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INTRODUCTION

In spite of the considerable media attention to the
concept of recyclable power sources, usage of
rechargeable Nickel-Metal Hydride (NiMH) cells has
been limited. The combined charger and cell cost have
been a mitigating factor in favour of primary cells. The
high internal impedances of primary cells are not
suitable for the surge currents needed for digital
cameras, DC motors and walkie-talkies. NiMH cells
exhibit low internal impedances and, as such, are
particularly viable in these applications. The digital
camera user may be more discerning about using the
NiMH batteries, but the toy market is still dominated by
the primary cells solely due to cost considerations. In
the long run, rechargeable batteries are more
cost-effective. Commercial NiMH chargers can be
classified into two areas:

a) Fast chargers that take 15 minutes to three
hours to charge two or four cells.

b) Trickle chargers that take about 15 hours to
charge two or four cells.

Note 1: A cell is a single physical unit with an
anode and cathode to produce the rated
voltage. A battery can be a single cell, or
a group of multiple interconnected cells to
produce the required voltage. The term
cells and batteries are used interchange-
ably in this application note.

2. A battery’'s capacity is measured in
Ampere-hours and the C rate is the cur-
rent which a battery delivers if it is com-
pletely discharged in one hour. For
instance, a 2000 mAH battery, charged at
200 mA, is said to be charged at 0.1C
rate.

PROFILES OF NiMH BATTERIES
UNDER VARIOUS CHARGE
CONDITIONS

Figure 1 shows the charge efficiency at different
charge rates. This is a variable quantity dependant on
the state of charge and the charging current. The
maximum charge efficiency is seen at charge rates
between 0.5C and 1C. The details of this data are
beyond the scope of this application note, and
additional information is available in the listed
references.

FIGURE 1: CHARGE EFFICIENCY AT
DIFFERENT CHARGE
RATES
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During the charging and overcharging process, oxygen
is generated at the nickel electrode. This oxygen
recombines with the metal hydride electrode, thereby
preventing the build-up of cell pressure. However, at
high charge currents, the rate of oxygen generation
may exceed the recombination process. The accompa-
nying thermal build up and accumulation of oxygen will
lead to cell pressure build-up leading to cell damage
and the electrolyte will leak out of the case. Details of
this electrochemical reaction are available in the
Section “References”. Figure 2 shows the cell
pressure profiles at various charging rates.
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FIGURE 2: CELL PRESSURE PROFILES
AT VARIOUS CHARGING
RATES
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FAST CHARGERS

Fast chargers employ a constant-current charge
management algorithm with charge currents from 0.5C
to 6C, and are often based on switch-mode controllers.
The design would involve consideration to temperature
management, EMI and safety. In view of the large
charge currents and build up of cell pressure, as seen
in Figure 2, detection of the charge status and cut-off is

FIGURE 3: TRICKLE CHARGER

crucial to avoid cell and charger damage. EMI, safety
compliance testing, materials procurement,
manufacturing complexity and test complexity add
additional costs. Typically, the charge management
algorithm would detect charge completion and change
the charge profile to a lower charge current, while
monitoring for faulty batteries. The following conditions
are detected and displayed visually:

» Charge completion

* Insertion of primary cell

« Insertion of a fully charged battery
* Insertion of a shorted cell

The algorithm can charge a partly discharged battery
without overcharging it. Some chargers may have
additional features to detect special NiMH cells which
can handle high charge currents.

A visual display in the form of LEDs or LCDs with an
audible alarm may be implemented. The reader can
refer to the references at the end for schematics and
details of these chargers.

Their higher cost limits their sales to the more
discerning customer.

TRICKLE CHARGERS

Commercial trickle chargers do not have any charge
management algorithm and the typical charge currents
are limited to 0.1C or lower. The charge current is
limited by a resistor in conjunction with the transformer
impedance, as seen in Figure 3, which also explains
the basic concept of a trickle charger.
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This dual channel charger is cheap, uses very few
components and the charge current is approximately
0.1C or lower.

Resistors R1 and R2 limit the charge current to the AA
cells to approximately 0.1C. Batteries are charged
overnight, and the user is expected to remove the cells
from the charger after the charge duration. A simple
circuit to light LEDs can be added to indicate that the
charger is working.

TECHNICAL LIMITATIONS

a) Inability to detect a primary cell insertion

b) Inability to detect defective cells

c) No clear indication that 15 — 16 hours of charge
duration has been completed. In most commer-
cial chargers, the LED does not turn off.

d) Insertion of fully charged or partly charged cells
is not detected. As such, overcharge and subse-
guent damage to the NiMH cells is possible.

INTELLIGENT TRICKLE CHARGER
DESIGN

This application note describes a low-cost
microcontroller-based trickle charger, that overcomes
the prevailing limitations in low-cost trickle chargers by
providing intelligence related to charge status and Fault
conditions. The document also discusses the use of
statistical techniques to develop a robust algorithm
resilient to the variation in the measured values. The
proposed design allows four NiMH batteries to be
charged simultaneously.

The fact that it uses very few components makes it
inherently more reliable than a fast charger. The
low-charge current facilitates oxygen recombination
and the cell pressure will never reach catastrophic
levels. As such, it is not necessary to add additional
safety circuitry. Moreover, compliance to international
safety and emission requirements is easier, as it does
not use any switched mode power supplies. A normal
50 or 60 Hz transformer is used to step down the mains
voltage. The manufacturing complexity is very low, as it
uses commonly available components.

DESIGN SPECIFICATIONS

Table 1 outlines the specifications for a low-cost,
two-channel intelligent trickle charger.

TABLE 1: CHARGER DESIGN SPECIFICATIONS
Characteristics Specification Comments
Input Voltage Nominal 230V, 50Hz +5%
-10%
Operation 207V - 241V
Output Voltage Nominal 3.0vDC No load voltage
Input Protection Thermal resistor in transformer
Output protection Current limit resistor in conjunction with the
transformer’s impedance and thermal cut-off
resistor built into the transformer.
Display Functionality Function LED Status
Battery not present OFF
Battery present. Charging ON
Charge completed Flash slowly at a rate of 1-2 seconds
Faulty Battery Flash fast at a rate of 100-200 milliseconds

© 2012 Microchip Technology Inc.
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The schematic of the proposed charger is shown in
Figure 4.

FIGURE 4. SCHEMATIC OF THE INTELLIGENT TRICKLE CHARGER
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The charger circuit consists of two half-wave rectifiers
charging the two series connected cells in each chan-
nel. The following calculations represent the nominal
values. In reality, the charge current will vary due to the
fluctuations in the mains supply, transformer
impedance, the battery’s residual charge, battery
impedances and environment conditions.

The PIC10F222 was chosen due to the small form fac-
tor and cost. It has three input/output ports and one
input-only port. The internal oscillator is set to 4 MHz,
and Timer0 is used as the base clock for the algorithm
and the internal Analog-to-Digital Converter is used for
measuring the battery voltages.

Pins GPO and GP1 are used to measure the battery
voltages, as well as drive LEDs, in conjunction with
GP2. Prior to the ADC measurement, GP2 goes to
High and disables LED1 and LED2. After the measure-
ments, GP2 goes to Low to enable the LEDs.

R5 and R6 are current-limiting resistors. Resistors R1
and R2 provide the source impedances to the Ana-
log-to-Digital Converter. They also stop the batteries
from powering up the PIC® device via the internal pro-
tection diodes. Resistors R10 and R12 are needed to
ensure stable voltage readings when pins GP0O and
GP1 switch from digital, analog or High-Impedance
mode.

The PIC device does not manage the charging
process. It provides the intelligence and visual indica-
tion to the user to overcome the limitations of an analog
trickle charger.

CHARGE STATUS DISPLAY

Table 1 shows the display functionality to indicate the
charge status with the current software. More complex
LED flashing sequences are possible by changes to
the display routine.

The charging starts when the charger is plugged into
the mains, and stops when the charger is removed. A
power recycle, by removing the charger from the mains
socket to reset the PIC device, is required if a faulty
battery is detected.

CALCULATIONS

Ignoring the power consumption of the electronic
components, the overall efficiency of the charger can
be calculated.

 Fractional VA rated transformer efficiency is
typically 75%.

» Half-Wave rectifier efficiency is 40%

« Battery charge efficiency at 0.1C is 98%.

DS01463A-page 4
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The overall efficiency of this charger is therefore
(Equation 1):

EQUATION 1:

n = 0.75x 0.4 x 0.98 = 29%

Even though the charge efficiency is 29%, the lower
cost with the added intelligence will make this an
attractive proposition.

Fractional VA-rated transformers are small
transformers used in consumer appliances. The
primary current is less than 1 amp, and these
transformers exhibit poor voltage regulation. The
figures below show the measured values in the
prototype unit tested.

Secondary Peak Voltage: Vp = 10.0V (no load)
Secondary Peak Voltage: Vp = 8.1V (full load)

This translates to rms values of 7.07V and 5.73V,
respectively.

EQUATION 2: TRANSFORMER
REGULATION

VNo, g — ViUl o
Viull, oaq

Transformer Regulation =

The transformer regulation was calculated to be 23.4%
and must be factored into the design.

The average voltage Vbc after the diode drop is given
by the equation below.

EQUATION 3: DC VOLTAGE

VDC = \@—0.7
T

Where
Vbc = DC voltage
Vm = Peak value of the AC voltage

The values below were thus calculated:

EQUATION 4:
VDC = 2.5Volts

noload —

At first glance, it appears that the calculated average
voltage is insufficient to charge the battery. However,
as seen in Figure 7, charging takes place during the
positive cycle where the voltage has a peak value of
8.1V. The voltage waveforms show a voltage of 2.74
volts at the battery terminals, and an average load cur-
rent of 169 mA after about 10 minutes of charging. In
reality, the current flow into the battery is discontinuous.

The charge current starts at a value of about 200 mA
and drops over time as the battery voltage rises. The
charge current would also fluctuate slightly in line with
the mains supply fluctuations. Hence, the charge time

cannot be calculated precisely. Taking a nominal
charge current of 170 mA and charge efficiency of
about 80%, the total time to charge a 2000 mH battery
is expected to take 14 hours.

CONTROL STRATEGY AND
ALGORITHM

The performance of the charger based on the proposed
concept is affected by the following parameters:

« Component tolerances
» Poor transformer regulation
* Measurement errors in the ADC

« Environmental effects such as the mains voltage
fluctuation and temperature

» The large ripple due to the half-wave rectifier

The impact of component and environmental variations
can be minimized by developing an algorithm based on
statistical techniques. Details of this technique will be
discussed in the subsequent sections. The key param-
eter, the ADC values of the voltage at the battery termi-
nals, is characterized using statistical techniques to
develop a robust algorithm. For large volume produc-
tion, it is recommended that this parameter be refined
using larger samples.

FIGURE 5: STATE DIAGRAM OF
CHARGER ALGORITHM
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DESCRIPTION OF THE CONTROL
STRATEGY

The control strategy is based on a cooperative
multitasking state  machine. Discussion of a
multitasking state machine is outside the scope of this
application note, and the references at the end of this
application note provide more details. The task
scheduler employs a round-robin task management
mechanism, and transfers control to the other tasks in
a sequential manner, as all tasks have equal priority.
However, some tasks were executed only if certain
time constraints were met. For instance, ADC
measurements were taken at certain time intervals.
Figure 5 outlines the key modules of the state machine.

The following features of the PIC10F222 required a
unique arrangement in the implementation of the
different software modules:

* Program Memory: 512 words
» Data Memory: 23 bytes
« Program Counter: 9 bits wide

In a CALL instruction, PC<8> is cleared and, therefore,
calls or computed jumps are limited to the first 256
locations. In a GOTOstatement, bits 8:0 allow access to
the entire 512 locations. The Stack size of two limits the
usage of nested routines and imposed additional
constraints on CALL instructions.

Brown-out Reset is not available and would require an
external circuitry. In this design, this feature has been
omitted for simplicity and cost consideration.

Timing — TimerO provides the system timing tick of one
millisecond. The countdown rollover is detected by
checking the timer’s contents. If the countdown occurs
when the PIC device is executing some other task, the
countdown will be missed.

CODE DEVELOPMENT

Relocatable code wusing Microchip’s assembler,
MPASM™ ' is used to implement the control algorithm.
This facilitates modular and reusable code
development. The specific modules forming the
different tasks are shown in Figure 5. Additional
sub-modules (e.g., averaging algorithm), add to the
flexibility. However, the constraints imposed for the
CALL statements limit the number of independent
modules. The code sections, which are automatically
assigned by the linker, did not allow efficient utilization
of the program memory.

The constraints imposed by the linker and the CALL
statements are overcome by:

 Creating non-reusable modules within a major
module (source file) in conjunction with GOTO
statements. Figure 6 shows an example of the
actual implementation of the code in the form of
non-reusable modules.

* Manually assigning the code-sections for the
reusable and non-reusable modules.

FIGURE 6: TASK SCHEDULER
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SOFTWARE MODULE

A brief description of the key software modules is given
in the sections below.

TASK SCHEDULER

The task scheduler employs a round-robin task
management mechanism and transfers control to the
other tasks in a sequential manner. This is referred to
as cooperative multitasking and depicted in Figure 5.
When first plugged to the mains the LEDS are switched
on for a period of about one minute to indicate to the
user that the charger is working. Full execution of the
multi-tasking algorithm begins after this delay. All tasks
have equal priority and control is returned to the task
scheduler at the end of each task. A software-based
task prioritization is possible, but was deemed
unnecessary.

The task scheduler also decides if the charge cycle has
been completed and sets the appropriate flag in the
Charge_Status_Register.

DS01463A-page 6
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TIME KEEPER

The single timer in the PIC10F222 was configured to
provide a system timer tick every millisecond and the
timer rollover is confirmed by checking the zero flag in
the STATUS register. A number of counters are used to
multiply this one millisecond tick into 100 milliseconds,
seconds, minutes and hours in the timekeeper module.

100 millisecond | Used to implement the LED

Counter flashing rate for a Fault condition

1 Second Used to implement the LED

Counter flashing rate to indicate charge
completion

1 Hour Counter | Used to implement the stipulated
charge time.

Itis not possible to ensure that the timer tick is detected
on every occasion and ensure that the co-dependent
timer counters are incremented at the right time. If the
rollover occurs when the program is executing another
task, for example, the MEASURE routine, the timer
rollover will be missed. Moreover, the execution time of
the MEASURE routine is also dependent on certain
conditions within this module. However, this error in
timing is insignificant in comparison to the charging
duration of 14 hours and ADC sampling interval of one
to two minutes.

MEASURE

This module is responsible for measuring the battery
voltages at both channels. Due to the long time
response of the charging process, a measurement
every minute or more is sufficient. The presence of the
batteries in each channel is checked regularly in case
the battery was removed or the battery was shorted. If
no batteries are detected, then no further measurement
will take place and the corresponding display routine
will display the “no battery” status. The designer should
ensure that the mechanical design of the charger will
prevent the end user from inserting or replacing the
batteries while the charger is plugged into a wall
socket.

The PIC device takes 16 readings in a sequential
manner on each channel and an averaging algorithm is
used to filter any noise. The averaged voltage values
for both channels are stored for subsequent
processing.

The stored voltage values are checked for possible
Fault conditions. Flags related to a Fault condition are
set if the measured voltages fall outside the predefined
boundaries. The boundaries and the techniques to
detect faults or the battery status were defined by
characterizing the variation of the measured voltages
using statistical techniques. A brief description of the
statistical techniques employed is explained in the
subsequent sections.

DISPLAY ROUTINE

This module is responsible for flashing the LEDs in a
manner outlined in Table 1. On entry to this routine, pin
GP2 is set to Low. GPO and GP1 are set to digital
output. The decision to switch on a specific LED and/or
select an appropriate LED flashing rate is based on the
flags in the two registers, Charge_Status_Flag and the
Time_Keeper_Flag. These flags are set or cleared in
the timekeeper or measure modules.

PROTEUS AND MPLAB® SIM

The simulation was carried out in Proteus and MPLAB
SIM. Proteus is a package that allows schematic
capture, interactive simulation and PCB layout. It can
be used as a stand-alone package or via MPLAB® IDE.
Typically, MPLAB IDE will generate error messages
related to syntax. However, Proteus displays errors
related to device configuration settings (e.g., ADC
configuration errors, etc.). It also has a range of virtual
instruments such as oscilloscopes, voltage and current
probes. Proteus proved to be an invaluable tool that
allowed about 60% of the software development and
testing to be completed without actually wiring the
circuitt. MPLAB SIM allowed the Analog-to-Digital
Converter and timing issues to be verified before
debugging the code using the debug header
AC162070.

TESTING

Each module was developed with the primary code and
a test code integrated into the source file.
Subsequently, all the modules were combined and
tested in conjunction with a test module. However, the
memory constraints explained earlier limited this
approach. As such, the final phase of testing had to be
carried out using the debug header.

EXPERIMENTAL RESULTS

Figure 7 shows the charge current, output voltage of
the transformer and the voltage at the battery
terminals. These values correlate to the calculated
values reasonably well. The variation was due to a
slight distortion in the waveform at the transformer
output terminals. This distortion may be due to the
imperfect mains waveforms or due to the step-down
transformer’s characteristics.

© 2012 Microchip Technology Inc.
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FIGURE 7:

VOLTAGES AND CURRENT PROFILES OF THE CHARGER
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VOLTAGE MEASUREMENT

The accuracy of the voltage measurements using the
PIC10F222 ADC is crucial to the successful
implementation of the charger algorithm. The charger’s
voltage has a certain amount of ripple when the battery
is present and a significant amount of ripple when the
battery is not present. The boundary conditions to
determine the battery present, no battery or primary
cells are affected by the parameters described
previously, which are outside the designer’s control.
However, the ADC resolution and error can be
guantified.

ADC ERROR

The maximum ADC errors from the data sheet are
shown below.

EIL = Integral error = +1.5LSB

EpL = Differential error = -1 <EDL< +1.5LSB

EoFF = Offset error = +1.5LSB

EGN = Gain error = +1.5LSB

EQUATION 5:

. 2 2 2 2
The cumulative error = «/EIL + EDL” + EOFF™ + EGN

= J15%415% 4152+ 152
= 3 bits

A pair of discharged NiMH cells gave an average
voltage of 2.72 volts after a charge time of 15 minutes.
Random voltage measurements carried out by the PIC
device correlated well to the voltmeter readings. The
sample size of 20 measurements taken randomly was
considered statistically significant for this application
note.

Due to the small charge current, the voltage rise over
time was slow and reached a peak voltage of 2.92 volts
after 14 hours. Figure 8 shows the voltage and current
profile of a trickle charger that was plugged into the
mains socket and run for about 15 hours. The charge
current profile reflects the mains voltage disturbances.

DS01463A-page 8
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FIGURE 8: CHARGE PROFILE OF THE TRICKLE CHARGER
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Statistical Analysis
The correct measurement of the voltage affects the Nominal The calculated or
successful implementation of the algorithm in this design value.
product. The variability introduced by a range of factors Delta Tolerance.
outlined |n.ear.I|er sections represents a S|gn|f|cant Lower Specification Limit (LSL) | The nominal value
challenge in light of the cost constraints without minus the
compromising the quality and performance. Hence, it is tolerance.

necessary to measure and analyze this variation using

statistical techniques. This approach will minimize Upper Specification Limit (USL)

producibility issues related to design, process and

The nominal value
plus the tolerance.

material variation. Mean (u)

The reader is encouraged to refer to the listed
references for additional information on the application

The central
tendency of the
variable.

of statistical techniques to develop a robust product. Standard deviation ()

The proposed technique is consistent with Process
(Machine) Capability Analysis used to quantify the
process variation and in this case, was adopted to

Also referred to as
sigma, is a
measure of the
variation.

determine the optimum boundary values for the Process capability Index (Cpy)

algorithm. Typically, a product that meets the six sigma
process capability standard is considered acceptable.
The parameter (variable) in this case is the ADC value
representing the voltage at the battery terminals.

A brief explanation of the following statistical terms is
required to explain the application of Statistical
Analysis of the key variable, namely the ADC values.

A measure of the
process capability.
A value of 1.33
signifies
conformance to the
six sigma
standards, required
for commercial
products in
non-safety critical
applications.

© 2012 Microchip Technology Inc.
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VOLTAGE MEASUREMENT WITH
GOOD NiHM BATTERIES

The battery voltage is 2.72 volts after about 15 minutes
of charging. 2.72 volts is equivalent to the ADC result

of 211 using the VDD of 3.3 volts as reference. As such,
the specification for the voltage is given by:

Nominal = 211
Delta = 3 (this is the ADC error)

The measured values were analyzed and plotted using
an evaluation version of the STATISTICA, a statistical
analysis software from Statsoft Inc. The statistical
distribution and computed process values are shown in
Figure 9. These did not meet the normal distribution
requirements and the calculated process capability
index Cpy did not meet the six sigma standards. An
abnormal characterization technique due to
Johnson-Pearson also did not provide an acceptable
Cpok

FIGURE 9: STATISTICAL DISTRIBUTION WITHOUT CORRECTION
Variable: CHR BAT ADRES Mean: 210.850
Sigma (Total):7.22769 Sigma (Within):0.00000
Specifications: LSL=208.000 Nominal=211.000 USL=214.000
Normal: Cp=.1384 Cpk=.1314 Cpl=.1314 Cpu=.1453
SL uUsL
3.s5(T) NOMINAL +3.5(T)
A i
. B |
| N |
o |
5 ‘ N ;
8% i ‘
1 I / |
olL—=— : — Total
185 190 195 200 205 210 215 220 225 230 235 240 — Within
©Created with permission from Statsoft Inc.
TABLE 2: PROCESS VALUES WITHOUT CORRECTION
-3.000 *Sigma=189.167 +3.000 *Sigma=232.533
Parameter Value
Lower Specification Limit 208.0000
Nominal Specification 211.0000
Upper Specification Limit 214.0000
CP (potential capability) 0.1384
Sigma 7.22769
CR (capability ratio) 7.2277
CPK (demonstrated excellence) 0.1314
CPL (lower capability index) 0.1314
CPU (upper capability index) 0.1453
K (non-centering correction) 0.0500
CPM (potential capability I) 0.1383

© Created with permission from Statsoft Inc.
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TABLE 3: PROBABILITY OF FAILURE-ESTIMATION

Observed Percent — Observed Expected Percent — Expected
Above USL: 5 25.00000 6.62964 33.14822
Below LSL: 7 35.00000 6.93347 34.66735
Total 12 60.00000 13.56311 67.81557
© Created with permission from Statsoft Inc.
The chances of the measurement values exceeding
the specification boundaries can be estimated and is
shown in Table 3. Given the significant potential for
failures, the solution was to extend the lower and upper
specification to the six sigma standard which would
ensure a Cp of 1.33 or higher.
Based on Figure 9, the specification limits were
redefined as follows:
Lower Specification Limit (LSL) = 185
Upper Specification Limit (USL) = 235
Figure 10 shows the results from the redefined
specification limits.
FIGURE 10: REDEFINED SPECIFICATION LIMITS
Variable: CHR BAT_ADRES Mean: 210850
Sgna (Total):7.22769 Sigma( Within) :3.96470
Soecifi cati ons: LSL=185.000N omi nal=211.000U 9.=235.000
Normal: Op=2.102 Cpk=2.030 Cpl=2.173Cpu=2030
LS -3.5(T) NOMINAL +3.5(T) USL
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©Created with permission from Statsoft Inc.
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TABLE 4: PROCESS VALUES WITH
REDEFINED SPECIFICATION

LIMITS
Normal —
Distribution
Lower Specification Limit 185.0000
Nominal Specification 211.0000
Upper Specification Limit 235.0000
Lower Perc. Value: .135 198.9559
Median (50%) Value: 50.000 210.8500
Upper Perc. Value: 99.865 222.7441
CP (potential capability) 2.1019
sigma 7.22769
CR (capability ratio) 0.4758
CPK (demonstrated excellence) 2.0304
CPL (CP, lower) 2.1733
CPU (CP, upper) 2.0304
K (non-centering correction) 0.0340
© Created with permission from Statsoft Inc.

TABLE 5: PROBABILITY OF FAILURE WITH REDEFINED SPECIFICATION LIMITS

Observed Percent — Observed Expected Percent — Expected
Above USL: 0 0.00 0.008338 0.041691
Below LSL: 0 0.00 0.003482 0.017410
Total 0 0.00 0.011820 0.059101

© Created with permission from Statsoft Inc.

The revised Cp value exceeded the six sigma
standards. The probability of some measurements
exceeding the specification boundaries is shown in
Table 3. The small probability of failure is acceptable
and the revised LSL and USL were used to define the
boundary conditions in the algorithm.

VOLTAGE MEASUREMENT WITHOUT
BATTERIES

In order to detect that the batteries are not present,
accurate measurement of the voltage at the battery
terminals is important. The voltage waveform at the
battery terminals without any inserted batteries is
shown in Figure 11. An algorithm based on this
waveform will be complicated.

DS01463A-page 12
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FIGURE 11: VOLTAGE WAVEFORM AT BATTERY TERMINALS
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The irregular waveform, due to the PIC10F222 internal
clamping diode, was removed when the PIC device 1/O
pin was set to analog together with a resistor between
the 1/0 pin and ground. The resulting half-wave rectifier
waveform is shown in Figure 12.

FIGURE 12: VOLTAGE WAVEFORM WITHOUT BATTERIES

- Agilent Technologies TueMov 15 1702252011
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The statistical distribution of a random sampling of the It is obvious that this distribution is abnormal and the
voltage without the batteries is shown in Figure 13. The spread of the data-points would not lend itself well to
theoretical specification based on “no batteries” and the six sigma process control concept outlined earlier.
factoring in the ADC error gives the following specifica-

tion:

e Nominal: 0

» Upper Specification Limit (USL): 3

FIGURE 13: STATISTICAL DISTRIBUTION WITHOUT BATTERIES

Variable: CHR_NOBAT_ADRES Mean: 684500
Sgna (Total ):63.03589 Si gma (Within) :0.00000
Specifi cati ons: Nominal =0.00000 U SL=3.00000
Normal: Cpk=-.346 Cpu=-.346
NOMINAL +3.s(T)
-3.5(T) usL
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NO BATTERY AND FAULT The decision logic to detect the conditions above is

DETECTION LOGIC described in conjunction with Figure 14.
TABLE 6: STATISTICAL SPREAD OF THE
Figure 6 allows easy visualization and facilitates devel- ADC MEASUREMENTS

opment of a suitable algorithm to detect the abnormal
conditions. A standard deviation of 7.23 based on test Battery | Battery No | Primary
measurements is used to tabulate the spread. The Low Fully Battery | Cell

typical conditions are: Charge | Charged

+ No battery 0
« Battery present — Discharged Battery 7.23
 Battery present — Fully charged Battery 14.46
e Primary battery 21.69
» Shorted or defective battery 28.92
36.15
43.38
50.61
57.84
65.07
72.3
79.53
86.76
93.99
101.22
108.45
115.68
122.91
130.14
137.37
144.6
151.83
159.06
166.29
173.52

180.75

This region is outside the 8-bit limit and will
return OxFF
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NO BATTERY DETECTION

Since a “no battery” condition can result in values
across the entire range of the ADC values, as seen in
Table 6, the presence of a voltage below the battery
absence value is taken as “no battery” and the
corresponding LED is turned off. In the current
firmware, the decimal value 50 was taken as a battery
absent value. No further readings are taken on this
channel unless the charger is reset by recycling power.

FAULT CONDITION

Primary batteries, fully charged batteries and shorted
batteries represent Fault conditions. The overlap in
voltage values between primary and fully charged
batteries make it difficult to distinguish these two types
of batteries using the current algorithm. To prevent
spurious Fault conditions being recorded, the algorithm
takes repeated samples at regular intervals for a period
of time and a corresponding counter is incremented as
shown in Figure 14. A fault is reported only after
repeated Fault conditions have been detected over this
period. The acceptable range for a good battery is
values between Vi, and V.

Vmin — Minimum Battery Voltage
Vmax — Maximum Battery Voltage

PRIMARY BATTERIES

Primary batteries are rated at 1.5 volts, and adding two
batteries in series would always result in the maximum
charger voltage, in some cases in excess of 3.0V. The
ADC will a return value of OxXFF. A discharged primary
battery would have a value lower then 1.5V. However,
when charged even at low charge currents, the
terminal voltage would quickly rise. If the battery is not
removed, the pressure build-up will rupture the seals,
causing the electrolyte to leak.

FULLY CHARGED BATTERIES

In a fast charger, the inflection of the voltage profile
corresponding to full charge is detected and the
charger will reduce the current to a trickle charge value
and display that the battery is already charged.
However, in this concept, the low charge current will not
return discernible inflection points. Hence, a simple
logic indicating a fault was implemented.

If the voltage is still higher than the predefined
threshold for V5« over the time frame defined by the
FAULT _COUNTER_HIGH register, then the fault flag is
set.

The current algorithm is unable to distinguish between
a primary and a fully charged NiMH cell because the
voltages overlap. Yet, when the end-user sees a fault
indication on the LED for a fully charged NiMH cell, this
would be a reasonable alert on the battery status.

SHORTED BATTERIES

Batteries which are internally shorted would have 0V or
voltage levels below 0.9V, even after being charged for
some time. The charger checks for the battery status
one minute after Power On, and then subsequently at
regular intervals defined in the software. As there is no
absolute method to distinguish between a shorted
battery and a discharged battery, the algorithm
monitors the voltage for a considerably longer period of
time than the condition for primary/fully charged
batteries.

If the voltage is still lower than the predefined threshold
for Vpin over the time frame defined by the
FAULT_COUNTER_LOW register, then a fault flag is
set. This feature facilitates a fully discharged NiMH
battery to be charged without spurious faults being
triggered.

FIGURE 14:  DECISION LOGIC FOR
FAULTS
FAULT_COUNTER_HIGH
NO CELL | FAULT | GOOD | FAULT
0 255
PCB LAYOUT

A small single layer PCB using easily available SMT
components and a PIC10F222 (SOT23 size) can be
implemented in a commercial trickle charger as shown
in Figure 15. Figure 16 shows the components
placement.

FIGURE 15: PCB OF THE TRICKLE

CHARGER - TOP LAYER
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FIGURE 16: COMPONENTS
PLACEMENTS — TOP LAYER
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RESULTS AND DISCUSSIONS

This application note describes the design and
implementation of a low-cost, intelligent trickle charger.
The use of statistical techniques to facilitate the
development of a robust algorithm was explored. This
technique can be enhanced by incorporating more
complex fault detection algorithm in a future design.
The modular firmware based on relocatable code
facilitates scalability.

A 2000 mAH battery will need about 14 hours to charge
fully at 0.1C using the 50/60 Hz transformer-based
charger, bearing in mind the mains voltage fluctuations
and the reduction in charge current as the battery
voltage rises.

Currently, batteries with 2600 mAH rating are available,
and increasing the charge current using a conventional
50/60 Hz transformer may not be aesthetically or
weight-wise feasible. A switched-mode power supply
will be required. The safety compliance, EMI
compliance and interference to the PIC10F within the
space constraints of such a charger would have to be
investigated. The added benefit is the universal mains
input for a world traveller.

CONCLUSIONS

The viability of adding intelligence to a low-cost NiMH
charger was demonstrated using the PIC10F222.

MEMORY REQUIREMENTS

Program memory: 340 words
Data memory: 17 bytes
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