
- 45 - 
 

㸰㸬᪂࠸ࡋ㟁ụᢏ⾡ࡢ◊✲㛤Ⓨ 

㟁Ẽ࣭㟁ᏊሗᕤᏛ⣔ ᩍᤵ ✄⏣ ு  ྐ

 

㸰㸫㸯 ḟୡ௦ᆺ㟁ụᐇ⌧ࡓࡅྥ◊✲㛤Ⓨ 

ࡗ࡞࠺ࡼࡿࢀࡉ⏝㏵࡛⏝࡞ᗈ⠊ࡀ㟁ụ࣒ࣥ࢜࢘ࢳࣜ 

㧗ᛶ⬟࣭ࡿ࡞㸪᭦ࡀ࠸ࡋஂ࡚ పࢺࢫࢥ࣭ 㧗Ᏻࡀᮃࢀࡲ

ࢺ࣭ࢫ࣏ඹᨵⰋࡢ㸪㟁ụᮦᩱࡾ࠾࡚ ࡢ㟁ụ࣒ࣥ࢜࢘ࢳࣜ

◊✲㛤Ⓨࠋࡿ࠸࡚ࢀࢃ⾜ࢇ┒ࡀᙜ◊✲ᐊ࡛ࡣ㸪ࢺ࣭ࢫ࣏ ࢳࣜ

࣒࢜࢘ࢩࣝ࢝ࡿ࠸࡚ࢀࡉᮇᚅ࡚ࡋࡘ୍ࡢ㟁ụ࣒ࣥ࢜࢘

ࣥ㟁ụࡢᮦᩱ㛤Ⓨ࣒ࣥ࢜࢘ࢩࣝ࢝ࠋࡿ࠸࡛ࢇ⤌ࡾྲྀ㟁ụ

ࡋᐦᗘ㟁ụ࣮ࢠࣝࢿ࢚㧗ࡿ࠼㉸ࢆ㟁ụ࣒ࣥ࢜࢘ࢳ㸪ࣜࡣ

࡚ᮇᚅࡀࡿ࠸࡚ࢀࡉ㸪⌧Ⅼ࡛ࡢࡇ㟁ụᮇᚅࡿ࠸࡚ࢀࡉᡤ

ᮇᛶ⬟ࢆぢ㏻ࡿࡏ㟁ᴟᮦᩱࡾ࠶࡛≦⌧ࡀࡢ࠸࡞ࡀ㸪ࡢࡑ㛤Ⓨ

ࢆᏍ✵࡞ࡁ㸪⤖ᬗᵓ㐀୰ࡣᮏᖺᗘࠋࡿ࠸࡚ࢀࡽࡵồࡃᙉࡀ

᭷ࡋ㸪/L���1D���0Jࡢ��㟁ẼᏛⓗᤄධ࣭⬺㞳ࡿ࠶࡛⬟ྍࡀ

0R���\92��G㸦092㸧ࡋ┠╔㸪ྜࡢࡑᡂ࣭㟁ẼᏛ≉ᛶホ౯

ࡀ092ࡿࡏ࡞ࡳ┦༢୍ࡰ㸪ࡾࡼᅇᢡ ᐃ⥺;ࠋࡓࡗ⾜ࢆ

ᚓࢆࡇࡓࢀࡽ☜ㄆࡋ㸪࣒ࣥ࢜࢘ࢩࣝ࢝㟁ụ⏝ṇᴟ࡚ࡋ

ᯝ㸪ᅗ⤖ࡢࡑࠋࡓࡋホ౯ࡾࡼࣝࢭ㟁ᴟ୕ࢆᛶ≉ࡢ ♧�����

ࡣ092㟁ᴟࡀ࠸ࡁࡸࡸࡣ㸪㐣㟁ᅽ࠺ࡼࡍ ����P$K�J⛬
ᗘྍࡢ㏫ᐜ㔞ࡀࡇࡍ♧ࢆ☜ㄆࠋ୍ࡓࢀࡉ ᪉㸪㟁㸦&D��⬺㞳㸧

ᐜ㔞ࡶࡾࡼᨺ㟁㸦&D��ᤄධ㸧ᐜ㔞ࡀࡃࡁ㸪ప㟁ഃ࡛ࡢ

ᛂࡀ♧၀ࠋࡓࢀࡉᨺ㟁ヨ㦂ᚋ㟁ᴟࡢᵓ㐀ゎᯒࢁࡇࡓࡗ⾜ࢆ㸪092 ಖࡣᬗᵓ㐀⤖ࡸ⢏Ꮚᙧែࡢ

ᣢࡀࡓ࠸࡚ࢀࡉ㸪㟁ᴟ⾲㠃࡚㟁ゎ㉁ࡢศゎ⏕ᡂ≀ࡢᙧᡂ࣭ሁ✚ࡀ☜ㄆࡓࢀࡉ㸦ᅗ ����� ᯟ㒊⥺◚ࡢ

ศ㸧ࠋ㟁ᴟᮦᩱ᥈⣴୪⾜࡚ࡋ㸪㟁ẼᏛⓗᏳᐃᛶࡢ㧗࠸㟁ゎ㉁ࡢ㛤Ⓨࡀᚋࡢㄢ㢟࡛ࠋࡿ࠶ 
 
㸰㸫㸰 㓟≀⣔ᅛయ㟁ụ㛵ࡿࡍ◊✲㛤Ⓨ 

ࡢᛶ⇞ྍࡿ࠸࡚ࢀࡉ⏝㟁ụ࣒ࣥ࢜࢘ࢳࣜ⾜⌧ 

᭷ᶵ㟁ゎᾮࢆ↓ᶵᅛయ㟁ゎ㉁࡛⨨ࡁࡓ࠼ᅛయࣜࢳ

❧୧ࢆᏳᛶᐦᗘ࣮ࢠࣝࢿ࢚㸪㧗ࡣ㟁ụ࣒ࣥ࢜࢘

㸪ࡓࡲࠋࡿ࠸࡚ࢀࡽࡅ࡙⨨ḟୡ௦ᆺḟ㟁ụࡿᚓࡋ

࢘ࣜࢺࢼ࠸࡞ᑡࡢ㈨※ⓗไ⣙࡚ࡋẚ㍑㸦/L㸧࣒࢘ࢳࣜ

࣒࢘ࣜࢺࢼᅛయࡿࡍࣥ࢜ࣜࣕ࢟ࢆ㸦1D㸧࣒

ᮏ㡯ࠋࡿ࠸࡚ࢀࡉほⅬ࡛ᮇᚅࡢࢺࢫࢥ㸪పࡣ㟁ụࣥ࢜

≀㸪ᅛయ㟁ụ⏝㓟ࡕ࠺ࡢᡂᯝࡓࢀࡽ㸪ᮏᖺᗘᚓࡣ࡛

ᅛయ㟁ゎ㉁ࡢᛶ⬟ᨵၿ㸪㟁ᴟᮦᩱ࣭ ᅛయ㟁ゎ㉁୍ࡢయ

ᡂᆺ㛵᳨ࡿࡍウ⤖ᯝ࡚࠸ࡘ㏙ࠋࡿ 
 
㸦㸯㸧 ࢺࢵࢿ࣮࢞ᆺ㓟≀ᅛయ㟁ゎ㉁ࡢ⤌⧊ไᚚ

ᛶྥ⪏ࢺࣛࢻࣥࢹ࣒࢘ࢳࣜࡿࡼ  ୖ

ఏᑟᛶ㓟≀ᅛయ㟁ゎ࣒ࣥ࢜࢘ࢳᆺࣜࢺࢵࢿ࣮࢞

㉁/L�/D�=U�2��㸦//=2㸧ࡣ㸪ᐊ ୗ࡛ ����������6�FPࡢ

㧗ࣥ࢜࠸ఏᑟ⋡ࡋ♧ࢆ㸪༝࡞㟁ᴟ㟁㧗࠸⌮ㄽᐜ

㔞㸦 �������P$K�J㸧ࢆᣢࡘ㔠ᒓ/L㈇ᴟᑐࡶ࡚ࡋ㟁Ẽ

ᏛⓗᏳᐃ࡛ࠋ୍ࡿ࠶ ᪉㸪㔠ᒓ/L㈇ᴟࡢ2=//

᥋ྜ⏺㠃࡛ᨺ㟁ࡓࡗ⾜ࢆሙྜ㸪⏺㠃࡛ࡢᆒ୍࡞ /L

 
ᅗ 2-1-1 MVO㟁ᴟࡢᨺ㟁≉ᛶ 

 

ᅗ 2-1-2 ᨺ㟁ヨ㦂ᚋࡢ MVO㟁ᴟ

⾲㠃ࡢ SEMほᐹ⤖ᯝ 

 
ᅗ 2-2-1 Ga2O3ῧຍ LLZOࡢ SEMほᐹ⤖ᯝ 

 

ᅗ 2-2-2 LLZOࣥ࢜ࡢఏᑟ⋡Ȫ㝈⏺㟁

ὶᐦᗘ CCDࡢ Ga2O3ῧຍ㔞౫Ꮡᛶ 



- 46 - 
 

ゎ࣭⁐ࡢ ᯒฟᛂక࠸㸪సື᮲௳ࡣ࡚ࡗࡼᶞᯞ≧/L㸦ࢺࣛࢻࣥࢹ㸧2=//ࡀ୰ᯒฟ࣭ ఏࡋ㸪

᭱ᝏࡢሙྜ▷⤡ࡿ⮳ㄢ㢟࡛ࡇࡑࠋࡿ࠶ࡀ㸪//=2㸦=U୍ࡢ��㒊7ࢆD��࡛⨨㸧ࡢ↝⤖*D�2ࢆ�ῧ

ຍࡋ㸪//=2 ᙳ㡪ࡢᛶ⪏ࢺࣛࢻࣥࢹࡸఏᑟ≉ᛶࣥ࢜㸪࠸⾜ࢆᐦᗘ㸧ไᚚࡧࡼ࠾㸦⢏Ꮚᚄ⧊⤌ࡢ

ࢆD�2�ῧຍ㔞*ࠋࡓࡋㄪᰝࢆ ��PRO�௨ୖࡓࡋ㝿㢧ⴭ࡞⢏ᡂ㛗ࡀぢࡓࢀࡽ㸦ᅗ �����㸧ࠋᐊ ࣥ࢜

ఏᑟ⋡ࡣ ��PRO��*D�2�ῧຍヨᩱ࡛ᴟ㸦 �����u������6�FP㸧ࡀࡓࡋ♧ࢆ㸪ࢺࣛࢻࣥࢹ⪏ᛶࡣ⢏ᡂ㛗ࡀ

ぢࡓࡗ࡞ࢀࡽ ��PRO��*D�2�ῧຍヨᩱࡶ᭱ࡀඃࡾ࠾࡚ࢀ㸪/L ᑐ⛠ࢺࣛࢻࣥࢹ࡛ࣝࢭᡂ㛗ࡿࡼ▷

⤡ᣲືࡀⓎ⏕ࡿࡍ㝈⏺㟁ὶᐦᗘ㸦&&'㸧ࡣ ����P$�FP�㐩ࡓࡋ㸦ᅗ �����㸧ࡣࢺࣛࢻࣥࢹࠋ⢏⏺ἢ

ࡘࡋᢚไࢆ⢏ᡂ㛗ࠋࡿࢀࡉ ᥎ᅉ୍ࡀࡇ࠸ࡍࡸࡋᒁᡤ㐍ᒎࡀ᪉ࡢ㸪⢏ᚄヨᩱࡃࡍࡸࡋᡂ㛗࡚ࡗ

 ࠋࡿ࠶ࡀᛶ⬟ྍࡿࢀᅗࡀᛶྥୖ⪏ࡿ࡞㸪᭦࡛ࡇࡿᅗࢆᆒ㉁ࡢ⧊⤌య⤖↝2=//ࡘ
 
㸦㸰㸧 ࢺࢵࢿ࣮࢞ᆺ㓟≀ᅛయ㟁ゎ㉁ࡓ࠸⏝ࢆṇᴟ」ྜయ

 㟁ẼᏛ≉ᛶホ౯ࡧࡼ࠾స〇ࡢ

๓㏙ࡢ //=2 ࡘᣢࢆᆺ⤖ᬗᵓ㐀ࢺࢵࢿ࣮࢞࡞ᵝྠ

/L�6U/D�%L�2��㸦/6/%2㸧ࡣ㸪ఏᑟ⋡୍ࡾࡼ2=//ࡣ᱆⛬ᗘప

&㸪���qࡀ࠸ ⛬ᗘ //=2 ↝㸪ࡵࡓࡿࡁ࡛⤖↝࡛ పࡶࡾࡼ

ࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡋ㐺య୍ࡢ㟁ᴟᮦᩱࡓࡋࢆ⤖

௦⾲ⓗ࣒ࣥ࢜࢘ࢳࣜ࡞㟁ụ⏝ṇᴟᮦᩱࡿ࠶࡛ࡘ୍ࡢ/L&R2�

㸦/&2㸧ࡢ%2/6/ΰྜ⢊ᮎࢆ㸪���q&�����03Dࡢ᮲௳࡛ຍ

ᅽ↝⤖࡚ࡋ /&2�/6/%2 ṇᴟ」ྜయ㸦య✚ẚ ���㸧ࢆస〇ࡋ

ࡀᛂ⏕ᡂ≀㸦/D�/L��&R��2�㸧ࡢᯝ㸪ᚤ㔞⤖ࡢᬗ┦ྠᐃ⤖ࠋࡓ

ほ ࡀࡓࢀࡉ㸪� ࡋ᭷ࢆ⧊⤌ࡓࡋ⤖↝ᐦ⦔ࡀ%2/6/2&/

ᐊ ୗ࡛ࡣᮏ」ྜయࠋࡓ࠸࡚ �����6�FPࡢ࣮ࢲ࣮࢜㟁Ꮚఏᑟ⋡

㸦VH㸧ࣥ࢜ࡧࡼ࠾ఏᑟ⋡㸦VL㸧ࡋ♧ࢆ㸪㏻ᖖࡢ㟁Ẽ⅔↝⤖࡛

స〇ࡓࡋ」ྜయࡶࡾࡼඃࡓࢀ㟁Ẽఏᑟ≉ᛶࡀᚓࡓࢀࡽ㸦ᅗ ��
���㸧%2/2�/6&/ࠋṇᴟ」ྜయ㸦ཌࡉ ����PP㸧ࡢ㟁ẼᏛ≉

ᛶࢆ㟁ゎᾮ୰࡛ ᐃࡓࡋ⤖ᯝ㸪ᐊ ୗ࡛/&2ࡢ⌮ㄽᐜ㔞㏆

࠸ ��������P$K�Jࡀᚓࡓࢀࡽ㸦ᅗ �����㸧ࠋᚋ㸪㟁ゎ㉁ᒙࡶ

ᅛయ࡚ࡋṇᴟ」ྜయࡢᛶ⬟ホ౯ࡴ⤌ࡾྲྀணᐃ࡛ࠋࡿ࠶ 
 

㸦㸱㸧 ᒙ≧ᵓ㐀࣒ࣥ࢜࢘ࣜࢺࢼ㟁ụ⏝ṇᴟᮦᩱ㸭ᅛయ㟁
ゎ㉁୍ࡢᣓ↝⤖㛵ࡿࡍᇶ♏᳨ウ 

ᒙ≧ᵓ㐀ྵ࣒࢘ࣜࢺࢼ᭷㓟≀1D�1L�7H2�㸦1172㸧ࡣ㸪1D
ᇶ‽࡛ ������9 ⛬ᗘ㧗㟁࡛సື࣒ࣥ࢜࢘ࣜࢺࢼࡿࡍ㟁

ụ⏝ṇᴟᮦᩱ1172ࠋࡿ࠸࡚ࢀࡽ▱࡚ࡋࡘ୍ࡢ 㸪ᐊ ୗࡣ

࡛ �����6�FPࡢ࣮ࢲ࣮࢜㧗ࣥ࢜࠸ఏᑟ⋡ࡍ♧ࢆᅛయ㟁ゎ㉁࡛

ᵓᡂඖ⣲࣭1D�=Q�7H2�㸦1=72㸧ࡿ࠶ ⤖ᬗᵓ㐀ࡀ㢮ఝ࠾࡚ࡋ

ࡏྜ⤌ࡢᮦᩱࡓࡋ㐺ᅛయ㟁ụస〇ࡿࡼ⤖↝㸪୍ᣓࡾ

ᇶ♏᳨ウࡓࡅྥ㸪ᅛయ㟁ụస〇ࡣ࡛✲◊ᮏࠋࡿࢀࡽ࠼⪄

ᣓ↝⤖ヨ୍ᛂᛶࡢฎ⌮⇕ࡢ72=1㸪1172࡚ࡋ

ᩱࣥ࢜ࡢఏᑟ≉ᛶࢆホ౯72=1172�1ࠋࡓࡋ ΰྜ⢊ᮎ㸦ࣔ

ࣝẚ �����㸧ࡢ⇕ฎ⌮ᚋࡢ;⥺ᅇᢡ ᐃ㸦ᅗ �����㸧ࡾࡼ㸪���|&
ࡢ㸪␗┦⏤᮶ࡀࡓࢀࡉ၀♧ࡀᅛ⁐యᙧᡂࡢ72=11172࡛

㸪1172�1=72ࡓࡲࠋࡓࡗ࡞ࢀࡽぢࡣࢡ࣮ࣆ ΰྜ⢊ᮎࢆ

ࡧࡼ࠾&|��� 㸪1=72ࡾ࡞����u������6�FP㸪����u������6�FPࠎྛࡣ⋠ఏᑟࣥ࢜ࡢヨᩱࡓࡋ⤖↝࡛&|���
༢య↝⤖ヨᩱ㏆࠸≉ᛶࡢࡇࠋࡓࡋ♧ࢆ⤖ᯝࡣ㸪1172୍ࢆ72=1ᣓ↝⤖ࡓࡋ㝿㸪Ⰻዲࣥ࢜࡞

ఏᑟ≉ᛶࡍ♧ࢆ㟁ᴟ㸭ᅛయ㟁ゎ㉁⏺㠃ࡀᙧᡂྍ⬟ࢆࡇ࡞♧၀ࠋࡿ࠶࡛ࡢࡶࡿࡍ 

 

ᅗ 2-2-3 ୍ᣓ↝⤖ࡓࡋ LCO-LSLBṇ

ᴟ」ྜయࡢ㟁Ẽఏᑟ≉ᛶ 

 
ᅗ 2-2-4 ୍ᣓ↝⤖ࡓࡋ LCO-LSLBṇ

ᴟ」ྜయࡢᨺ㟁≉ᛶ㸦㟁ゎᾮ୰㸧 

 

ᅗ2-2-5 NNTO/NZTOΰྜ⢊ᮎࡢ⇕ฎ

⌮ᚋࡢ X⥺ᅇᢡ࣮ࢱࣃ  ࣥ

0 20 40 60 80 100 120 140 160 180 200
2.0

2.5

3.0

3.5

4.0

4.5
 1st
 2nd
 3rd
 4th
 5th
 6th
 7th
 8thV

ol
ta

ge
 [V

]

Capacity [mAh/g]

��q&����P$�J 


