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1. ͺͣΌͶ
ϓϧρεϣϟϠϨ͵Ζժغద͵υώ΢η͗౲

༦ͶΓͮͱ൅໎͠ΗͱҐ࢞౨ࣵऀҽ͹નԮ෍࣎
߳ɾॢ ͚ؔͶϟϠϨۂֆΝੰ͢תͱ͏ͮͪɽ͠ Δ
͵Ζٗढ़ַ৿Ώ୉ྖ෕ٶ͹ԺܛͲ୉༲ ʀྖఁαη
φԿ͗ٺଐͶ਒Ίɾ֦ झϟϠϨΩʖχΏΨʖυΡ
ΨϕϪʖϢʖ͹Ί͵Δͥɾॊཔ͹ύʖχυΡηέ
χϧ΢ϔ(HDD)Ͷർ΄ͱ୉༲ྖʀ߶ଐಊࡠʀ߶ু
ܺ੓Ν༙ͤΖλϨρχητʖφχϧ΢ϔ(SSD)
͗ඬ६౧͠ࡎΗΖϏλαϱ΍ຌ֪దͶ෕͢ٶͱ
͏Ζɿ͢ ͖͢ɾ͵ ͕਒Կ͢କ͜Ζ߶ౕ৚ๅԿऀճ
͖Δ͹གྷٽͶɾ͞ ͹ϓϧρεϣϟϠϨ͹༹࢕Ͳͤ
ΔԢ͓Ζ͞ͳ͗ࠖೋͶ͵ͮͱ͘ͱ͕ΕɾΓΕ߶ଐ
͖ͯఁভඇుྙΝࣰͤݳΖ෈ض൅੓ϟϠϨ͹಍
೘͚͗ک๮ΉΗͱ͏Ζɿ
൅੓ϟϠϨͳ͢ͱɾ͠ض੊େ෈࣏ͪ͑͢͞ Ή͡

Ή͵ࡒྋΏݬཀྵΝ༽͏ͪυώ΢η͹ڂݜ֋൅͗
਒ΞͲ͏Ζɽک༢ుର͹ϐητϨεηಝ੓Ν༽͏
ͪ FeRAM (Ferroelectric Random Access Memory)
ΏࣕـηϒϱΝ੏ͤޜΖ MRAM (Magnetic 
RAM)ɾΩϩαΰψ΢χࡒྋ͹݃ধ༹ସรԿΝཤ
༽ͤΖ PCRAM (Phase Change RAM)͵ʹ͗ͨ͹
ޫึͳ͢ͱ͝ڏΔΗΖ 1), 2)ɿ͖͢͢ɾ͏ͥΗ΍ಊ
γ΢θͶًҾ͢ͱҲௗҲ୻Ν༙͢ɾ޽ཀྵΏՅݬࡠ
෈ض൅੓ϟϠϨۂֆΝੰͤתΖఖ͹݀ΌघͶܿ
͚͹͗ݳয়Ͳ͍Ζɿ
ຌߚͲͳΕ͍͝Ζఏ߇รԿܗϧϱξϞΠέι

ηϟϠϨ ReRAM (Resistive RAM)ͺɾఏི߇͹߶
ଆ͖Δ੔ߑ͵΋ͫ͜͹ୱ९ڮͲۅԿ෼Νు࢐͏
Εɾ୉༲ྖԿͶనͪ͢ಝௗΝ༙ͤΖɿΉͪɾϓϧρ
εϣϟϠϨͶർ΄ͱඊ༄ద͵߶ଐʀఁుྙಊ͗ࡠ
Ն೵ͳ͵Ζ͵ʹɾReRAMͺۛ͏গཔ͹ηφϪʖ
ζέϧηϟϠϨͳ͢ͱॉ෾༑Ηͪಝ௅Ν༙͢ͱ
͏Ζ 3), 4)ɿ͖͢͢ɾఏ߇η΢ροϱή(RS)ݳেͶ
ؖ͢ͱͺɾ͠ Ή͡Ή͵ࡒྋ͹ૌΊ߻ΚͦͲଡ਼ๅ
੓Ώಝ੓஍ۅΗͱ͕ΕɾRSͲ༽͏Ζుѻ͹͠ࠄ
ͻΔͯ͘͵ʹ΍ଡزͶ࿳ͮͱ͏Ζɿͨ͹ͪΌɾ
RS ে͹Ϡυϩ΍झʓ఑Ҍ͠Ηͱ͕Εݳ 4)-6)ɾݺ
พͲͺన༽Ͳ͘ͱ΍ଠࡒྋͲͺ໅८͗ਫ਼ͣΖ͞
ͳ΍ଡ͏ɿͨ ͹ͪΌɾReRAMͳ͏͑༽ࣙޢର΍ɾ
෾ྪ͚͖͠ࡋྋΏRSಝ੓͹ҩ͏ͶԢͣͱΓΕࡒ
Ηͱ͘ͱ͏Ζয়ڱͶͤΔ͍Ζɿ͢ ͪ͗ͮͱɾ෕ษ

ద͵ RSϟΩωθϞ͗մ໎͠Ηͪͳͺ͏͏ೋ͏ɿ
Կωρίϩ(NiO)Νͺ࢐Կονϱ(TiO2)Ώ࢐್
ͣΌͳͤΖ್ۜܧݫ଒࢐Կ෼Ν༽͏ͪఏ߇รԿ
ોࢢͶ͕͏ͱͺɾRSݳে͗൅ͤݳΖͶͺॵغు
ѻһՅͲ͍ΖϓΧʖϝϱήͳΓͻΗΖܻٺ͵ఁ
ఏ߇Կգఖ͗චགྷͳ͵Ζ͞ͳ͗எΔΗͱ͏Ζɿ
ϓΧʖϝϱήͶΓΕ࢐Կ෼஦Ͷψόϟʖφϩܚ
͹಍ు੓ϓΡϧϟϱφ͗ܙ੔͠Ηఁఏ߇য়ସͳ
͵Ζɿͨ ͹ޛɾుѻһՅΝ܃Εศͤͪ;Ͷɾ͞ ͹
ϓΡϧϟϱφ͹Ҳ෨͹இ࿀ͳर෰Ν܃Εศͤ͞
ͳͲɾRSݳে͗ਫ਼ͣΖͳઈ໎͠ΗΖɿ͞ ΗͺϓΡ
ϧϟϱφϠυϩͳΓͻΗɾ್ ͪ͏༼Կ෼Ν࢐ܧݫ
ReRAMͲकͶๅ͠ࠄΗͱ͏Ζɿ͞͹ϓΡϧϟϱ
φ͹ܙ੔ͺɾۜ଒/࢐Կ෼/ൔ಍ର(MOS)͹੷૜ߑ
ଆͶ͕͜Ζ࢐Կຜ͹ઊԓഃշͳྪ͢ࣇͱ͏Ζ 4)ɿ
ຌڂݜͲͺɾ͞ ͹ RSݳে͹伶ΝѴΖϓΧʖϝ

ϱήͶ஥໪͢ɾ࢐Կຜ͹ઊԓഃշͲஎΔΗΖϏʖ
αϪʖεϥϱϏηϠυϩͶخͰ͏ͱɾNiOΝപۜ
ͲڮΞͫ Pt/NiO/Pt੷૜ߑଆΝ༙ͤΖఏ߇รԿો
ࢾմੵͤΖ͞ͳΝܯ౹͹ϓΧʖϝϱήಝ੓Νࢢ
ΊΖɿ͞ ͹ࡏɾϓΧʖϝϱήಝ੓͹ોࢢγ΢θΏ
һՅుѻɾોࢢԻౕғଚΝ৆ࡋͶ௒΄ͪͪΌɾͨ
͹Ҳ෨Ν؈ୱͶๅͤࠄΖɿ

ݩࣰ .2
ຌࣰݩͲ༽͏ͪ Pt/NiO/Pt੷૜ߑଆΝ༙ͤΖો
੣घॳΏϓΧʖϝϱήಝ੓͹଎ఈ๏๑ͺɾࡠ͹ࢢ
ҐԾ͹௪ΕͲ͍Ζɿ
 ྋࢾ੣ࡠ 2.1
೦࢐Կຜ෉ pܗεϨαϱخ൚સ໚Ͷ 5 nmఖౕ

͹ Tiമຜͳ͠޲ 60 nm͹ PtΝ DCηϏρνϨϱ
ήͶΓΕ଱੷ͪ͢ɿNiOമຜͺɾνʖΰρφͳ͢
ͱ९ౕ99.99%͹ۜ଒NiΝ༽͏ͪൕԢ੓߶बഀη
ϏρνϨϱή๑ͶΓΕ଱੷ͪ͢ɿηϏρνΪηͳ
͢ͱ O2ͳ Ar ͹ࠠ߻ΪηΝ༽͏ɾસѻͺ 0.6 Pa
ͳ͵ΖΓ͑ͶླྀྖΝ੏ͪ͢ޜɿ଱੷ͪ͢ NiO മ
ຜ͹͠޲ͺ 50ʛ80 nmͲ͍ΖɿNiOΝ଱੷ͪ͢ޛɾ
ϟνϩϜηέΝ༽͏ͱ Pt৏෨ుۅΝ͠޲ 20 nm
ుࢢϑʖϞৢ஥ͪ͢ɿుܚۅͺϟνϩϜηέ͹ؑ
௪޺ͳಋͣ 100ʛ300 ȝm Ͳ͍Εɾ֦ોࢢ͹γ΢
θͺ͞͹ు͗ۅઐΌΖ໚੷Ͷ૮౲ͤΖɿͯΉΕɾ
10 mmֱ͹Ҳͯ͹ࢾྋ(ਦ 1Ͷஇ໚ਦ)Ͷͺɾ͠ Ή
͡Ή͵γ΢θ͹ଡ਼͹ Pt/NiO/Pt੷૜ߑଆΝ༙ͤ
Ζોࢢ(Ґޛ Pt/NiO/Ptોࢢ)͗ଚͤࡑΖɿ1 ෥௿ۂ޽߶౵઒໵ָߏ ుࢢ੏ָ޽ޜՌ ०گद 

2 ෥௿ۂ޽߶౵઒໵ָߏ ుࢢ੏ָ޽ޜՌ 5೧ 
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n (=tox/a0)

N (=Aox/a02)

2.2 ଎ఈ๏๑ 
Ծ෨ుۅΝંஏ͢ɾ৏෨ుۅͶҲఈుѻ VsΝ
һՅͤΖ್୼ࢢ๑Ν༽͏ͱɾ֦ ોࢢͶుـదηφ
ϪηΝһՅͪ͢ɿϓΧʖϝϱή͗൅ਫ਼ͤΖΉͲ͹
һՅؔ࣎ tform͗ಝ੓஍ͳ͵ΖɿΉͪɾԻౕՆรϕ
ϫʖώ͹οϡϱώʖ಼Ν 103 Pa ୈ͹ఁਇۯͶ͢
ͪ৏Ͳઅ஖ͤΖητʖζΝՅ೦ͤΖ͞ͳͲࢾྋ
ԻౕΝ৏তͦͪ͠ɿ͞͹࣎͹଎ఈΝਦ 2Ͷࣖͤɿ
CH1ͳ CH2͹෾ѻർΓΕોࢢ͹ఏ߇஍ΝɾCH2
͹ుѻ஍Ν 50 : ͲׄΖ͞ͳͶΓΕોࢢͶླྀΗ
Ζుླྀ஍ΝٽΌΖ͞ͳ͗Ͳ͘Ζɿ

 ਦ ྋஇ໚     ਦࢾ 1 2 ଎ఈܧյ࿑ 

3. ཀྵ࿨ 
ΉͥɾϏʖαϪʖεϥϱϠυϩͶͯ͏ͱઈ໎ͤ
Ζɿ͞ ͹ϠυϩͺMOSߑଆͶ͕͜Ζ࢐Կຜ͹ઊ
ԓഃշ͗ɾుـదηφϪηͶΓΕਫ਼੔͠ΗΖܿؗ
ͶًҾͤΖ͞ͳΝ઴఑Ͷઈ໎ͪ͢΍͹Ͳ͍Εɾ
SuñéΔͶΓΕఈྖద͵մए͗༫͓ΔΗͪ 7)ɿਦ 3
ͶࣖͤΓ͑Ͷɾଲেͳ͵Ζ໚੷ Aoxɾຜ޲ toxΝ༙
ͤΖ࢐ԿຜΝ n ×Nߨ྽͹྘Ү(Ҳว͹ௗ͠ a0 )Ͳ
ۢ઀ΕɾుـదηφϪηͶΓͮͱਫ਼੔͠Ηͪܿؗ
ΖҲͯ͹྽Ͳؑ௪ͤΖͳ͘Ͷ͍͗(ओഃշ఼࠹)
ઊԓഃշً͗͘Ζɾ͏ ΚΑΖ࠹ओϨϱέཀྵ࿨Ͷॊ
͑ͳՀఈͪ͢ɿ

ਦ  Կຜ஦͹ܿؗਫ਼੔Ϡυϩ࢐ 3
 
Ҳͯ͹྘ҮͶܿؗ͗ਫ਼੔ͤΖི֮ΝOͳͤΖͳɾ
͍ΖҲͯ͹྽Ͳܿؗ͗ؑ௪ͤΖི֮ͺOn Ͳ͍Ζ
͖Δɾઊԓഃշً͗͞Δ͵͏ི֮ͺ����On�1Ͳන
͠ΗΖɿͯΉΕɾྩ੷ઊԓഃշི֮ FBDͺ

FBD = 1� (1�On)N (1)

Ͳ͍Ζɿ͞͞ͲɾO͗ 1Ͷർ΄ͱॉ෾Ͷঘ͠͏ͳ
ͤΖۛࣇ͹Ծɾln(1�On)a�OnΝ༽͏ͱࣞ(1)Νรܙ
ͤΖͳ

ln{�ln(1�FBD)} = nln(O) + ln(N) (2)

͗಍͖ΗΖɿ
 ͵͕ɾࣞ(2)͹ࠪวͺɾ͏ΚΑΖϭ΢ϔϩ෾ා
(Weibit) ͹ॐ࣢Ͷ͍ͪΖɿԥ࣢ͶO͹ଲ਼ΝͳΖ
ͳɾͨ ͹ܑ͗͘࢐Կຜ͹ຜ޲๏޴͹྘Ү਼ nͶ౵
͚͢͵Ζ͞ͳΝқັ͢ͱ͏Ζɿ
Ͷ͕͏ͱɾܿݩԿຜ͹ઊԓഃշͶؖͤΖࣰ࢐ ؗ
ਫ਼੔ི֮O͗ɾ࢐ԿຜͶ஭೘͠ΗΖు՛ືౕ Q͹
΄͘৒Ͳࣖ͠ΗΖ(O [QD)ͳՀఈͤΖɿ͞͹ͳ͘
ࣞ���ΓΕɾQΝϏϧϟʖνͳͪ͢Weibit͹ܑ͘E
ͺ࢐Կຜ޲ͶർྭͤΖ͞ͳ͗಍͖Ηɾ͞Ηͺ
DegraeveΔ͹ࣰ݃ݩՎͳෘͤ߻Ζ 8)ɿఈ੓దͶͺɾ
୉͗͘޲Կຜ͗ઊԓഃշΝًͤͪ͞ΌͶͺɾຜ࢐
͚͵ΖΆʹɾϏʖαϪʖεϥϱϠυϩͶΓͮͱؑ
௪ͤ΄਼ܿؗ͘ n ͗ଡ͚͵Ζ͖ΔͲ͍Ζͳཀྵմ
Ͳ͘Ζɿ 
 
4. ݃Վ͕Γ;ࡱߡ 
ຌࣰݩͲಚΔΗͪ݃ՎΝҐԾͶ྽͢ڏɾͨ Ηͩ
ΗͤࡱߡΖɿ
4.1 ોࢢγ΢θғଚ 
Ήͥɾຜ޲ 50 nm ͹ NiOമຜΝ༙ͤΖોࢢͶ
͕͜ΖϓΧʖϝϱήಝ੓͹ોࢢγ΢θғଚΝ௒
΄ͪɿҲఈһՅుѻ(Vs)Ν 7.0 Vͳ͢ɾોࢢγ΢
θͺ৏෨ుܚۅ 100, 200, 300 Pm͹ 3झྪͳͪ͢ɿ
֦ોࢢγ΢θͶ͕͜ΖϓΧʖϝϱήؔ࣎ tform Ν
Ϗϧϟʖνͳͪ͢ Weibit Νਦ 4(a)ͶࣖͤɿಝͶ
Weibit ͗ঘ͠͏৖߻Ͷͺ֐దܿؗͶًҾ͢ͱΏ
Ώ֐ΗΖܑ޴Ͷͺ͍Ζ͗ɾ֕ ͸ܑ͗͘ 0.9͹௜ત
Ͳࣖ͠ΗΖ͞ͳ͗Κ͖Ζɿ
Ήͪɾોࢢγ΢θ͗୉͚͘͵ΖͶͯΗͱɾ
ϓΧʖϝϱήͶགྷͤΖؔ࣎ͺঘ͚͠͵ͮͱ͏Ζɿ
͞͞Ͳɾ࢐Կຜ͹ઊԓഃշͶؖΚΖܿؗͺɾϛΠ
λϱϠυϩͶخͰ͘࢐Կຜ஦ͶϧϱξϞͶ෾ා
͢ͱ͏Ζͳ͓ߡΔΗͱ͏Ζɿ͞ ͹ͳ͘ɾྩ ੷ઊԓ
ഃշི֮ FBDͺɾܿ ؗືౕ Dͳોࢢ໚੷ AoxΝ༽
͏ͱ

FBD = 1�exp(�DAox) (3)

Ͳන͠ΗΖ 9)ɿҲ๏Ͳɾઊԓഃշ͹౹࠹͗ྖܯओ
ഃշϠυϩɾͤ ͵Κͬϭ΢ϔϩ෾ාͶॊ͑৖߻Ͷ
ͺ

FBD = 1�exp(�tBD/W)E (4)

͗੔ཱིͤΖ͖Δɾҡ͵Ζોࢢ໚੷ A, A0Ν༙ͤΖ
ԿຜͶ͕͜ΖWeibitΓΕ࢐

ln{�ln(1�FBD)/(A/A0)} = Eln(tBD)+const. (5)

͗಍͖ΗΖɿࣞ(5)͹ࠪวͺɾોࢢ໚੷ A Ͳ͹
WeibitΝخ६໚੷ A0Ͳ֪وԿ͠ΗͪWeibitΝқ
ັ͢ɾࣞ(5)ͺ໚੷ηίʖϨϱήଉͳ͏͑ɿ͞͹
ԍࢋΝ઎͹ϏʖαϪʖεϥϱϠυϩͲ͓ߡΖͳɾ
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ਦ 4 ҡ͵Ζોࢢγ΢θͶ͕͜Ζ tformΝϏϧϟʖνͳ
ͪ͢(a)Weibit ͕Γ;(b)ોࢢγ΢θͲ֪وԿͪ͢
Weibit

ࣞ(2)͹ӊว୊ Ͳ͍Ζߴ2 ln(N)Νྈว͖Δࠫ͢Ӏ
͚͞ͳͶଲԢ͢ͱ͏Ζ(͞͞Ͳ N ͺોࢢ໚੷ Aox

ͶർྭͤΖໃྖݫ࣏Ͳ͍Ζ)ɿ
ਦ 4(a)Νخ६໚੷ A0=S(100Pm/2)2Ͳ֪وԿ͢

ͱࣖͪ͢෾ා͗ਦ 4(b)Ͳ͍Ζɿોࢢγ΢θͶΓΔ
ͥϭ΢ϔϩܑ͘E͗ 0.9 ͹Ҳ௜ત৏Ͷ͹ͮͱ͏Ζ
͞ͳ͗Κ͖ΖɿϓΧʖϝϱήͶ͕͜Ζ͞͹݃Վͺɾ
Կຜ͹ઊԓഃշ͖Δ͹ྪਬͶΓΕɾNiOമຜ಼࢐
͹಍ు੓ϓΡϧϟϱφ͹ܙ੔͗࠹ओϨϱέཀྵ࿨
Ͷॊ͑͞ͳɾ͕ Γ;ͨ͹࠹ओഃշ఼ͳ͵Ε͑Ζܿ
ؗ͗ NiO മຜ஦ͶϛΠλϱ෾ාͶخͰ͏ͱϧϱ
ξϞͶ෾ා͢ͱ͏Ζ͞ͳΝࣖ͢ࠨͱ͏Ζɿ
͵͕ɾుࢢϑʖϞͲ଱੷ͪ͢ Pt Ծ෨خ൚৏͹

Pt/NiO/Ptોࢢ͹৖߻ͺɾϭ΢ϔϩܑ͘Eͺ 1.5ͳ
͵Ζ͞ͳΝعͶ֮೟͢ͱ͏Ζ 10)ɿ͞ΗͺɾԾ෨
ుۅ͹ Pt͕Γ;ͨ͹௜৏͹ NiOമຜ͹݃ধߑଆ
͹ҩ͏͗ൕӫ͢ͱ͏Ζ͞ͳͶًҾͤΖ 11)ɿ
4.2 һՅుѻғଚ 
޲ͶɾNiOຜ࣏ 50 nm, ৏෨ుܚۅ 100 PmI͹
ોࢢͶ͕͜ΖϓΧʖϝϱήಝ੓͹һՅుѻғଚ
Ν௒΄ͪɿVs=3.25ʛ4.0V ͳรԿͦͪ͠৖߻͹
ϓΧʖϝϱήͶࢺΖΉͲͶોࢢΝ௪գͪ͢ు՛
ྖQformΝϏϧϟʖνͳͪ͢WeibitΝਦ5Ͷࣖͤɿ
һՅుѻ͗ଁ୉ͤΖΆʹ Qform͗ఁԾͤΖ͗ɾϭ
΢ϔϩܑ͘Eͺ 1.0 ͲΆ·Ҳఈ஍ΝͳΖɿ͞͹ܑ
ͺ޴ tformΝϏϧϟʖνͳͪ͢৖߻ͶɾһՅుѻ͗
ଁ୉ͤΖΆʹ tform͗ఁԾͤΖ͞ͳͳಋ༹Ͳ͍Ζɿ

ਦ 5 ҡ͵ΖుѻһՅ࣎͹௪ుྖ QformΝϏϧϟʖν
ͳͪ͢Weibit

Ήͪɾtform͹ Weibit͹ϭ΢ϔϩܑ͘Eͺɾ઴ઇ͹
݃Վͳಋ༹Ͷ 0.9ΝͳΖ͞ͳ΍֮೟͢ͱ͏Ζɿ
 ͪ͗ͮ͢ͱɾһՅుѻғଚͳ͢ͱͺɾϭ΢ϔϩ
ܑ͘Νңͪ࣍͢ΉΉɾһՅుѻ͹ଁݰͶԢͣͱ
Weibit͗ࠪӊͶεϓφͤΖͳ͏͓Ζɿͪ ͫ͢ɾε
ϓφྖͺһՅుѻ͹ઊଲ஍͹ΊͲͺୱ९Ͷ݀ఈ
͠ΗͥɾһՅుѻͳʹ͹Γ͑͵ఈྖదؖܐͶ͍Ζ
͹͖ΉͲͺݳয়෈໎֮Ͳ͍Ζɿ
4.3 ોࢢԻౕғଚ 
 ଎ఈοϡϱώʖͶ 150 PmI͹ Pt/NiO/PtોࢢΝ
೘ΗͱࢾྋητʖζΝՅ೦͢400KΉͲতԻͪ͢ɿ
290K ͕Γ; 400K ͹ 2 ͯ͹ԻౕԾͶ͕͜Ζ tform

ΝϏϧϟʖνͳͪ͢ Vs=5.5V ͹࣎ Weibit Νਦ 6
Ͷࣖͤɿ࣪ԻͶ͕͜Ζϭ΢ϔϩܑ͘E=0.9ͺɾ઴
ઇಋ༹͞ΗΉͲըʓ͗ࡠ੣ͪ͢ Pt/NiO/Ptોࢢ͹
஍ͳ౵͚͢ɾNiOຜ޲Ώોࢢγ΢θͶΓΔͥ NiO
മຜ͹݃ধߑଆͶًҾͤΖ͞͹஍͹෕ษ੓֮͗
೟͠Ηͪɿ

ਦ 6 ҡ͵ΖԻౕԾͶ͕͜Ζ tformΝϏϧϟʖνͳͪ͢
Weibit

Ҳ๏ɾࢾྋΝ 400KΉͲՅ೦ͪ͢৖߻ɾϭ΢ϔ
ϩܑ͘Eͺ 0.9 ΓΕ໎Δ͖Ͷଁ୉͢ɾϓΧʖϝϱ
ήؔ࣎ͻΔͯ͘ͺཊ੏͠ΗΖ݃ՎΝಚͪɿͪ ͫ͢ɾ
10 භҐԾ͹ϓΧʖϝϱήؔ࣎͹஍Ͷؖ͢ͱͺɾ
खಚυʖν͹ؔ࣎෾մ೵͹౐߻Ͳ੠ౕ͗ఁ͏ͳ
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ड़Ͳͺ͞ࢋΚΗΖͪΌɾϭ΢ϔϩܑ͘E 1.2͹ࢧ
ΗΔΝঈ͢֐ͱ͏Ζɿ400KͶ͕͜Ζϭ΢ϔϩܑ
͘͹ਜ਼֮͵஍Ͷͯ͏ͱͺɾଠ͹ Vsͳͪ͢৖߻͹
WeibitͶ͕͏ͱɾॉ෾͵ؔ࣎෾մ೵֮͗ฯ͠ΗΖ
Γ͑ؔ࣎ϪϱζΝన઀Ͷઅఈ͢ͱ଎ఈΝ͑ߨච
གྷ͍͗Ζɿ
4.4 2झྪ͹ఁఏ߇Կݳে 
 290K ͕Γ; 400K ͹ 2 ͯ͹ԻౕԾͶ͕͜Ζ
Vs=4.5V࣎͹ఱܗద͵࣎ܨรԿΝਦ 7Ͷࣖͤɿຌ
ોࢢ͹଎ఈͶ͕͏ͱͺਦ 2 ͹଎ఈܧΝ࢘༽͢ͱ
͕ΕɾCH1͹ݰঙͺ CH2͹ଁ୉ɾͤ͵Κͬఁఏ
ԿΝқັ͢ͱ͏Ζɿਦ߇ 4(a)͹ 290KͶ͕͜Ζ 120
භޛ͹ܻٺ͵ుѻ߳Ծͺɾٺॠ͵ఁఏ߇Կɾͤ ͵
ΚͬϓΧʖϝϱήΝන͢ͱ͏ΖɿϓΧʖϝϱήޛ
͹ોࢢఏ߇ͺ֕͸ 50 :ҐԾͶఁԾ͢ͱ͏Ζɿ
Ҳ๏ɾ400KͶতԻͤΖͳɾϓΧʖϝϱή઴͹
ఈుѻһՅ࣎Ͷ࣏୊Ͷుླྀ͗ଁՅͤΖΓ͑͵ો
ड़ͱͪ͘ɿਦ͗ࢢ 4(b)Ͷ͕͏ͱͺɾ46 භޛͶ
ϓΧʖϝϱήً͗͞ΖΉͲɾ࿊କద͵ఁఏ߇Կ͗
ΔΗͱ͏Ζ͞ͳ͗Κ͖Ζɿ͞ݡ ͹Γ͑͵࿊କద͵
ఁఏ߇Կͺɾ࣪ Ի෉ۛͶ͕͏ͱͺ͞ΗΉͲݡΔΗ
েͲ͍Ζɿݳ͖ͪͮ͵
ͨ͞Ͳɾ͞ ͹࿊କద͵ఁఏ߇Կ͹Ҳఈుѻғଚ
Ν௒΄Ζ΄͚ Vs=1.5ʛ5.5 VͲรԿͦͪ͠ͳ͞Θɾ
Vs ͗ఁԾͤΖΆʹ࿊କద͵ఁఏ߇Կ͗ཊ੏͠Η
Ζ͞ͳ͗Κ͖ͮͪɿͤ ͵Κͬɾ߶ԻԾͲΓΕ߶ు
ѻͶΓΖηφϪηһՅͶΓΕɾઊԓຜ͹ഃշͲ఑
Ҍ͠Ηͱ͏ΖϏʖαϪʖεϥϱϠυϩͲࣖ͠Η
Ζܿؗ͹ਫ਼੔ɾͤ ͵Κͬ಍ు੓ϓΡϧϟϱφ͹ܙ

ਦ 7 Ҳఈుѻ(4.5 V)һՅ࣎͹ CH1/2ుѻ͹ਬҢ

੔͗ɾٺॠͲͺ͵͚࿊କదͶً͞ΖΓ͑Ͷ͵Ζ͞
ͳΝࣖ͢ࠨͱ͏Ζɿ
4.5 ϓΧʖϝϱήϠυϩ 
Ґ৏͹݃ՎΝಁΉ͓ͱɾϓΧʖϝϱή͹ՀઈϠ
υϩΝݗ౾ͤΖɿ

Pt/NiO/Pt ੷૜ߑଆͶ͕͜ΖϓΧʖϝϱήಝ੓
஍͹ϭ΢ϔϩܑ͗͘ɾNiOຜ޲ͶғଚͦͥҲఈͳ
͵Ζ݃ՎΝҐ઴Ͷಚͱ͏Ζ 12)ɿ͖͢͢ɾ͞͹݃
Վͺ࢐Կຜ͹ઊԓഃշͶ͕͜Ζ Degraeve Δ͹ࣰ
ͶΆ·ർྭͤ޲ՎͲ͍Ζɾϭ΢ϔϩܑ͗͘ຜ݃ݩ
Ζͳ͏͑ؖܐͳͺҡ͵Ζɿϭ΢ϔϩܑ͘E͗߶ʓ
1෉ۛͲ͍Ζͳ͏͑݃Վ͖ΔɾϓΧʖϝϱήͶؖ
ΚΖ྘Ү͹ຜ޲ͺɾNiO͹ຜ޲Ͷർ΄ͱ਼ nmఖ
ౕ͹ۅമͲ͍Ζ͞ͳ͗ਬ͠ࡱΗΖɿ͞ ͹ۅമ૜͗
ుـదηφϪηͶΓͮͱഃշ͠ΗΖͳɾNiO͹࢔
Ε͹૜Ͷ΍࣏ʓͳܿؗ͗ਫ਼੔͠ΗΖਜ਼ؽ͗ؒؾ
೵͢ɾ࠹शదͶܻٺ͵ఁఏ߇Կ(ϓΧʖϝϱή)Ͷ
ΔΗΖ͓ߡΖɾͳ͏͑ඵ଀͗ࢺ 12)ɿ
͵͕ɾ͞ ͹ۅമ૜ͺ࢔Ε͹૜ͳർֳ͢ͱఏི߇

͗߶͚ɾોࢢͶһՅ͠Ηͪుֆ͗Ά·һՅ͠ΗΖ
઴఑Ͷཱིͮͱ͏Ζɿ͞ ͹ 2૜Կͺ͍͚ΉͲสٕ৏
͹֕೨Ͷ͙ͤ͵͏఼Ͷ஭қͤΖචགྷ͍͗Ζɿ
ຌڂݜͶ͕͏ͱɾ400KͶতԻͪ͢ࡏͶϓΧʖ

ϝϱή઴Ͷ࿊କద͵ఁఏ߇Կ͗ݡΔΗͪɿ͞ ͹݃
Վͺɾ͞ ͹ۅമ૜಼͹͍ܿؗ͗Ζఖౕ͹ుـదη
φϪηͶΓͮͱঙͥͯ͢࿊କదͶً͞Ε͑Ζݳ
ে͗ɾોࢢԻౕ͹৏তͶΓͮͱࡑݨԿͪ͢ͳ͏͑
఼Ͳັڷ਄͏ɿ͞ ΗΉͲ࣪Ի෉ۛͶ͕͜Ζుـద
ηφϪηһՅͲͺݡΔΗ͵͖ͮͪ͗ɾʹ ͹ఖౕ͹
ોࢢԻౕ͖ΔࡑݨԿͤΖݳেͲ͍Ζ͹͖ɾ͠ ΔͶ
Ν਒ΌΖචགྷ͍͗Ζɿৄݗ

5. ͕ΚΕͶ 
Pt/NiO/Pt ੷૜ߑଆΝ༙ͤΖఏ߇รԿોࢢͶ͕

͏ͱɾఏ߇รԿݳে͹൅ݳͶචགྷͲ͍ΖϓΧʖϝ
ϱήͳ࢐Կຜ͹ઊԓഃշͳ͹ྪࣇ੓Ͷ஥໪͢ɾຌ
γ΢θɾһࢢͲͺϓΧʖϝϱήಝ੓෾ා͹ોڂݜ
Յుѻɾ͕ Γ;ોࢢԻౕғଚͶؖ͢ͱܧ౹దͶ௒
΄ͪɿ
఼ͳ͢ͱͺɾNiOമࣇԿຜ͹ઊԓഃշͳ͹ྪ࢐
ຜ಼͹಍ు੓ϓΡϧϟϱφ͹ܙ੔͗࠹ओϨϱέ
ཀྵ࿨Ͷ֕͸ॊ͑͞ͳɾͨ ͹࠹ओഃշ఼Ͳ͍Ζܿؗ
͗ NiO മຜ஦ͶϛΠλϱ෾ාͶخͰ͘ϧϱξϞ
Ͷ෾ා͢ͱ͏Ζ͞ͳ͗ࣖ͠ΗͪɿҲ๏ɾ૮ҩ఼ͳ
͢ͱͺɾϭ΢ϔϩܑ͘͹࢐Կຜ޲ғଚ੓͹༙ໃΏ
߶Ի࣎͹࿊କద͵ఁఏ߇Կ͗ࡑݨԿͪ͢͞ͳ͗
͍͝ΔΗΖɿ
͞ΗΔ͹ࣰ݃ݩՎΝಁΉ͓ͱɾϓΧʖϝϱή͹
ՀઈϠυϩΝݗ౾͢ͱ͏͚৏Ͳɾָ ढ़దͶ΍ັڷ
਄͏݃Վ͗ಚΔΗͪɿఏ߇รԿݳে͹ًݱͶയΖ
΄͚ɾ͠ޛࠕΔ͵ΖݩࣰৄݗΝ਒Όͱ͏ͪ͘͏ߡ
͓ͱ͏Ζɿ

.9 

.9 
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Distribution of Forming Characteristics in Pt/NiO/Pt stack structures 

 

Yusuke NISHI* and Takuya YAMANAKA 
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Abstract: An abrupt reduction in resistance called forming is required for resistance switching phenomenon in 

ReRAM structures using a binary oxide such as nickel oxide (NiO). In this study, dependence of the forming 

characteristics on applied voltage, cell size, and ambient temperature were investigated under constant voltage 

stresses to Pt/NiO/Pt stack structures. Many experimental results suggest that the formation of conductive filaments 

at forming follows a weakest link theory, and that weakest spots are randomly distributed in the NiO film according 

to the Poisson statistics. Moreover, at a high temperature of 400K, gradual reduction phenomena in resistance were 

observed before the forming process, which indicates that defects in the ultrathin layer in the NiO can occur 

continuously due to electrical stress as the ambient temperature elevate. What temperature the phenomenon becomes 

apparent should be clarified in the near future. 

 

Key words: resistive switching, nickel oxide, forming 
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