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(54) Name of Invention 

HIGH-POWER SOFT PACK LITHIUM-ION BATTERY AND MANUFACTURING TECHNIQUE 

THEREOF 

(57) Abstract 

The present invention relates to a high-power soft pack 

lithium-ion battery and a manufacturing technique thereof. 

The single cell comprises a negative electrode, a positive 

electrode, a first separator, and a second separator and is 

made by winding the first separator, the negative electrode, 

the second separator, and the positive electrode stacked in 

that sequence with the positive electrode being the 

innermost layer. In the present invention, a positive 

electrode first island area and a positive electrode second 

island area that are not coated with any active materials are 

disposed at certain distances on two sides from the positive 

electrode tab of the lithium-ion battery; when wound, the 

positive electrode second island area and the positive 

electrode first island area correspond to and cover the 

negative electrode tab and its back side, thereby preventing lithium plating caused by a positive electrode 

active material facing the negative electrode tab. In the manufacturing method, hot or cold pressing of the 

battery before formation squeezes excess electrolyte solution in the battery into a gas bag to increase the 

battery’s hardness, tighten the contact between various separators, the positive electrode, and the negative 

electrode, and reduce the interfacial impedance of the battery, thereby reducing the internal resistance of 

the battery and improving the power density of the lithium-ion battery. 
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1. A wound single cell, wherein the single cell comprises a negative electrode, a positive electrode, a 

first separator, and a second separator and is made by winding the first separator, the negative electrode, 

the second separator, and the positive electrode stacked in that sequence with the positive electrode being 

the innermost layer; 

wherein when the single cell is unwound, the positive electrode comprises a positive electrode strip, 

a positive electrode active material being disposed on two sides of the positive electrode strip, a positive 

electrode tab, a positive electrode first island area, and a positive electrode first uncoated area being 

disposed on one side of the positive electrode strip, a positive electrode second island area, a positive 

electrode second uncoated area, and a positive electrode third uncoated area being disposed on the other 

side of the positive electrode strip; the positive electrode tab and the positive electrode second uncoated 

area are located in a middle area of the positive electrode strip and are disposed opposite each other, and 

the positive electrode first island area and the positive electrode second island area are respectively 

located on two lateral sides of the positive electrode tab; the positive electrode first uncoated area and the 

positive electrode third uncoated area are located on two sides of the positive electrode strip and are 

disposed at an end of the positive electrode strip; and 

wherein the negative electrode comprises a negative electrode strip, a negative electrode active 

material being disposed on two sides of the negative electrode strip, and a negative electrode tab and a 

negative electrode uncoated area being disposed opposite each other on two sides and in a middle area of 

the negative electrode strip. 

2. The wound single cell of claim 1, wherein the distance between the positive electrode first island 

area and the positive electrode tab is 0-270 mm, and the distance between the positive electrode second 

island area and the positive electrode second uncoated area is 0-270 mm. 

3. The wound single cell of claim 1, wherein the widths of the positive electrode tab and the negative 

electrode tab are both 5-70 mm, and their thicknesses are both 0.1-0.2 mm; 

wherein the widths of the positive electrode first island area and the positive electrode second island 

area are both 13-80 mm; 

wherein the width of the positive electrode first uncoated area is 0-220 mm, and the width of the 

positive electrode third uncoated area is 15-620 mm; and wherein the widths of the positive electrode 

second uncoated area and the negative electrode uncoated area are both 6-75 mm. 

4. The wound single cell of claim 1, wherein the material of the positive electrode strip is aluminum 

foil, and the material of the negative electrode strip is copper foil; and 

wherein the material of the positive electrode tab is aluminum, and the material of the negative 

electrode tab is nickel, copper, or nickel-plated copper. 

5. The wound single cell of claim 1, wherein polyethylene terephthalate insulation tapes are disposed 

at the positive electrode first island area, the positive electrode first uncoated area, the positive electrode 

second island area, and the positive electrode third uncoated area, the thickness of the insulation tapes is 

0.02-0.04 mm, the widths of the insulation tapes are greater by 0.5-1 mm than the widths of the positive 

electrode first island area, the positive electrode first uncoated area, the positive electrode second island 

area, and the positive electrode third uncoated area, and the lengths of the insulation tapes are greater by 

2-8 mm than the lengths of the positive electrode first island area, the positive electrode first uncoated 

area, the positive electrode second island area, and the positive electrode third uncoated area; a 

polyethylene terephthalate insulation tape is disposed at the positive electrode second uncoated area, the 

thickness of the insulation tape is 0.02-0.04 mm, the length of the insulation tape is greater by 2-8 mm 

than the positive electrode second uncoated area, and the width of the insulation tape is greater by 2.5-6.5 

mm than the width of the positive electrode second uncoated area; and 

wherein a polyimide acrylic insulation tape is disposed at the negative electrode uncoated area, the 

thickness of the insulation tape is 0.055-0.065 mm, the length of the insulation tape is greater by 2-8 mm 
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than the length of the negative electrode uncoated area, and the width of the insulation tape is greater by 

1.5-5.5 mm than the width of the negative electrode uncoated area. 

6. The wound single cell of claim 1, wherein the positive electrode tab and the negative electrode tab 

have externally exposed portions of 10-20 mm, tab tapes are disposed respectively at the externally 

exposed portions, and the distance between the tab tapes and an edge of the positive electrode strip or an 

edge of the negative electrode strip is 1.5-2.5 mm; and the tab tapes are yellow tapes, white tapes, or 

black tapes. 

7. A high-power soft pack lithium-ion battery, the inside of the battery comprising at least one of the 

wound single cell of any of claims 1-6. 

8. A high-power soft pack lithium-ion battery manufacturing method, comprising the following 

steps: 

(1) mixing evenly lithium manganese oxide, conductive agent carbon black, and binder 

polyvinylidene fluoride in a mass ratio of (90-100) : (2-4) : (1-3) into a slurry to obtain a positive 

electrode active material; and 

mixing evenly artificial graphite, conductive agent carbon black, binder sodium carboxymethyl 

cellulose, and thickener styrene-butadiene rubber in a mass ratio of (94-97) : (0.5-2) : (1-2) : (1-3) into a 

slurry to obtain a negative electrode active material; 

(2) coating the positive electrode active material and the negative electrode active material onto the 

surfaces of a positive electrode strip and a negative electrode strip, respectively, wherein an area of a 

positive electrode tab, a positive electrode first island area, a positive electrode first uncoated area, a 

positive electrode second island area, a positive electrode second uncoated area, and a positive electrode 

third uncoated area are not coated with the positive electrode active material; wherein an area of a 

negative electrode tab and a negative electrode uncoated area are not coated with the negative electrode 

active material; and 

wherein the coating density of the positive electrode active material is 160-210g/m2, 

and the coating density of the negative electrode active material is 60-100g/m2; and 

then welding tabs with tab tapes, or welding tabs without tab tapes for making a combined lithium-

ion cell, at the area of the positive electrode tab and the area of the negative electrode tab , after drying, 

calendaring, and slitting, to obtain a positive electrode and a negative electrode; 

(3) winding the negative electrode and the positive electrode made in Step (2) and a first separator 

and a second separator, stacked in the sequence of the first separator, the negative electrode, the second 

separator, and the positive electrode with the positive electrode being the innermost layer, the positive 

electrode strip and the negative electrode strip being wound with the surfaces on which tabs are welded 

facing up, into a wound cell; 

wherein the first separator and the second separator are polypropylene separators, polyethylene 

separators, ceramic coated polypropylene separators, ceramic coated polyethylene separators, 

polyvinylidene fluoride coated polypropylene separators, polyvinylidene fluoride coated polyethylene 

separator, or polypropylene-polyethylene-polypropylene three-layer separators, and a wound single cell is 

obtained upon completion of the winding; 

or, welding and connecting in parallel at least two of the aforementioned wound single cells and 

securing them with insulation tapes to obtain a combined lithium-ion cell; and 

(4) completing the process by packaging the wound single cell or the combined lithium-ion cell from 

Step (3), vacuum baking, liquid injection, hot or cold pressing, and formation; 

wherein parameters of the hot pressing and cold pressing are as follows: 

hot pressing: surface pressure 1-6kgf/cm2, quantity of cells pressed each time 2-16 pieces, hot 

pressing temperature 60-80 °C, hot pressing time 20-180S; 

cold pressing: surface pressure 1-6kgf/cm2, quantity of cells pressed each time 2-16 pieces, cold 
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pressing temperature 25-30 °C, cold pressing time 20-180S. 

9. The high-power soft pack lithium-ion battery manufacturing method of claim 8, wherein after 

coating the surfaces of the positive electrode strip and the surfaces of the negative electrode strip with 

active materials in Step (2), polyethylene terephthalate insulation tapes are applied at the positive 

electrode first island area, the positive electrode first uncoated area, the positive electrode second island 

area, and the positive electrode third uncoated area, the thickness of the insulation tapes is 0.02-0.04 mm, 

the widths of the insulation tapes are greater by 0.5-1 mm than the widths of the positive electrode first 

island area, the positive electrode first uncoated area, the positive electrode second island area, and the 

positive electrode third uncoated area, and the lengths of the insulation tapes are greater by 2-8 mm than 

the lengths of the positive electrode first island area, the positive electrode first uncoated area, the positive 

electrode second island area, and the positive electrode third uncoated area; wherein a polyethylene 

terephthalate insulation tape is applied at the positive electrode second uncoated area, the thickness of the 

insulation tape is 0.02-0.04 mm, the length of the insulation tape is greater by 2-8 mm than the positive 

electrode second uncoated area, and the width of the insulation tape is greater by 2.5-6.5 mm than the 

width of the positive electrode second uncoated area; and 

wherein a polyimide acrylic insulation tape is applied at the negative electrode uncoated area, the 

thickness of the insulation tape is 0.055-0.065 mm, the length of the insulation tape is greater by 2-8 mm 

than the length of the negative electrode uncoated area, and the width of the insulation tape is greater by 

1.5-5.5 mm than the width of the negative electrode uncoated area. 

10. The high-power soft pack lithium-ion battery manufacturing method of claim 8, wherein the 

solvent of the electrolyte solution in Step (4) is a mixture of ethylene carbonate, diethyl carbonate, and 

methyl ethyl carbonate, the electrolyte is lithium hexafluorophosphate, 1,2-vinylene carbonate is added as 

an additive, and the liquid injection amount is 4.0g/Ah±0.1g. 
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TECHNICAL FIELD 

[0001] The present invention belongs to the field of lithium-ion batteries; it relates to a lithium-ion battery 

and a manufacturing technique thereof and more particularly to a high-power soft pack lithium-ion battery 

and a manufacturing technique thereof. 

 

BACKGROUND 

[0002] To meet market demand for large-capacity soft pack lithium-ion power batteries, the length of 

electrodes needs to be extended while strictly controlling the surface density of electrodes. However, for 

wound lithium-ion power batteries, excessive length of the electrodes will lead to unnecessary trouble for 

the manufacturing process and result in a higher defective rate; additionally, batteries using long 

electrodes have a higher internal resistance, which is detrimental to high-current charging and discharging 

of the batteries and severely hinders improvement in their power density. 

[0003] In Chinese patent literature, CN203119046U describes a tab structure in which a positive electrode 

tab is placed in a middle area of a positive electrode to reduce the internal resistance of lithium-ion 

batteries and resolve the problems of poor cycling performance and consistency in lithium-ion batteries. 

However, this method does not employ a structure in which a tab is placed in a middle area of a negative 

electrode and does not reduce the internal resistance of batteries to a large extent. Chinese patent 

CN202905842U describes a tab structure in which a positive electrode tab and a negative electrode tab are 

both welded in middle areas of electrodes to further reduce the internal resistance of batteries and improve 

the charge and discharge efficiency and service life of batteries. In these two patents, no uncoated foil area 

that is not coated with any active material, which is referred to as an “island area” in the art, is disposed at 

a certain distance from the right end of the positive electrode tab or at a certain distance from the left end 

on the back surface of the weld area of the positive electrode tab to prevent the negative electrode tab, 

when wound, to face a positive electrode material area when wound; such an electrode structure will 

result in lithium plating once the battery is charged and thereby causing a series of thermal runaway and 

lowering the battery’s safety performance. Therefore, it is necessary to configure an island area at such an 

area to improve the battery’s safety performance. 

[0004] The positive and negative electrodes and separator of a soft pack lithium-ion battery all have 

porous membrane structures and liquid absorption capacity. Once the battery is injected with liquid and 

let standing for a period of time, layers separate as a result of swelling due to liquid absorption. This 

means that the contact between the separator and electrodes are not tight enough, which increases the 

interfacial impedance and results in uneven interfacial reaction during formation. This is detrimental to 

the forming of a dense solid electrolyte interphase film (SEI film) at a surface of the negative electrode. 

Additionally, gassing in the formation process exacerbates this detrimental reaction. When the formation 

voltage exceeds 3.95 V, lithium plating occurs on the negative electrode surface where the SEI film is 

loose, thus creating a safety hazard to the power battery and increasing its internal resistance. 

Furthermore, cell deformation of soft pack lithium-ion batteries at 3.9-4.1 V is more prominent compared 

with aluminum/steel-case lithium-ion batteries because the case of the soft pack lithium-ion battery is a 

relatively soft aluminum laminated film; after formation, hot fixture shaping of the cell within this voltage 

range needs to be performed to relieve the batteries’ internal stress and eliminate cell deformation. 

However, lowering the formation voltage to 3.95 V for the prevention of lithium plating during formation 
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is not beneficial to the hot fixture shaping outcome of the battery. Therefore, it is necessary to tighten 

looser contact between layers inside the battery by a certain means before the formation of the soft pack 

lithium-ion battery to reduce the internal resistance of large capacity soft pack lithium-ion power batteries, 

increase their power density, and address cell deformation. 

 

SUMMARY 

[0005] In response to defects and insufficiencies in the aforementioned currently available technology, the 

present invention provides a high power density soft pack lithium-ion battery and a manufacturing 

technique thereof. 

[0006] Explanation of terminology: 

[0007] Island area: in the present invention, island area is a widely known term in the art and refers to an 

uncoated foil area that is not coated with any positive electrode active material on a positive electrode 

strip facing the front and back surfaces of a weld area of a negative electrode tab once a cell is wound. 

[0008] Coating line: in the present invention, coating line is a widely known term in the art and refers to 

an edge area of an island area or uncoated area, i.e., a boundary area between an active material and an 

electrode strip. 

[0009] The technical solution of the present invention is as follows: 

[0010] A wound single cell, the single cell comprising a negative electrode, a positive electrode, a first 

separator, and a second separator and the single cell made by winding the first separator, the negative 

electrode, the second separator, and the positive electrode stacked in that sequence with the positive 

electrode being the innermost layer; 

[0011] wherein when the single cell is unwound, the positive electrode comprises a positive electrode 

strip, a positive electrode active material being disposed on two sides of the positive electrode strip, a 

positive electrode tab, a positive electrode first island area, and a positive electrode first uncoated area 

being disposed on one side of the positive electrode strip, a positive electrode second island area, a 

positive electrode second uncoated area, and a positive electrode third uncoated area being disposed on 

the other side of the positive electrode strip; the positive electrode tab and the positive electrode second 

uncoated area are located in a middle area of the positive electrode strip and are disposed opposite each 

other, and the positive electrode first island area and the positive electrode second island area are 

respectively located on two lateral sides of the positive electrode tab; the positive electrode first uncoated 

area and the positive electrode third uncoated area are located on two sides of the positive electrode strip 

and are disposed at an end of the positive electrode strip; and 

[0012] wherein the negative electrode comprises a negative electrode strip, a negative electrode active 

material being disposed on two sides of the negative electrode strip, and a negative electrode tab and a 

negative electrode uncoated area being disposed opposite each other on two sides and in a middle area of 

the negative electrode strip. 

[0013] According to the present invention, preferably, the distance between the positive electrode first 
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island area and the positive electrode tab is 0-270 mm, and the distance between the positive electrode 

second island area and the positive electrode second uncoated area is 0-270 mm. 

[0014] According to the present invention, preferably, the widths of the positive electrode tab and the 

negative electrode tab are both 5-70 mm, and their thicknesses are both 0.1-0.2 mm. 

[0015] According to the present invention, preferably, the widths of the positive electrode first island area 

and the positive electrode second island area are both 13-80 mm. 

[0016] According to the present invention, preferably, the width of the positive electrode first uncoated 

area is 0-220 mm, and the width of the positive electrode third uncoated area is 15-620 mm. 

[0017] According to the present invention, preferably, the widths of the positive electrode second 

uncoated area and the negative electrode uncoated area are both 6-75 mm. 

[0018] According to the present invention, preferably, the material of the positive electrode strip is 

aluminum foil, and the material of the negative electrode strip is copper foil. 

[0019] According to the present invention, preferably, the material of the positive electrode tab is 

aluminum, the material of the negative electrode tab is nickel, copper, or nickel-plated copper. 

[0020] According to the present invention, preferably, polyethylene terephthalate insulation tapes are 

disposed at the positive electrode first island area, the positive electrode first uncoated area, the positive 

electrode second island area, and the positive electrode third uncoated area, the thickness of the insulation 

tapes is 0.02-0.04 mm, the widths of the insulation tapes are greater by 0.5-1 mm than the widths of the 

positive electrode first island area, the positive electrode first uncoated area, the positive electrode second 

island area, and the positive electrode third uncoated area, and the lengths of the insulation tapes are 

greater by 2-8 mm than the lengths of the positive electrode first island area, the positive electrode first 

uncoated area, the positive electrode second island area, and the positive electrode third uncoated area; 

and a polyethylene terephthalate insulation tape is disposed at the positive electrode second uncoated area, 

the thickness of the insulation tape is 0.02-0.04 mm, the length of the insulation tape is greater by 2-8 mm 

than the positive electrode second uncoated area, and the width of the insulation tape is greater by 2.5-6.5 

mm than the width of the positive electrode second uncoated area. 

[0021] According to the present invention, preferably, polyethylene terephthalate insulation tapes are only 

disposed at a coating line area of the positive electrode first island area, a coating line area of the positive 

electrode first uncoated area, a coating line area of the positive electrode second island area, and a coating 

line area of the positive electrode third uncoated area, and the insulation tapes cover 2-8 mm on two sides 

of the coating lines. 

[0022] According to the present invention, preferably, a polyimide acrylic insulation tape is disposed at 

the negative electrode uncoated area, the thickness of the insulation tape is 0.055-0.065 mm, the width of 

the insulation tape is greater by 2-8 mm than the width of the negative electrode uncoated area, and the 

length of the insulation tape is greater by 1.5-5.5 mm than the length of the negative electrode uncoated 

area. 

[0023] According to the present invention, preferably, the positive electrode tab and the negative 

electrode tab have externally exposed portions of 10-20 mm, tab tapes are disposed respectively at the 
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externally exposed portions, and the distance between the tab tapes and an edge of the positive electrode 

strip or an edge of the negative electrode strip is 1.5-2.5 mm; and the tab tapes are yellow tapes, white 

tapes, or black tapes. 

[0024] According to the present invention, the positive electrode active material and the negative 

electrode active material use common ingredients in the art; preferably, the positive electrode active 

material is an evenly mixed slurry of lithium manganese oxide, a conductive agent, and a binder, and the 

negative electrode active material is an evenly mixed slurry of artificial graphite, a conductive agent, and 

a binder. 

[0025] According to the present invention, a high-power soft pack lithium-ion battery, and the inside of 

the battery comprises at least one of the aforementioned wound single cell; preferably, the quantity of the 

wound single cell is 2, and they are connected in parallel to form a double-wound-cell battery. The wound 

single cell can be pressed to obtain a square lithium-ion battery. 

[0026] According to the present invention, a high-power soft pack lithium-ion battery manufacturing 

method, comprising the following steps: 

[0027] (1) mixing evenly lithium manganese oxide, conductive agent carbon black (SP), and binder 

polyvinylidene fluoride (PVDF) in a mass ratio of (90-100) : (2-4) : (1-3) into a slurry to obtain a positive 

electrode active material; 

[0028] mixing evenly artificial graphite, conductive agent carbon black (SP), binder sodium 

carboxymethyl cellulose (CMC), and thickener styrene-butadiene rubber (SBR) in a mass ratio of (94-

97) : (0.5-2) : (1-2) : (1-3) into a slurry to obtain a negative electrode active material; 

[0029] (2) coating the positive electrode active material and the negative electrode active material onto the 

surfaces of a positive electrode strip and a negative electrode strip, respectively, wherein an area of a 

positive electrode tab, a positive electrode first island area, a positive electrode first uncoated area, a 

positive electrode second island area, a positive electrode second uncoated area, and a positive electrode 

third uncoated area are not coated with the positive electrode active material; wherein an area of a 

negative electrode tab and a negative electrode uncoated area are not coated with the negative electrode 

active material; and 

[0030] wherein the coating density of the positive electrode active material is 160-210g/m2, 

[0031] and the coating density of the negative electrode active material is 60-100g/m2; and 

[0032] then welding tabs with tab tapes, or welding tabs without tab tapes for making a combined lithium-

ion cell, at the area of the positive electrode tab and the area of the negative electrode tab,  after drying, 

calendaring, and slitting, to obtain a positive electrode and a negative electrode; 

[0033] (3) winding the negative electrode and the positive electrode made in Step (2) and a first separator 

and a second separator, stacked in the sequence of the first separator, the negative electrode, the second 

separator, and the positive electrode with the positive electrode being the innermost layer, the positive 

electrode strip and the negative electrode strip being wound with the surfaces on which tabs are welded 

facing up, into a wound cell; 
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[0034] wherein the first separator and the second separator are polypropylene separators, polyethylene 

separators, ceramic coated polypropylene separators, polyvinylidene fluoride (PVDF) coated 

polypropylene separators, or polypropylene-polyethylene-polypropylene three-layer separators, and a 

wound single cell is obtained upon completion of the winding; 

[0035] or, welding and connecting in parallel at least two of the aforementioned wound single cells and 

securing them with insulation tapes to obtain a combined lithium-ion cell; and 

[0036] (4) completing the process by packaging the wound single cell or the combined lithium-ion cell 

from Step (3), vacuum baking, liquid injection, hot or cold pressing, and formation; 

[0037] wherein parameters of the hot pressing and cold pressing are as follows: 

[0038] hot pressing; surface pressure 1-6kgf/cm2, quantity of cells pressed each time 2-16 pieces, hot 

pressing temperature 60-80 °C, hot pressing time 20-180S; 

[0039] cold pressing; surface pressure 1-6kgf/cm2, quantity of cells pressed each time 2-16 pieces, cold 

pressing temperature 25-30 °C, cold pressing time 20-180S. 

[0040] According to the present invention, preferably, in Step (2), the coating density of the positive 

electrode active material is 180-185g/m2, and the coating density of the negative electrode active material 

is 65-70g/m2. 

[0041] According to the present invention, preferably, after coating the surfaces of the positive electrode 

strip and the surfaces of the negative electrode strip with active materials in Step (2), polyethylene 

terephthalate insulation tapes are applied at the positive electrode first island area, the positive electrode 

first uncoated area, the positive electrode second island area, and the positive electrode third uncoated 

area, the thickness of the insulation tapes is 0.02-0.04 mm, the widths of the insulation tapes are greater 

by 0.5-1 mm than the widths of the positive electrode first island area, the positive electrode first uncoated 

area, the positive electrode second island area, and the positive electrode third uncoated area, and the 

lengths of the insulation tapes are greater by 2-8 mm than the lengths of the positive electrode first island 

area, the positive electrode first uncoated area, the positive electrode second island area, and the positive 

electrode third uncoated area; a polyethylene terephthalate insulation tape is applied at the positive 

electrode second uncoated area, the thickness of the insulation tape is 0.02-0.04 mm, the length of the 

insulation tape is greater by 2-8 mm than the positive electrode second uncoated area, and the width of the 

insulation tape is greater by 2.5-6.5 mm than the width of the positive electrode second uncoated area; and 

[0042] a polyimide acrylic insulation tape is applied at the negative electrode uncoated area, the thickness 

of the insulation tape is 0.055-0.065 mm, the length of the insulation tape is greater by 2-8 mm than the 

length of the negative electrode uncoated area, and the width of the insulation tape is greater by 1.5-5.5 

mm than the width of the negative electrode uncoated area. 

[0043] According to the present invention, preferably, in Step (3), the at least two of the wound single 

cells are connected in parallel by ultrasound welding. In the winding, the positive electrode is the 

innermost layer, and the winding ends with the positive electrode; once the winding is completed, the 

third uncoated area of the positive electrode strip is exposed as the outermost layer of the wound cell. 

[0044] According to the present invention, the electrolyte solution is a common electrolyte solution used 
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in the art; preferably, the solvent of the electrolyte solution in Step (4) is a mixture of ethylene carbonate 

(EC), diethyl carbonate (DEC), and methyl ethyl carbonate (EMC), the electrolyte is lithium 

hexafluorophosphate (LiPF6), 1,2-vinylene carbonate (VC) is added as an additive, and the liquid 

injection amount is 4.0g/Ah±0.1g. 

[0045] More preferably, steps after formation comprise repackaging and capacity grading. 

[0046] The high-power soft pack lithium-ion battery of the present invention comprises, inside the 

battery, at least one wound single cell, each wound single cell having a positive electrode tab and a 

negative electrode tab disposed at a middle area of a positive electrode strip and a middle area of a 

negative electrode strip, respectively; here, the positive electrode strip has a positive electrode first island 

area and a positive electrode second island area; the invention is capable of effectively lowering the 

internal resistance of the battery and improving its safety performance while maintaining the battery’s 

capacity. 

[0047] The present invention provides the following benefits: 

[0048] 1. The lithium-ion battery of the present invention comprises, inside the battery, at least one wound 

single cell, each wound single cell having a positive electrode tab and a negative electrode tab disposed, 

respectively; here, tabs of the same electrode type of the single cells are welded together by ultrasound 

welding to form a combined cell; the battery has low internal resistance and high power density. 

[0049] 2. In the present invention, a positive electrode first island area and a positive electrode second 

island area that are not coated with any active materials are disposed at certain distances on two sides 

from the positive electrode tab of the lithium-ion battery; when wound, the positive electrode second 

island area and the positive electrode first island area correspond to and cover the negative electrode tab 

and its back side, respectively, thereby preventing lithium plating caused by a positive electrode active 

material facing the negative electrode tab. 

[0050] 3. In the high-power soft pack lithium-ion battery manufacturing method of the present invention, 

hot or cold pressing of the battery before formation squeezes excess electrolyte solution in the battery into 

a gas bag to increase the battery’s hardness, tighten the contact between various separators, the positive 

electrode, and the negative electrode, and reduce the interfacial impedance of the battery, thereby 

reducing the internal resistance of the battery and improving the power density of the lithium-ion battery. 

[0051] 4. In the present invention, the positive electrode tab and the negative electrode tab are disposed in 

a middle area of a positive electrode strip and a middle area of a negative electrode strip, respectively, and 

two island areas are disposed at two different areas of the positive electrode strip; therefore, while 

ensuring the capacity of the soft pack lithium-ion battery remains the same, the invention is capable of not 

only effectively lowering the internal resistance of the battery and reducing the amount of heat generated 

when the battery discharges, but also improving the rate performance of the battery and increasing its 

safety performance by preventing lithium plating in the battery. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] FIG. 1 is a cutaway view of a positive electrode, in its unwound state, of a wound single cell 
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according to Embodiment 1 of the present invention. 

[0053] FIG. 2 is a cutaway view of a negative electrode, in its unwound state, of a wound single cell 

according to Embodiment 1 of the present invention. 

[0054] FIG. 3 is a perspective view of the structure of a combined lithium-ion cell according to 

Embodiment 2 of the present invention. 

[0055] FIG. 4 shows 3C discharge curves of batteries of Embodiment 5 of the present invention, 

Comparison Case 1, and Comparison Case 2. 

[0056] In the figures: 11 – positive electrode strip, 12 – positive electrode active material, 13 – positive 

electrode tab, 14 – positive electrode first island area, 15 – positive electrode first uncoated area, 16 – 

positive electrode second island area, 17 – positive electrode second uncoated area, 18 – positive electrode 

third uncoated area; 

[0057] 21 – negative electrode strip, 22 – negative electrode active material, 23 – negative electrode tab, 

24 – negative electrode uncoated area; 

[0058] 31 – single cell, 32 – insulation tape, 33 – combined lithium-ion cell positive electrode tab, 34 – 

combined lithium-ion cell negative electrode tab, 35 – tab tape, 36 – weld area. 

 

DETAILED DESCRIPTION 

[0059] Specific examples are provided below to describe in detail the technical solution of the present 

invention for the purpose of facilitating understanding of the present invention; however, the present 

invention is not limited thereby. 

[0060] In the embodiments, the positive electrode active material 12 is a slurry of lithium manganese 

oxide, conductive agent SP, and binder PVDF mixed evenly in a ratio of 95 : 3 : 2; the negative electrode 

active material 22 is a slurry of artificial graphite, conductive agent SP, binder CMC, and thickener SBR 

mixed evenly in a ratio of 95.4 : 1 : 1.6 : 2; and the capacity of the wound single cell is 5 Ah. 

[0061] The solvent of the electrolyte solution is a mixture of ethylene carbonate (EC), diethyl carbonate 

(DEC), and methyl ethyl carbonate (EMC); the electrolyte is lithium hexafluorophosphate (LiPF6); and 

1,2-vinylene carbonate (VC) is added as an additive. 

[0062] Embodiment 1: wound single cell 

[0063] A wound single cell, the single cell comprising a negative electrode, a positive electrode, a first 

separator, and a second separator and the single cell made by winding the first separator, the negative 

electrode, the second separator, and the positive electrode stacked in that sequence with the positive 

electrode being the innermost layer; 

[0064] when the single cell is unwound, the positive electrode comprises a positive electrode strip 11, a 

positive electrode active material 12 being evenly disposed on two sides of the positive electrode strip 11, 

a positive electrode tab 13, a positive electrode first island area 14, and a positive electrode first uncoated 
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area 15 being disposed on one side of the positive electrode strip 11; a positive electrode second island 

area 16, a positive electrode second uncoated area 17, and a positive electrode third uncoated area 18 

being disposed on the other side of the positive electrode strip 11; the positive electrode tab 13 and the 

positive electrode second uncoated area 17 are located in a middle area of the positive electrode strip 11 

and are disposed opposite each other, and the positive electrode first island area 14 and the positive 

electrode second island area 16 are respectively located on two lateral sides of the positive electrode tab 

13; the positive electrode first uncoated area 15 and the positive electrode third uncoated area 18 are 

located on two sides of the positive electrode strip 11 and are disposed at an end of the positive electrode 

strip 11; and 

[0065] the negative electrode comprises a negative electrode strip 21, a negative electrode active material 

22 being evenly disposed on two sides of the negative electrode strip 21, and a negative electrode tab 23 

and a negative electrode uncoated area 24 being disposed opposite each other on two sides and in a 

middle area of the negative electrode strip 21. 

[0066] In this embodiment, the distance between the positive electrode first island area 14 and the positive 

electrode tab 13 is 32 mm, the distance between the positive electrode second island area 16 and the 

positive electrode second uncoated area 17 is 32 mm; 

[0067] the widths of the positive electrode tab 13 and the negative electrode tab 23 are both 15 mm, and 

their thicknesses are both 0.2 mm; 

[0068] the widths of the positive electrode first island area 14 and the positive electrode second island 

area 16 are both 35 mm; 

[0069] the width of the positive electrode first uncoated area 15 is 58 mm, the width of the positive 

electrode third uncoated area 18 is 180 mm; 

[0070] the widths of the positive electrode second uncoated area 17 and the negative electrode uncoated 

area 24 are both 24 mm; 

[0071] the material of the positive electrode strip 11 is aluminum foil, and the material of the negative 

electrode strip 21 is copper foil; 

[0072] the material of the positive electrode tab 13 is aluminum, and the material of the negative electrode 

tab 23 is nickel-plated copper; 

[0073] polyethylene terephthalate (PET) insulation tapes are disposed at a coating line area of the positive 

electrode first island area 14, a coating line area of the positive electrode first uncoated area 15, a coating 

line area of the positive electrode second island area 16, and a coating line area of the positive electrode 

third uncoated area 18; the thickness of the insulation tapes is 0.02 mm, the insulation tapes cover 5 mm 

on two sides of the coating lines, and the widths of the insulation tapes are greater by 1 mm than the 

widths of the positive electrode first island area 14, the positive electrode first uncoated area 15, the 

positive electrode second island area 16, and the positive electrode third uncoated area 18; a PET 

insulation tape is disposed at the positive electrode second uncoated area 17; the thickness of the 

insulation tape is 0.02-0.04 mm, the length of the insulation tape is greater by 6 mm than the positive 

electrode second uncoated area 17, and the width of the insulation tape is greater by 2.5 mm than the 

width of the positive electrode second uncoated area 17; 
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[0074] a polyimide acrylic insulation tape is disposed at the negative electrode uncoated area 24; the 

thickness of the insulation tape is 0.055 mm, the length of the insulation tape is greater by 6 mm than the 

length of the negative electrode uncoated area 24, and the width of the insulation tape is greater by 1.5 

mm than the width of the negative electrode uncoated area 24; 

[0075] the positive electrode tab 13 and the negative electrode tab 23 have externally exposed portions of 

20 mm, and tab tapes are disposed respectively at the externally exposed portions. The distance between 

the tab tapes and an edge of the positive electrode strip 11 or an edge of the negative electrode strip 21 is 

2 mm; the tab tapes are yellow tapes; 

[0076] the surface coating density of the positive electrode active material 12 on the positive electrode 

strip 11 is 185 mg/cm², and the surface coating density of the negative electrode active material 22 on the 

negative electrode strip 21 is 76 mg/cm². 

[0077] Embodiment 2: combined lithium-ion cell 

[0078] The cell of this embodiment is obtained by connecting in parallel two of the wound single cells of 

Embodiment 1; in the parallel connection, the tabs are placed in the sequence of “left positive, right 

negative,” and the capacity after the parallel connection is 10 Ah. 

[0079] Embodiment 3: wound single cell 

[0080] The wound single cell of Embodiment 1 except that: 

[0081] the distance between the positive electrode first island area 14 and the positive electrode tab 13 is 

270 mm, and the distance between the positive electrode second island area 16 and the positive electrode 

second uncoated area 17 is 270 mm; 

[0082] the widths of the positive electrode tab 13 and the negative electrode tab 23 are both 70 mm, and 

their thicknesses are both 0.2 mm; 

[0083] the widths of the positive electrode first island area 14 and the positive electrode second island 

area 16 are both 80 mm; 

[0084] the width of the positive electrode first uncoated area 15 is 220 mm, and the width of the positive 

electrode third uncoated area 18 is 620 mm; 

[0085] the widths of the positive electrode second uncoated area 17 and the negative electrode uncoated 

area 24 are both 75 mm; 

[0086] the material of the negative electrode tab 23 is copper; and 

[0087] the surface coating density of the positive electrode active material 12 on the positive electrode 

strip 11 is 210 mg/cm², and the surface coating density of the negative electrode active material 22 on the 

negative electrode strip 21 is 100 mg/cm². 

[0088] Embodiment 4: wound single cell 

[0089] The wound single cell of Embodiment 1 except that: 
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[0090] the distance between the positive electrode first island area 14 and the positive electrode tab 13 is 

10 mm, and the distance between the positive electrode second island area 16 and the positive electrode 

second uncoated area 17 is 10 mm; 

[0091] the widths of the positive electrode tab 13 and the negative electrode tab 23 are both 5 mm, and 

their thicknesses are both 0.1 mm; 

[0092] the widths of the positive electrode first island area 14 and the positive electrode second island 

area 16 are both 13 mm; 

[0093] the width of the positive electrode first uncoated area 15 is 10 mm, and the width of the positive 

electrode third uncoated area 18 is 15 mm; 

[0094] the widths of the positive electrode second uncoated area 17 and the negative electrode uncoated 

area 24 are both 6 mm; 

[0095] the material of the negative electrode tab 23 is nickel; and 

[0096] the surface coating density of the positive electrode active material 12 on the positive electrode 

strip 11 is 160 mg/cm², and the surface coating density of the negative electrode active material 22 on the 

negative electrode strip 21 is 60 mg/cm². 

[0097] Embodiment 5 

[0098] A high-power soft pack lithium-ion battery manufacturing method comprising using the combined 

lithium-ion cell of Embodiment 2; the steps are as follows: 

[0099] (1) mixing evenly lithium manganese oxide, conductive agent SP, and binder PVDF in a ratio of 

95 : 3 : 2 into a slurry to obtain a positive electrode active material 12; 

[0100] mixing evenly artificial graphite, conductive agent SP, binder CMC, and thickener SBR in a ratio 

of 95.4 : 1 : 1.6 : 2 into a slurry to obtain a negative electrode active material 22; 

[0101] (2) coating the positive electrode active material 12 and the negative electrode active material 22 

onto the surfaces of a positive electrode strip 11 and a negative electrode strip 21, respectively; here, an 

area of a positive electrode tab 13, a positive electrode first island area 14, a positive electrode first 

uncoated area 15, a positive electrode second island area 16, a positive electrode second uncoated area 17, 

and a positive electrode third uncoated area 18 are not coated with the positive electrode active material 

12; and an area of a negative electrode tab 23 and a negative electrode uncoated area 24 are not coated 

with the negative electrode active material 22; 

[0102] after the surfaces of the positive electrode strip 11 and the surfaces of the negative electrode strip 

21 are coated with the active materials, polyethylene terephthalate (PET) insulation tapes are disposed at a 

coating line area of the positive electrode first island area 14, a coating line area of the positive electrode 

first uncoated area 15, a coating line area of the positive electrode second island area 16, and a coating 

line area of the positive electrode third uncoated area 18; the thickness of the insulation tapes is 0.02 mm, 

the insulation tapes cover 5 mm on two sides of the coating line areas, and the widths of the insulation 

tapes are greater by 1 mm than the widths of the positive electrode first island area 14, the positive 
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electrode first uncoated area 15, the positive electrode second island area 16, and the positive electrode 

third uncoated area 18; a PET insulation tape is disposed at the positive electrode second uncoated area 

17; the thickness of the insulation tape is 0.02-0.04 mm, the length of the insulation tape is greater by 6 

mm than the positive electrode second uncoated area 17, and the width of the insulation tape is greater by 

2.5 mm than the width of the positive electrode second uncoated area 17; 

[0103] a polyimide acrylic insulation tape is disposed at the negative electrode uncoated area 24; the 

thickness of the insulation tape is 0.055 mm, the length of the insulation tape is greater by 6 mm than the 

length of the negative electrode uncoated area 24, and the width of the insulation tape is greater by 1.5 

mm than the width of the negative electrode uncoated area 24; 

[0104] the coating density of the positive electrode active material 12 is 185g/m2, and 

[0105] the coating density of the negative electrode active material 22 is 76g/m2; and 

[0106] then welding tabs without tab tapes, for making a combined lithium-ion cell, at the area of the 

positive electrode tab 13 and the area of the negative electrode tab 23, after drying, calendaring, and 

slitting, to obtain a positive electrode and a negative electrode; 

[0107] (3) winding the negative electrode and the positive electrode made in Step (2) and a first separator 

and a second separator, stacked in the sequence of the first separator, the negative electrode, the second 

separator, and the positive electrode with the positive electrode being the innermost layer, the positive 

electrode strip 11 and the negative electrode strip 21 being wound with the surfaces on which tabs are 

welded facing up, into a wound cell, the winding ending with the positive electrode, and, once the 

winding is completed, the third uncoated area 18 of the positive electrode strip 11 being exposed as the 

outermost layer of the wound cell; 

[0108] the material of the separator is polypropylene, and a wound single cell is obtained once the 

winding is completed; 

[0109] two of the wound single cells obtained from Step (3) are connected in parallel by ultrasound 

welding and secured by insulation tapes, thus obtaining a combined lithium-ion cell; 

[0110] as illustrated in FIG. 3: when welding, a positive electrode tab 33 of the combined lithium-ion cell 

and a negative electrode tab 34 of the combined lithium-ion cell are placed head-down, the distance 

between upper edges of tab tapes 35 and upper edges of the separators is 1±0.5 mm; upon completion of 

welding for connecting in parallel the tabs, the positive electrode tab 33 of the combined lithium-ion cell 

and the negative electrode tab 34 of the combined lithium-ion cell are bent upward, and weld areas 36 are 

cut by scissors to remove excess tabs so that the weld areas 36 align exactly with the outermost edge of 

the cell 31; insulation tapes 32 are applied at lower ends of the weld areas, the insulation tapes 32 are 1-2 

mm wider than the weld areas 36 and secure the weld areas 36 to an upper end of the wound cell; and 

[0111] (4) completing the process by packaging the combined wound single cell from Step (3), vacuum 

baking at 80 °C, liquid injection, hot or cold pressing, formation, repackaging, and capacity grading; 

[0112] the liquid injection amount is 39.9~40.1g 

[0113] parameters of the hot pressing and cold pressing are shown in Table 1: 
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[0114] Table 1 

[0115]  

Cell pressing 

method 

Pressure (kgf) Temperature (°C) Time (S) Quantity of cells 

pressed (PCS) 

Hot pressing 663 75 40 2 

Cold pressing 663 25 70 2 

[0116] Comparison Case 1 

[0117] The high-power soft pack lithium-ion battery manufacturing method of Embodiment 5 except that 

no hot or cold pressing is performed in Step (5). 

[0118] Comparison Case 2 

[0119] The wound single cell of Embodiment 1 except that the positive electrode tab 13 and the negative 

electrode tab 23 are disposed at an end of the positive electrode strip 11 and an end of the negative 

electrode strip 21, respectively. 

[0120] Steps of Embodiment 5 are taken in this comparison case to make the wound single cell into a soft 

pack lithium-ion battery. 

[0121] Experiment Case 

[0122] Electrical performance testing is performed on the soft pack lithium-ion batteries of Embodiment 

5, Comparison Case 1, and Comparison Case 2, and the result is shown in Table 2 and FIG. 4. 

[0123] Table 2  Electrical performance data of batteries of the three embodiments, average values 

[0124]  

Embodiment 

 

1C discharge 

capacity (mAh) 

1C discharge 

median voltage (V) 

Internal 

resistance (mΩ) 

Power density 

(Wh/Kg) 

Embodiment 5 11798 3.722 6.2 175.64 

Comparison Case 1 11631 3.643 7.8 168.14 

Comparison Case 2 11700 3.602 13.5 165.91 

[0125] It can be learned from comparing the data in Table 2 that the soft pack lithium-ion battery of the 

present invention has lower internal resistance and higher power density. 

[0126] It can be learned from the 3C discharge curves of the different batteries in FIG. 4 that the high-

power power density soft pack lithium-ion battery of the present invention has better rate performance for 
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high-current discharge. 
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[0010] FeeS PAS HE STK AP AS HE ot LAG A TEA SS - BH AL PS - Bi RF

Ee AN J PEE
[oot] FL PAR EELS HEFPEN, ATS TEByEFS LE A es PIS TEBe FP0
ERG MEA, BTR AY TEBAR Aa

AS A TERAREE. TEBR 57ALLEBR 8
FL, AY TERRAFr ry

BY3 A a TE RG ER 2 KAI 2 A
OTR AY TEBAREATERR - 28AK FE eB TD SI A, TIAN AY

Bh DX AL EDR BS - BG DS OP IEPTERAREAPAI. s TIARA TED 28 DKAE
2AREFER re ASEER es

irs TI SRR oe EPRE
FITTS EYPABA ESPYA AL PP 2 Ab AARAAR AK
[0013] #RHRANACHH, TLE. PTRAIETS- Oy BEES IEPA ELO-20mm, JPR AYIED
SEBSERR 28AX 0-270mm.

[0014] RHR ANAC AH, PREY.TIAA TEHEL AM fi AA EL BY HERETAA 570mm, JEREL
0. 1-0. 2mm.

[0015] RHRAACA, DLEAY.BRAY IED ByKALE BB DK HERETA 13-80mm.

[0016] #RHRANACAH, TLVEAY. PTR AY IEDR oS -28 AK A O-220mm, ATI AY IEDR = 28

AKREE 15-620mm.

[0017] NSHAACA, (EMERY. BARA IERA - 2AKA a AYEE 6-75.
[0018] RHRAACA, CCEA, TIAN AY TEDAAtA BESD ITI EYRA ye lS

0

[0019] RHR AN AC AH, TEEN, TIARAS TEBAMEL OA BE JL. PIT IR EY De AEy BR ld NC fad

BRAT 0

[0020] #RHRANAC DOVER, STARIE 65 Be KX TERR 28 AK ED oS BY KATIE

2LXBiRE HE 2. -6. 5mm.

2-8.

AKA ICRS 1. -5. 5mm.

[0023] #RHRANACHH, PLENY. PTIR AYETAAAAMES eR LO-20mm, Sb see a} SY Fall BZ

48

A IEaERE «0. 02-0. 04mm, 21%
Bee ay "tht RE LG TE 7o TE ARB 2IK IER ALEA 2BX AY

0. 5-1mm,

DORICBETS 2-8mm 3 APA HY IER 25 DX Bo A BRMta a ie

FE LC ARR 2AXA 2-8, 4a Be arHEE LE TERS

[0021] Nede A, PEAY. IE TE BR DKaRFE A TEA 2 aR FpAT
Ai BRAT A TERR 2 eR RY AS

A
[0022] Ned CA, (EMEA, APIA AEA Hh 23He

FERED 0. 055-0. 065mm, 24 2%se rir FAY BeREELA AY) HERE HE 2-Smm, AZAe AARRE
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[0024] HES ANAC HH,TITERS PE A PR PE AS a DEE,

Te DEADA) A SEL A2UZ PEGY Ja

SELEY. BOW 2 4S, SPERZAOOSHL. AREALSH 2
He sts 4S 11 FeBSHLH

[0027] (1) fit PR BE, oe FR SP HEL) (SP) . A2H BR th Se Ms (PVDF) $2 FA (90-100) :

(2-4) : (1-3) LOPEIY),GIB, IER PEW
[0028] EAE RB SEH (SP) HE Aa HH FaeSE AESe (CMC) ALIAZhi -

(SBR) F288 (94-97) : (0. 5-2) : (1-2) + (1-3) FY LEP LY, OBER, fo
TAT MED

a AN Ze TD. ELA, TEARARE TEAR TERR AK ERR EIRB78

IR

[0031] TAY PEA i EA 60-100g/m' ;

[0032] BB. EA A), EE EE A iBAA ee 7EL,

[0033] (3) #438 - TARR.HRA RR TER Be, TE Ee A HR
(2) 65 61A BGArT) i ERA OS - BR GETTBE. TE er A AA er AB
JERE ELAS - TE LE AR EAE LS

EEREEL

;

[0036] (4) GAR RE (3) FE BIASAEE AE UK HEL BSaBL SRS EL ES
Hs Ao, BOGE

[0037] PIAAAARABRU
[0038] AUER IAP7 1-6kgf/em', BER HE tsBee 2-16 ARE AY TA]

20-1805 ;

[0039] FR AR) 1-6kef/cm', BYRRSBee 2-16 A,ARYE HIN Tal

20-1805.
[0040] HHA ACA, PLE ABR (2) PTAA TEBR HE J 20PE «180-185e/m",

Fe MCFES

[0025] ASHE ANAC HA, - Fl DR

[0026] Hed A2X CA, - FWA I, 2RAB

IZFFDEWEEEE ANY FE IERI PEA its HARAELAbA

cr HELRGASAELFFl /E4SS Es, GRIER

[0034] FE AS -

DR FbRT Fb Ag SS TA seisBit BS eaBb. BidPERFs GR TAL HeBH BR

[0035] ESDPAS LR EE AB FeIFHK,HAA ile. GABAA

6
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[0041] A, TRE AY, PBR (2) re AY Pe TE A A SIAR
PEER» TEARS by TERRA - 2AK TEA Sy TERB = 28DU BRAS
FAS Z, - WGaeB, ig EE 0. 02-0. 04mm, 2123 oePELE A SK ERR

AY EARS 2AK EDR be IERR = 2 KSCRES 2-8inm 5 TEAR -28 AX

2KK 2-17777, EE Le TEARS 2 DKWERE DH 2. 5-6. mm

1. -5. 5mm.

[0043] HEHE ANAC AR, OVERS, PRR (3) BbPSAEE ELSERE 11RE
ABSEI, IEDRERA, DOERR ACE, ABSESE BR EE INES

ERR AR A EASB=2AK
[0044] HR ANACA, ARB ak FE DE. BR (4) PR AYHR

ZA (DEC) Iti BS FASE ZA J ANS (EMC) YER TS RR» FRAC ZN

EEL (LIPF,), 1,2- TRB Cis (VC) (EA USDIA,HEMI IG 4. Og/Ah+0. Leg

[0045] ERE. Hoa LR TSFpER
tS als4 al) Te EAAEE AT SARAEE,A ETERAR AABARAT

FCPATRTEBARA A ES -

AyKATERS BK, EE8FEPREEtASAY
FUL RAOcAERLt PY, AEE.

[0048] 1. ANACA BE PY aS FZ -1 EP ELS, RE E BDSl
TEAL 61BREE, rr 41 ts HEATS EPaaeBIY Te (TZ

TEAR -

bh PX AU TEBBS - bh DX, ARSE TEBB - BY DX ALTEBB -

BY DX IT I LETH
AE i AETB

1 By AE YU AR E ARP EAA HE vy E PUPP BS Fe FB TE 4 Fr AL Be A

[0051] 4. FH PAS AC BY rT AR BY TEBAEA AE 9} PE eB Re
DX TAL TTD EPRUE PR eB PS YtAe AN

HE» KAY WA Sf, FELTA SL

[0042] fu AAS DKAH UG BR PGE UD He GE Hyee Fe a, AE HeaE 0. 055-0. 065mm,

fh 23BS re SARRE ELOA2 ASREK 2-8, 4a2FE aAY" RE Ae AX AY BR RE

[0046] ANAC AAA A ThyRKGe ELHA Lg2 > - ARE HELLS, EEE

[0049] 2, AN AGAABS ETE AROY (I - ee FB A BOTTa MED

[0050] 3.AR oR AEA, WeeEhke a OYHEE

By ibe BA

[0052] All AACA SEED 1 BSEARLEREIT A.
7
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[0053] FA 2 HAA ABSET) 1 BREA AR EL SRAy REPENS BS a Iae.
[0054] A 3 AAA HHSEHl 2 RABE HUDNorASEMeA.

[0056] FEA, L1- TERRAay, 12- TERR PEW i, 13- TEARAE, 14- IERA AX, 15- JE
1K -28ADK,16 TEA X, 17- TER AIX, 18- TERASAX ;

[0057] 21- TARA TY, 22- TART EWI, 23- TAIRA, 24- TARAX ;

[0055] Pa] A HARA SEITEi] 5 ATEL) 1-2 HIVE FSBIASHELA 30 FC, HEBe

[0058] 31- REELS, 32- Yi23 ie ar, 33- BAASFFEIER, 34-2CHAT wy YL

35- 36-

Aik hiia

BEV FE Fa BeFE

hinF
[0059] PRAANAA, PE 8 SRFEA BS A

[ooo] Sk ite fo TEPR PED J 12 AYeB SEL) SP HGZE FA PVDF F218 95: 3 22 AY AC

LEYRAISA, SR PEA YA 22 An a a: SEGA SP mR ZEGH] CMC HSA SBR F288

[0061] HE APR ieBeZS CEC) iH ZG (DEC) FleBe SEZEB (EMC) AY

wom FR,HLA EE (LAPP,), JFYSOI 1, 2- PMRWZH (VC) PEASDF.WN

[0063] Fees PAS HE UN TK AP AS HE tS LAG TAKTEATS - BHAT PS - BiJRFPR

[0064] A FEESREF PEN, RSTEAFr€LF ERRAa 11 REAR ae 11 PA
JAVATEringPEW 12, IRAEA ae 11 AUE ERR EE 13TERRYK 14

ALEA 78AX 15,AIRERARae LL TER SX 16ERR78
AX 17 FUER AX 18 AAATERA 13 AER 7AK 17 PEPERAay
LL AS Pla) FFAETE, STIR IEHR ba XK 14 FIER GX 16 oPHAL PIEDRA

13 FN Paid PTAA RRA 2AK 15 AER =AAX 18 feFERA a 1 APaul
ABEEERAR Frag LL ae
[0065] TIAA DAAAe RA a 21,BIRRR ae 21 PSAA
TEV IR 22, STARA TARA ay 21 AP{iA PP PeWAAbTiBA DARAR 23 Fl fh
IAS ALK 24.
[0066] ANSI, AIRATERAK 14 SERA EL 13 KERRY 32mm, AYE RR

By 16 TEARS 2AK 17 EEREA 32mm ;

[0067] PTAA IEABJXH 13 ALARM EL 23 AY TERESA 15mm, FRRELA 0. 2mm ;

[0068] TIARA IEDR ASX 14 AERA Oa 16 BEES J 35mm ;

[0069] TIARA IER AB -28AK 15 PERE 58mm,PRATER = 28AK 18 HEE 180mm ;

[0070] APIA AY TEARS ARAK 17ARR AK 24 AEY 24mm ;

[0071] AAA RARAe 11 A, TRSaiRR ie 21 AAA IEDA

[0072] PTAA IERBJXH 13 AHA, TIANTRIE 23 AAA

[0062] 1,

Ba Het.

DA

[0073] PIAA ARS - 14 RATAPT TERR 2AX 15 TEARBY
8
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16 2 AEA = 2AX 18 2 aBEA BEwa wa FZ,A (PET) Aa

K 14, TERR AAK 15.TERRGX 16 AER =" AK 18 AEE Lm 5EAA

[0074] MAUNAREAKUKEARMUKVRAHA Wy

Hh Be BS oe FE REA

(yeREBEL. Sm
[0075] TIAA TEAR 13 AAR 23 ShBRHY 20mm, SERA Sy oyFl ABe IA

SERRA LL ORR 21 2mmRELBCAA AES

[0077] Skiff] 2. Het
[0078] We PS=f tsEPSSHP) 1 EVERYREP PR FL IFA PSBL, FFAY1

76fi" (NUPCE IFAAeA 10Ah.

[0079] SKEA 3. HELLS

[0080] WNSUH 1 ATARI HLS, AN TADA 2

[00st] TIARA IEDR SB
- ASK 14 SERA EL 13 ASEAN 270mm, TIARAAER BX 16

7AK 17 MERRY 270mm ;

[0082] PAM IEAARE 13 FUARAL 23 EIA 70mm, FEPETS 0. 2mm ;

[0083] PIAA TEARS - X 14 AERA EK 16 FEES 80mm ;

[0084] TIAAIEA oR 2IK 15 REO 220mm, JT I AY IEHR 2HK 18 BH REY
620mm ;

[0085] ATRAIER 7AX 17 AAA AIX 24 EARETA 75mm ;

[0086] TAR HARE 23

[008s] Sk fifF 4. AREER ARES
[0089] WSU 1 ATARIESEFAS S, A HY 2

[0090] TIARA IEDR - AK 14 SERRE 13 AFRO LOmm, PIA AYIER-BGK 16

AK 17 AEB ca 10mm ;

[0091] APA IERARE 13 FUARAL 23 AY 5mm, O. Imm ;

[0092] PIAA IEA 14 AERA GK 16 EEG 13mm ;

[0093] ATR AN IER SB 2AX 15 HERE 10mm, BTR AYTER 2AX 18 FA 15mm ;

[0094] FIR AN1E8K28ZAX 17 PA AK 24 BYERE 6mm ;

[0095] TIAAHARA 23

[0097] 5

Heed.AER aE EERE 0. 02mm, BABS aeMEEARA ZGPY (Ml) 5mm, 6BeRS iy BHRE LETEAOy

AX 17 WEARATA FA he Z, fg Yh 23NE oy, Yi23 ABE JEEA 0. 02-0. 04mm, HI

2AK 17 6mm, ir HEPELEER - 2AK 17 ERE DE 2. Smo ;

0. 055mm, 2%Ie tvHAS RELAR AIX 24 WIRREAR 6mm, 6458B rh HYaFE LG DAAA IK 24

[0076] jEtKt Area 11 KIER PEW YA 12 RFSSEW 185me/cm',HARA 21 bf
READ 22 FeaR 76mg/cm

[0087] jEtR AKArea 11 KIER PEW YA 12 RFSSPE 210me/cm', HARRAH 21 bh
READ 22 FeaR 100mg/cm'.

[0096] biTEAR AR 11 KIERa PEW it 12 RFSSEW 160me/cm',HARA 21

READ 22 FeaR 60mg/cm
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[0098] ST IRK, FEA SE 2 PANGS
[0099] (1) ep icRL. SE HE GH] SPARSE FH] PVDF F228 95 33 22 AACE PEL, illOB, FE
TERRPER 12 ;

[0100] eeAt A Se E fl] SP 29 Fl) CMC9BFF] SBR FZ) 95. 4 21 31.6 22 AAC LET F

SOS],HOR. 1S RI PEW 22 ;

SRA Ae 21 TERRA 13 AbTERR 14.ERA ZBA 15, ERS

AHAR28 ALS 24 PA PEAR 22

ERA SAR ERA RK AERA aA

6 Om, 21 EELEARBK 14. ERB AK 15. ERS
16 AER 2K 18 ARRTE Umm 5ERRAe ADK 17 eeARYAS AZ

Ae Fee EEREA 0. 02-0. 04mm, eeHHAFE LG TE AR

Ay AE HE 1. 5mm ;

[0106] 265 FR AZ) EAA 13 RR 23 AN oe
AB

[0107] (3) #238 PRR. HR TER TER Ee JE
(2) Tt 61ByAEART Td

- BRAS ETT BBE, TERR iy 11 PRR iy 21

AB LATfe EEA - TA ES Eatt, WOEARCI,AEE J Be ECY te
[0108] FATS AY BR AaA SR TAMs. ARSESEHEPAREEREL

oi ll RE, #5BI LAEHELD
[0110] 413 3 AAS ABE EAE 33 PRASE FHL ARE 34 Shp
AY RUC, PX 35 Live ByeLW 1 +0. 5mm ASERU I

[0111] (4) ABR (3) FERIAESE AE RLSZEBAS 80°CBLABEE EY PS AL,

[0112] 39.9 ~ 40. 1g

[0101] (2) ARIEMR MEN Jit 12 A HR MEAD Jit 22 FP IPRFEE IEDR AR LL Aye AL

12 Ti 23

[0102] JEARAAa 11 ANAe ARAR a 21 AY 4e PR I PEW A. 14

A A A
18 RAZR ARZA (PET) az ay, ZAR aEE 0. 02mm, 2a

A

17 4 6mm,

Hn We cy HhPE LEE AR 28AK 17 2. 5mm;

[0103] TIA AY 61A2HK 24 OPE EWHWeT Ei, EA
0. 055mm, 4aZeAea?HAR RELLAR AIX 24 WIRREAR 6mm, AZHee rh HYaFE LG AA IK 24

[0104] BRI ATEWe PEW 12 WARFERRED 185e/m',

EEREAb 36 TEES pa FBS 31 BEST REAR 36 ang He KeSeee 32, a
Zeer 32 LEMEREAR 36 BH 1-2mm, FF AD Aa ee 32 AETEPEA 36 [Al reEE >

10
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[0113] PIAHau HsASHYBER 3EL TRS
[0114] #1
[0115]

FRA (kef) ime CC ) In} fa] (S) Fase (PCS)

663 15 40

TASK 663 25 70

2

2

[0116] AY EKA 1

DEATAASREE
[0118] xf Lk fal 2

[0119] WS EL AR AY EEE A HELD, ANSETIAA TEARARE 13 AAARAL 23 3p

AND TETANY ERAT i LL 21 A
[0120] FSC UHA) DAR1%ANY LU Pd BSa25 A fsHt ald7Pe Et
[0121]

[0122] ABST fyi] OMT LCL AT ELA) 2 ail) PS SY exGe TSFFBET MEBEEP ik,
2, Al 4 ATA

[0123] 2 =FS ie id i EE HE ReBlPS
[0124]

[0117] DOSE TE) © AT AS Se ee THI TIE,ATA ae, 2BR (5) PAN

sr fil

95 ate 17) 10 Rw? EW) RE He aes
( mAh) ( Wh/Kg)

R ve 5 11798 6 2 175 64

11631 3. 643xt re Bl 1 7.8 168. 14

xt re 2 11700 3. 602 13.5 165.91

722

[0125] A, ANAC PA ty, £
7 2b 07 ae
He

ETE IY

PEiARe
HEA FEDat JC HELINA fe MBB PEBE IF

11
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12 13 14 15

11

16 17 18

2? 23

21 + + + + + +444 4+ 6

Pg] 2

> 4
32

/ \ 33
31 36 35

Fg] 3
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3.6

3.5

3.4

3.3

3.2

3.1

3.0

2.9

2.8

2.7

o 2 4 & 8 16 12

Rae (An)

Al 4
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