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COMPOSITE BATTERY PACK

BACKGROUND OF THE INVENTION

Field of Invention

The present invention relates to a composite battery pack, and more particularly, to the

composite battery set, which is composite of a metal-ceramic ruthenium-oxide

ultracapacitor and a lithium-ion battery.

Related Art

In recent years, there are more and more kinds of electrical products with smaller,

lighter and thinner size. Consuming trend toward this new growing electrical products

results in the batteries with high power density being necessary.

As shown in FIG.l, it is a contrast graph 1 among the power density of secondary

batteries as known. The x-axis is weight power density (W-Hour/kg), the y-axis is volume

power density (W-Hour/liter). The contrast graph 1 among the power densities of lead-acid

battery, nickel-cadmium battery, nickel-metal-hydride battery, lithium-ion battery, and

lithium metal battery are shown in the figure. In view of product design, the higher the

power density is, the lighter or smaller size of the product is.

In view of the environment protection, the lead-acid battery and nickel-cadmium

battery will be eliminated because of their heavy metal pollution among the conventional

secondary batteries. The lithium metal battery also may be out of the date due to the short

circuit caused by the needle like objects in the surface of the electrode, which are formed in

the repeated charge and discharge processes, perforate the electrolyte and insulation layer.

The power densities of the nickel-metal-hydride battery and lithium-ion battery are

relatively higher than that of others, and furthermore, they have no memory effect, which

exists in the nickel-cadmium battery. The lithium-ion battery is widely applied because its

working voltage is about twice or three times of other secondary batteries. Consequently,



industry and researcn institutes paid much attention to develop lithium-ion battery besides

the nickel-metal-hydride battery.

Generally, portable electrical devices mainly take lithium-ion battery as the power

source, such as cell phone, personal digital assistant (PDA), and digital camera, etc. The

advantages of lithium-ion battery are small volume, light weight, high power density and no

memory effect and so on, which can satisfy the requirements of minimization of the shape

and charge convenience for the instruments.

However, when the lithium-ion battery is used in the cell phone, there existed some

disadvantages as follows:

1. The operation time is too short. For example, the continuous talking time of a

common cell phone is about 2 to 3 hours, while the operation time of a multifunction cell

phone is less than a common one because of its high energy consuming issue.

2. The lithium-ion battery may lose some power after storing the power for a period of

time, even if it does not discharge. Because of the existence of the above problem, the

lifetime of the lithium-ion battery is about 1 and a half-year in average.

3. Continuous operation may lead to temperature increase and induce thermal runaway.

4. In the global system for mobile communications (GSM) based on time division multiple

access (TDMA), the radio envelope is a certain periodic pulse waves with pulse width of

542.8 micro-second (ms) for each period of 576.9 ms. The emitter of cell phone must reach

the requirement of power saturation within 28 ms of pulse rise time; however, the

lithium-ion batteiy is unable to provide such repaid pulse rise time.

On the other hand, when the lithium-ion batteiy is applied in the digital camera,

another problem of instant current occurs. Digital cameras usually have a function of

flashlight and the use of flashlight needs large instant current supply, but common butteries

store and make power from chemical reactions, which is unsuitable for high power supply

in a short time. Furthermore, when the shutter catches a picture and transfers it from an



analog image to a digital image, there must be enough power for transform circuit.

Consequently, the power consuming of lithium-ion batteries for digital cameras are severe.

Conventional lithium-ion batteries include protection circuit module, which is applied

to control the cut-off voltage and the surge current in the charge/discharge process, and to

prevent short circuit and the damage of the batteries' cores. However, this module is just for

prevention, but cannot solve the problems listed above.

According to the prior art, some of the disadvantages mentioned above can be

improved by employing ultracapacitor complex lithium-ion batteries. The reason is that the

characteristics of common capacitors are against the batteries: The power of the capacitor

though it is smaller can be released instantly by physical changes, and it can be charged

within several micro seconds. The capacity of the ultracapacitors is thousands times of that

of common capacitors. They can release much more power instantly, which especially

suitable for the device requiring the instant high power. Therefore, the research about

ultracapacitor complex lithium-ion batteries has being developing.

However, conventional ultracapacitor is a kind of carbon-based ultracapacitor.

Although the complex lithium-ion batteries improve the discharge performance of the pulse

waves, the impedance is large due to the confinements of its material properties. It cannot

contribute to decrease the total impedance of the batteries. Furthermore, the pulse rise time

from the carbon-based ultracapacitor is about 60 micro-second, which cannot meet the

requirements of the mobile communication system.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, a composite battery set with rapid

pulse rise time is provided for an electrical device. The functions of the ultracapacitor in the

battery set are to modulate the pulse wave current and charge/discharge rate, which can

decrease the total impedance of the butteries and shorten pulse rise time and increase the

power density.



The composite battery set of the present invention includes a battery and an

ultracapacitor, etc. Wherein, the battery is a kind of secondary battery, especially the

nickel-metal-hydride battery and lithium-ion batteries or lithium-polymer battery. The

ultracapacitor is a kind of metal-ceramic ruthenium-oxide ultracapacitor, platinum-based

ultracapacitor or gold-based ultracapacitor. Based on the characteristics of such

ultracapacitors, the total impedance of the butteries can be decreased and the pulse rise time

of the pulse waves, which may lead to stronger released power and more rapid reaction time

to the signal of the electrical devices. So, they are especially suitable for the electrical tools,

cell phones and digital cameras. If we can combine one of the ultracapacitors above with

the batteries (e.g. the battery charges the ultracapacitor first. When the electrical devices

need high instant power, it maybe released from the ultracapacitor instantly.) n this respect,

the ultracapacitor has the buffer effect and increases the operation time and lifetime of the

battery. The batteries in present invention include a protection circuit module, which can

connect in series with the lithium-ion batteries or lithium-polymer batteries, control cutoff

voltage and the surge current in the charge/discharge process, and to prevent short circuit

and the damage of the batteries' cores.

Accordingly, it is an object of the present invention to provide a composite battery set

which can keep out of the overheating state under long-playing operation.

Another object of the present invention is to provide a composite battery set, which

can enhance the utilizing ratio of the battery capacity to extend the utilizing time of the

battery.

A still further object of the present invention is to provide a composite battery set to

increase the service life of the battery.

Another object of the present invention is to provide a composite battery set, which

needs fewer batteries to achieve the same purpose of driving the motor device.

The disclosure to the contents and embodiments of present invention is to demonstrate



the principles and sprite of present invention, and to provide the further explanation for the

scope of the patent application of present invention.

Further scope of applicability of the present invention will become apparent from the

detailed description given hereinafter. However, it should be understood that the detailed

description and specific examples, while indicating preferred embodiments of the invention,

are given by way of illustration only, since various changes and modifications within the

spirit and scope of the invention will become apparent to those skilled in the art from this

detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood from the detailed description

given hereinbelow illustration only, and thus is not limitative of the present invention, and

wherein:

FIG. 1 is a contrast graph among the power densities of secondary batteries as known;

FIG.2 is one electronic device with composite battery set including the ultracapacitor;

and

FIG.3 is another electronic device with composite battery set including the

ultracapacitor.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the detailed characteristics and advantages of the present invention being

provided in embodiments described below enable ordinary skill in the art for better

understanding and implementing of the present invention. Any ordinary skill in the art can

easily realize the purposes and advantages of the present invention based on the contents

scope and accompany drawings disclosed in description of the present invention.

As shown in FIG. 2, it is an electronic device with composite battery set including the



tøtracapac ϊ orr The elecuricafdeVice 20 includes a battery set 2 1 and a load 22. The battery

set 2 1 includes a battery 210, an inner resistance R B of the battery, an ultracapacitor 211 and

equivalent series resistance (ESR) RESR of the ultracapacitor 211 itself. The battery set 2 1 is

connected in parallel to the load 22 and the battery set 2 1 acts on the load 22 as its power

supply. But the number of battery set 2 1 is not limited to the description of FIG.2 and some

battery modules can be connected together in series or in parallel. For example, the battery

set 2 1 can be composed by a number of batteries and the inner resistance RB of the battery

in series connection, and it also can composed by a number of ultracapacitor 211 and the

equivalent series resistance RESR of the ultracapacitor 2 11 itself.

In embodiments of the present invention, the battery 210 is a nickel-metal-hydride

battery, lithium-ion battery, or lithium-polymer battery. The ultracapacitor 211 .is a

metal-ceramic ruthenium-oxide ultracapacitor, platinum-based ultracapacitor, or gold-based

ultracapacitor. Based on the characteristics of low impedance and rapid reaction pulse rise

time of such ultracapacitors, the total impedance of the butteries can be decreased and the

pulse rise time of the pulse waves, which may lead to stronger released power and more

rapid reaction time to the signal of the electrical devices. The battery set 22 is a

combination of each kind of batteries 210 above and the ultracapacitor 211. The load 22 is

an electrical device, which is such as digital electrical device, such as mobile phone, PDA

or digital camera, or analogue electrical device such as electric dynamic device or remote

control airplane.

As illustrative in FIG.2, the characteristics of the battery 210 is compensating with that

of the ultracapacitors 211. The ultracapacitors 211 are used in the battery set that not only

decreasing total impendent of the battery set 2 1 but also providing peak current for the load

22,overcoming the drawback of not generating instant high power of battery 210 which

charge ultracapacitors 211 with electric power so as to make ultracapacitors 2 11 do work.

The load 22 is digital electrical device such as cell phone used in the 2nd generation

mobile communication systems (GSM). The signal of the cell phone should have a periodic



current pulse. In other words, it should produce a peak current with 0.55 ms pulse width

and 1.34 ampere for each period of 4 ms. When used in the GPRS (General Packet Radio

Service), which is one of the 2.5 generation mobile communication systems, the signal of

the cell phone should produce a peak current with 0.6ms pulse width and 1.8 ampere for

each period of 4ms. The signal of the cell phone must have the demand for higher peak

current when used in UMTS (universal mobile telecommunications system), which is one

of the 3rd generation mobile communication systems, or the 4th generation mobile

communication systems which integrating wireless local area network.

If the load 22 is an electrical device, such as electric dynamic device, it also has the

demand of higher peak current for driving the motor. Using the ultracapacitor 211 can take

the mission of higher peak current from the battery 110 to the ultracapacitor 211. The

battery set 2 1 comprising of the battery 210 and ultracapacitor 211 can solve the

disadvantages, which the conventional technique can not solve as follows:

1. Since the ultracapacitor 2 11 used in the composite battery 210, the peak current

flowing the battery 210 actually reduces much, and the heat effect produced by the current

reduces much. At the same time, because the RESR of the ultracapacitor 211 is very small,

the total impedance of the battery set 2 1 also reduces, which bring more current on the load

22 relatively. And because the impedance of the ultracapacitor 2 11 itself is small, there will

be not much more heat produced. So the battery set 2 1 can keep out of the overheating state

under long-playing operation.

2 . The ultracapacitor 211 can enhance the utilizing ratio of the battery capacity, and it

can also enhance the volume power density and weight power density relatively, with the

contrast with not using the ultracapacitor 2 11. When the voltage of the battery 210 falls to

some specifically value, because of the long response time, the power produced when the

voltage drops is lost. But after the ultracapacitor 211 is connected to the battery 210, it can

shorten the charging and discharging response time. As a result, the consuming energy

reduces much and it enhances the utilizing ratio of the capacity. So it also extends the



utilizing time of the battery 210. The description about the specifically voltage values is

decrypted as follows, for example, the specifically cut off voltage value in the GSM is 2.4

V, but the specifically cut off voltage value in the GPRS is 3.0 V.

3. Using the ultracapacitor 211 connected to the battery 210, even though it provide

peak current to the load 22, the battery 210 has a moderate charging and discharging ratio.

If the charging and discharging time of the battery 210 is improved, it means that the life of

the battery 210 is extended. A group of the test data of this invention shows the efficacy.

When the batter 210 is operated in the GPRS,' the battery 210 charges and discharges 1700

times in the 18 months and its capacity only reduces 16%. So when the capacity reduces to

the 20% of its total capacity, it can be estimated that it is equal for the battery 210 to charge

and discharge 2700 times and the life of it extend to 6.8 years. The extending life of the

batter not only improves the economic benefit but also is helpful for the environment

protection.

4.Using the battery 210 with an ultracapacitor 211, it can make the pulse rise time less

than 5 ms. It not only surpasses the 60ms pulse rise time using the a carbon-based

ultracapacitor as the conventional technology, but also satisfies the 28ms standard at the

mobile communication systems. The improvement of the function can increase the signal

response of the digital electrical device. As a result it can improve the resolving power

between the video signals and the audio signals.

5. When the battery 210 with ultracapacitor 2 11 is applied in analog electrical devices,

it has the ability to reduce the number of the battery because it enhances the current. For

example, some electrical devices only use series connection of 4 batteries 210 instead often

nickel-metal-hydride batteries for the purpose of driving the motor of the device.

As shown in FIG 3, it is an another electronic device using the composite battery set

with a ultracapacitor of this invitation. In FIG 3, the electrical device 30 is especially

applied with the battery 310 which are lithium-ion battery or lithium-polymer battery. The

only difference between the battery set 2 1 and the battery set 3 1 in the two embodiments



separately is mat me ianer one nas a circuit protection module 312 and the inner resistance

RpcM of the circuit protection module 312.

The circuit in series is composed, by the protect circuit module 312, the series-wound

battery 310 and the inner resistance RB of the battery itself. The protect circuit module 312

is used to control the cut off voltage and the impulse current when charging and discharging.

It can protect the load 32 from over high voltage or current's damage. And i t can also

prevent the core of the lithium-ion battery or lithium-polymer battery being damaged while

the circuit is shortened.

Now the requirement of connecting the ultracapacitor 3 11 and the equivalent series

resistance RESR is considered on the other hand. In general, the total impedance R of the

battery set 3 1 must be kept on 55 to 70 mΩ. If the battery set 2 1 contains the circuit

protecting module 312 and the circuit protecting module inner resistance RPCM, but not

contains the ultracapacitor 3 11 and the equivalent series resistance RESR, the impedance of

the battery set 3 1 B +RPCM [S about 150 to 200 mΩ. Therefore, the method of reducing

the resistance of the battery set is limited to reduce the inner resistance of the battery and

add a resistance in parallel connection. The former one is difficult to execute because it

localizes on the manufacture technique of the battery 310. But the latter one can reduce the

total impedance R of the battery set 31 by making the ultracapacitor 311 and the equivalent

series resistance RESR connect to each other in parallel connection, please referring to the

equation (1) as follows:

g + KpCM j x K
ESRR

? 4 - P J - J? ~ *IESR
B T 1 P CM " " 1 E SR

(1)

As showing in the equation (1), the total impedance is less than or equal to the

equivalent series resistance RESR. If the equivalent series resistance RESR looks upon a

variable, the equivalent series resistance RESR determines the total impedance R. The



equivalent series resistance RESR can be set as the given value according to the given power

of the load 32. In general, the range of the representative value is between 50 and 150mΩ.

It is to be understood, however, that even though numerous characteristics and

advantages of the present embodiments have been set forth in the foregoing description,

together with details of the structure and function of the invention, the disclosure is

illustrative only, and changes may be made in detail, especially in matters of shape, size,

and arrangement of parts within the principles of the invention to the full extent indicated

by the broad general meaning of the terms in which the appended claims are expressed.

The invention being thus described, it will be obvious that the same may be varied in

many ways. Such variations are not to be regarded as a departure from the spirit and scope

of the invention, and all such modifications as would be obvious to one skilled in the art are

intended to be included within the scope of the following claims.



CLAIMS

What is claimed is;

1. A composite battery set, used in an electronic device, comprising:

at least one battery, providing said electrical device with electric power; and

at least one ultracapacitor, connected in parallel with said battery, to provide said

electronic device with a pulse rise time which is less than 5 ms.

2 . The composite battery set according to claim 1, wherein said ultracapacitor is a

metal-ceramic ruthenium-oxide ultracapacitor.

3 . The composite battery set according to claim 1, wherein said ultracapacitor is a

platinum-based ultracapacitor.

4 . The composite battery set according to claim 1, wherein said ultracapacitor is a

gold-based ultracapacitor.

5. The composite battery set according to claim 1, wherein said battery is a lithium-ion

battery.

6. The composite battery set according to claim 1, wherein said batteiy is a lithium-polymer

battery.

7. The composite battery set according to claim 1, wherein said battery is a

nickel-metal-hydride battery.

8. The composite battery set according to claim 6, wherein said batteiy set includes at least

one protective circuit module which connected in series with said lithium-polymer battery.

9. A composite batteiy set, used in an electronic device, comprising:



at least one lithium-ion battery, providing said electronic device with electric power;

at least one protective circuit module, which connected in series with said lithium-ion

battery to form a serial circuit set so as to avoid the damage of said lithium-ion

battery; and

at least one ultracapacitor, connected in series with said serial circuit set, used for

providing said electronic device with a pulse rise time, which is less than 5 ms.

10. The composite battery set according to claim 9, wherein said ultracapacitor is a

metal-ceramic ruthenium-oxide ultracapacitor.

11. The composite battery set according to claim 9, wherein said ultracapacitor is a

platinum-based ultracapacitor.

12. The composite battery set according to claim 9, wherein said ultracapacitor is a

gold-based ultracapacitor.
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