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Battery Packs and Chargers for Comfortable Use of

Achieving comfortable use of mobile terminals free from the

Mobile Terminals

worry of dead batteries will require small, light, and safe bat-

tery packs capable of providing long calling times and tech-

nology for charging batteries anytime and anywhere. Ener-

gy- and resource-saving technology as in batteries that can

deal with the increase in mobile terminals users and frequent
model changes will also be important. NTT DOCOMO is

developing battery packs and chargers to meet these needs.

1. Introduction

Mobile terminals in Japan are
increasingly being equipped with the
One Seg TV function and advanced
applications like i-motion and i-appli,
but at the same time, usage time and
power consumption are increasing as
transmission speeds increase by High
Speed Downlink Packet Access
(HSDPA)*1 and as flat-rate billing
schemes come to be adopted. With the
development of next-generation
mobile-communication systems such as
Super 3G * (LTE) and 4G ° (IMT-
Advanced) now in progress, the reduc-
tion of power consumption in mobile

terminals is becoming a major issue.

Although measures have been taken
to deal with this issue such as saving
power through intermittent reception
and reducing the power consumed by
internal circuits, there is a need for fur-
ther expansion of battery-pack capacity
and for batteries that can support small-
er and lighter mobile terminals and
longer operating times. The Lithium-
ion (Li-ion) battery“, which has found
widespread use in consumer electron-
ics, has contributed greatly to the
spread of mobile terminals due to its
high-energy-density feature.

The development of AC adapters is
also important for simplifying the use
of mobile terminals. An AC adapter

should have a compact configuration,
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power-saving features, and common
specifications.

This article describes the develop-
ment of batteries and power supplies
for mobile terminals to date and pre-
sents next-generation power-supply

technologies.

2. Role of Power Supply
and Battery

Figure 1 shows the configuration
of a mobile terminal’s power-supply
system [1]. To charge a battery pack,
the system inputs commercial power to
the mobile terminal via the AC adapter.
This power is input into the battery
pack via the charging circuit.

Table 1 shows requirements of

*1 HSDPA: A high speed downlink packet trans-
mission technology based on W-CDMA and
standardized by 3GPP. It optimizes the modu-
lation method and coding rate according to
reception conditions at the mobile terminal.

*2 Super 3G: A high speed radio access system
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extending the Third-Generation mobile com-
munication system under study at 3GPP. Pro-
posed by NTT DOCOMO in 2004, the devel-
opment of Super 3G is progressing toward
practical deployment.

*3  4G: Fourth-Generation mobile communication

system achieving high speed radio access
beyond Super 3G.

*4 Li-ion battery: A type of rechargeable bat-
tery (secondary battery) in which charging and
discharging are performed by the movement of
lithium ions through the electrolyte.
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power supplies and batteries in mobile

terminals. Before 2004, charger specifi- |_| Mobile Terminal
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. . LCD, etc. == AC power
adapter was provided for each mobile- P

terminal model. Since 2004, however, Power feed

harging

charger specifications have been uni-
circuit

fied and common AC adapters have
been provided for (FOMA) mobile ter-

minals from the viewpoint of user con-

L AC adapter

venience and the elimination of redun- Figure 1 Configuration of a mobile terminal’s power-supply system

dant development.

The Li-ion battery that features high
. . Table 1 Requirements of power supplies and batteries in mobile terminals
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Figure 3 shows the internal config-
uration of a battery pack. The following
lists three basic evaluation items that
must be considered when developing a
battery pack for mobile terminals:

1) Battery-pack Charging Charac-
teristics and Protection Circuit
Operation

2) Battery-pack Lifetime Evaluation
and Deterioration Diagnosis

3) Battery-pack Safety Evaluation

1) Battery-pack Charging Characteris-
tics and Protection Circuit Operation
Figure 4 shows charging charac-
teristics of a battery pack. The charging
operation consists of two periods:
“preparatory charging” during which a
very small amount of current flows
while the battery is being checked and
“main charging” during which charging
current actually flows. In the main
charging period, a constant current
flows until battery voltage reaches 4.2
V at which time the current begins to
drop. A fully charged state is deemed to
have been reached when the current
decreases to a prescribed value. In the
event that excessive voltage or current
is applied to the battery cell during the
charging process, faults or unsafe
behavior may occur. To prevent such
problems, the battery protection circuit
module ” shown in Fig.3 monitors the
state of the battery cell and performs
various types of protective measures.
Figure 5 shows protection operation

conditions for this module. The module
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Figure 3 Internal configuration of battery pack
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Figure 4 Charging characteristics of battery pack

may suspend charging to protect the
battery cell if overcharging or overdis-
charging occurs.
2) Battery-pack Lifetime Evaluation
and Deterioration Diagnosis

Evaluating the lifetime of a battery
pack requires technology for evaluating

deterioration and lifetime characteristics

of the internal battery cell. In general,
batteries used for mobile equipment
other than mobile terminals are used in
a cyclic manner consisting of complete
charging and complete discharging.
This kind of charging and discharging
loop is accompanied by cyclic deterio-

ration *, which is one type of battery

*5 Battery protection circuit module: A cir-
cuit situated inside the battery pack of a mobile
terminal to protect the Li-ion battery from
excessive voltage and current from the outside.

NTT DOCOMO Technical Journal Vol. 10 No. 2

*6 Cyclic deterioration: One cause of a drop in
battery capacity (see*8). It is a battery deterio-
ration phenomenon that occurs by repeating
the charging and discharging of a battery.
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deterioration mode. Mobile terminals,
in contrast, feature the three states of
charging, calling, and standby, and in
addition to cyclic deterioration, a bat-
tery cell used in a mobile terminal may
experience another type of deterioration
mode called “preservation deteriora-
tion”” due to the long-term preserva-
tion of the charging state. We measured
deterioration characteristics of a battery
cell while varying battery state (elapsed
time) for the above three states of a
mobile terminal. Figure 6 shows an
example of measuring lifetime charac-
teristics of a battery cell after one year
of use. The horizontal axis represents
calling time per day, the vertical axis
battery capacity*g, and Ts in the figure
indicates charging interval (every half a
day, every day, etc.). From the figure,
we see that battery capacity slopes
down to the left and decreases as the
charging interval shortens. These
results indicate that frequent recharging
as opposed to calling hastens battery
deterioration. Furthermore, by examin-
ing the result for 30 minutes of calling
per day and a recharging frequency of
one day as battery measurement condi-
tions, we see that battery capacity drops
by approximately 20% after one year.
Considering, therefore, that a 40% drop
in battery capacity generally corre-
sponds to the life of a battery, we can
see that battery lifetime (time for
replacement) is approximately two
years [2].

At the same time, it is important

that the time for battery replacement,
which has traditionally been determined
by intuitive means such as by a
decrease in calling time, be automati-
cally determined by battery-pack deteri-
oration diagnosis. Figure 7 shows an
example of measuring the relationship
between the AC impedance of a battery
cell (in the case of 1 kHz) and percent-
age deterioration in battery capacity. If
such data can be prepared beforehand,

measuring the internal impedance of the
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Figure 6 Example of measuring lifetime characteristics of a battery cell
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Figure 7 Example of measuring deterioration characteristics of battery capacity

*7 Preservation deterioration: One cause of a
drop in battery capacity (see *8). It is a battery
deterioration phenomenon that occurs by main-
taining (preserving) the charging state of a bat-
tery for a long time.

*8 Battery capacity: Total electrical capacity

that can actually be discharged in a battery
pack. It is calculated as the product of dis-
charge current and discharge time when dis-
charging a battery pack.
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battery in question will enable battery
capacity to be estimated at any time and
the user to be reliably informed of the
battery-replacement period [3].
3) Battery-pack Safety Evaluation

We have conducted verification
tests to ensure a certain level of safety
in battery packs even if dropped or
used under abnormal conditions such
as high temperatures. Table 2 shows
examples of abnormal use of battery
packs. Mobile terminals are made
ready for commercial use by setting
test conditions in accordance with
each envisioned case of abnormal use
and conducting an excessive voltage
test, crushing test, high-temperature
test and other kinds of tests to check

battery safety [4].

4. Improving Charger
Performance

Given that standby powerx9 of AC
adapters used for mobile terminals has
traditionally been equal to about three-
fourths of the total power of a mobile
terminal, we explored means of reduc-
ing the standby power of AC adapters.
Figure 8 shows a prototype of an AC
adapter with reduced standby power
and Figure 9 shows control wave-
forms. The operating principle behind
this prototype is as follows. Using the
load detection terminal of Fig.8, the
system detects that the terminals on the
mobile terminal side are connected and
alters the intermittent signaling on the

power-supply charging control IC to

Table 2 Examples of abnormal use of battery packs

Usage environment Cause Effects Verification tests
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Figure 8 Prototype AC adapter with reduced standby power
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Figure 9 Control waveforms for AC adapter with reduced standby power

*9 Standby power: The power that flows in an
electronic appliance connected to commercial
power even when that electronic appliance is
not operating. Its reduction is desired since it is
not actually consumed power.
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continuous signaling. This has the
effect of reducing the power consumed
during the intermittent signaling period
in which the AC adapter is not being
used. The introduction of intermittent
signaling control results in a power sav-
ings of approximately one-fourth com-
pared to conventional AC adapters
(Figure 10). Figure 11 compares
daily power consumption by a commer-
cial mobile-terminal AC adapter
between 1999 and 2008 levels. As
shown, the introduction of power-sup-
ply technology such as that described
above has reduced power consumption
to approximately one-tenth that used
ten years earlier.

Furthermore, in an effort to provide
common AC adapters for mobile termi-
nals, we have unified electrical specifi-
cations as shown in Figure 12. We
have prescribed electrical characteris-
tics for output voltage and output cur-
rent on the AC adapter side and electri-
cal characteristics for the charging cir-
cuit on the mobile terminal side in
match with those AC adapter character-

istics.

5. Charging Options
and New Technology
As a new technology for making
the charging environment of mobile ter-
minals even more comfortable, we have
developed devices capable of charging
a mobile terminal while the user is
moving. Photo 1 shows example of

two such chargers for mobile-terminal

use. The Li-ion charger shown in Photo
1(a) comes with a built-in Li-ion battery
enabling a mobile terminal to be
charged whenever needed. The USB
charger shown in Photo 1(b) connects
to a notebook computer, for example, to
allow charging while performing data
communications.

The above types of devices, howev-
er, still require external charging tools
that may not always be convenient, and

the need is felt for a charging infrastruc-

er neeg

Total 11.1 Wh/day

Annual power fee: approx. 100 yen

100 i
g Without intermittent operation
E80 ________-L__—-—

= "’— |

[ |

e |
a 40l L L .
= | With InL:lmItte‘hT operation
Q -
220 !
© I
Hoo 1

70 80 90 100 110 120
Input voltage (AC voltage) (V)

Figure 10 AC adapter standby power

2008
level

AC adapter
standby power
0.24 Wh >

Power needed
for charging 1.4 Wh

Total 1.64 Wh/day

Annual power fee: approx. 10 yen

Figure 11 Comparison of daily power consumed by an AC adapter

Mobile terminal

—

AC AC
00V adapter

(Charging
circuit

Stop
S —— 1
5.4 |
. | 00
s 4
& | £
2 Start 5
S £
3
! o
0 Current (mA) 700 S — — — W2 Stop

AC adapter current/voltage
characteristics

Charging circuit current/voltage
characteristics

Figure 12 Charging control and common specifications of Li-ion battery

NTT DOCOMO Technical Journal Vol. 10 No. 2



O]Jechnology chorts °

ture that would enable users to charge
their mobile terminals with ease regard-
less of where they might be.

To this end, we are studying wire-
less power transmission (wireless
charging*m) and next-generation Li-ion
batteries and micro fuel cells  as tech-
nologies for a future charging infra-
structure.

In wireless charging technology, the
mobile terminal and the holder on the
side of the transformer conventionally
included in the AC adapter are spatially
separated, a thin coil is incorporated in
both the holder and the mobile terminal,
and power is transmitted by bringing
the two coils in proximity to each other
(Figure 13). Although this technology
has previously been achieved at a sev-
eral-hundred-milliwatt level, we are
now establishing technology of a sever-
al-watt class required by mobile termi-

nals plus associated thin-coil technolo-

gy [51-

6. Conclusion

This article has described the state
of development of batteries and charg-
ers for mobile-terminal use. For the
future, we plan to work on raising bat-
tery capacity and developing next-gen-
eration chargers and fuel cells with the

aim of implementing new types of bat-

(a) Li-ion charger

(b) USB charger

Photo 1 NTT DOCOMO external chargers (commercial products)

AC
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Figure 13 Outline of wireless charger

teries in mobile terminals and contribut-
ing to a comfortable and enjoyable

mobile society.
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*10 Wireless charging: Transmission of power
without an electrical connection. Power trans-
mission can be accomplished by an electro-
magnetic scheme, by optical means, by sound
waves, etc.

*11 Micro fuel cell: A cell for generating electri-
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cal power by having hydrogen (fuel containing
hydrogen) and oxygen react via an organic
membrane. Refers in particular to compact fuel
cells for mobile devices.
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