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The Study of Mechanical and Electrical Behaviors in
Cu/graphene Composites with Defects using Molecular

Dynamics

Song Mi Kim

Department of Safety Engineering, Graduate School

Pukyong National University

Abstract

The process of handling and bonding copper (Cu) and graphene
inevitably creates defects. To use Cu/graphene composites as electronic
devices with new mechanicla and electrical properties, it is essential to
evaluate the effect of such defects. It is important to evaluate the effect
of cracks on mechanical performance and fracture behaviors in
Cu/graphene composites because of the possibility of performance
degradation due to the defects inevitably occurring interface. In this
study, the mechanical properties and fracture behaviors of various
mechanical properties were evaluated about the effect of defects. Also,
the electrical properties were evaluated about the effect of defects. The
molecular dynamics evaluation method (Molecular Dynamics Simulation:

MDS) was used to analyze microscopic physical phenomena. From the

- vii -



results, stress distributions were evaluated depending on the position
that the defect occurs. Density Funtional Theory(DFT) was used to
evaluate the behavior of Cu/graphene composites with defects. And the
Density of State(DOS) values was calculated. The analysis was
implemented in the 3 kinds of models which are non-defect graphene, 2

and 4 layers Cu/graphene with defects.
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Table 1. Properties of graphene® 29,
Type Unit Value
Thickness [nm] 0.2
Weight [mg/m?] 0.77
Surface area [m?/g] 2,630
Elastic modulus [TPa] 0.5 ~ 1
Electron Mobility [cm* Vs 15,000 ~ 200,000
Resistivity [Q-cm] 10
Thermal conductivity [W-m"-K"] 4,840 ~ 5,300
Transmittance (%] 95 % for 2 nm thif:k film
70 % for 10 nm thick film
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Fig. 5. Graphene shape and defect direction.
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g3 Faol FA4L 7Rt AR 206x11.3 nm’
g 7|¥ 2% Table 2014 2 77 w2t T1(4.8 nm), T2(9.8 nm) %

T3(14.3 nm)e| Al 7HA = F2dtt. Aol HEdAlol vA= J&F=

o

7

-

£ 5= (.17 nm/ps©] t}.

Table 2. The size of the analysis modeling T1, T2 and T3.

Model Total number of
width(nm) length(nm) Height(nm)
type molecule
Tl 4.8 105,636
T2 20.6 11.3 9.8 201,864
T3 14.3 298,092
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Fig. 8. Cu/graphene composites modeling.
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2 FEEA Y 71# a4 Aol A= Table 3 2 Fig. 109
A Z=AlE A ko] ND(non-defect, ©]3dF ‘ND'#F 3tt}l), GD(graphene
defect, ©]&} ‘GD’'# 3¥rt}), CD(Cu defect, °]3t ‘CD'# 3%rt}), CT(Cu
thickness direction, ©]3} ‘CT’2} stth)=x wWrste] FE39

AlE Adghe] gEl= Table 3elM et Zo] GD= el ol 7F= 9.2
~ 11.2 nm, A& 54 ~ 59 nm, %°] 48 ~ 53 nm A= 3471 LAk
Aol AYdE Ut CDE T2 Fol 7k& 92 ~ 112 nm, A2 54 ~ 59
nm, =°] 62 ~ 64 nm Y= 15709 4= Adto] AelE ). npxuto
2 CTE 79 =9 7} 102 ~ 105 nm, A1&Z 54 ~ 59 nm, ¥=°| 52

3T

~ 72 nm A= 33789 AR Aol A=A

AR

Table 3. The size of defect on the analysis modeling ND, GD, CD and CT.

Defect Number of empty
width(nm) length(nm) height(nm)

type molecule

ND - - - -

GD 92 ~ 112 54 ~ 59 48 ~ 53 34

CDh 92 ~ 112 54 ~ 59 6.2 ~ 6.4 15

CT 102 ~ 10.5 54 ~ 59 52 ~ 172 33
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(b) GD

Fig. 10. Cu/graphene composites modeling. (a) Non defect Cu/graphene
composite (b) Graphene defect Cu/graphene.
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Fig. 10. Cu/graphene composites modeling(continued). (¢) Cu defect
Cu/graphene composite (d) Cu thickness direction defect Cu/graphene

composite (continued).
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Table 4. The condition of potential.

Element Type
C C.pbe-n-kjpaw_psl.1.0.0.UPF
Cu Cu_pbe v1.2.uspp.F.UPF
AAD o #Ag 714 A4 = M= Table 59 Yebd uvpel ol

Z A5 71A CaseZ T3} Case 18 ©@= addo]y Case 2& ©

= Fg] mdolt}h Case 13 22 7]E o0& 3}o] Case 3914 Case 87HA =

9tk Case 5 Case 39 Edo|A sl ZFol ZAgS Adssla,

Case 6°4] Case 87}#]+= Case 49 R doA Agleo] %9 WIS 2

t}. Case 62 Case 49 EdoAl Fgj/agid EFAY ¢F a8Hd =

Al Case 72 Case 49 RdoA 8/

Olt

(Ist layer)ol®t 23S 4+
A Bt 5 7bed 2 ® =Grd layer)ol W AdS Abqlsetglow, Ht
Ao & Case 82 Case 49 EdolA &% Zgid =(1st layer)¥ 71&

o 2l F(3rd layer) BF 23S At



Table 5. The analysis case of DFT modeling.

Analysis case Type
Case 1 Graphene 1 layer
Case 2 Cu 1 layer
Case 3 Cu/graphene 2 layer
Case 4 Cu/graphene 4 layer
Case 5 Cu/graphene 2 layer with a graphene defect
Case 6 Cu/graphene 4 layer with 1st layer graphene defect
Case 7 Cu/graphene 4 layer with 3rd layer graphene defedct
Case 8 Cu/graphene 4 layer with 1st, 3rd layer graphene defect

Zyzbel Edol e s W2 vad 22U Case 13 Case 2914

DFT si4= &8 &< gy ¢d Feo] tig dAd=E 237t =5
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Fig. 11. Cu/graphene composites 4 layers(G/Cu/G/Cu) model(Case 4).

Fig. 12. A defect position of Cu/graphene 2 layers(G/Cu) model(Case 5).
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Fig. 13. Cu/graphene composites 4 layers(G/Cu/G/Cu) defect model.
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Table 6. Zigzag direction analysis result of T1, T2, T3.

1\;[;1?: l Delamination strength(GPa) Fracture strength(GPa)
1 16 19.7
- . 11.5
3 15.5 8.9

_46_



A Y] S8 Fig. 149 Yeldo] mdd=s Z Apol7t yYEREA|
grorom stk Al $8 Aolrt mddz A yebwoh Ao ek
of W& T1, T2 % T3 29 sd & udepd thsa 2 1A
T1¢ &¥8-¥yPEF A=t Fig. 159 2ol F AAelA 3ol vreh,
247k Ao e mbt FAFS Fig. 163 o] whg] el sheko] eyt

3 Fig. 168 AAls] AyEd agde] opd 2] oA vkEo] i

_47_



25 T T

—4— T1(H: 4.8 nm)
—— T2(H: 9.8 nm)
20F —=— T3(H: 14.3 nm) -
=
Ay 15
&
S’
wn
w
2
= 10
)
5
0 1 1 L 1
0 0.2 0.4 0.6 0.8 1
Strain

Fig. 14. T1, T2, T3 total stress-strain curve(zigzag direction).
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Fig. 15. T1 stress-strain curve(zigzag direction).
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Fracture

Fig. 16. T1 delamination and fracture behavior(zigzag direction).
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Fig. 17. T2 stress-strain curve(zigzag direction).
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Delamination

Cu partial damaged Fracture

Fig. 18. T2 delamination and fracture behavior(zigzag direction).
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Fig. 19. T3 stress-strain curve(zigzag direction).
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Delamination

Cu partial damaged Fracture

Fig. 20. T3 delamination and fracture behavior(zigzag direction).
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Table 7. Aramchair direction analysis result of T1, T2 and T3.

1\;[;1?: l Delamination strength(GPa) Fracture strength(GPa)
- 106 14.9
- 17.7 8.9
3 16.3 8.3
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Fig. 21. T1, T2, T3 total stress-strain curve(armchair direction).
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Fig. 22. T1 stress-strain curve(armchair direction).

Fig. 23. T1 delamination and fracture behavior(armchair direction).
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Fig. 24. T2 stress-strain curve(armchair direction).

Fig. 25. T2 delamination and fracture behavior(armchair direction).
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Fig. 26. T3 stress-strain curve(armchair direction).

Fig. 27. T3 delamination and fracture behavior(armchair direction).
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Fig. 29. ND, GD, CD stress-strain curve.
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Fig. 30. ND stress-strain curve.
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Fig. 31. ND crack propagation.
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Tensile direction

Initial : Partial Fracture of Cu

Final : Fracture of graphene

Fig. 32. ND crack propagation of detail behaviors.
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Fig. 33. GD stress-strain curve.
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Fig. 34. GD crack propagation.
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Tensile direction

Initial : Partial Fracture of Cu

Final : Fracture of graphene

Fig. 35. GD crack propagation of detail behaviors.
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Fig. 36. CD stress-strain curve.
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Fig. 37. CD crack propagation.
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Tensile direction
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Final : Fracture of graphene

Fig. 38. CD crack propagation of detail behaviors.
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Fig. 39. CT stress-strain curve.

_81_



e=0.39

=04

e=014

Oy SITESS tensor

P 381e+06

I - 5.40=+06

Fig. 40. CT crack propagation.
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Initial : Partial Fracture of Cu

£=10.13

Tensile direction

£=018 £=10.29

Final : Fracture of graphene

Fig. 41. CT crack propagation of detail behaviors.
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Fig. 42. Density of States(graphene).
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Fig. 43. Density of States(Cu).
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Fig. 44. Density of States(Cu/graphene 2 layers).
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Fig. 45. Density of States(Cu/graphene 4 layers).
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46. Density of States(Cu/graphene 2 layers with graphene defect).
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Fig. 47. Density of States(Cu/graphene 4 layers with 1st layer graphene
defect).
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Fig. 48. Density of States(Cu/graphene 4 layers with 3rd layer graphene
defect).
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Fig. 49. Density of States(Cu/graphene 4 layers with 1st and 3rd layer
graphene defect).
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Table 8. Comparison of Density of State among case 1~8.

Analvsi DOS
natysis Type Point A Point B
case at value | (E—E,=0)
Case 1 Graphene 1 layer | (E—E;= —6.43) | 45.36 0
Case 2 Cu 1 layer (E-E;= —1.12) | 252.02 9.72
Case 3 | Cu/graphene 2 layer | (E—E;= —3.55) | 182.32 34.44
Case 4 | Cu/graphene 4 layer | (E—E; = —3.55) | 209.12 41.46
Cu/graphene 2 layer
Case 5 with a graphene (E—E;= —3.55) | 140.65 17
defect
Cu/graphene 4 layer
Case 6 with 1st layer (E—E;= —3.55) | 201.87 44.2
graphene defect
Cu/graphene 4 layer
Case 7 with 3rd layer (E—E;= —3.55) | 179.84 47.77
graphene defedct
Cu/graphene 4 layer
Case 8 | with 1st, 3rd layer | (E—E; = —3.55) 208 52
graphene defect
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Fig. 50. Comparison of Density of States among Case 1~8.
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