.8 W with a 1-A charge current and a 3.2-V
battery voltage. This power dissipation results in an 85°C
temperature rise for a 3 x 3-mm QFN package with 47°C/W
thermal impedance. The junction temperature exceeds the
maximum allowed operating temperature of 125°C at 45°C
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Figure 1: Charger with thermal regulation and input OVP




ambient temperature. It is hard to maintain the junction
temperature within a safe thermal range at the beginning
of the charging. As the battery voltage rises during the
charging, the power dissipation drops. After charging
enters the CV mode, the power dissipation drops further as
the charge current starts to taper down.

How do we improve the design to keep the charger operat-
ing in a safe thermal range? The more advanced battery
chargers such as bg2406x and bg2403x have introduced a
thermal regulation loop to prevent overheating of the
charger. When the internal chip temperature reaches a pre-
defined temperature threshold—for example, 110°C—any
further increase of the IC temperature results in reduction
of the charge current. This limits the power dissipation and
provides thermal protection to the charger. The maximum
power dissipation causing the IC junction temperature to
reach thermal regulation depends upon the PCB layout, the
number of thermal vias, and the ambient temperature.
Figure 2 shows that after 1.2 seconds the thermal loop
reduces the effective charging current from 1.2 A to 600 mA
within 2 seconds.
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Figure 2. Charge-current with thermal regulation

Thermal regulation usually happens at the early stage of
the fast charge, but if it is active during the CV mode, the
charging current could prematurely reach the charge termi-
nation threshold. To prevent this false charge termination,
the battery charge-termination function is disabled when-
ever the thermal regulation loop is active. In addition, the
effective charge current is reduced, which increases the
battery charging time and which, if the charge safety timer
had a fixed setting, could terminate charging early. The
bq2406x employs a dynamic safety-timer control circuit
that effectively extends the safety time during thermal reg-
ulation and minimizes the chance of a safety-timer fault.
Figure 3 shows that the safety-timer response is inversely
proportional to the effective charge current in thermal-
regulation mode.

When the battery-charging function is enabled, the internal
circuit generates a current proportional to the real charging
current set by the ISET pin. The voltage generated across
resistor Rgey reflects the charge current. This voltage can be
monitored by the host for charge-current information.

There are several types of adapters used to charge Li-ion
batteries. Less expensive adapters may not have well regu-
lated output and have higher output voltages under no
load than at the normal load. In addition, during the battery
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Figure 3. Dynamic safety timer in thermal regulation

hot plug-in, the input voltage to the charger could reach as
high as two times that of the adapter voltage due to reso-
nance between the cable inductance and the input capaci-
tor of the battery charger.To increase safety when the input
voltage is above the predefined threshold, the input OVP
implemented in bq2406x chargers does not allow charging.

Many applications require powering the system while
charging the battery simultaneously. When the system is
directly connected to the battery-charge output as shown in
Figure 1, interaction between the system and charger may
result in a false charge termination caused by the safety
timer. Figure 4 shows a typical application circuit that elim-
inates such issues. There are two independent power
paths, one to charge the battery and one to power the
system. When the AC adapter is not available, the
battery discharge MOSFET is turned on after a time delay
set by Ry and C, so that the battery will provide power to
the system.
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Figure 4. Power-path-management b:attery charge_r

Summary

The linear battery charger with thermal regulation can
significantly improve the thermal design and safety. With
input OVP, it allows only authorized adapters to charge the
battery, improving system safety.
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