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(57) Abstract: A semiconductor device using graphene comprises: a substrate; a pattern layer which is formed in a preset form on
the substrate; and a graphene layer which is formed in a preset direction on the pattern layer. Since the graphene layer is formed on
the pattern layer which is formed in advance, the structure of the graphene is physically deformed to allow the graphene to have
semiconductive properties, so that it becomes possible to fabricate a semiconductor device using graphene. A semiconductor device
using carbon nano-material comprises: a pattern layer which is formed on a substrate and has a preset form; an insulating film layer
which is formed on the pattern layer; and a preset carbon nano-material layer which is formed on the insulating film layer. Since it is
possible for carbon nano-material to have semiconductor properties by only fabricating a gate pattern, to which a gate signal is ap -
plied, in a preset form, it becomes possible to fabricate a semiconductor device having superior characteristic by means of carbon
nano-material. A semiconductor device which is an electronic or photonic device comprises: a pattern area of a preset form which is

formed on a preset position of a substrate;
(TS & AE)
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and a graphene layer which is formed on the pattern area. As described above, since the graphene layer is formed on the pattern
area formed in advance, the structure of the graphene is physically deformed to allow the graphene to have the semiconductive
properties, so that it becomes possible to fabricate a semiconductor device using graphene. In particular, the pattern area includes
patterns which have repeated shapes and have mutually different periods, and a pattern of a repeated shape having a long period
can be positioned within a pattern of a repeated shape having a short period. According to such a configuration, it is possible to
fabricate a photonic device having a quantum well structure using graphene.
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JHAE o] &7 HEA] &z, g2 Uk EFE o] & NxA A, a9
HE o] &3 A A o], ¥ I BEA Az Ax WY

(7l &0k

E e vixd Axe] #3 Ao2A, ¢ FAsAE i g4
Uyx B89 748 Ei Ur E3 7]'?_«] L‘r!r_ /\Z}(Nano Dev1ce)°ﬂ #3 Aot}

A
Ao Ao Wes 22d HEAE LAZ o UNE dxE hxe 2
o] £3] A14¥E AR 2AE EE, ¥ $E i 5 o4dy AdHE FA
A 242 et dujon, ,
(¥ 371 =]

Ad 19850 A" ZA(C60)F 199180 HAY dayxFre i
o] 2oo4w1~2005bﬂoﬂ o] £o]z ¥ ¥ (graphene)] *é%l‘l?l Bz oAl gazmw
o]$017 BFL o]43t 034, 149 D 23 FRA AR R 4 xS
284 44¢ 478 & A GQoh | | |

aREE g4 FUEEN, BY TRE /INE 28 9o E(graphite)d I
A9 23t ERolth, & 18 a#Be 239 FRE EAEL Y =Wt

F2 FHATL B o]F0A B4 FAASL w9 HZ AAEY

ﬂ%?&?iﬂ NYAZ o wel APTFZE T BL B HJFo] 2L
=

ou

A%E o) F = YREY TAEL AAE YAY FEEX/ AR A
Aol 1 o7t 9ok, g4 %2A F Ul tolot2E=rt 2 fEHQ] doltt.

A g, aBoE Al MY HgZd AAES] JPAFR] a0 Fj
FHAT FAd = 14 EAE v 2§49 J18EY YUE TE,
oo FHelZt A AFgee FHd FAYA FHE SAA I, Hhl 3
YA A FHAF FoAsts dAEY FHE o-2HPoln REH, HY
of =A% Aol el n-2uH|golgt drt. E 2& aHfWY ?zoﬂ/ﬂ o—iﬂl
g3 g-onjgd &g sl TR EHo|t.

T 224 44 & AAse Aaned 2A9 AR FeRrEs
1-2H|2EQ MY AFOoZ o]FolA JYut. o7 WM HAY AALF
3 JURE AR HlEste BARAGEKE HNER, & oY AAASGE
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A oA Hol: YA A LEFoUA B BAATY 478 2
o ATz} vz AdHoE A2 oA ARAS HPWAM BEojuE 7}
T Fa% FHLAEOT.

BetA, TR B2 97 & 202 3 Qo] AAdA A e BAo]
HAE 72E gatdoz Ao, Hold A71F 4AL AR A, A
HEANA AHLHE B2A AYZHtt AZE 1008 ol MEA o]FAF I F
HROE 1008 B AFE 324 & 5 Qo] /& 71¢S AT AW EAX
28 2 A 242 FE23 g

agRe 43, A/A, JAH BAo] Fo} dAUFERTT BL A
A 1 g8e Jdsta Ao, 53, adWel AXm Yt oY FrRE FeA

AST 55T 94 423 v A7-AAH 3§ SHAA o & &
AEde e W S5 Z4E /A o, ojxd F22 Add A4, 4

AAZ2E T8 & dvhe FHolg.

4, 2 W (Graphene) 229 TZE n-2H| "2 AHARE o5 A
HE oyx] W= cholo]#:(energy band diagram)€ EW BHIFQA Y
(brillouin zone) W9 K $1xo)A E=00] o] #=v] 29| (Fermi level)o] UA
HJuz, JJEHo2 F&A(netal-like) AFE 71X Yr}. :

E 32 a2#9 U wE AL I BTG, E 394 4% ¢
Agel aeae BT dgo] TAF ok, A7 02 o] WV ¥
21 9ol KHdA Axu9} A7 - ghdr). 2 E8F g9 e
quA] FFe] uAuE KANA Fois] £ afolth, Tl mzo] KFNA A
2 e EgE 08 & g

3tA %, @)W (Graphene)o] AR £A2A 457 Y E BEAH A
d& wojof = olF = e#fW(graphene)d] iz WR= rio]oj1idy
(energy band diaram)olA ®M=7(band gap)°] EA sk = ol Aot

wpa}A 129 (graphene)®] X W=7 (Energy band gap)e FAE7] 9
& o 7tx] e HHE(F I (defect) FA S0 AAHL oy, AAAAE
Z1&e]  AEE(Si) 79 EW@A2E(transistor)e] HPFEE 29F =
(switching speed)Y 2/2 X AFH|(On/0ff ratio)E FH3A = £33l Y.

g, FAR 229 HE&S As] 2 MENE LoldA =HE
Qe 710l AEHA Ftzm Y& Feol. | |
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A 2AE71%, 710 ne) A48 YUz 948 GuE, 2 gusye o
HAY $Roz YYY 190E e T ’ |
olst Zol, 2RWEL vE FHW AUEA] SHFoTH THUY Tz
7 Y H o WYol A7A Hol TaBo] WEAH HAL WA So] THBL
o] &3 RIZ A 4219 A=zJ} JM5EA A, »
MEA A3 298340 948 AN NS O TIE = T, o
HA W] AFE I1PASL B B} ohal aPWPZo] WHY AL 7

¢, WA 22 2HdFY v 4FE 994 PP AT2e
T . g 24 4P A2 93 zﬁ] FELL 4 g7 "o

AOE AZog F= EY ma Az}a ?@zl 5 Ml g},

obgd, A7) M 235 Az B0 3 AN

EF, AV BAL 2] 8 B Une A2y e Ba Y 23
& o83 A=A 224E /1% Jo 348 vE 23 FUE AAE AU,
d34 348 2d%E, L A3 Y4W v 44 v Y 233
£ x ??_“4. . :

- AI°lE A 1¥(Gate signal)€ 7}8te Alo]E € (gate pattern)THS m] g
@.zg% FHZ AFFOEZN, B4 U Bho] MEA JAL WA T § gom
A Yk AL 0|43t 953 E49 xR 229 AR} A

ook

B, wEA 2xle AdFd 719 Alold P49 ddgze 9 T &
A, ol L FAHoE By gUF FE 9 w=A 2249 Az7t sbEEA @

g U EAF AHEHE 84 Y EFL 399, EE 84 Ux &
B £ Q. olgg FAd 94, Zliﬂm(graphene)«l a-ﬁ.‘-*é(metal—like) A3
= H3AA NEA AEE 9dA ¥ £ 93, 82 UYx FB Y EYI(CNT
Network) Wl9] g4 ‘4 E FE ZE(NT rod)E 7+ FEF o] A#glo] wEx)
2 4Ag &ol5A
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EH, 47 BAS 9AE] 98, B 2 AP e 1HWL ol$
G owEA AAE 1%, J18EY v 448 9X¢ F4E v 43" Feo
Jedd, 2 fugdid g48 19use TH.

ols} o], TAMEL vlE FAHY AW Ao VAN YW
727 2aHoz ddo] A7A Hol addol REAR HAL WA o] 17
SERRER;

il
Y
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w3

o

o] g% ®t=A 229 Azx7} JbsEA .
old, AEFAL M2 & F7]9 w5 Je AREL X¥H, 2 F
718 7HA= HHE fEe Heol A2 718 JHHE v FH d™ Atelel ¢
AR 7 Ao, olsh L FAHL B E o] &3 IR —?— TE2E 7T FdA
228 A2 & YA At

B
s gHe 2k 22 =(line-grid) Fefolx, wHE FEo ARe} R
TEE AY vlEE JHAH, ¥R FHd g3 bFHE adE Tz JHE A
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g J5aA ET. |

S ESH, B i mE fis A AXE 7|89 " 99 R ¥R
& o TPE + Yok IR T T 27
T2 dage vEA AAE AZXY F JEE 3

@, 2 o] 4 2ANG o 8F WEA &7 ojgol B BES
A, B B4 BEA 2748 N2 dAsks Ae TFUT. o, wNEA &
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A, 71ede] viE dAE AAd 2449 T2 43 gEe AdEq, ey
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A%E adBFolh,

oo T4 s, BB aBdolt MEe A% Lol VY 2AE o
dol Az Azstd A4E ¢ LTHE Trd IR AFE A 9
o, AN goTE $48 45 taTdols uEe A9 FHol sHedtA Aot
ERLEE)

B o] o3td, F45(netal) A2E Wl 28 W (graphene)o] ¥I=A A
AL gA & F Yo 2HAE o] &F wtEA 29 AZ7}t JHsEA "
T3, B age 29 Ay HEEd vjs] Wz Rdo] goldlr] Wi

o, 2 @y 53 A%Y AAEY E@x}*ah 71%& 22 (graphene) 7% &
24 e £53 /9% AFH](on/off ratio) Z, o]FE(mobility) 2 29
3 &% (switching speed)E A|F3t}, :

TR, B 3 ofdd AH 8 (low cost) FQ0] 7HedA Xﬂ-ﬁ g R g
Aol € 7]& diu] W T8t

T3, gBA Uk FE VEYI(CONT Network) W9 EV\ YUk -Frlﬂ_ ZZ=(CONT
rod)E ke HE W Aoglo] WEAY 4L folatA A & F AUt

B3, AOJE AZ¥(Gate signal)E 71t= Alo|E ¥ (gate pattern)TH&
U 2A Y (Nano scale) 2 ARFORH, $& 2xH(device) AR FHo| @3
2131 A8 (low cost) AF 7jgo] 7153,

TG, 2L o83 IR $2 F2E AHNE FAZ} 2248 A=Y F

Y

Ea, 80 940 A%0 B4 SE F2a BAR 449 A2 A
A, - |

%, 2R8E olg8d OF Ix £8 729 FAA a4 Az} A
a7t}

w9, 9@ dAEAl A2 5 2ol 2 2AE Aol G A
A% a79E ded $4¢ A%Y + A =9, Avgezs
AAe Hagdolst de P FEol AssA Ak,
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.
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z el J ANdE £ A AZHA BEE. o

T 125 = 119 Wyd g E 99 AAE AREE FAELE AT £H.

E 138 E 119 Wl met £ 109 248 AZSE FHE BAY =9,

= 145 B w0y A3Hcde] mhe 2N o] 8F FAA 22 AN G
o] 72E AFHoT =AY =W,

= 155 YR9E oz WE tholojad,

Z 162 AMZ g 3L AT 48 AT iEE ag=(grid) &
gol ¥ ABe B FHY UF IR $BL EAG T9,

E 17¢ #7140z ¥¥Y 28T quR ME F2E AT =W,

T 182 d"EY oiXo] AXF e Wio] A2 FSE EAIT
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E 50M, e o83 WEA A%, Z1W110), HHS(120), 1WA
£(130), AN HS(140), AFF(150), 2 BAHE(160)2 THec}.

HHS(120)2 vla) ARE P2 A1) BT, B2 (130)
e U7 448 Wgos AP2(120) Aol IPHY. |

o)} Zol, ZHWE(130) UlF FAH HEZ(120) 4] aawoaui 1
Auel 727 BeHo Waol 474 Ho| adRo] NEAH HAL WA
o] WL o] 88 WEA Ao A=7} A5 G},

R AxE 139 EE 239 " F71d02 YAH S = (pattern)
Aol 22 (graphene)& 23 W (graphene)d) FHTZE WA 7= RE 2

mEtA, fE 43 J8e g2y RE(ODAYE 443 w89 (closed)
&Y 238 HE(graphene sheet)Xd ¢A 239 H o2 A (open)HE T

7b obd RozA, WS (half-cylinder) 725 8% 5713 ¥ (pattern)
=9 7bsd FEIZ 2FB(groove), 2EZHo|Z(stripe). HAzHE (Rectangle),
A2 (triangle), ¥ (circular), Eg9d(elliptic), V=D (cylinder) 59 T
Z2 449 + U o

CEF, 3714 AdatternES 3457 d9), AAY ANAE S¢ o)f
st 7 ’S*°ﬂ AN2E AT S e AL B8, 7]‘&(5ubstrate)°]‘-+ g
& (metal), AT 52 47 (etching)dtd] HARE YHE 45 9}, 4

2 AAde Mgt Zo], AR (e-beam) T} T AU E o] &35l Yin| g
=AY (scale)® F713<Q A (pattern)S HFAF F, 2 $Jo] aPyW H=
(graphene sheet)E& &7 =W, 2@ A(graphene) T2V} Beldoz Fyjxgoz
ol A71A Ao,

HFEA AN F714Q0 A LA (electronic potential)oll <13 Ax}l9 o
Ux] =ggo] A7)Re], 718 o2 M= (band gap) ANUA7}F ~00lEA W &
4€ W& 239 a2 (graphene)d] BH TZRE FU|H 0= ulFo] 2oz W
e @713 ETRE s 22 W (graphene) W] o142 W= ZA(energy band
gap)o| A=A dot. »

o old AYle WMERY 719 PAE BEFoz W F/4 wde 1A
(pitch) & @At (height)2@] 3 8430 ¥ Ed3e] 435 F4(interaction)
Tl d8l iz d2A YA |, |

B, WEA &ZAE 13349, 239 FANFH A o|(array)el W

N



<87>

<88>

<89>

<90>

<91>

<92>

<93>

<94>

<95>

<96>

<97>
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(graphene)®] Wag 0~180% o] 7FAA Lal: TRIA, afAZo] FAFH
vz 439 B3 42 N2 g 9ix W= Alenergy band gap) EAL
frEste] 22H( device) $4 W2 AP WL MY £ g}

E 6& 7103 ¥AE HEe o 2du5e 94 B =A% £Ho

WEA 27 2905304 248 Aol H(140)EL o AT &
olth. o] AL AN Mol AE(140)¢ 1AVZ(130)L BEF Bk ojg} auE

C(130)°] BY¥EY AHHE AL FAFEE HFE )5 384 Bt

AF3(150)2 21hAF(130)9] w2 48 dGo FAAT), ol 4
< 348 AT 93 A8& FFLE F YA ). s

€, A &7 EWA2E(FET) &2 AFst7] 98] 229 (graphenen) ol
e A o] Z(passivation layer; 140))E B3 & (Metal) AIFEL A
g Q.

AT (160)2 7183} THWF(130) Alole] FAHT}, o] A wixx &
A 2ABFA30) Aol FHY AFH(160)e 22/=HQ AIFog d1 7B
(110)& APIE HF22 3t EWAXN2E £AE TEE 4 YA "

E7¢ £ 29 Aol he 2148 E o4 NEA 24 Az WP
d 2AAE FH7] AT AFHA BEx0)a, E 8L E 79 W] wat A=
HE wEd 249 Az FAL ENE =l |

BA, A8 Z(Silicon) 71¥H ] Alo)E(gate) BALGOE AR HE Si0, &
(layer)& QA3 (thermal oxidation)2 2 3Ad3T}(S110). -

2o, HSQ Hx PMMASH 22 A (e-beam)§ # X 2E(resist)(ER)E
2% sa, MW (e-beam)2Z F7IAHA HQ EE PMMASl 0 ¥ (line
pattern)& §4TH(120). o

o]o{A, PMMA E+£ HSQ ¥ (pattern) 9o 22 HA(graphene)S =¥
(coating)stA Y F&(deposition) &TH(130). | |

2 9ol PMMAE ZH®(coating)dtel F714 ¥l (pattern)& watd A
(grahene)o] & P4 =HZE H}(140).

vpAlgt o2 PMMAE A (e-beam) &2 SHE1d (patterning)& 3, &2/

E-L



<98>

<99>

<100>

<101l>

<102>

<103>

<104>

<105>
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Y

g (source/drain) A FAZE A FAw)T 2L FEF(metal layer) e 5
(depostion)dtil, S/D A= ¥ (pattern)S FA3t7] s} PIMA =& PRE THA]
¥ (coating)dk3l, PMMA (PR)& e-beam (photolitoh )il BE €13 (patterning)
39, PA¥ PMMA = PR 0|83t Source /Drain 2L FAFoZH 3¢
EWAA 2 (transistor) AZE 534 BoH(S150).

2L oo M B

E 9 & 939 AP ©E g2 Uk EFE oEF wEA Az
d A4 JFAQA dHzolt, & 9oX, v4 vx BAEL o)L ¥Ed &
A= 719(210), SHEF(220), HAHE(230), SAUREZDS(240), AZZ(250)
< ¥ g ' |

WE (22002 719(210)401 FAE vy 49 FHE YAHD, FQ

(230)2 HRAF(220)3 FAHHA, &2 v BAF(240) AA3(230)4 0l
d4€d).

off, MEA AAE 1Y B 239 FE9 Fr1HoE FAA AE A
a2 9 ¥(gate signal pattern)& o]&38le] e (graphene)?) AA TulA
(electronic potential)€ WIA 7= BE FRE XY, 82 Ux 58 YE
Y3 (CNT network)Y} €Y & Yx BH ZZ(ONT rod), 2831 Yx s}olo]
(Nano wire) $& o83t A &F EAXN2E(FEDY BAH Ad(active
channel ) o] &3t EE F=Xo|A Ao]E Al1d(gate signal)S F7]Hoz 7}
Je Fee TFIT. | |

ol¢} o], AolE AlaY(Gate signal)E JIEtE  Alo]E ¥l (gate
pattern) TS we AAE F2Z AFFoZN, g@i U 2ol REEA 4de
OA & F J2BE g4 Yk EFE o4 £33 EA4Y wtxA &A1 A
z7t 7b5sA ", | |

AAYF(230)2 HAEF(220)3 7]9(210) Alold= HAHE 4+ ). ol9}
e FAHLE BY vggst e wxA Axke AR 7M5EA @4,

£ 10& 2 @ A2giofe] wE i vk BAL o8 WEA] Azt
O AAde g ddkolt. & 1004 = 9dAgE @ Adu:
(230)0] sHEF(220)F 7]1¥(210) Atold = FA=HA de AL AT £+ AU,

B4 Y S35(240)9) AHEEHE g4 Y B3 a9, == g4
= FEY F U, g4 vk EFo] ag9d B¢ W (graphene)d F
(metal-like) HAE& WIAA ¥ AL uA & ¢ J1, g4 Y= §F

ok ofi

&4
B

(o]
L5
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<107>

<108>

<109>

<110>

<1i1>

<li2>

<113>
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S g2 Yk FE2 JEYI(CNT Network) W] &4 Uk FEB ZE=(CNT rod) &
HE DA daglo] BEAAd JA& &olstA ZA & & A
ol¢} Zol, AR (e-beam) TFH L FHE o]8FH YxrEg =AY
(scale)®] F7]14<Q ¥ (pattern)& 7} Alo]E(gate) ¥IHES JAHF F, 2
o] AlolE(Gate) AL Atz 1 Yo 2B 4 E(graphene éheet)‘f]- &
A Y FE(Carbon Nano tube) & &8|A =W, W (graphen) E= CNT W
of AAEo] =7t A7F WA A (potential energy)7t F71H o2 ulH A
& 5 Ut -
ol {3 = 9o} Zo] Ar|y xR Wy v, -V, -V, -V, A
o= RIHHES F714 89S AU, = 100049 Zo] A7H TEL -V,
0-V,0¢ Zo] MARES A2 & & Yok |
A, ol 7zt Be AR HE dqux i=Pg 2w 43
o A ?’% J& By ofag, I FU)1H AolE wjxe EBYH FRE d&
2N dudoz HA W=7 dxolF (band gap engineering) &

)
S
et o g

J8Ee2, 71234 0F W= (band gap) ANYA 7} ~0¢1 22 ¥ (graphene)?)
545 HPANA AR 4E4& 9dA & ¢+ Jon, (NTE o) 4% A4 ax E
WA 28 AzA] N W EYZ(network) W] CNT ZE(rod)E 7+e] HZ(contact)
o Be NEAY H4FL ANG £ Joem o]g o8 (NT AA &7 EAR~
B A% FH4=E 7|k & + .

g, g4 vx Edo] ZdHEd A gd Yk EF3F(140)9 aHAL
g 4449 “Jff} Z IAH9EH. o9 €~ TAOE, 2HBFY A Wl w
BIEA 22 AZE £ U4 E

= 6MAY AlOJE Al1d(gate signal) F3F F713 gz a9
(graphene) & (NT9 £ AXd @& Hygd A7] TdAdd g&A A2 &
WM=74(band gap)< #HE EWAZE|(Transistor)®] AZo] 71535ttt

olg} Zro], 1A, 2xk4d F713 o#ol(array)ol ¥ (graphene) EE
CNT &g 0~180% vl 7HHA &2l T2E AYTo2A, W e A
2 o9& 9=x] M= (energy band gap) H8E& FE3tY AAH(device) T &E=E
e Jges A9 5+ AA 9o
AZE(250)L &4 ‘—]-h 25240049 v 4AE dgd FAFEH. o
HE AR B4 Uk EFS(240)0 HEE TR T AL, 71R210)2 Al
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<115>

<116>

<117>

<118>

<119>

<120>
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E dSem A}%s}“ EdA2HY 728 7Y £ A |0
R 112 & 29 A2e g E}E B2 e BdE 043 BEA &% A
Z 9o g zg;qoq] Fst7] 3 AFHQ FE2EEo|T, & 12 & 119 Y

o u}a} E 99 2AE AxdE FHE TAT =dog.

WA, 48 (Silicon) 71¥S) PMMAY HSQSF Z+& AR (e-beam) & #A
2E(resist)(BR)E 29 & & AW (e-beam) o2 F71FQ 2l ¥ (line
pattern)< HA 3}, (5210)

0202, FAE PMMA EE HSQ lﬂ]a(pattern) Apolel Eoju} gl ]’“
2] Z(silicon) 7]1#9 EWE =] o (dry etching)3 & Folgl: PMMA
HSQ F(layer)& 2E»(strip) 34& 3t yiAUD, A7z (etching)® /21’457’-
(silicon) 71 $ol Si0F(layer) & dAtsy (thermal_ox1dat10n)2.i FA s}
(5220) | o

olo1A, 719l F714 € (pattern)o] FAF ol Q& G ﬂ]olE(gate)
AT Aol 2B (graphene) FE B4 U FH(ONDE A FTH(S230).

otAgo 2, 3 o S/D F4(metal)S FZ(depositon)dti, LE #R) 2
E(Photo resist; PR)& ¥ (coating)d ¥ @A (develop) FRE =3 PR el
(patterning)& 3™, F&F(Metal layer)E 2lZH(etching)dtd AA/=H <l
(Source /Drain) ¥9¥& FAF22ZA, 3@ EWAXAE (transistor) AL gs
5tA drct. ;

o] A%l #7138 AolE ¥ (gate pattern)ol o& Arte AN Ta
o -V, -V', -V, V', £2& WA Ho] 1WA (graphene)e] W=7 (band gap)
< ¥ (open)3tAY & U FB(ND Y #t2Ad HAL AAstA D).

£ 132 E 119 Wil wet £ 109 238 Az FHL EAG =9
ojt}. _ |

WA, B (Silicon) 7% Aol Ao|E(gate) AATHOT A= S0,

S (layer)& FAMEY (thermal oxidation)o2 AT F, Aol= W22 (gate
metal layer)& S (deposition) 3L, PMMAYE HSQeF 22 AAMY (e-beam)& A

~E(resist)(BR)E Z®EF F, HAAW(ebeam)oZ F718 29l HE(line
pattern)& F/3st9, FAHE PMA EE HQ ¥ (pattern) Alolo]l Eojy Q= A
°olE F<%(gate metal) EHE YE o] F(wet etch) EE =go] o F(dry
etching) ¥ F dolgls PMMA Z+& HSQ F(layer)& 2E™-(strip) FAHEL 31
HANATH(S210). |

rlr mn
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<123>

<124>

<125>

<126>

<127>

<128>

<129>

<130>
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o2, I Y Si0F(layer)E EAHHH (thermal oxidation)oZ 3

J3key, F71A AolE(gate) AT D Ao|E(gate) QYL FHL T
(5220).
olo1A], sl 713 - (pattern)o]l HAEO Y A9 A=

(gate) BASHA e (graphene) & ¥4 Yk FE(INDE FAFH(5230).

oo 2 O Yol S/D F4(metal)S S5 & (deposition)dtal, LE #HA
22 E (Photo resist; PR)E ¥ (coating)dt & X (develop) ¥AHES F3] PR ¢
J(patterning) S 3}, FE£ZF(Metal layer)E 2]Z(etching)dte] A2A/=g el
(Source /Drain) 9¥-L FAFozZH, 3¢ EWAXE (transistor) AL &8
SHAl B TH(S240). ‘

o] A5 F714 AE ¥ (gate pattern)ol &3] A7tE A7|H XdA
ol -V, 0, -V, 0, £ WH3A =] 17 % (graphene)®] M=y (band gap)&
M (open) S AY &4 U FB(ONDY wtedd HAL MdsA @),

= e B @y A3ede] BE 2due o]8d FHA 279 A6
o T2 A¥HoT EAF Edolt E UN, 1YWL o] 4T FAR iz
(300)% 71¥(310), 71%(310)4ke] vle] AAY Aol FHW vlz) 4 Fe)
AE F(320), L AW FA(320) ol Y 2HVF(330)¢ TFET

ole} Zo], TUF(330)L vigl AP ¥ JH(320) Aol FHFo=H
a9 P27 Bedoz wio] AJA Hol Mol WEMNH JIL wi
Ho 2B e o] 4 FHA 2A9 Azxs} A5 AT |

oll, Y AA(320)L M2 D& Frlo) w2 Py YUSL T,
2 F718 ARAE 92 gy o] e F78 s B P A" Al
o ¢Xg & ATk, olg} 2 FAHL 1YWL o]&F WA $F TERE AAE
FAR 248 AZE 5 YA Do |

£ 155 F2 $8 ouA W= dolojadeltt. ¢d A $B(SQW:
Single Quantum Well)€ Wi=Fo] e WMEA(E .)E WN=7o] & ¥rEH)

(Eg,barrier) )\]-O]O:ﬂ ;I(;!‘;;}}\]ﬁ Z-]]Z}O] th, = 16:‘1‘]' %% OﬂL‘]Z] ]:\'EE- ?}-% ;%7:" %

o},
A7NA L7t 283 A W 37 $A3l(size quatization)E A& %=}

$2 Wel AAEL FARF qUA 298 KA Ak 23 ol WETE
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<}35>

- <136>

<137>

<138>
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o] F4 ANUA|= Egn = Egwenn + Ege + Eopz F01A 9, Eé.e (Bon) s FAEE AR

) A sgEt.

9, FA LB AMPE dUAE F wede WE Ag g oy
€ 27 JEE 42 U= A e 23 A4S A2 B4 a4 3§
S0l 2 & U, B, oI YAFE] WESE (emission) AYAE F wtE
A M= ,3%54% g dUAE Z2A HEZ, 93 GFez dWE deH
dolA & A= 82 F A,

olg ¥t 2 78k dolA: B3t A: Aol $EI Bl $5@ J

l

Al E&(radiative efficiency)& Roln, ¥& g 98 714 AFE JA4 &
T RS B ol FHY 2= diF AW A wge] dAo] Erie
59 548 7IAx g

R Uole B 2 A3Hge we Mz gE HEE A3 48 9F
& 2gS(grid) T& 9o £ 190 o2 B8 B 9 FALEY oy
2| W= tholojaPo] EAH gt}

o8 SUAME Tholoj2d AN A HE E 1M 2e G
TEZ BAET. BEF, o Yk AR F2E d1-d2-dl-d2-dl €22 dEHO
2 AMEA 7% Yol AT T, 1 Yo aPUe 2FA HW OF Yz S8
FE= 7b5sA . ‘

FA Bl F A o Mol € AL tFE IR $E (Multi Quantum
Well)ol2ti F2m, o]z|g MWL SQWo] 7IXe EA(FHEL Za Y& #xt
oldg o Be A7t 5 (accumlation)o] HW BAZ(active region)d 2
97k SQidiy] o] 322 o & oS3 Y AF UYEE 2 Hol L =Y
(light power)E HolA dHtc}.

metd, gd FRSENY UF FALEEL U FH 22 L AR &
Ao HgHol FBol $48 4z A thksiA HALE & Yok,

E 16& AE e 7142 /A3 49 JAE e ad=(grid) 2
ol 29 aHBE 3 FAY UF A2 $ES EAY EdHolt. & 179E A
2 e 4L /K3 349 IS 28S(grid) TERE HEHOT JIHY Y
= ¥ (pattern) $1o ¥ AR, ol S5 FHY UF BALEY oJyx
W= tholoj o] EAE o] U}, |

olwf, i o] wE Fej: 2l T =(linegrid) Hejolm, W2 P
o] A9 aFE 9% Ag He&L 7}110%, RHE Peo] 93 WyEE au
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<143>

<144>
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Tz FeE A2 (zigzag) DL § Yo}, olEF TAHL BT} 958 %
o YA B T2 FAR 249 AZE sAsEA @}, |

E 17¢ #7402 Wyy 249 dux] WE TRE BAS EWo|1,
£ 18 HH oA o] YA 2B Wo] AaAH1Y ALE EAF T

= 17ax F714o2 ugd aHu(dA S(edge line)dlld AzAz
(zigzag) BFE X E 2YY AL EAST o, 18y ANE ouix] We
F2E EASL Jth. & 17 AZL A7 get MEgo] FolxE 3
3Ach. .

= 179 oA T (square wave) FEE F7]13 Q0 wgo] dojd )
A HojA e AR i A 2Ry WeFo] NaAI(zigzag) Y AL AE
(line width)o] 8.6 ¥2EFolA <& 13.0 FAEE0Z WssHd g Wsye
1.0eVell A 0.6eVE RS HE RS € F o).

oleig @4l 98l, %7189 Y H¥(nano pattern) ol AW zHA
< a3 ool ¥ Y ¥ (nano pattern)d 2o, ZAo], aglm g Wo)
FolZ Wk wel M= (band gap) 2F 2 W= ZA(band gap tuning)o] 7}
587 5E Aol |

B, = UAMHE ME OE F7) (dl, d2; did2)E A= FAine
grid) BEY Yx7IE 71 A di-d2-dl &2 AAEA A T, ¥R
= AAHL2 AAANIA HE, HFo] HL (d) T2 9 de 2HWL E W
= (Egparrier) = WA HH, 7HF0] E (d2) 7+Z Yol = 299 L W=
(Egwer) & 27 S Aolth, |

2 g g viEA AxE 7]8(310) A9 Y 99 (320) Q¥ 2
TF(330)0] Aol PAste A FA(340)E o T 5 Aot 0T 74
L 9d 22e A5E AASE F& wMo) MEE WadE wEd AXE IS

Ao A flol Ax¥ F JI=F &

v}

) FALE L2248 TEF ARLR AR 4G Ao B4 A58
A7el7] A 2AED] EE FF A% &4 Pol F& MHES Mg %
o,

471N WEA B¢ Wa JE 2249 F& HAS AFsE FHA W
A9 A=r 99 F5Y F4 Aol w29 (ohmic) FHoIY £E]
Welol S4¢ BolA HEZ, ¥ (ohmic) 2H0] HE BEA FHL Bz
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27 desor H: Aok] 9o] ).
=3, 2¥(cmic) F4E Bolt FH-UEA 2YE 2YYGT HuPE T
20 AEA A71E 32 AYe 34 9A 922 gud 23 ojdo} 13
4 245 AN oldB FEAYY] 9 N AD L 4T Aako] LAG
A, j -
SAT, E wwe) JA® A ax AR7ee BLEHE A, 29W of
dol FAHoz YudEo] F4Y A%e 2424 A8L 3 H1, BHWF 7]
¥ 9ol ¥ 2PBe & B4 UrhE 4P o851 HH, 9d Ao
AEE AZ3E F4F0 HEE YoYE AA 29 W(all-graphene) 7|9 &3}
BE AR BA Q0] AT 5 U] BY 279 H5L ARG & 9A @

ot dfuTter 3“*% AAeA(AAES EAA2H) B Fa27 (

olejd 7L FW YaZdoly vra P o] @ 23E ofdo] &
B2 AZste Agste ¢ 27HE U2 24 9 4 IS AFY & ,1
=% 3o, vl g A3 958 4% L MAE gaZgole e He Tdo)
N5RES F.

E 202 a9 Res 49 ARAA(AAEZY EDA2E) £ FARH(
FA S8 23 odolg EAH =wo|r}, | |

dutd oz, gy £3E odo] FER Aztsto] A1 P gaZgol
2 FRE Y A9, 27HE UdE 38 2 Jeule] XE IR oF TH S
o o3 ¥Ho] BAsAD ulgo] A5a, £g D Ao nxE T L A4
olsrEo] glojgktt.

2 = 203 Zo] EE F& Wi AFE glo] v VS S
Ashe 34 B8 (PSG: F71¥0z ¥yy 29, F6: FI9e 7w 9o £
ad9), 34 dede) uedd, 281 953 4%5e 2E faZgold um
g ¢ FdE + A ", |

2 2w AN 24 B2 524U IR ol BF
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BAEC 71Ne T3 FrHoE BYHQ T2 WYE 1YWL o]85d Un
A2AE T3}

53], A2 g F713U 2EH49 917}% aRdE QA g

°l€ 3, 2dWY W= FZE oj&ato] FALE suke AxE THF
o &, A (e-beam) 53} 2L FulE o8t UerlE T7(scale)z F7)
A9 A& (pattern)o] FAHH 717 Yol 2B A E(graphene sheet)E AAG 7
T, A7 E FU1AHA 2EHH o8 Wag ll?«ﬂﬂ(graphene)ol e HEAFH
ARNEA =7 FA)L o] &3} |

< 289 Al 93, e e anst U,

D M2 g8 F718 7M1 Q8 Y=T2E 9g 202 I 5,
el Iliﬂmi Arsle #3E B8 Frdoez dazA wWye @ agw
(graphene) T& 47 APHEE YT F gormz, 7|&9 dd F4LE Tz
A %Bﬁ} HEAS AW A% 53 4o Yo Q1 N2 g wxx 23
< THAA NEA EAEY AAHA Sss= 73?4 E YR (lattice mismatch)
ol A% A (defect)o] A Hol Bt Ao 248 YASEL HT} Lo]d)

A BT + Ao, ’

2) M2 & F71& 71 Q-3 Ytz
AAS JAFOEZA 71E OF YASE F494 Ped uEd UE: =3 34 ¢
Wzt Az BAA(lattice mismatch)ell gt AE(defect)S ¢A3] Qo Aol
Tt o] Bded UF A $E 4 LolsiA ).

3) o]& T3 AZY FALEC] AAE ouR Hde F7H TS o]
4 7ML gE HEREdE dE duR 2= E 2 B3E 209 o
44 e 7 doJA, T AxliAd] 89 5 Q).

4) ol F FAS o] WESE JuUx FYE A WY
© M= duUAEIdE & qUAE 2 Huz, dsls gL o
1%— Az 7 Qo] Tt Fazt Eopo HE1 + U,

5) 71&el A E(Si) 7wl ZEH A (Gads) 71H 5& o] 48] Hzpxz)
U Fa AFA 8F 34 w23 (Mask) 34 2H(step) 2 23 3 & ©
d THo=E NISAA Au)E(low cost) FAHo] 7}‘“%} ¥ ollz} ZHAME V|8
= HEol 7tsd FHe] Ut

MN
re
W
=
J
ob
2
ol
ox,
A
:#*
N

awo] 3t
dEste dol
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6) #7189 WeT2Eol YHH RREE B FALBo|Y TOF WA
gol BYEES 81, & FALE 1 279 AzE DAY 24577 A7

A
e AFE s WA T2 710 WYY FEL oJRHES aPue o) A
402N, 2xo oML AFAT EA Qo] A
Al @A (all-graphene) 718t YALE AR/FAAE0] ©d 7w 9o AAH

Azde F8E 5 o

>
-1—1
-
£
i)
of
_9[_4‘
rir
ol
)
o
N

2 Aol B E GF uigHI AAdd o8 dgHAA %AE‘—J%‘S’J o9
= oldl o8 AgEHANE ok H1, EFTH A o3 RAAHE A7) AA
dof Mol AFl= w Aok & Aolr},
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379 H9]
(7% 11

71

A7) 718l wE dA4E e P49 Aus; o

70 Sl vE dFE Bgo s Y4 aguSe L AL E
HOE dte WL o] &3 wrA| .éx}.
(873 2)

A 18] QlojA,

37 2RBFA FHY AA ol E S o EFE AL EQoz =
JHPE o] &3 W=H A}
(%3 3]

A 13k AojA,

A7) agmEe vl 44E Ao ¥4W IS o TAFs AE 5
Fo2 st addUE o] &3 e 2%
(873 4]

A 18] glojA,

7] 7193 agdF Alold PP AduE
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