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Abstract: This paper describes why we must use graphene materials for solar cells and biosensors. It has been superior in several
properties such as super-thin film, higher tensile strength, high current density, high thermal conductivity, and high mobility.
Therefore, graphene is one of the emerging advanced materials because of its applicability in various electronic device
applications. We investigated the requirements of graphene materials for the application of solar cells and biosensors. In addition,
we discussed the research trends such as transducers in biosensors and transparent electrodes in solar cells. The research on
graphene materials and their application will be beneficial and helpful for the near future.
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Fig. 1. Historical research and development timeline for the fabrication of graphene. Reprinted permission from Elsevier Ref. [2].
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Fig. 2. A research trend of sheet resistance and transmittance at
various transparent electrode materials for application of biosensors
and solar cells. Reprinted permission from SPIE Journal of Photonics
for Energy Ref. [13].

Table 1. Requirements for graphene materials.

Properties ITO Graphene
Thickness (nm) 100 <12
Ch bili
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5 (cm?/Vs)
E Electron density 102 1012
m (/em3>@300K)
Sheet resistance (/o) <40 <50
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3.J2{E ATHE 0|
HiO|2 HIM2| 88

sHEN X H
oA AL

iKHQJ 4t =40f tsh =<
J= J2i™ AX|ES wlglo 2 5t

FA X & Biosensor 9+ A&
*}3101] ohsh O‘O}ELK} g q

Jefe] A fLxk sp2 Ao o5 877y HEf=
o] o Ao] 2&IY HPo]:OE_ AR} 9lo] ubx] WA mAl
honeycomb?®] Z& Lx & o]2]3t 2w o] Ea]x AA
%, T S AFAA ZAEE 2 EXfsto] 27 &
= 7P ef2 Y] aAfoln] Fatg ESF 97%= 7]
R 23} ] @5HH 019 = o] MAL o] S & EaE Al
1008 =7] W0 FPx=0o2 &Ego] 7hs3r
1% 32 2 B A]of] A&t AP E Bol e

10 v

ol r\r
F_u

11

O

==

Current density (mA/cm’)

.
3
H
3
E: oo oz o4  os o5 1o 12
Voltage (V)

10
09
08
@700
. 07{ @-MLGZa0
w
& @~ MLG/ZnO-with passivatio
Z 06
£ os
z
04
03
02
01
00
0 30 60 % 120 150 180 210 240 270 300
Time (h)
04 —ITOPEDOT:PSSBHI/AI -

—=— ITO/PEDOT:PSS/BHI/PDINO/AI
54 —+— ITO/PEDOT:PSS-GO/BHI/PDINO-G/AI
PM6:Y6

EQE (%)
3888838

—— ITOPEDOT:PSVBHIAI
—e— ITOPEDOT:PSSBIIPDINO/AI

—v— ITO/PEDOT:PSS-GOBHIPDINO-G/AI
PM6:Y6

Current density (mA cm‘z)

400 500 600 700 800 90 1000
Wavelength (nm)

LU 02 04 06 s 1.0 300
Voltage (V)

Fig. 3. An example of solar cell applications based on graphene; (a)
Perovskite solar cells which are based on monolayer graphene/ZnO,
(b) PEDOT:PSS organic solar cells ing n-doped graphene. Reprinted
permission from Ref. [17,18].



132

7oz 73 3(a)= MIT 289 M. M. Tavakoli= @Y
TS Zn0%%e] AFS 5] REaEO| H2H Aol
£ E|PRAIS AT, £7] &8 WE gL 21.03%
2 3004172 A58 o7 YW RANGHYZ o 19.81%9]
Hetg gut vl wsl B H 94.2%2] =2 412142 7Tt
Bastdtt [17]. 571 BHSAR 5 A&t =9 Guizhou
Institute of Technology 1&9] F. Pang 7 ¥}A<Qt
0.85V, Zabd & alw 25 65 mA/cm”, X1 &(fill factor,
FF) 75.78%, ¥1$t2-& 16.52%% Aot 4714 258
Ao 712 &Y Tl dsta(work function) 4.6 eV
Hoh T2 H/ITOR H/dd 729 U471 3.64 eVI7HA|
FROE FolA s 17AQ Aol AV A= e &
gt =2 7og Bugion o]l 1& 3(b)ojjA BoqHaL
AT} [18].

71£9] ITO, IGZO (indium gallium doped zinc oxide),
In,O3 (indium (III) oxide or amphoteric oxide of
indium), ZTO (zinc tin oxide), CdO (cadmium oxide)
o} 22 £ W unre] MA T EWA| AE|S 7]uto
2 HIO] QAN [19]F FHist?] YoM = 4A1Y] 2715 &
oo} st=tl, 2419 2715 £07 U d&Ects nHA
o] ZolE7 H o]z Qs A& g =7 a435] oA
U 4 A= A2 ZEst=d AI7F 7] T2l o]
£ ofidsty ™ 222 7|8t e = 5= vio] QAIA 7} S
AMol g 2 Qlt}. ol #A Ui 24 2 st AAEA
O] A2 Z717F 2H O] ARt Z7]et v]&et A, A&

ol

o]
S

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 35, No. 2, pp. 129-133, March 2022: Park et al.

A= BHA 0] 7] Eof 5] FE7
ojtt. AN o] Algto| = 2] Hof] EXfsIH 1] F5
21} vlo] 2 A(SARS-CoV-2) A& sl L2 v}o]
A0 Adtol3 AR 7]53=E graphene-based
field effect transistor (G-FET)2 A|&lst= A L7jdo]

sty

= 3

O 4 2R vtol2l A ZAIS 913t T ) 7|
uko] vtol @ MM x| g St Aoz HA 1Y
Abe} 52U At Aol ] ¥hS 412 u] 23t o]
FET 7]919] uko] QA4 = 100 fg/mLo} ¢4 24 vjA]

519tt [20]. Zhang et al 12 E35t
&AM 7S E a5t 0.2 pMe] A&
o SV 28 Yol 221} vpo]2AE HET
OstT [21]. 9bA 3HoA g7t Zut o] of# vlo]
HA FFO #Aglel AE TAY Tele microfH
femto (10™°) ©¢jo]l o] 27|7tx] T AK|S A &5t
710o] 22 =7Havian influenza virus), o =2} yfo]2{ A
uto] 2] A(hepatitis B virus), <
7t 9 Ay vo]2]A(HIV), = ZHto]2]A(norovirus),
5% o] 2| A(papillomavirus), £E} t}o]2] A(rotavirus),
A7Hato] 3 A(zika virus) W I 2t vfo]2j A} Zo] ot
Fet /9 vholg A F dEsted §Esitte= s 9

o] g,

(ebola virus), Bg 7t

(@) (b) (©
0.04 0.03
0.03
N Patient sample #3 0.02 Patient sample #2
N N g
\\ 4 0.024
| | 2 = onm
" 3 )
COVID-19 patient = 004 Normal
Normal Sample #1
" Sample #1 0.00
0.00
T T
- 40 80 120 50 100 150
Time (s) Time (s)
(d) (e
SARS-CoV-2 virus 0.0 0.020
’“w : Patient #1 (2.42 % 107 copies/ml)
r
L " 1102
@ 110 1o
' @ 0,015
0.02 @
/105 Q
— Normal mes =
S — — Sample 11106 ]
- S oon i -1; 0.010
b N =11 g
y . - S
4 - E 0.008
S
0.00 =
unit: dilution factor
0.000

o 100 200

Time (s)

T T T T T
300 400 10 10° 10° 10° 10°
Concentration (copies/ml)

Fig. 4. An application of biosensor which is based on graphene materials for COVID-19 detection A comparison of the electrical signal between
normal and COVID-19 patients as a function of time, the real-time reaction of COVID-19 sample). Reprinted permission from Ref. [20].
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