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2.2.4 Polarity reversal during over-discharge
Most real-life applications employ multi-cell, series
-connected batter ies. When discharging, the
lowest capacity cell will be the first to experience
a voltage drop. If the battery discharge continues,
this unit cell will be driven into an over-discharged
condition.When the cell voltage drops below 0V,
its polar i ty is effect ively reversed. The cel l
reaction, at different stages, is illustrated below:

Stage 1: Initially, both positive and negative
electrodes, as well as the discharge voltage are
normal.

Stage 2: The active material on the positive
electrode has been completely discharged and
evolution of hydrogen occurs. Cell pressure builds
up, although part of the gas can be absorbed by
the negative metal alloy electrode. Since the
battery is designed with excess negative capacity
(discharge reserve), the discharge continues;
discharge voltage is around -0.2V to -0.4V.

Stage 3: The active material on both electrodes
has been depleted and oxygen generation starts
at the negative electrode. Formation of gases at
both electrodes leads to high internal cell pressure
and opening of the safety vent, result ing in
deter ioration of the cell  performance if this
scenario occurs repeatedly.

2.2 Discharge Characteristics
2.2.1 Overview
The nominal discharge voltage of a NiMH battery
is 1.2V at 0.2C discharge, which is almost
identical to that of a NiCd battery. The discharge
time of a NiMH cell is almost 1.5 times that of
the NiCd cell of same size, due to the high energy
density of NiMH batteries.

2.2.2 Discharge voltage
The discharge voltage is affected by current and
ambient temperature. Like NiCd batteries, the
discharge voltage of NiMH batteries is depressed
at lower temperatures. This is because both NiCd
and N iMH bat te r ies  employ  an  aqueous
electrolyte system, resulting in decreased ionic
mobility at lower temperatures. At higher currents,
the discharge voltage of NiMH batter ies is
depressed, since the metal-hydride electrode is
more polarised.

Previously,  most  NiMH cel l  manufacturers
recommended 3C as the maximum discharge
current; otherwise the discharge voltage would
have simply been too low for many applications.
As a result of advancements in NiMH battery
technology, the discharge current achieved by
some of the latest NiMH batter ies can now
achieve as high as 10C.

2.2.3 Discharge capacity
The discharge capacity is defined as “the product
of discharge current and discharge time when
the battery reaches the end discharge voltage.”
The nominal discharge capacity is rated at 0.2C
to an end voltage of 1V after charging at 0.1C
for 14 - 16 hours.

The discharge capacity is also affected by
discharge current and ambient temperature.
Capacity decreases with decreased temperature
due to lower reactivity of the active materials and
higher internal impedance. At a higher discharge
current, the usable capacity is reduced due to
larger IR drop, and also because the battery
voltage drops off more rapidly to end voltage.

To avoid deep discharging, the capacity variation
of the battery pack's unit cells should be kept to
a minimum. It is also recommended that the
discharge end voltage should be maintained at
1.0V times the number of unit cells connected in
the battery pack. For battery packs connected
with more than 8 cells in series, the recommended
discharge end voltage is 1.2V times the number
of cells, less by one.

2.3 Storage Characteristics
2.3.1 Overview
The battery loses its energy during storage, even
without loading. The energy is lost through small,
self-discharge currents inside the battery, as
explained below:

a. Decomposition of nickel hydroxide in the
positive electrode:

The nickel hydroxide is relatively unstable in a
charged state and tends to return to a discharge
state with the slow release of oxygen. The
released oxygen then reacts with the hydrogen
in the negative electrode, thus establishing an
internal  d ischarge path. The react ion rate
increases with higher temperatures.

b. Release of hydrogen from the negative
electrode:

There is a very low hydrogen equilibrium pressure
for the metal-hydride electrode; such hydrogen
reac ts  w i th  the  pos i t i ve  e lec t rode. A f te r
consumption of the hydrogen, it is replenished
from the metal-hydride electrode and the reaction
continues at a steady rate. The reaction rate
depends on the hydrogen equilibrium pressure,
which is higher at increased temperatures.

c. Side reactions through impurities:
Some of the impurities can be oxidised in the
positive electrode when it migrates to the negative
electrode, where it reverts to its original form.
The shuttle reaction of the impurities dissipates
the battery's power during storage. The reaction
rate is also temperature-dependent.�

2.3.2 Storage temperature
As already mentioned, the self-discharge reaction
rate  increases wi th  h igher  temperatures.
Prolonged storage of the battery at elevated
temperatures will result in the battery material
deteriorating faster; leakage performance will
also deteriorate, resulting in a reduced battery
lifetime. It is recommended that, for long storage,
batteries should be kept at room temperature or
below.

2.3.3 Storage time
As the battery loses energy during storage, the
voltage also drops. In general, the battery capacity
loss due to self-discharge during storage can be
recovered by recharging. If the battery is stored
for over six months it is advisable to cycle the
battery several t imes to resume the battery
capacity.

Polarity Reversal

B
at

te
ry

 V
ol

ta
ge

 (
V

)

Discharge Time

1.0

0

-1.0

1.0

0

-1.0E
le

ct
ro

de
 V

ol
ta

ge
 (

V
)

Negative electrode

Positive electrode

Polarity reversal
of positive
electrode

Polarity reversal
of both

electrode

Negative electrode

Positive electrode
1 2 3

7 8

Discharge Characteristics

V
ol

ta
ge

 (
V

)

Capacity Discharged (%)

Discharge Curves at Various
Temperature at 1.0C Rate

Charging: 0.1C x 160% at room temperature

V
ol

ta
ge

 (
V

)

Capacity Discharged (%)

25°C
10°C

0°C
-10°C

50°C

0.2C

2C

3C

1C

0 10 20 30 40 50 60 70 80 90 100

1.5

1.4

1.3

1.2

1.1

1.0

0 10 20 30 40 50 60 70 80 90 100

1.5

1.4

1.3

1.2

1.1

1.0

0.9



2.3.4 Storage humidity
Leakage and rus t ing  o f  meta l  par ts  a re
accelerated in high humidity environments,
especial ly those with correspondingly high
temperatures. The recommended humidity level
for battery storage is a maximum of 60% RH.

2.4 Cycle Life
2.4.1 Overview
Cycle life is the number of charges and discharges
a battery can achieve before the discharge
capacity (0.2C) drops to 60% of the nominal
capacity per IEC 61951-2 or other guaranteed
value per SES specifications. Cycle life is affected
by ambient temperature, as well as depth of
charge and discharge. A common phenomenon
to the NiMH battery is that the impedance
increases upon cycling due to electrolyte dry-
out, especially at the end of the cycle life. During
overcharging, gases form and pressure builds up
inside the battery; trace amounts of gas escape
through the seal or vent hole, leading to moisture
loss and separator dry-out. Actually, NiMH battery
can attain 500-1000 cycles with cycling conditions
of 0.1C charge/0.2C discharge.

2.4.2 Ambient temperature
It is recommended to cycle the battery at room
temperature. At  h igher  temperatures,  the
electrodes as well as the separator material
deteriorate much faster, thus shortening the cycle
life. At lower temperatures, the rate of oxygen
recombination during overcharge is slow, and
may risk opening the vent leading to pre-mature
electrolyte dry-out.

2.4.3 Overcharge
The cycle life of the battery is sensitive to the
amount of overcharge at high charge rate. The
amount of overcharge affects cell temperature
and oxygen pressure inside the battery. Both
factors deteriorate the metal-hydride electrode
through oxidation and thus the cycle life shortens.
For that reason the cycle life is affected by various
charge cut-off methods.

2.4.4 Deep discharge
The cycle life is also affected by the depth of
discharge. The number of charge/discharge cycles
will decrease if the battery is repeatedly subjected
to deep discharging below 1V, or to a status of
polar i ty reversal . Considerably more cycle
numbers can be obtained if the battery is cycled
under shallower cycling conditions.

2.5 Safety
If pressure inside the battery rises as a result of
improper use, such as overcharge, short circuit,
or reverse charging, a resealable safety vent will
function to release the pressure, thus protecting
the battery from bursting.

Cycle life of NiMH
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SES NiMH rechargeable batteries had long been
established as a well-known choice that offers
performance, reliability and value.  In order to
widen its field of applications and extend its full
advantages, we have expanded our NiMH product
range into various series to custom fit various
application requirements.

3.1 Cylindrical Batteries
3.1.1 Standard Series
Our standard series is designed for a wide variety
of  general  appl icat ions,  which features a
combination of superior positive and negative
electrode, allowing us to provide the highest
levels of capacity and quality for each size.  These
NiMH batteries also feature excellent discharge
performance, low internal resistance and reliable
cha rac te r i s t i cs  ac ross  a  w ide  range  o f
temperatures, and they have been carefully
designed for safety and reliability.  Ranging from
compact sizes to large sizes, the standard series
is available in a wide selection of discharge
capacities based on the standard sizes specified
in IEC61951-2.

3.1.2 High Drain Series
Our high drain series is expertly customized for
powerful delivery of electrical energy on demand.
It was developed through an integration of our
comprehens ive NiMH bat ter y  techno logy.
Improvements in the posit ive and negative
electrode technology, and in the current collecting
system have fur ther  lowered the in ternal
resistance and greatly enhance the 10C discharge
characteristics of the high drain series batteries.

3 Product Range
- E x c e l l e n t  h i g h  c u r r e n t  d i s c h a r g e
characteristics.
It is designed to meet the need for high current
discharge, such as for power tools, and can
deliver a high current exceeding 10C.

- Reliable, long cycle life
In addit ion to excellent high rate discharge
performance, high drain series batteries also
provide hundreds of charge/discharge cycles,
showing reliable cycle life characteristics.

3.1.3 High Temperature Series
With standard series NiMH batteries, the smaller
the charging current and the higher the charging
temperature, the more difficult for it to charge
the battery.  However, for applications in which
the batteries are charged continuously by a small
current  under  re lat ive ly  h igh temperature
conditions such as emergency lights, there is a
need for superior high temperature trickle charge
performance.  By combining SES's technology in
electrodes and electrolyte, high temperature
series NiMH batteries are far superior to the
standard series NiMH batteries for use in high
tempera tu re  t r i ck le  charge  app l i ca t ions.
Fur thermore, the use of a special separator
provides stable trickle charge life characteristics.
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3.1.4 High Capacity Series
With  con t inuous  e f fo r t  on  techno log ica l
advancement, high capacity series NiMH batteries
are far superior than the standard series NiMH
batteries for long operating hours and high level
of energy density. In addition, these batteries are
designed to be reliable delivering excellent cycling
performances. They are readily used for many
household appliances and electronic digital
products.

3.1.5 Fast Charge Series
Apart from the high drain series which is of large
sizes and particularly designed for high power
appl icat ions l ike domest ic appl iances and
professional radio controlled cars. Fast charge
ser ies is a sub-category of compact sized
batteries particularly designed for applications
like uprising mini-R/C toys application which
requires relatively fast charge using primary
alkaline battery and fast discharge. Its relative
low internal resistance compared to the standard
series enables it to be charged by primary alkaline
batteries with relatively high efficiency and less
heat generation.

3.1.6 Hobby Series
With the increasing demand of power by hobby
applications such as professional radio-controlled
cars, helicopters, ...etc., we have successfully
developed hobby series to cope with this power
demanding applications. They are made by our
latest battery technology. The electrodes and
current collecting system are specially designed
to deliver higher discharge voltage, which allows
players to enjoy higher punch in racing. Our hobby
series is widely used for professional R/C cars,
helicopters, fl ights, micro racing cars, racing
boats, ... etc. and has won in various international
racing competitions.

3.2 Prismatic Batteries
Prismatic batteries are designed for applications
with small portable devices. They are compact
and s l im in  s ize. Pr ismat ic  bat ter ies  are
par ticularly suitable for PDA, por table audio/
visual devices and toys. The prismatic battery
has inherent low internal resistance, excellent
discharge performance (which ranging from 0.2C
to 4.0C) and also possess high C-rate (up to
1.0C) charging capability to suit for different
needs. Battery packs can be made in different
configurations for fitting the design of the devices.

3.3 9-Volt Batteries
With revolutionary technological advancement,SES
NiMH 9V rechargeable batteries are developed by
assembling of compact cylindrical batteries within a
plastic casing. The SES new 9V batteries are also
equipped with safety design to prevent from being
short-circuited by external objects. With nominal voltage
of 7.2V, 8.4V and 9.6V respectively, they are suitable
for high voltage applications.

3.4 Button Batteries
But ton bat ter ies  are des igned main ly  for
app l i ca t i ons  wh ich  requ i res  l ow  C  ra te
charge/discharge and/or trickle charging. This is
particularly suitable for low cost communication
devices such as low frequency (46/49 kHz)
cordless and low power blue-tooth headsets in
the communication sector. In memory back-up
and computer bridging applications, batteries are
required to be in compact size and able to work
continuously at high ambient temperatures and
occasionally high C rate discharge at shor t
interval.SES’s low capacity button models (20-80
mAh) are also suitable for such applications.

3.5 Applications Table

11 12

3.6 Battery Selection Guide
Steps for selecting a type of battery for use as the power supply of a device:

1. Verify the battery specifications required for powering the device.
2. Make use of catalogs, website and data sheets to check features of batteries and then narrow your

choices to several battery types.
3. Review and select the battery that satisfies your required conditions.

Note: In real practice, the selection is rarely simple and easy. In most cases, it is necessary to consider
relaxing some of the proposed specifications and then select the most suitable battery from those
currently available products to meet the conditions. If you have any questions, you may consult our
sales representatives. You may also be able to get information of improved and newly developed battery
models from them.

Factors and constraints in battery selection

Charging Conditions
Rapid charge: mA
Trickle charge: mA
Charge time: hour
Charging temperature & atmosphere:

Application

See the application table for selecting battery types

Electrical Characteristics
Voltage range:
                      V (max.)  V (min.)
Continuous load:

mA (max.)              mA (av.)              mA (min.)
Intermittent load or pulse load:

mA (max.)              mA (av.)               mA (min.)
On load time:                    Off load time:

Dimensions, Weight and Shape

Outer diameter: (mm) max.

Height: (mm) max.

Length: (mm) max.

Width: (mm) max.

Weight: (mm) av.

Terminal shape:

Battery Life

Discharge service time:

Storage period:

Operating Temperature and Humidity Conditions

°C (max.) °C (min.)

% (max.) % (min.)

Options of Features Home Telecom Notebook Computers, Portable Power Tools, Personal Toys and Remote Bridging, Emergency Memory
Series Appliances Digital Cameras, Audio/ Vacuum Cares Hobbies Controls, Car Alarms, Lightings Backup

Camcorders, Visual Cleaners Security Smoke
PDAs Devices Systems Detectors,

Security
Alarms

Standard Suitable for applications requiring * * * * * * *
standard performance

High Best for applications requiring high * * * * * * *
Capacity capacity and long operating time

Discharge rate: <= 3C
High Drain Optimized for powerful delivery of * * * * * *

electrical energy on demand with high
current discharge and long cycle life.
Discharge rate: > 3C / 30A

High Superior performance in high * *
Temperature temperature trickle charge applications.

Operating temperature : 0°C- 70°C.
Fast Charge Formulated with low RI and specially *

designed for mini racing car application
which requires high rate of charge
and discharge.

Hobby Customized design for power demanding *
hobby applications such as R/C racing
cars, helicopters and boats etc. which
high punch power and MPV are required.

9-Volt Its nominal voltage is up to 9.6V which * * * *
is good for high voltage applications.
Discharge rate : <= 3C

Prismatic With its special shape and compactness, * *
it is specially designed for small and
portable devices.

Button Perfect for applications of low C rate * * *
charging, discharging or trickle charging.
High charge retentions



4 Charging
the NiCd system, constant voltage charging is
not recommended for NiMH, due to thermal
runaway under overcharging condit ions. As
mentioned earlier, the heat generated by the
overcharge current can cause a significant rise
in battery temperature, which will cause a drop
in the battery charging voltage. In constant voltage
charging, the overcharge current is determined
by the potential difference between the power
source and the battery charging voltage. The
increased difference between the power source
and the battery charging voltage, due to the
tempera tu re  r i se,  w i l l  a lso  augment  the
overcharge cur rent . Th is  increase in  the
overcharge current will lead to a further increase
in cell temperature. This positive feedback cycle
of cell temperature and overcharge current will
not run down until the battery fails or until the
current limit of the charger is reached. For this
reason, constant voltage charging should not be
used in charging NiMH batteries, and charge
control should be employed if this method cannot
be avoided.

4.2.1 Constant current charging
The advantages of the constant current charging
method include high charging efficiency, flexibility,
and position control of input capacity.

4.2.2 Fast charging
SES NiMH batteries use constant current charging
as the basis of the charging method. Depending
on different operational requirements, constant
current charging can be fur ther c lassi f ied
according to the charging rate. Charging at a
current rate of 0.5C to 1C, or higher (up to 3C),
is considered fast charging. As explained earlier,
if the charging current is too high (1C or above),
the cell internal pressure and temperature will
r ise at the end, result ing in degraded cel l
performance and electrolyte leakage.

4.2.3 Charge control
Various methods are recommended to help control
charging, so as to prevent gas pressure and
temperature build-up due to overcharging. Proper
charge control will provide a longer battery service
life.

4.1 Overview
One crucial difference between the primary and
secondary battery is the ability to restore energy
after discharging. This restoration of energy is
therefore a very important area to be considered
in secondary battery applications. Since different
battery systems have their own characteristics
and appl icat ions have their own integrated
electrical input/output requirements, it is vital to
select a charging method that suits both the
battery system and the application. Improper
charging will lead to poor battery performance
or failure of the application.

4.2 Charging Method
Like NiCd, the main concern in charging a NiMH
battery is the build-up of temperature and internal
pressure due to high overcharge rates. As
previously mentioned, the cell design applies the
concept of oxygen recombination in lowering the
battery's internal oxygen level during standard
charging. However, if the cell is subjected to
severe charging conditions (such as overcharging
at a current rate over 1C), the rate of oxygen
evolution from the positive electrode increases
rapidly, exceeding the recombination reaction
rate. As the oxygen recombination reaction is
exothermic, this results in excessive oxygen
pressure and increased temperature. The
excessive pressure will then be released through
the safety vent causing a reduction in the cell
electrolyte; the excessive heat will eventually
degrade the cell's internal contents. These two
factors are considered to be the major limitations
to the battery's service life. For this reason,
charge control is very impor tant in battery
charging. SESNiMH cylindrical cells are designed
to be able to charge up to 1C rate. For applications
that require higher charging rates, please contact
SES.

In secondary battery charging the two most
commonly used methods are constant voltage
charging and constant current charging. As with

4.2.5 Trickle charging
In most applications - where cells and batteries
need to be in a fu l ly  charged condi t ion -
ma in ta in ing  a  t r i ck le  cha rge  cu r ren t  t o
compensate for the loss of capacity (due to self-
discharge) is recommended. The suggested trickle
charge current to be used is 0.05C to 0.1C.

4.2.6 Charging temperature
As ambient  temperature a f fec ts  charg ing
efficiency and cell reliability, it is important to
select a suitable temperature for optimising
charging performances. Generally speaking, a
temperature within 10°C to 45°C will yield the
highest efficiency, which begins to drop at or
above 45°C. Conversely, repeated charging at
less than 0°C may cause cell internal pressure
build-up, resulting in electrolyte leakage as in
high temperature conditions. For these reasons,
SES  N iMH ba t t e r i es  can  be  cha rged  a t
temperatures of 0°C to 45°C under standard
charging conditions, but preferably at 10°C to
45°C under fast charging conditions

a) dT/dt control
The detection of the rate of temperature rise
when the battery approaches a state of full charge
(dT/dt control) is considered to be the best form
of charge control. When charging at a current
rate of 0.5C to 0.9C, a temperature rate change
of  0.8°C/min. is  recommended for  charge
termination; for 1C to 3C a higher rate of 0.8-
1°C/min. should be chosen.

b) -dV control
Detecting the value of the voltage drop after
reaching peak voltage is the most commonly used
charge control method in fast charging SES NiMH
batteries. A -dV value of 0-5mV/cell is recommended
when fast charging SES NiMH batteries, while a
-dV value of 2mV/cell is found to provide the best
balance between charge termination and service
life performance.

c) Charging time control (back up only)
An easier way to control fast charging of SES
NiMH batteries is to control the elapsed time
following commencement of charging. However,
it is not recommended as the only cut-off method
due to overcharging. A charging time equal to
1 0 5 %  o f  t h e  c e l l  n o m i n a l  c a p a c i t y  i s
recommended.

d) Battery temperature control
As increased ambient and cell temperatures result
in h igh cel l  internal  pressure,  i t  is  h ighly
recommended to have temperature control backup
for safety and cel l  performance. When fast
charg ing SES  N iMH bat ter ies,  the  cu t -o f f
temperature is recommended to be controlled at
45-50°C.

4.2.4 Standard charge
Apart from fast charging,SES NiMH batteries can
also be charged at a lower current rate of 0.1C.
As this charging method is less severe, charge
termination at 160% nominal capacity input is
r e c o m m e n d e d  ( t o  h e l p  avo i d  ex t e n d e d
overcharging of the battery). Also, in some
applications where overcharging is necessary,
SES NiMH batteries can endure 0.1C continuous
charging for about one year.
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4.2.7 Summary Table

Charge Method Charging Current Charging Termination

Standard Charge 0.1C Timer : 160% nominal input;
TCO : 45-50°C

Fast Charge 0.5C - 1C Primary Control:
(above 1C is not dT/dt : 0.8°C/min (0.5-0.9C)
recommended) : 0.8-1°C/min (1C)

-dV : 0-5mV
Secondary Control:
Timer : 105% nominal input
TCO : 45-50°C

Trickle Charge 0.05C - 0.1C N/A




