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electrode cap (103). a circuit board module (104), and an
insulating washer (106). A recessed loop line (107) structure
is provided at an end of the battery housing (100) in
proximity to the negative electrode cap (103). The battery
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loop line (107) structure. The positive electrode cap (105) is
connected to the battery housing (101) to constitute the
positive electrode of the secondary battery. The negative
electrode cap (103) is arranged on the circuit board module
(104). The circuit board module (104) is arranged between
the loop line (107) and the negative electrode cap (103).
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ELECTROCHEMICAL SECONDARY
BATTERY HAVING INBUILT CHARGING
CIRCUIT

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application is a continuation application of Interna-
tional Patent Application No. PCT/CN2015/096617. filed on
Dec. 8, 2015, which itself claims priority to Chinese Patent
Application Nos. CN201520404032.8 and
CN201510322920.X, both filed in PR. China on Jun. 12,
2015. The entire contents of the above applications are
incorporated herein in their entireties by reference.

Some references, which may include patents, patent appli-
cations and various publications, are cited and discussed in
the description of this disclosure. The citation and/or dis-
cussion of such references is provided merely to clarify the
description of the present disclosure and is not an admission
that any such reference is “prior art” to the disclosure
described herein. All references cited and discussed in this
specification are incorporated herein by reference in their
entireties and to the same extent as il each reference were
individually incorporated by reference.

FIELD

The present invention relates to a secondary battery. and
particularly to an electrochemical secondary battery having
an inbuilt charging circuit.

BACKGROUND

In recent years, secondary batteries (also known as
rechargeable batteries) have been widely used in various
portable electric devices and electronic devices such as toys
and handheld devices. This has imposed an increasingly
high requirement on energy storage ol secondary batteries.
Lithium-ion secondary batteries have been increasingly used
in such arcas due to their advantages such as having a high
energy. being capable of high-power discharge. and being
environmentally friendly.

For normal operation, rechargeable batteries often have to
cooperate with integrated circuit chips with other functions
1o achieve desirable operation eflects. Usually, the recharge-
able batteries are packaged separately from the integrated
circuit chips and then connected with them for use in
combination through circuit boards and wires. Such prod-
ucts include a large number of peripheral components,
require many manufacture processes. and have a high cost.
Also. the rechargeable batteries and integrated circuit chips
have a large volume and a poor performance, which is not
benelicial for the miniaturization.

In packaging a lithium ion secondary battery, cach com-
ponent of the lithium ion secondary battery occupies a
relatively fixed space. The positive plate, the isolation dia-
phragm, and the negative plate are arranged inside the
polymer battery cell. and the end of the positive plate facing
away from the isolation diaphragm is packaged by a battery
cell top seal of a predefined height. As the battery cell top
seal occupies a certain height of the polymer battery cell. the
usable space inside the polymer battery cell is reduced. The
space utilization of a polymer battery cell is substantially
related to the energy density and capacity of the lithium ion
secondary battery. Generally, the larger the space utilization
of the polymer battery cell is. the higher the energy density
and capacity of the lithium ion secondary battery is. There-
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fore. existing lithium ion secondary batteries all suffer from
the problems of a low energy density and capacity due to the
low space utilization of the polymer battery cell.

SUMMARY

The present invention provides an electrochemical sec-
ondary battery having an inbuilt charging circuit. including
a battery housing. a battery cell. a positive electrode cap, a
negative electrode cap. a circuit board module. and an
insulating washer. A recessed loop line structure is provided
at an end of the battery housing in proximity to the negative
electrode cap. The battery cell is arranged within the battery
housing and positioned between the positive electrode cap
and the loop line structure. The battery housing is used for
outputting the positive electrode and fixing the circuit board
module. The positive electrode cap is connected to the
battery housing to constitute the positive electrode ol the
secondary battery. The negative electrode cap is arranged on
the circuit board module to provide electromagnetic shield-
ing, electrostatic shielding, and heat dissipation for the
circuit. The circuit board module is arranged between the
loop line and the negative electrode cap. The circuit board
module is configured with the diameter thereof being sized
between the inner diameter of a recess constituled by the
loop line and the inner diameter of the battery housing, thus
being engaged at either end of the loop line and separated
from the battery cell. Electrode connecting wires are
arranged on the battery cell to lead out the positive and
negative electrodes of the battery respectively. At least one
through hole is provided on the circuit board module. An
electrically-conductive material is coated onto the inner
surface of the through hole for enhancing the welding
strength and increasing the electrical contact area and lead-
ing out the electrode connecting wires so as to be connected
to the circuit board module. The circuit board module can
provide charging protection and charging indication for the
battery as well as discharge protection. short-circuit protec-
tion, over discharge protection, and output voltage control
for the battery. The insulating washer is arranged in a gap
between both the battery housing and the circuit board
module and the negative electrode cap. thus pressingly
fixing the circuil board module between the loop line and the
battery housing, and separating the battery housing from the
negative electrode cap.

Preferably, the battery housing is a steel case of a cylinder
or cuboeid shaped structure.

Preferably. the circuit board module is at least one printed
circuit board.

Preferably. the insulating washer is an annular insulating
padding layer that is flexible and elastic.

Preferably, the insulating washer has a 7 shaped section.

One segment of the 7 shape is used to pressingly fix the
circuit board module between the loop line and the battery

housing, and the other segment of the ' shape is used to
separate the battery housing from the negative electrode cap.

Preferably, a connector is provided on the circuit board
module to fix the negative clectrode cap onto the circuit
hoard module and provide an electrical connection between
them.

Preferably, the circuit board module is connected with the
negative electrode cap by means ol welding.

Preterably, at least two clamp protrusions are provided at
an edge of the negative electrode cap for fixing the negative
electrode cap onto the circuit board module. At least two
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clamp slots are provided on a side of the circuit board
module facing the negative electrode cap at a location
corresponding to the edge of the negative electrode cap for
mounting ol the negative electrode cap.

Preferably, the loop line is recessed to a depth of 0.2-1.2
mm relative to the surface of the battery housing.

Preferably. the positive electrode cap is integrally formed
with the battery housing.

The sealing fitting for an electrochemical battery accord-
ing to the present invention has a cleverly and reasonably
designed structure in that the sealing region of the electro-
chemical battery electrode has a negative electrode cap
which can cooperate with the circuit board to form a
shielding structure capable of preventing internal high fre-
quency components from causing interference to the exter-
nal environment and conducting the heat generated by the
circuit board during its operation to the external environ-
ment, thereby capable of protecting the circuit board and the
components. Further, a loop line structure is arranged in the
battery housing between the battery cell and the circuit
board 1o position the battery cell and the circuit board
relative to each other, and to cooperate with the insulating
washer between the negative clectrode cap and the battery
housing to fix the circuit board without any welding.

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects. functions. and advantages of the present
invention shall become apparent from the description below
of embodiments of the present invention with reference to
accompanying figures. of which

FIG. 1A shows schematically a schematic structural view
of an electrochemical battery according to the present inven-
tion;

FIG. 1B is an exploded perspective view of the electro-
chemical battery according to the present invention:

FIG. 1C is a sectional view taken along the line A-A in
FIG. 1A;

FIG. 2A shows schematically a schematic exploded struc-
tural stereogram of a sealing litting 200 for an electrochemi-
cal secondary battery having an inbuilt charging circuit
according to a first embodiment of the present invention:

FIG. 2B shows schematically a partial enlarged sectional
view of the sealing fitting 200 for the electrochemical
battery according (o the first embodiment of the present
invention;

FIG. 3 is an exploded perspective view of a scaling fitting
300 for an clectrochemical battery according to a second
embodiment of the present invention; and

FIG. 4 is a schematic structural view of a second printed
circuit board according to the second embodiment of the
present invention.

DETAILED DESCRIPTION

With reference to exemplary embodiments. objects and
functions of the present invention as well as methods for
achieving them shall be explained. However, the presest
invention is not to be limited by the exemplary embodiments
disclosed below, but can be realized in various forms. The
specification is intended in nature solely to provide a thor-
ough understanding of specilic details of the present mven-
tion 1o those skilled in the art.

It shall be understood that the general description above
and detailed description below are only an exemplary cxpla
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nation and illustration and shall not be understood as limi-
tations on the protection scope claimed by the present
invention.

In the following. embodiments of the present invention
will be described with reference o the accompanying draw-
ings. In the accompanying drawings, like reference numerals
refer 1o like or similar parts, or like or similar sleps.

The present mvention provides an electrochemical sec-
ondary battery. FIGS. 1A and IB are respectively a sche-
matic structural view and an exploded perspective view of
an electrochemical secondary battery according to the pres-
ent invention. As shown i FIGS. 1A and 1B, an electro-
chemical battery 100 inclodes a battery housing 101, a
battery cell 102 positioned within the battery housing 101,
a negative clectrode cap 103, 2 circuit board module 104
positioned in a space between the batiery cell 102 and the
negative electrode cap 103, and 2 positive electrode cap 105.
The negative electrode cap of the present invention provides
electromagnetic shickding, clectrostatic shielding, and heat
dissipation for the circast. The battery cell 102 is housed in
the battery housne 191 The battery housing 101 is a steel
case of a cylinder or cubosd shaped structure for outputting
a positive clectrode and fxsg the arcuit board module 104.
According 10 an embodment of the present invention, the
positive electrode cap 185 s rotated 1o the night so as 10 be
integrally formed with the batiery housing 101.

The circuit board modelc 104 s & keast one layer of
printed circuit boasd (PCB) wath 2 first side and 2 second
side. The first side is disecaed wowands the negative electrode
cap 103 relative 1o the clecsochemncal battery 100, and the
second side is divecied towands the bamiery cell 102 relative
to the electrochesscal bamery M. The PCB s a circuit
board having 2 winag paticrs prasted thereon and 1s of a size
substantially concspomdins ©© a8 macr &Gameter of the
housing for the battery M. A plarality of prnted wires and
componcnls arc aTameed on e frw sade or second side of
the circuit boasd modsle WM. The cscst board module 104
is in proximaty to the sade of e acgative clecirode cap 103
of the battery 100 and postioned betworen the battery cell
102 and the mcgative clecwade cap MB. A comnector is
provided o the cecas boasd modsle 104 for fixing the
negative clectrode cap MBS osse e osomt board module
104. For cxampic, the scgatree cdecoade cap 103 may be
fixed onto the crcat boand madele M4 be means of welding
or alicmatively by mcass of campese and the ike. The
cucuil boand module prowades charpme protection and
charging mdcaton for e Efnem bamery as well as dis-
charpe protectom. shos csomt protecsom, over discharge
trode commectimg wwes Wilke and M asc provaded between
the crcant modele W4 and fhe bamery o=l 102 for leading
out respectively e postee and acgatve clectrodes of the
batiery. The commecsme wame for e postive clectrode is
denoted as Mile and e commecsmy wwe for the negative
clocrode = desoted = MR PG, IC = 2 secvional view
tzken slomy e Bme A-A = G 1A As msslating washer
106 = prowaded herwess fie oscest boasd module 104 and
the cutsade of e bamery howsme M. 2ad between the
ncgative cdieconde cap M5 and e bamery hoesang 101, The
mselane washer W = 3 menier ssalae padding layer

that w5 Sewibile and ol and bas 3 shape along the A-A
socom of e deconchesscal famery WL The insulating
washer M cn scpuse Se Samey howsme 191 that serves
= 3 frw deconde o B scsspee decwode cap 103 that
scrves 25 3 seonmd oo s cam peess aad fix the circuil
boasd mandule M s @ cisscey of the nsulating
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padding layer 106 1o scal the gap between the battery
housing 101 and the negative clectrode cap 103. Particularly.

as shown in FIG. IC, one segment of the — shape is used to
pressingly lix the circuit board module 104 between the loop
line 107 and the battery housing 101 and the other segment

of the  shape is used to separate the battery housing 101
from the negative clectrode cap 103.

A loop line 107 i< Tformed as an annular inward recess on
an outer surface of the battery housing 0 at a location
between the battery cell 102 and the printed circuit hoard
106. The battery cell 102 is arranged within the battery
housing 101 and positioned between the positive electrode
cap 108 and structure of the loop line 107. The insulating
washer 106 and the loop line 107 are arranged in such a
manner that the circuit board module 104 is tixed between
the annular recess of the battery housing 101 and the bottom
ol the battery housing 101, Therefore. the battery housing
101 and the negative electrode cap 103 can be connected
without any welding.

The structure of the loap line 107 is provided to position
the circuit board module 104, Particularly, the circuit board
module MM is configured with the diameter thereol being
sized between the inner diameter of the annular recess
constituted by the loop line 107 and the inner diameterof the
battery housing 101, Toassemble the battery. the battery cell
102 is placed into the battery housing 101, Then the circuit
board module 104 is mounted into the battery housing 101,
The circuit board module 104 is sized so that it can be
engaged onto the structure ol the loop line 107, thereby
avoiding contact with the battery cell 102, Then the hattery
housing 101 is separated from the negative clecirode cap
103 through the insulating padding layer 106, As such.
assembly of the battery 100 is completed. Such a structure
allows the circuit board module 104 to form an enclosed
space in the battery housing I for accommodating the
battery cell 102 by means of the structure ot the loop line
107 therefore the volume of the battery cell 102 and thus the
capacity of the sccondary battery can be increased. Prefer
ably. the battery cell 102 has a scaled structure and can be
operated by leading the positive and negative clectrodes of
the battery cell 102 out of the battery cell 102 so as 1o be
connected to the positive and negative electrodes of the
battery respectively.

Preferably, the loop line 107 is recessed o a depth of
0.2-1.2 mm relative to the surface of the battery housing
101.

FIG. 2A shows schematically an exploded perspective
structural view of a sealing fitting 200 for the electrochemi-
cal secondary battery having a charging circuit according to
the first embodiment of the present invention. FIG. 2B
shows schematically a partial enlarged sectional view of the
sealing fitting 200 for the clectrochemical battery according
to the first embodiment of the present invention. As shown
in FIGS. 2A and 2B. the sealing fitting 200 includes a first
PCB 201. a second PCB 202. and a negative clectrode cap
203. According to an embodiment ol the present invention,
the tirst PCB 201 and the second PCRB 202 are two printed
circuit boards of the same arca. The first PCB 201 is close
to the battery cell 204. and the second PCRB 202 is far away
from the battery cell 204. The tirst PCB 201 is engaged onto
the battery housing 206 through the loop line 205, The
second PCB 202 and the negative electrode cap 203 are
¢eleetrically  connected  through contact and constitute a
shiclding structure, The side of the first PCB 201 close to the
battery cell 204 and the side ol the second PCB 202 far away
from the battery ccll 204 have a plurality of chips or circuit
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components. ol which components generating radiations
during operation are arranged in the shiclding structure
constituted by the second PCB 202 and the negative elec-
trode cap 203, A second insulating washer 207 is provided
between both the PCB 202 and the outside of the negative
clectrode cap 203 and the batiery housing 206. The insulat-
ing washer 207 is a flexible annular insulating padding layer
that can pressingly fix the first PCB 201 and the second PCB
202 onto the toop line 205 in order to seal the gap between
the battery housing 206 and the negative electrode cap
103 A tin coating 210 for enhancing contact is applied at the
contact area between the battery housing 206 and the lirst
and second PCRBs. in order to seal the gap between the circuit
board and the battery housing. By means ol a through hole
209 between the lirst PCB and the second PCR. a negative
clectrode connecting wire 2085 (and the positive electrode
connecting wire denoted as 2084, which is not shown in the
Agure) led out of the battery cell 204 is connected with the
wires on the jirst PCB and the second PCB. An electrically-
conductive material such as copper coating is coated on the
inner surface of the through hole 209 such that the wiring off
a plurality of circuit boards can be connected by means of
the through hole 209 and connected to the contact area
between the negative clectrode cap and the circuit board,
thereby conducting it to the negative clectrode cap.

FIG. 3 is an exploded stercogram ol a scaling fitting 300
for an clectrochemical battery according to a second
embodiment ol the present invention. The sealing fitting 34
includes a first PCB 301 a second PCB 302, and a negative
clectrade cap 303, The first PCB 301 and second PCB 302
have a plurality of circuit components arranged thereon. A
phurality of holes 304 are provided on an edge of the tirst
PCRB 301 and the second PCB 302 for tixing the first PCB
201 and the second PCB 302 o cach other. The side of the
second PCB 302 connected to the negative electrode cap 303
has at least two clamp slots 305 (not shown) at a location
corresponding to the edge of the negative electrode cap 303.
and the edge of the negative clectrode cap 303 has clamp
protrusions 306 corresponding to the clamp slots 308 (or
lixing the negative clectrode 303 onto the second PCB 302
and for electrical connection and thermal contact. The
second PCB 302 is provided with a metal ring 401 (as shown
in FIG. 4) ata portion in contact with the negative electrode
cap 303, The negative electrode cap 303 can cooperate with
the metal ring 401 1o function as an clectromagnetic shicld
The negative clectrode cap 303 is made of metal and can
conduct the heat generated by the components on the circuit
board during operation out of the battery through contact
between the clamp slots 305 and the clamp protrusions 306.
thereby providing heat dissipation.

The sealing titting for an clectrochemical battery accord-
ing (o the present invention has a cleverly and reasonably
designed structure in that the sealing region of the clectro-
chemical battery electrode has a negative clectrode cap
which can cooperate with the circuit board o form a
shiclding structure capable of preventing the internal high
frequency components from causing interference Lo the
external environment and conducting the heat generated by
the circuit board during its operation 1o the external envi-
ronment. thereby protecting the circuit board and the com-
ponents. Further. a loop line structure is arranged on the
battery housing between the battery cell and the circuit
board 1o position the battery cell and the circuit board
relative to cach other. and to cooperate with the insulating
washer between the negative clectrode cap and the battery
housing 10 fix the circuit board without any welding.



US 10,224,582 B2

7

Other embodiments of the present invention can readily
oceur to and be understood by those skilled in the art in light
of the description and practice of the invention disclosed
herein, Such description and embodiments are solely meant
to be illustrative and the true scope and spirit of the present
invention shall be defined by the claims.

What is claimed is:

L. An electrochemical secondary battery having an inbuilt
charging circuit. comprising: a battery housing, a battery
cell. a positive electrode cap, a negative electrode cap, a
circuit board module, and an insulating washer,

wherein a recessed loop line structure is provided at an

end of the battery housing in proximity to the negative
electrode cap, the battery cell is arranged within the
battery housing and arranged between the positive
electrode cap and the loop line structure, and (he battery
housing is used to output a positive electrode and fix the
circuit board module:

the positive clectrode cap is connected to the battery

housing to constitute the positive electrode of the
secondary battery;

the negative electrode cap is arranged on the circuit board

module to provide clectromagnetic shielding, electro-
static shielding, and heat dissipation for the circuit:
the circuit board module is arranged between the loop line
and the negative electrode cap, and the circuit board
module is configured with the diameter thereof being
sized between an inner diameter of a recess constituted
by the loop line and an inner diameter of the battery

housing, thus being engaged at either end of the loop -

line and separated from the battery cell;

electrode connecti ng wires are arranged on the battery cell
to lead out the positive and negative electrodes of the
battery respectively; and

at least one through hole is provided on the circuit board 3

module, an electrically-conductive material is coated
onto an inner surface of the through hole for enhanci ng
the welding strength and increasing the electrical con-
tact area and leading out the electrode connecting wires
S0 as to be connected to the circuit board module; the
circuit board module can provide charging protection
and charging indication for the battery as well as
discharge protection, shori-circuit protection, over dis-
charge protection, and output voltage control for the

8

battery: and the insulating washer is arranged in a gap
between both the battery housing and the circuit board
module and the negative electrode cap. thus pressingly
fixing the circuit board module between the loop line
and the battery housing, and separating the battery
housing from the negative clectrode cap.

2. The electrochemical battery according to claim |
wherein the battery housing is a steel case of a cylinder or
cuboid shaped structure.

3. The electrochemical battery according to claim 1,
wherein the circuit board module is at least one printed
circuit board.

4. The eclectrochemical battery according to claim L
wherein the insulating washer is an annular insulating pad-
ding layer that is flexible and elastic,

5. The electrochemical battery according (o claim 1.

wherein the insulating washer has 2 — shaped section, one

segment of the 1 shape being used 10 pressingly fix the
circuit board module between the loop line and the battery

housing, and other segment of the - shape being used to
separate the battery housing from the negative electrode cap,

6. The electrochemical battery according to claim 1,
wherein a connector is provided on the circuit board module
to fix the negative electrode cap onto the circuit board
module and provide an electrical connection between them,

7. The electrochemical battery according 10 claim 6,
wherein the circuit board module i< connected with the
negative electrode cap by means of welding.

8. The electrochemical battery according to claim 6.
wherein at least two clamp protrusions are provided at an
edge of the negative electrode cap for fixing the negalive
electrode cap onto the circuit board module, and at least two
clamp slots are provided on a side of the circuit board
module facing the negative clectrode cap at a location
corresponding 1o the edge of the megative clectrode cap for
mounting of the negative electrode cap

9. The electrochemical battery according to claim 1.
wherein the loop line is recessed 1o 2 depth of 0.2-1.2 mm
relative 1o the surface of the baticry housing.

10. The electrochemical batiery according 10 claim 1,
wherein the positive electrode 2P s mtegral o the batery
housing.
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