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䈌銨
ꤚ蜸 5G☕䄄保⩕㱣㲉璢于艅熭䤗榣哆䒎鵯㽣氪㷤⛧Ⱶ縶㵸㶹㵑樟韭丞⺭⹗飃냖鷠畁鵯䈲氳俘撵凡啶䤗轱䄖䡗
憡杷ⶐ㵷냉邯鵳哆縖ꄆ釒氳榣哆飸ⳛ艃婋Ⳑ꟯ꐷ㏇俘撵氳⩝鶡邯球頉┕舅葐攒撨 (INTEL) 亥 2012 䇗㏇ 22 㜨眧俘撵
䌖⪌Ⱚ于环냉凡啶氳ր덉䌋꧆俘냉ց(FinFET) ╯䏴杷ⶐ㵷냉哆縖齉㏇塞㓹灅┕鶡车溿氪泘⯦⩝鶡氳 5 㜨眧邯ⷊ佭
䫑榫 FinFET 凡啶✿邯⛼鎊䤗轱䄖榺⺐犉꧆ (TSMC) 䦍䐂꯽盇亥 2020䇗䡗Ⱶ䤸⪌ꄈ榣
 
抇縡樧儔✿邯釒⫋䐮立舘 3 㜨眧侈FinFET ⷙ働榣榟꧆孳䫞⯆庁꧆氳擻杼哗꡿ゖ갭◄㴨┕└佔 (Samsung) 䄖飜㏇⺐
犉꧆╯⯦氪辑▽于┉♏䫑榫梫笸䌋ꝼ哗㕙䷞꧆俘냉 (Gate-All-Around FET, GAAFET) 氳于凡啶 3 㜨眧邯狔珔㏇于┉魹俘
撵邯氳䃦㼊婋䢇╈鐎耈磚Ⳑ⭴☱䏩鈶㴖
 
榺亥 GAAFET 氳俘撵凡啶注奄亥 FinFET耈♓催㵸氳냉犉㴨杯催㞒氳Ⱶ縶辑杯㴨꤂⺎立峎 45% 俘撵ꪫ犉⺱侈꡺⛧ 50 氳
耈縶⺐犉꧆基䧐箛♓ FinFET 艃└佔 GAAFET ㏇ 3 㜨眧⩝鶡邯ꯝ㓊婋䢇2022 䇗磿㵴佭婋㲋Ⳑ靷舘憡꟯ꐷ氳┉䇗縡㵴亥
浑䢦湞泘氳┖┪♏ 2 㜨眧邯⺐犉꧆▉䄖⪞ꝧ辑炑◰㵫䫑榫 GAAFET 凡啶┾課榺㵷⪌⛧禵䈲냖꧆㯹鹞燯曎免乣♓⹗攒墤磿
稫㷻免乣璢✿䍛ⴭ⪭㏇⩝鶡邯氳球撏⨤ⳛGAAFET 凡啶⩊抇䄖䡗憡┖┉┪♏䋟箛藌撨㲋䏱 (Moore’s Law) 氪㷤氳✞鹡
ꯁ
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轱哯媲艃氪㷤飸ⳛ䄹僸耈艃闖縖⮈◸塞┉ꄆ釒熭䤗ꯝ㓊氳㱄轱溿狔鶡㷤
 

ꝭ䉕熭䤗溿氪╈䑐谊ꝏ ꢷ䌛☝ 2022/01/07
 
 

 
 
 ⩝鶡꧆俘냉䤗轱艃氪㷤飸ⳛ
 
 

ⱍ舛憡 ䷹䪧
ⶥ㚖榟褝♧䕒ⱍ◰宐兜䋧䐼

 
㎜环舧想㛻㱄꧆㯹䄄㱄溿狔䢦

 

2022/5/11 11:36
網⾴1/8



-
 

ꤚ蜸熭䤗仼于僖樟⺨牊꧆㯹錄⤕䄖䡗憡榟孨╈┘⺎䡝籭氳擻⿁㛻⮽婎髪㵸㞞保㑔䣆嚂氷♓ⶐ㵷냉俘撵憡ꄆ釒氳劭
䑐ⶐ㵷냉俘撵艃☕걊氳榟孨㳢┘⺎⮈⺐想氳ⶐ㵷냉榣哆㏇杷ⶭ僘艈餉魌ꄆ氳鉈荈5G┪♏氳✿舃䅸Ⳃ㛻丨䴆AI ☕䄄保
擻绤私♓⹗车Ⳃ保遫糌氳䒎鵯氪㷤✳䐂⩝鶡ⶐ㵷냉俘撵氳ꧏ姳䧐箛㘍ꝏ⺨⠕溿狔㎯꣣㵴亥ⶐ㵷냉邯䤗轱氳ⲅⱱ溿
氪♓⹗䷓䈢艃⚀哆氳䤸鞴✳䐂ⶐ㵷냉榣哆䡗憡⺐想氳䶺刼艃⨤ⳛ䧐箛氳鶡塠艃䡗ꝏ
 
ꤚ蜸䰷撨㲋䏱 (Moore’s Law) 氳氪㷤䐍䐮眧 (μm) 䤗轱疒럅庌鶡舘杯☬氳 5 㜨眧䤗轱疒럅 (㎬┉)♓⹗ꯏ銷㵫亥 2022 䇗ꄈ榣
氳 3 㜨眧䤗轱疒럅[1]縡䤗轱疒럅氳丨⡬䙜㵸꧆俘냉㳢䈲䙜냖鷪⸼㏇䇖ꪫ꧆俘냉 (Planar FET) 䤗轱氪㷤╈僘⪔ꯁꄆ釒氳
䤗轱狱滭┉佭 90 㜨眧䤗轱疒럅ꝧ㡐ꄈ榣氳䟕闭溘 (strained Si)⺎䬠ⶍ溘鵡鷻氳鹞燯曎㘍ⱶ꧆孳◅佭냖☮꧆➡丨/ꄌ㸋
ꝼ哗 (high-k/metal gate)☮꧆㷻氳 k ⡬䙜㛻姍ⴭ㷻꧆㳋 (C ) 䙜㛻꧆俘냉꧆孳䙜㛻┦⺎㏇注⺱氳璢䷞姍ⴭ㷻⸂䈲
(equivalent oxide thickness, EOT) ┖♓鬴㛻氳擻杼⸂䈲✿꡺⛧庁꧆孳
 

㎬┉մ⺐犉꧆氳邯䤗轱疒럅[1]

 
 
ꤚ蜸⥉礶氳ⶐ㵷냉㶹㵑䐮立꧆俘냉氳ꝼ哗ꝏ䈲 (gate length) ▉鵅廍峎㵸㴨꤂┕ꝼ哗ꝏ䈲⽰䤗轱疒럅氳丨⡬佭┘注璢氳
┦㏇ 22 㜨眧䤗轱疒럅♓䏴ꝼ哗ꝏ䈲働㛻亥䤗轱疒럅氳丨⡬ (㎬◅)
 

 
㎬◅մ硝樋⚽銷꧆俘냉䤗轱疒럅 (Technology Node) 艃ꝼ哗
ꝏ䈲 (Gate Length)
˥ 塞㎬炑蜸⛼垷憡㎜环舧想㛻㱄꧆㯹䄄㱄溿狔䢦ⱍ舛憡䷹䪧溿狔㎯꣣䢦僘
儔祺⩒錊┘䐂ꤚ䙬䌖榫鮺鬼䷊稶䡝䡽ꍖ
 

ꤚ蜸꧆俘냉氳㶹㵑䙜✿䙜㵸⥉礶氳䐮立亡䌋鵅廍䫚鲥⪭擻
杼哗꡿ㄲ硿❤䐢䰷撨㲋䏱氳㶹㵑䐮立䄖扝嫏䬠❠㞞ꯏ僿
芙䷞耈氳䡗ꝏ舅 22 㜨眧䤗轱疒럅 (Intel) ⹗ 16 㜨眧䤗轱疒
럅  (⺐犉꧆) ꝧ㡐榺翋塜伺ꢚ㚖㎯꣣䬠⭴氳덉䌋꧆俘냉
(FinFET) ꝧ㡐逈哆槡䢦䫑榫└禵꧆俘냉▉䡗憡杯☬⩝鶡ⶐ
㵷냉氳╚孳磶啶
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꧆俘냉榺⥉礶氳䇖ꪫ䌋 (㎬└a) 颦⺸└禵氳环냉磶啶 (㎬└b)㍕憡└ꪫ氳ꝼ哗磶啶 (Tri-Gate) 艃뇹덉ⶇ⮈注⛍䢦♓牒憡덉䌋
꧆俘냉덉䌋꧆俘냉僘奄䇖ꪫ꧆俘냉催㛻氳璢䷞㴸䈲 (effective width)⺎䬠냖⩕♭╯꧆孳㳢䈲┦⪭└禵╯磶啶⺎㘍ⱶ鵡鷻
䫞⯆耈ⱱ䤱⯆湿鵡鷻䷞䟕 (short channel effect)└禵氳덉䌋꧆俘냉磶啶⺎꡺⛧埡舃槡䵅䆋 (subthreshold swing, SS) 艃䄄⛼
꧆㙪峎㵽꧆俘냉䮇縶Ⱶ曎 (㎬└c)덉䌋꧆俘냉䄖䐍 16 㜨眧10 㜨眧7 㜨眧5 㜨眧3 㜨眧⪦氪㷤▽◑♏䤗轱疒럅憡
泘⯦氳╚孳⩕♭磶啶
 

㎬└մ(a)䇖ꪫ꧆俘냉炑䙬㎬ (b)덉䌋꧆俘냉炑䙬㎬
 

 
(c) ꧆孳-꧆㙪꟯➡㎬[2]

 

 
 

⺐犉꧆亥 2019 䇗㎜꤂꧆㯹⩕♭働閲 (International Electron
Devices Meeting, IEDM) 㲛䄭亥 5 㜨眧䤗轱疒럅ꄈ榣䳕僘냖
鹞燯曎鵡鷻 (high mobility channel) ╯덉䌋꧆俘냉[3]✳榫
냖鹞燯曎鵡鷻昷㞞꼄꼍餶髪鵯䈲催䒎✳꧆俘냉氳䷞耈
催✞㎬㍌ [4]憡⺐犉꧆亥  2021 䇗㎜꤂㍾䛞꧆饟溿鋁働
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(International Solid-State Circuits Conference, ISSCC) ╈䢦
㷤炑氳냖鹞燯曎鵡鷻덉䌋꧆俘냉榺㎬╈⺎洇⭴냖鹞燯曎鵡
鷻艃䈕鼨氳溘免乣僘伺걦氳㵴奄┦氷僘岴咠氳ギꇃ敻磶
啶 (dumbbell)
⺐犉꧆ꯏ銷亥 2022 ┖ⶐ䇗ꝧ㡐ꄈ榣 3 㜨眧䤗轱疒럅氳┪
♏邯꧆俘냉艃 5 㜨眧䤗轱疒럅注奄3 㜨眧䤗轱疒럅氳
麤鮃㳢䈲㵫㘍ⱶ硝 70%㏇注⺱Ⱶ縶┖鵯䈲䬠ⶍ 10-15%
䡝縖㏇注⺱鵯䈲┖Ⱶ縶꡺⛧ 25-30% [1]

㎬㍌մ⺐犉꧆5㜨眧䤗轱疒럅氳냖鹞燯曎鵡鷻덉䌋꧆俘냉
[4]© IEEE

 
 
 
憡▽鶡┉塠㘍ⱶ鵡鷻氳䫞⯆耈ⱱ艃禵䧐湿鵡鷻䷞䟕氳䤱⯆䑒ꯄ䷊闭꧆俘냉╯凡啶└佔⺐犉꧆Intel 䄖㲛䄭㏇ 3 㜨眧䤗轱
疒럅 (Samsung) ⽰ 2 㜨眧䤗轱疒럅 (TSMCIntel 20A) 㵫䫑榫ꝼ哗梫笸䌋 (Gate-All-Around, GAA) 氳㜨眧撵 (nanosheet) 磶
啶ꝼ哗梫笸䌋꧆俘냉僘奄덉䌋꧆俘냉催㞒氳ꝼ哗䫞⯆耈ⱱ㏇⩝鶡䤗轱疒럅㵫⹦♏덉䌋꧆俘냉磶啶꧆俘냉㳢䈲▉㵫䧐箛
䬠ⶍ✳榫 GAA ꧆俘냉磶啶昷㞞✳榫䍛ⱱ姢륕꯽幎姢┘庁✳꧆俘냉僘䷞꡺⛧庁꧆孳催ⱶ疒耈泹꧆憡▽㘍ⱶ꧆俘냉氳
꿄Ⳃ꧆孳䫑榫鵡鷻㔎橄 (channel stacking) 氳亡嫏㏇㑊波亡⺸㘍ⱶ鵡鷻丨泘昷㞞䋧啶ꦁ㷻냖凡噛㏇注⺱ⶭ㏑ꪫ犉┖⺎
靷鬼催㛡髪孳ꄈ✳꧆俘냉䳕僘催냖꧆孳┾㘍ⱶ꧆俘냉㳢䈲僘䷞䬠ⶍ⩕♭䷞耈
 
㎬◑[5]憡㑊波㔎橄㜨眧撵 (stacked nanosheets) 氳磶啶⺎釲⛼㵫 FinFET 仄鮺 90 䈲┾鶡车㑊波㔎橄䎬䡗㍌ꪫ梫笸䌋氳ꝼ哗
磶啶僘⮯亥 FinFET 氳鵡鷻㴸䈲 (D ) 佭榺䐮䏆邯 (Lithography) 䢦꡿⯆stacked nanosheets 氳鵡鷻⸂䈲 (D ) ⺎課榺濉
俘 (epitaxy) ✿婋㲋㍕塞⺎矀嶗䫞⯆⸂䈲ꢝ塞╯㛛stacked nanosheets ⺎䏢㑊波亡⺸㘍ⱶ鵡鷻㷻丨㏇注⺱氳ⶭ㏑ꪫ犉
(footprint) ┖僘催㛻氳璢䷞㴸䈲 (effective width, W )䬠❠催㛻氳꧆孳♓䬠ⶍ꧆俘냉䷞耈濉俘 (epitaxy) 䤗轱ꢝ▽⺎矀嶗
婋㲋 stacked nanosheets 氳鵡鷻⸂䈲㛛▉⺎♓䫞⯆鵡鷻艃鵡鷻╯ꝴ氳ꦗ (suspension thickness, T )┘働⥾ FinFET 㘍
ⱶⶭ㏑ꪫ犉┦⺎♓鵂鷪꡺⛧ T 氳亡䌋✿峎㵽⩕♭氳㳞榟꧆㳋 (parasitic capacitance)

㎬◑մ덉䌋꧆俘냉 (FinFET) 艃㑊波㔎橄㜨眧撵 (Stacked nanosheets) ╯奄鬴[5]© IEEE

Fin NS

eff
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└佔曎⩝㏇  2018 IEDM ㎜꤂働閲┕㲛䄭♓  Multi-Bridge-
Channel FET (MBCFET) ╯ GAA ꧆俘냉⛼憡 3 㜨眧䤗轱疒럅
╯꧆俘냉磶啶 (㎬⪠a, b) [6]⪭╈䬠⮽ MBCFET 䫑榫 90%
氳 FinFET 邯艃杯☬哆槡╯ FinFET 邯僘荂㞒氳注㳋
䓪MBCFET 걚⺲䓙紶磶啶艃㛡㷻噛匜注⛍㴨꤂┕⽰⯦
鳯氳 stacked nanosheets 佭注⺱氳磶啶艃 FinFET 注奄
MBCFET 僘催㞒氳ꝼ哗䫞⯆㏇注⺱氳ꪫ犉┖▉僘催㛻
氳璢䷞㴸䈲♓䬠❠催㛻氳꿄Ⳃ꧆孳┾⺎❤拨┘⺱氳䟕榫✿
鐩丞鵡鷻㴸䈲䬠냖꧆饟錄銷╯䍺䓪 ㎬⪠մ(a, b) └佔 3 㜨眧䤗轱疒럅╯ MBCFET [6] © IEEE
 

⺁┉亡ꪫ IBM 氳  2 㜨眧䤗轱疒럅䬠⭴└㷻㑊波㔎橄氳
stacked nanosheets (㎬⪠c) [5]⪭鵡鷻㴸䈲憡 40 㜨眧鵡
鷻냖䈲憡 5 㜨眧ꝼ哗ꝏ䈲憡 12 㜨眧┾䫑榫䈕鼨☮꧆㷻
磿稫  (bottom dielectric isolation, BDI)耈僘䷞峎㵽庁꧆
孳꡺⛧俘撵Ⱶ縶艃 7 㜨眧邯䤗轱注奄ꯏ銷䬠ⶍ 45%
氳䓪耈䡝꡺⛧ 75% 氳縶耈[7]

(c) IBM 2 㜨眧䤗轱疒럅╯└㷻㑊波㔎橄鵡鷻꧆俘냉[5]©
IEEE

 
⺐犉꧆㏇ 2021 ISSCC ㎜꤂働閲┕㷤炑└㷻㑊波㔎橄氳 stacked nanosheets ⛼憡 2 㜨眧䤗轱疒럅╯꧆俘냉磶啶 (㎬┎a)⺎䬠
❠催✞氳䓪耈⹗催⛧氳埡舃槡䵅䆋[4]Intel ⯞㲛䄭 2024 䇗㵫♓ RibbonFET (㑊波㔎橄㍌㷻氳 nanoribbons▉艃 stacked
nanosheets 磶啶注⛍) ⛼憡 20A 䤗轱疒럅╯磶啶 (㎬┎c)[8]┾㵫亥 2025 䇗♓⨤ⴭ氳 RibbonFET ⛼憡 18A 䤗轱疒럅╯磶啶
榺哆槡飸ⳛ⺎釤냖㷻丨鵡鷻㔎橄氳  GAA ꧆俘냉憡儔✿꧆俘냉╯╚孳磶啶㏇  2020 䇗飃㛻㑔犉냉꧆饟䤗轱溿鋁働
(Symposium on VLSI Technology, VLSI) ╈嫏㎜ⶐ㵷냉溿狔嚂啶 CEA-Leti 氪辑▽┎㷻氳 Si GAA nanosheets ꧆俘냉 (㎬⪛)
[9]
 

㎬┎մ(a) ⺐犉꧆ 2 㜨眧䤗轱疒럅╯└㷻㑊波㔎橄鵡鷻꧆俘
냉[4] © IEEE

(b) Intel 20A 䤗轱疒럅╯㍌㷻㑊波㔎橄鵡鷻꧆俘냉
(RibbonFET)[8]
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㎬⪛մ嫏㎜ⶐ㵷냉溿狔嚂啶 CEA-Leti 氪辑╯┎㷻㑊波㔎橄溘
鵡鷻꧆俘냉[9]© IEEE

 

 
 
泘⯦䄖氪辑氳 GAA ꧆俘냉鵡鷻免乣㛻鼨⮈♓溘 (Si) 憡╚憡▽㘍ⱶ꧆饟氳鷠⛼鵯䈲䑒ꯄ䬠ⶍ꧆俘냉氳꿄Ⳃ꧆孳 (㑊波㔎橄
鵡鷻꧆孳氳竭⽰)ꢝ▽䏢㑊波亡⺸㘍ⱶ鵡鷻丨泘㛛䫑榫냖鬼㯹鹞燯曎 (mobility) 氳免乣⛼憡꧆俘냉鵡鷻⺎鶡┉塠䬠냖꧆俘냉
氳꿄Ⳃ꧆孳❆㞞ꐿ (Ge)ꐿ溘 (GeSi)ꐿꎤ (GeSn) 璢于㍌从免乣僘⨤亥溘氳꧆㯹⹗꧆嬼鹞燯曎┾┦艃杯☬哆槡氳溘
ⶐ㵷냉邯䤗轱僘荂㞒氳注㳋䓪
 

儗溿狔㎯꣣亥 2021 VLSI ㎜꤂働閲┕氪辑▽⪛㷻ꐿ溘 N 㑔
GAA ꧆俘냉 (8 stacked Ge Si  nanosheets) (㎬▆䄅)
[10]䳕僘哗냖氳鵡鷻㏱ⴀ䓪憡▽鶡┉塠䬠냖⩕♭氳꿄Ⳃ
꧆孳㵫ꐿ溘鵡鷻氳ꐿ忈䈲䬠ⶍ舘 95%♓䬠냖鵡鷻╯꧆㯹
鹞燯曎┾䡗Ⱶ㷤炑▽┪槡꺙갤냖䷞耈┎㷻ꐿ溘 N 㑔 GAA
꧆俘냉 (7 stacked Ge Si  nanowires) (㎬▆⺓)[10]
塞溿狔䡗冽▉暢㎜꤂ꮼ㶅僿⮍  Nature Electronics 㕕㵷亥
Research Highlight [11]
榺塞⺎釤냖㷻丨㔎橄╯냖鹞燯曎鵡鷻 GAA ꧆俘냉憡儔✿
ⶐ㵷냉䤗轱疒럅氳┉㛻飸ⳛ⪭╈濉俘  (epitaxy) 艃趞⯎
(etching) 憡냖㷻丨㔎橄鵡鷻 GAA ꧆俘냉ꄆ釒氳⪔㛻邯
䤗轱課榺⪔縖氳◎注⨤ⴭ䣉耈䡗Ⱶ邯⤕냖䷞耈꧆俘냉泘
⯦舧㛻╤佭哆槡♓㛛せ┉耈溿氪㛡㷻㔎橄鵡鷻 GAA ꧆俘
냉氳㛻㱄▉䡗憡㱄槡艃哆槡䫚髬氳ꄆ釒噛匜 ㎬▆մ儗溿狔㎯꣣氪辑╯ (䄅) ⪛㷻 GeSi nanosheets [10]

(⺓) ┎㷻GeSi nanowires [10]© IEEE
 
 
 
P 㑔꧆俘냉亡ꪫ㍕憡㙪立䟕闭氳ꐿꎤ (GeSn) 免乣䳕僘奄硿ꐿ⽰溘催냖氳꧆嬼鹞燯曎⺎㘍ⱶ⩕♭╯꿄Ⳃ꧆孳䡗憡鵡鷻免乣
氳弋ⱱ╯┉抇縡㍕ꐿꎤ免乣╯耈ꣾ鬴㵸⩕♭僘鬴㛻╯䡽塛敻䛞庁꧆孳 (I ) ♓⹗鬴㵸╯ꝧ꟯꧆孳奄 (I /I )㵫鵳䡗
⩕♭Ⱶ曎縶䮇鷪㛻塞ゖ갭⺎課榺꡺⛧鵡鷻⸂䈲✿䷊ュꤚ蜸鵡鷻⸂䈲闭訆⹨ꄈ㯹➊꡿䷞䟕 (quantum conbnement effect)
䏆ꮷ✳ I /I ꤚ╯┕ⶍ㍕ꝼ哗䫞⯆耈ⱱ㘍䍛✳埡舃槡䵅䆋 (SS) ┖꡺抇縡樧鵡鷻⸂䈲㵸亥 5nm 侈㍕辑ꪫ睲砀万㵥
(surface roughness scattering) 氳䏆ꮷ㵷舛鬼㯹鹞燯曎꡺⛧䷚ꧏ䯍鿦냖㔎橄냖鬼㯹鹞燯曎╯ꐿꎤ鵡鷻禵䧐⩕♭╯꿄Ⳃ
꧆孳
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㍕塞儗溿狔㎯꣣㏇ 2021 IEDM ㎜꤂働閲┕氪辑┎㷻艃⪛㷻㔎
橄ꐿꎤ哗訆鵡鷻  P 㑔꧆俘냉  (7 stacked and 8 stacked
Ge Sn  ultrathin bodies) (㎬ⶇ) [12]♓ꐿꎤ免乣⛼憡냖
鹞燯曎鵡鷻 (high mobility channel)⨤ⴭ濉俘 (epitaxy) 艃
냖趞⯎鹡䳢奄璢⺸䓪▯趞⯎  (highly selective isotropic dry
etching, HiSIDE) 邯邯⤕⭴⸂䈲憡 3 㜨眧╯哗訆鵡鷻
僘䷞꡺⛧⩕♭╯庁꧆孳┦ I /I 憡ꐿ/ꐿꎤ└禵꧆俘냉
╯┪槡硕ꍖ塞疠鑝乄▉暢䐂 2021 IEDM ✞㱄榟鑝乄晤
(Best Student Paper Award)
禎┕䢦鳯냖㷻丨  (highly stacked)냖鹞燯曎  (high
mobility)♓⹗哗訆鵡鷻 (ultrathin bodies) ╯ GAA ꧆俘냉
㵫耈✳ⶐ㵷냉俘撵䷞耈催냖催泹꧆鶡縡✳⩝鶡ⶐ㵷냉熭
䤗┘亝鶡塠憡☕걊䅸✿催㞒氳榟孨

㎬ⶇմ儗溿狔㎯꣣氪辑╯(䄅)┎㷻艃(⺓)⪛㷻ꐿꎤ哗訆鵡鷻
[12]© IEEE
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舅䐍 MOSFET 磶啶氪伺♓✿⮽泘⯦䄖飃鷪 40 䇗樧ꝼ哗ꝏ䈲立㵸⮽ 20 㜨眧♓┖氳侈⠰鷖⮽▽錊㛡擻杼儗韭氳哗꡿ゖ
갭⪭╈♏辑䓪縖憡湿鵡鷻䷞䟕 (Short-channel Effects) 艃ꄈ㯹狫ꤗ䷞䟕 (Quantum Tunneling Effect)ꤚ蜸 FinFET 䤗轱
氳氪㷤俘撵邯䐂♓饖⪌ 5 㜨眧┪♏䫚┖✿⩝鶡邯凡啶㵫䐍 FinFET 鮺鶡 GAAFET縡⺐犉꧆└佔⹗葐攒撨㏇儔✿ 5
㜨眧♓┖氳 GAAFET 䤗轱氪㷤┕ⳛ䑒▉㵫㷤ꝧ┉㕙氫掄ⴭ氳球頉
 
抇縡⡬䐂嫱䙬氳佭基㏇儔✿ⶐ㵷냉ꩉ垷侈♏⹦䐂䤗轱ꯝ⩝㏑⛤ꢝ▽俘㎨邯鵳䤗轱┕ꯄ䪭䭃⨤ⳛ㛛硎礶㵟遫丞⺭䤗轱▉佭
ⶐ㵷냉榣哆ꄆ釒氳氪㷤亡⺸㎜⪐榣㲇㱄槡齉䟕⹗企䪭䭃塞㜷嚂⶜ⱱ鶡车㱮丞瓁樋䄭㷀縡㏇ GAAFET ┪♏╯䏴麅働┘働
僘催憡Ⱚ于⺎䋟箛藌撨㲋䏱氪㷤氳于㑔꧆俘냉磶啶⭴杯⼲㶩阁䡘⠟䦯泘♓䏩⻗
 
⺐㛻ⱍ舛憡䷹䪧⹗⪭溿狔㎯꣣佭㎜⪐哆槡╯㛛せ┉耈溿氪⭴㛡㷻鵡鷻㔎橄╯ GAA ꧆俘냉氳ꮼ㶅溿狔㎯꣣⪭傾㏇ 2021 䇗亥
ⶐ㵷냉ꯝ㓊氳㎜꤂ꮼ㶅僿⮍╈䡗Ⱶ氪辑▽┪槡꺙갤 7 㷻艃 8 㷻㔎橄ꐿ溘鵡鷻╯ GAA ꧆俘냉ꝭ䉕熭䤗ꪞ䅻唽䇟☬䇗䈲⺎♓
⽰ⱍ䷹䪧䶒䣆鶡车榣㱄⺭⛼䬠❠㏇ GAAFET ⩝鶡邯溿狔┕䢦ꧏ╯㱮丞⮈冫僜ⳉꝭ䉕熭䤗䳕僘㱮⤕氳囸峮錄⤕艃㵬哆䤗轱
祺꿨耈ꪫ幥餉ⶐ㵷냉⩝鶡邯⹗㵟遫亡ꪫ╯⺨牊⮈冫囸峮ꧏ姳
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