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Abstract : This paper analyzes patent trends in composite substrate technology for secondary
batteries and presents strategies for future development. A total of 11,819 patents were collected
and systematically analyzed, resulting in 543 valid patents. These patents were categorized by
country, applicant, and technology to identify key trends. The study includes patents from
Korea, United States, Japan, China, and Europe. Various polymer materials in composite current
collectors were examined, including insulating types, cable-type batteries, conductive filler-con-
taining materials, and fiber-based structures. The analysis revealed a sharp increase in patent
filings since 2018, with Japan leading with 175 patents. However, after 2020, filings in the
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United States and China increased significantly. Among the top nine applicants, Japan and
Korea each had four, while China had one, with Japanese companies primarily focusing on
polymer materials with conductive fillers. PET was the most commonly used polymer due to
its excellent properties and cost-effectiveness. Future advancements are expected to improve
conductivity with conductive fillers and enhance safety with flame-retardant materials. Ultra-
sonic welding was the dominant tab connection method, showing excellent performance. This
method may evolve by integrating with other welding techniques. Welding quality and electrical
performance were identified as key factors, stressing the need for continued research.

Keywords: Composite substrate for secondary batteries, Composite current collector, Patent trend
analysis, Polymer materials, Tab connection method
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Table 1. Technical classification

Main Category Subcategory

Detailed Category

Polymer Application Type

Composite Current

Collector Electrical Tab Connection Method

Electrode Assembly Structure

A. Insulating Polymer Film Type
B. Cable Type
C. Conductive Polymer Film & Fiber Type
D. No Specific Welding Method Mentioned

E. Mention of One or More
F. Ultrasonic, Laser, Resistance Welding

G. Others
H. Winding
1. Stacking
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Fig. 1. Patent application status by country and year.
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Table 2. Patent application status by applicant

Number of patent
Company name

applications
CATL 55
Nissan 54
Sanyo Chemical 48
LG Chem 34
U&S Energy 26
ATL 19
Prime Planet Energy & Solutions 17
LG Energy Solution 15
Samsung SDI 15

E5E H{s dom, Y9 ATL (Amperex
Technology Limited)®} Prime Planet Energy &
Solutions& ZHzZt 19713} 17719] §31& E93itt
ol9} A, sh=9] LG Energy Solution®} Samsung
SDI= 717} 1579] 5518 EUsir.
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Fig. 3. Patent application status by applicant-technology.
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Table 3. Patent applications for conductive fillers by year

Year Application number

2008 JP2008-324131

2010 KR10-2013-7031070, JP(2011-503746, 2011-
551693)

2015 JP(2015-067223, 2016-545477, 2016-545478)

2017 JP(2017-033631, 2017-212045)

2018 US16/756059

2019 US16/973657

2020 JP2020-215016

2021 JP2021-082564
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less current collector design®”, (B) direct welding of tab
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layer in current collector™.

322 9 9472 9] % A 3 v
A :rL

ANA & Ad wAe GA A TR R &
Atk 3, A FA0A S QAU "ol /i

£ 722 ATt Welz BV, B4, 35% )
o]

of #IAIgE SLEx

-

AR, F55 9 oJet.
B AT Fa%e) A S B4 F =
2

=3 &4o] 7P Bel 28d ZAew it
5ole 257 &4 2971, 25914 A WY 19
A, ZFvhdelA W 441, A% &4 31, 2a9-
A Y 274 wolle, dolA &4 v A8 &
sle SRlHA sttt 259 &4 53 JAA
A A7 | el gabEelH, glolAd SR A
g 28] v Aor WU 3, v)=
S4 Ao S SHs] f8 229 &5 o
& 7eS Afsle davr @de] JyHY, 3% &
&) H% gtid Zlow odErt



A73)8k8)A), A 289, A 23, 2025

(A)

Fig. 5. Patent drawings about (A) no polymer in weld area

41)

, (B) pores in polymer layer

53

(C)

L I3 A A

130

42 and (C) polymer melting.*?

Table 4. Comparative analysis of tab welding methods for polymer layers

Patent

Effect

Issue

(A) No polymer in weld area
(B) Pores in polymer layer
(C) Polymer melting

Connects conductive layers directly
Reduces delamination
Connects top and bottom conductive layers

Low tensile strength
Requires punching process
Limited polymer options
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Table 5. Technological trends and strategic approaches in two sectors

° —C
'
Polymer Tab Connection
Current Technology PET + Material modification Ultrasound welding
Strate Addition of conductive filler & flame retardant ~ Adjustment of metal layer melting point & use of
& material external tap
(A) &%) Polymer support layer 27%)9] HIFo] F7sly Al F=Ho] Hslsla 9l

g 1st metal Iayer (Tab connection)

+3rd sublayer 3
UBIAYE S boint rise

~*1st sublayer

g 2nd metal layer

(Active material connection)
(B) 2l External tab structure

Current collector’s
tab folded laminate

9 External tab (Metal tab)

Electrically connected part by welding

Fig. 6. Patent drawings about (A) gradual melting point
design for enhanced bonding between polymer and metal
layers*” and (B) improved electrical performance using
external multi-layer tab connection.*
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