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Abstract

This paper discusses quantitative analyses of patents published for cathode active materials for lithium secondary batteries based
on layer structure. Numbers of the patents analyzed were 356, 1628, 2915, 439, and 611 for Korea, USA, Japan, Europe, and
PCT (WO), respectively. Trends of improved technologies and alternative technologies concerning lithium cobalt, from 1991 to
2012 were examined and the patent shares distribution of each principal countries about lithium secondary battery technologies
were also scrutinized. The number of patents for the mixed structure technology and next-generation lithium secondary battery
technology increased numerously in 2000. Particularly in 2005, lots of patents were also published and SANYO (34.5%), SONY
(17.5%), LG (7%), and SAMSUNG (5.5%) possessed leading patent applicants. Finally, the research focus on cathode active
materials for lithium secondary batteries was confirmed by bubble chart distributions for component-by-step process.
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Table 1. The Number of Searched Patents
Countries Division Using DB Search period Number of patents
Korea 356
USA 1,628
Japan Registrated and Published Patents WIPSON 1991.1. ~ 2013.12. 2,915
Europe 439
PCT (WO) 611
Total 5,949

Table 2. The Technology Classification of the Cathode Active Materials

Major classifi-cation Middle classification

Small classification Classification Standard

Cobalt Improvement (AA)

Layer structure (A)

Cobalt Alternative (AB)

Single compound (AAA)
Two compound (AAB)
Three compound (AAC)
Multi compound (AAD)
Single compound (ABA)
Two compound (ABB)
Three compound ((ABC)
Multi compound (ABD)

Cobalt-containing single-component
Cobalt-containing two-component
Cobalt-containing three-component
Cobalt-containing multi-component
Cobalt-not containing single-component
Cobalt-not containing two-component
Cobalt-not containing three-component

Cobalt-not containing multi-component

. Spinel structure mixed (BA)
structure of mixed (B) .
layer structure mixed (BB)

Layer+Spinel mixed structure

Layer+Layer’ mixed structure
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Table 3. Key Words and Formulas for Searching

Language

Key words and formulas for STEP searching

S1 : (FE FEE 2 lithium Li) and (A batter*)

S2 : SI and (%=* A=+ positiv* cathod*)
Korean S3 (
S4 : S3 and (F/3* laye¥)

S5 : S4 and (£8H! olivin* 23] spinel*)

S1 : (Li lithium) and (batter*)

S2 : S1 and (cathod* positiv¥)
English S3:

S4 : S3 and (laye*)

S5 : S4 and (spine* olivi*)

: 82 and ((A°] A9)) adj2 &%) tramsiti* Y7 Nicke* Ni §ZF mangan* Mn FHE cobal* Co)

S2 and (transiti* Ni nike* Mn manga* Co cobal*)

Language Key words and formulas for searching

Koean (AF 2Els #& lithium Li) and (A batter*)) and (%F=* J=* positiv* cathod*)) and ((F°] o)) adj2 &%)
transiti* Y72 Nicke* Ni "%} mangan* Mn TE cobal* Co)) and (573* laye*)

English ((((L1 lithium) and (batter*)) and (cathod* positiv¥)) and (transiti* Ni nike* Mn manga* Co cobal*)) and (laye*)

[ First technical classification ]

[ Key words selection ]

[ Writing formulas for searching ]

‘ Patent Search ‘

‘Formulas complements
- Adding keywords

-Noise elimination
- Population configure

‘ Data clean up ‘

[ second technical classification ]

Patent quantitative analysis
- Trends by Year
Trends by Technology
Trends by Applicant

Conclusions

Figure 1. The patent analysis step.
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Table 4. Valid Patents by Countries

omie g ans_ Dye 20 e
Korea Korean 236 214
Japan Korean and English 806 548
USA 618 328
Europe English 156 107

PCT (WO) 166 97

Total 1,294
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Table 5. Valid Patent by Technologies
. .. compo- . .
Synthesis Mixing stion Coating ~ doping
. Compo .
] ) Small Solid High-t C‘o—'pre Vapor Water Disper-  _.. Hydrot Co Ionl-su Specific Metal Metal Total
Middle classi- . emper-  cipita- . heat Spray Firing  hermal . bstitu-  Sol-gel .. compo- oxide& & non-
. classi- phase g deposi- . essing . Mixi .
fication X ature tion : treat-  Drying method  Synthe tion  process stion  carbon  metal
fication  method . tion method . process ng ele- X . .
fusion  process ment sis method mments ratio  coating doping
single 4 2 4 3 2 3 45 15 78
Two 2 1 2 2 16 1 12 2 81 7 126
Improvement
Three 7 1 17 2 14 1 21 4 1 9 3 52 122 43 25 322
Multi 7 3 2 4 8 1 21 18 20 11 95
single 1 1 6 5 8 7 1 10 13 24 6 82
Two 3 20 10 1 5 21 64 56 19 199
Alternative
Three 10 4 6 1 14 7 41 18 101
Multi 1 5 2 2 10 2 2 24
Totla 8 3 50 4 5 17 5 54 37 3 61 8 135 265 289 83 1027
Spinel Mixed 150 150
Layer Mixed 117 117
Total 1294
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2140 . 13 d 130 MSAMSUNG
2 119 | 125
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Figure 2. The number of patent applications by years.
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Figure 4. Top 11 applicants of the cathode active materials based on
the layer structure for lithium secondary batteries.
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Figure 5. The patent trend of major applicants for the cathode active material based on the layer structure for lithium secondary batteries.
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Figure 6. The trend by years and by technology of cathode active materials for the lithium secondary batteries.
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