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Study on future electronic device using graphene
Sang kyung Lee, Yun Ji Kim, Byoung Hun Lee

Although graphene has been considered as one of the promise
materials for future logic devices due to extremely high mobility, its
applications in electronics have been limited to a few cases such as
a flexible interconnect, and RF devices. Furthermore, most of the
studies on graphene devices reported unstable operations, claimed
to be due to the poor quality of graphene. Nevertheless, recent
studies showed that the electrical performance of graphene field
effect transistor could be stabilized even with CVD graphene when
well-established integration processes to control the interface of
graphene were used. These results indicate that as in the case
of silicon devices, a proper control of graphene interface is very
important for the stable operation of graphene device as well as
other 2D material based devices.
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22 nm Process 14 nm Process

[Fig. 1] Cross section image of Intel COMS devices with 32nm [3],
22nm and 14nm [2] technology
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[Fig. 2] Graphene films (A) Photograph of multilayer graphene
flake (B,C) AFM image (D) SEM image of experimental
devices (E) Schematic view of the device [4]
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[Fig. 3] SEM image of graphene FET (Left) [4] Electrical
characteristic of graphene FET (Right) [6]
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[Fig. 4] Typical I4-Vg curve showing various parameters defining the
hysteresis [33].

Substrate

[Fig. 5] Major issues (red) of device performance degradation in
basic structure of top gate graphene FET.
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[Fig. 6] SEM images of CVD graphene domain on Cu foil [17].
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Results of graphene transfer on SiO2 substrate

< Bad result > < Good result >

Si0 Graphene — 0.2cm

(not transferred ares)  (transferred ares)

[Fig. 7] Results of graphene transfer on SiO; substrate. Depending
on the process conditions, transfer yield is severely affected.
Bright regions pointed by red arrows represent the areas
where graphene is not transferred
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[Fig. 8] SEM and AFM images of the morphology of Al,O3 samples
treated with varying amounts of fluorine on graphene [46]

Contact resistivity
3

t . -t i -
& 10 0 G e e BT ST

Contact area / um’ R.W / Qum
AL 713-S o] &5ko] 1 Y= WS o]-8-517] wfjiof 1) [Fig. 9] (a,b) Optical micrograph of the four-layer graphene device
o] HHIA| F5ta 20| A|A| =u, A2 AA} TA with six sets of four-probe configurations with Ni contact.

Two types of contact resistivity extracted by a four-probe
measurement and various contact resistivity depending on

WA 2
o A%, A} % AL ol o] o8] el

Aojx= & Ea]A el &4 (¥ 7)o] WAYsHA Ht, o] different metal contact were compared with mobility [49].
= Qlato] AAaf thiid 71 AA oA Hdet DS &7
@%71] %1:]— —5]_7” Eﬂg _/I: SIRTAE) oqxﬂ HLUP aaxgo] 01%\:]- o]i

alstel 47} At ) 48 Aol HolL B2t EAo]
c. AOIE QA 4 R AW Aol: THWL olgst  AshEm, Aw W HAH vhe] At EFE 54

A} Bl TR 2ok T AR axpe] Aeolle i HEAL @A) vEhA =, A71A S 54 |
o gz fils 2-sh= 7Ieol 7 8% 2ol o SR AHE FYs] ofHA "ot [47]. webd 1
o, TR 2] fpds s Hw, e o e 2 22k 2 Aol sl R AlolE Hd
Ak st @RtAA Amert Ha =i, e AlE SASkE 7led &%, 23k 229 AA S8l A
=] Ao Al 2 e Sd7e] ovA A of mie 8%t FEte AAERL glom, FAE W <
= WA 4= Q7] miZe] AAF 22 on/off 7S 7} ol o] Z|AL Rl AdEiolt.

NAehe doe 28 4 v, 2] H=2u]

2HS fleliAlE G AA A7F Al AlolE ATt d. 943 239 HE A work function Z}o]: 1
1S A71Her AAsty| 93t GAgte] Hasiet (28 ol AR E27] Qs &AF F2AF 22 (Source) 2}
CARIE AAA vy F2F Al ofg] 7HA] F0] o]&E  E=(Drain) 54 Hete] Zasit) (1™ 5). ojuf e

5)
o QAR Eetznp 9 veo) ofs Ak T A S50 JE Age] WA = [48], HE A
EAS 2| Asel7] Y8l A YRS 52 (atomic layer  @o] AALE 422 X%xﬂOﬂ

4 ol ARl AT
deposition, ALD) 4] #& ol gt [43-45]. I8 A Hul, o= £ TR A ARk Fa A4 F
PO CHIAE TEE AT 900, CVDE ol§T 4 SikE 48 aelun 24 gl o] 4% A%
A Al e A A 2 el A 94 AT 2 @S 349 Bl wek gk [49], Tue W u
43k A93tni dangling bond7h 24314 ¢17) W ths ZMAelE e A% s80] Fa5 Ao} Hrke

o, ALD 3% A, 1% 83 o] el HAle] WA AT Auh ww Selet (29 9) [50]. EFF e 7
QA FAEA Foka, YA Aatol G ToIARE & 7k9] work function o]l olg el =] ¢
B Aol AT [46], Wb BA% PR ARE  WES 340 2o Saclom AREYE ol o]
Aol W e AEA Sk, e AAE B o) ALgel] UolAE 4% At A0S Sla) elHolof

r:|.1
ru

:

i

ZIZ 0[0k7| Vacuum Magazine | 2016 03 March



(a) Redox system

% H,0 000, ® OH

[Fig. 10] Mechanism of chemical reaction on graphene inducing
hole doping [21]
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< Typical wet transfer >

Graphene Transferred Transferred
transferring on graphene with graphene with
DI water defects wrinkles
[Fig. 12] Typical graphene wet transfer and its problems inducing

device performance degradation.
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vacuum at high temperature
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g. Graphene transfer with
minimal physical defects

[Fig. 13] New graphene transfer process in vacuum [67]
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[Fig. 15] Fabrication process for stabilized graphene FET [29]
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