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Abstract: Graphene has become a type of important material for the construction of new
nanoelectronic devices due to its high mobility, high thermal conductivity, good flexibility as well as
mechanical strength. When graphene materials and their electronic devices are placed in a scene
containing irradiation factors, the lattice structure can be changed. The charges then are accumulated
due to interactions with high-energy photons and charged particles, resulting in changes in the
performance of graphene materials and electronic devices. This paper mainly reviews the main effects of
typical irradiation factors on graphene and its devices and the research progress, aiming to summarize
the physical effects induced by irradiations on graphene and its electronic devices. This work deepens
the understanding of the irradiation effect on graphene materials and devices, and lays a foundation for
promoting its practical application in the irradiation scene.
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Fig.2 The three-dimensional energy band structure of graphene
Fig.1 Structure of monolayer graphene [ 2 15 B = R g by
IRV R o Ve o)

UL AR RN R Ok [ S (A ERET L SR BESCE . BOEREE . KRG LI L TN TR AR o A I IR
BRI L B - ORI AR B S MREE A AR A E RS T T R A BT S R T R
W IRE 7 A B 7 S T T e BB B S P A A L AR A e R R T y BT Kb BRI R R
BB P AR y AR AR TR T RS T R MO TR S RE R T EE AR, — MO, Al
B REUR I Sty L (LA BT L ob T AIE ) . AR T (EE N )RR LT (XA y L)Y,
7 A R AR ) by R B A0 AR R B AR o R B I R i ) R e R A BORE TR A, R B A A ) RE A
A PN AR B — B et 8] ads vl AR ol A R0 AR 0 5 A R R A0 0 T A D 0 R R A i B o A TR B Y E DG TR
RERL T HEA B RY b, BRI 807 SRR, i A B HL I AN [] T SORs BEAT TR 40 B3

2 A=EHERY B A
2.1 BEEXFHAREENEBIN

BB T B X AT My B, X SR BB 05 LA B O R R Tl - W O B A T AR R
ML, R TSR Y B IRk A B R RO, BER O T RE R AN R, AR A AR AR TS
K3 RN . 2Ot v e a0 T RE IR s iy, DOGHLSON S 3, 6 A 80 st A GG 7 Biraly i B R TR e = i 1



5 6 1) SERE%: AEKKASHEHUNENRERINARTER 515

B L B RE A iR e AL AR A0 5T, R R YR AT L T RS g1
REm IR R A ok, LRI 4(a); HTE] BB o 9 6 7 T LA JS S i 4 g §100- mainlyby & % electron
K, BASOET ST RANE O TR ARG, 3 B epeea & 3% L domnant
SMRE R ANE D T BT el T, AT [ 50032 3y o 2 oot 5/ compion. \B%
ARl AR AE0Y, I 4(b); MO T RER TR 2, S5 T s 40 scattering s \ g%
BB RS R, TR T, HERm % Fob 7 apn N
S5 1 3RS 2T A SR 0, B 4() . e T
e BE DG 5 [ VR Wy 50 AR 5 A A 4 ik 2 (T B 5 280 A 5 i
ﬁ;{&i@)*ﬂ*ﬁj&(ﬁ\%ﬂﬁi&@)o Eﬁﬁ?ﬁﬁﬂg%ﬁﬁﬁlﬁ¥56%‘}% Fig.3 Illustration of the relative importance of the three
LA R GG, AT, HRILT AN, ol oo icion i e g v
S MK F i, R HE 5 O T B 7 A B 0 cross sections for proximity effects; dashed lines
F, B ERE A4 B T 1,0 ST R A A, TR I S ok represent the case of carbon (2=6))

P13 i RO T [ RB AR} 3 Aok BV FH (S0 I 483

/7 S o 15 Qi '3 ) 4
Wio 20114 ZHANG E X JTI 10 keV SPERAHIA SI0, LAY £1 24, & OB AT VPR s 2 R O (2-6)

FAE 9 50~300 krad, $i7 = KL R s, A BSEAHER, D

W2 T M SR O P T D AR A BRI e S AR R BRBE ATy, UE TR R AR R BRI A2 o 2012 4F PUZYREV 251
2 R B F ) ) SRR B A AS S BB T, WESE T 10 keV Y Xeray X 7 25 4 7 IR A 5200 5 R B0 Y
HFR U O TR T A N R BOUL T 45 R B 8 A B R S A . BEE R R RN B Y R, D A D I o
JEHIR, DRy BACRAT BRBE 09 B C-C T 2, Zad iR Jn, D MR s i MEDF R IR E B0 iR,
BE TR A 25 0 RS B BB 7 A2 sl T A B, e RE DL T A A SR 0 I 2o 23 S0P YK 1 AV 00 i
HE T RO J5F, O 7 W B 7 47 s 4 i 35 B2, JE i C-O M1 0-C-O. It mh, O Ji7 H H J5 5 i & AR AR
fe s R IR R R AR AR TR B T, HJSUT A O R IR R/ LR HJL R A L B, A S R A B O i
TAEM . B B BHERS O JRUT- A RS B i 47 S 0 T 1l 23 A2 SR B PRI O st 7 B i i, bkl ok AR, sl s By
Ao BAEHO R T EBERE O FRIWA W UIE L, 2 AL W5 O I8 1 M) 16 3 56 IR T, #7156
IR O I R T H BT, H R 58 L BR w09 2 28 0L O I B9 A W O B s 7t B 20 b ok BRIV Ay 7 i 5 5
g RN IR A s A A R A AR e A

recoil electron

¢
o outer electrons
incident of an atom nucleus
photon iv °
incident ———- electron pairs
photon iv -e S oiderit
photoelectron photon iv
scattering €
photon A'v
(a) photoelectric effect (b) Compton effect (c) electron pair effect

Fig.4 Three kinds of effect of photon interaction with solid matter
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Fig.5 Oxygen coverage reduction through H interaction and vacancy formation
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Fig.6 Atomic structure obtained from DFT calculations
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Fig.7 The adatom-vacancy pair models are M1(SV or 5-9), M1(5-8--5), and M2(5-8-5). Normal C atoms are shown as gray spheres,
defect region as yellow spheres, and adatoms as blue spheres, respectively
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Fig.8 (a) Illustration of the simulation setup for irradiation of graphene supported by the SiO, substrate (The iceblue, red and yellow balls represent the C,
O and Si atoms, respectively. The incident ion is denoted by a pink sphere above the graphene); (b)~(d) several snapshots of the damage production
process when Ar with an energy of 10 keV irradiates the graphene supported on a SiO, substrate: (b) The incident Ar penetrates the graphene and
several layers of SiO,; (c) The sputtered atoms from the SiO, substrate induced by the incident Ar further generate defects in graphene; (d) The final
resulting defect configuration. A pressure wave can be seen in the graphene.
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Fig.11 Schematic diagram of a graphene field effect Fig.12 (a) Band diagram of p-branch when U,<0; (b) the band diagram of n-branch
transistor when U >0
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Fig.15 Transfer characteristic curves
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