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DESCRIPTION CN106584976A

A highly conductive graphene/copper-based composite material and its preparation method

—MESEAEKMERRESMHLERES A

[0001]

Technical Field

ARG
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[0002]

This invention belongs to the field of highly conductive metal-based composite materials,
specifically relating to a highly conductive graphene/copper-based matrix composite material

and its preparation method.

XRAETESEEBESEGMEMEIIL, BN, Sh—ESSEA2GMERRESMRK

Hfl& 75 7%

[0003]

Background Technology

BEREA

[0004]

In recent years, with the development of electronics and conduction technology, fields such
as electrode materials and signal fidelity have put forward higher requirements for the
conduction performance of conductors than pure silver (262.9 X 10<sup>6</sup>S/m, 108%

IACS) (IACS is the International Standard for Annealed Copper).
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EFER, BERF. TREANLRE, BikifEL ESREFMEANSENESEREED TS THIR
(Z62.9 X 10<sup>6</sup>S/m, 108%IACS)RIEK (IACSHEFREAFIITE).

A literature search of existing technologies revealed that literature (1) "Copper Better than
Silver: Electrical Resistivity of the Grain-Free Single-Crystal Copper Wire" (Crystal Growth &
Design, Vol. 10, No. 6,2010, 2780-2784) prepared copper single crystals by rotational pulling
and then obtained single-crystal copper wires using electrical discharge wire cutting
technology. The conductivity (65.7 X 10 NER* S/m, 113% IACS) was higher than that of pure
silver. Literature (2) "Fabrication of the best conductor from single-crystal copper and the
contribution of grain boundaries to the Debye" Based on the best conductor made from
single-crystal copper and the contribution of grain boundaries to the Debye temperature
(CrystEngComm, 2012, 14, 1463-1467), hot isostatic pressing technology was introduced to
further reduce the point defect density inside the material, making the conductivity of single-
crystal copper wire (67.9 X 10° S/m, 117% IACS) higher than that of single-crystal silver (67.1
X 10*S/m, 115% IACS), which can meet the current development requirements of electronic

and conduction technologies for high conductivity.

HIMER AN ELZI, XEk(1) “Copper Better than Silver:Electrical Resistivityof the
Grain-Free Single-Crystal Copper Wire” ($AfLFiR: H&TALLBIEBFEZ)(Crystal Growth&Design,

Vol.10,N0.6,2010,2780-2784)@:d et iR iz HI&EHE &, ARFAREANRETIZIRARGERT

=T

S, BHEZE(65.7X10<sup>6</sup>S/m, 113%IACS)=TF 4R, X@k(2) “Fabrication of the
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best conductor from single-crystal copper and thecontribution of grain boundaries to the
Debye temperature” (HER\HERFNSER BRI EFFRERRB) (CrystEngComm,
2012,14,1463-1467)7Etb B Al ESIANAEFRFHERA, #E—FROEMENESHNRUIREZE, (5887
SLMEBSE(67.9X 10<sup>6</sup>S/m, 117%IACS)EFE &R (67.1X10<sup>6</sup>S/m,
115%IACS), FILUAREHHIEBEF. ESRAMNTFESEMENLZEEXK,

However, the single crystal preparation technology using the spin-pulling method has
extremely harsh production conditions, and the yield of single crystals is low, resulting in

extremely high production costs.

BRBI IR EALARERERANETFHRATZ], MERRBRMERR, EmEkS.

[0005]

Since its discovery in 2004, graphene has received great attention due to its excellent

conductivity.

BEREB2004FRILUFK, RAFHERIEREZETIRARIXE,
As a reinforcing agent, graphene's extremely high electrical conductivity and electron mobility
make it possible for copper-based composite materials to achieve or even exceed the

electrical conductivity of pure silver.
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ERgRE, AREFMEENRERESEMBEFIBXRNAEE SMHANBESEAIEZTBIAER
7 EIBE,

Reference (3) "Enhanced Mechanical Properties of Graphene/Copper Nanocomposites Using a
Molecular-Level Mixing Process" first utilizes the molecular-level mixing of oxidized graphene
nanosheets in aqueous solution with copper ions through electrostatic adsorption to obtain
graphene oxide/copper ions (GO/Cu<sup>2+</sup>), and then obtains reduced graphene
oxide/copper (rGO/Cu) nanocomposites through oxidation, reduction and discharge plasma
sintering. However, the electrical conductivity of this nanocomposite material is only 50%
IACS. Analysis revealed that this was due to the high defect density of graphene oxide, which
severely reduced the original high conductivity of graphene, thus preventing the
improvement of the conductivity of the composite material. Reference (4) "Fabrication of in-
situ grown graphene reinforced Cu matrix composites" first disperses a solid carbon source
on the surface of spherical micron copper powder, and then uses CVD technology to convert
the solid carbon source into graphene grown along the surface of the spherical copper
powder to obtain graphene-copper composite powder. Finally, the densification of the CVD
graphene-copper composite material is completed by hot pressing sintering. The CVD
technology used in this composite material introduces graphene with a relatively low defect
density, which significantly improves the electrical conductivity of the composite material

(99.1% IACS) compared to the electrical conductivity of the rGO/Cu composite material in
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reference (3) (50% IACS), but still does not exceed the level of the international annealed soft
copper standard. Analysis revealed that the main reasons were: (1) the copper substrate is
polycrystalline, and the large number of grain boundaries increases the scattering of charge
carriers, thus increasing the resistance; (2) due to the two-dimensional atomic layer structure
and anisotropic properties of graphene, the powder sintering technology causes graphene to
be dispersed in the composite material without orientation, which is not conducive to the
intrinsic properties of graphene's two-dimensional high conductivity and high electron
mobility, resulting in the conductivity of CVD graphene-copper composite material being

lower than the international standard for annealed copper.

X#k(3) “Enhanced Mechanical Properties of Graphene/CopperNanocomposites Using a
Molecular-Level Mixing Process” ({ER 7 FRRE L ZNMERERENEER/ AN KESME) T
FHAKBERFREURTHNAERHESKF SEFEIFEFRMETIFRES, REALAER
/A F(GO/Cu<sup>2+</sup>), zE@Ia . RRMNKNBEFEFRRERFERANAENE/TH
(rGO/Cu)RE EMFL. AMZAMKE EMEBREFIRERBS0%IACS, BIDHEAMXZHTEN
EERFEAEENMREEE, TERRTAEHRRENSHESE, HEEESMHBESEHTRSIIR
=o XHEk(4) “Fabrication of in-situ grown graphene reinforced Cu matrix composites” (Hl|&/R
I E KA FBIFERFAES S BB ERR 2 BRI K IIRE, ZBEFIACVDEARRKE
FECRE RIS REE KN ARG, REAEK-HESMRBEIAERETHCVDASE

HE-SIESMENEE K, ZESMERERRNCVDEARS|INTREEERNBIRNAGEE, 15
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BRI TE(99.1%IACS)IRHR (3)FrGO/CuB MK B SR (50%IACS) B EERS, BIhgA
B EPRR AR ERIK T, BENMAI, TBR(1)FERANZES, AENGFAEENT
HATFHESY, MMESREBEM; QBTAERAR _HRFEEMFENMERZMFE, Mz
MARRERAGFHAEHRAEESMHAB2I LR IR, FHTREAZEHE_H4STF. SBFIBX

MIZAMESSE, SHCVDARG-THE SMENBESRRTERR AR,

[0006]

Summary of the Invention

REAAR

[0007]

To address the shortcomings of existing technologies, the purpose of this invention is to
provide a highly conductive graphene/copper-based composite material and its preparation
method. The electrical conductivity of the prepared material exceeds the international

standard for annealed copper and is even higher than that of pure silver.

HNMERANTE, XEANENRRE—MESEAEH/AEERRESHMHLERIESE, &

HEIMHBESRRIFERRATINE, EESTAR.
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[0008]

Based on long-term research, this invention finds that to prepare graphene/copper composite
materials with conductivity exceeding international annealed copper standards and even
higher than pure silver, the following is required: (1) the substrate has a microstructure of
single-crystal copper or close to single-crystal copper; (2) high-conductivity CVD graphene is
introduced; and (3) a microstructure is constructed in which graphene is spread along the
plane and oriented in the substrate, which is conducive to giving full play to the intrinsic

properties of graphene's two-dimensional high conductivity and high electron mobility.

RRBIRIEKANAR A, BHEBSIRRREFFRAFAINVEEES THAIRNAERE/AE S

FE: 1)ERKEFRERIFSRIRRANHEMALR; (2)5INEGESHNCVDAER, UKB)HWER

RHEERASLTEERE. NEDH, BHTAEAER"HSS. SR FIBERIAEIERERIT
R,

Based on the above research findings, this invention provides the following highly conductive

graphene/copper-based matrix composite material and its preparation method.

BT ERHREI, TRPBRUUTESSEAEK/MERRESMHLER ST E.

[0009]

02-01-2026 - Page 8



According to a first aspect of the present invention, a highly conductive graphene/copper
substrate-based composite material is provided, wherein the composite material is
composed of alternating composites of CVD graphene and plate-shaped copper substrate to
form a layered structure, wherein the substrate in the thickness direction of the layer is
monocrystalline and exhibits a highly oriented (111) crystal plane, and the substrate in the

horizontal direction of the layer is monocrystalline or polycrystalline.

RIEALZPNE—TE, RU—MSREEEH/MEERESGHH, MRAESMHBACYVDEERS
WRREEXEESHABEIREN, EREEARERARES, BRIUANSERH(11])&HE, B

RNKFLRBRABZNS RS

[0010]

Preferably, graphene is uniformly deposited on the upper and lower surfaces of the plate-
shaped copper substrate, and the copper substrate is induced to preferentially align along

(111) to obtain a sandwich-shaped graphene-coated copper substrate.

g, FrARIRSEER E TRESARGER, FEFHERAG(111)EFERRE, S2I=FHaR

HNaEEKEEERER,

[0011]
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Preferably, in the sandwich-shaped graphene-coated copper substrate, the copper substrate
is a foil or plate, the layer thickness of the copper substrate is 1um to 500um, and the purity of

the copper substrate is =99%.

g, FMAMN=Ba N aEHEBRERT, WERAEMIIRM, HERBEEAN

1um~500um, FAEERBILEE >99%.,

[0012]

Preferably, in the sandwich-shaped graphene-coated copper substrate, the number of

graphene layersis 1 to 10.

g, FMAM=Ba N aEHEBRERT, AEKIERNLI~10E.

[0013]

Preferably, the number of copper foil substrates is two or more.

s, FmRsRSEERR A E2H U L,

[0014]
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According to a second aspect of the present invention, a method for preparing a highly

conductive graphene/copper-based matrix composite material is provided, comprising:

RIEAAZBANE—HE, RE—TMESSEABH/MERRESHMHNGIESE, 25

[0015]

First, graphene was uniformly deposited on the upper and lower surfaces of a plate-shaped
copper substrate using chemical vapor deposition (CVD) technology, and the copper
substrate was induced to preferentially align along (111) to obtain a sandwich-shaped

graphene-coated copper foil.

BAFBLFSETRA(CVD)ERA, ERRIFER L TREYSARAEE, HESMERG(111)5F

fLEXRE, JE=PRaRNAaRREERE;

[0016]

Multiple graphene sheets are then coated onto a copper substrate and densified by hot
pressing and sintering to obtain a highly conductive graphene/copper substrate composite

material.
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B A ERROEREREANFREREN, SIESBERA/ MERRE AT,

[0017]

Preferably, in the graphene-coated copper substrate, the copper substrate is highly
crystalline, highly oriented along the (111) crystal plane, with a thickness of 1um to 500pum

and a purity of 299%.

i, FANERBAEERERT, FERNSESS. AL SEBENE, BE

1pm~500um, ZHE=>99%,

[0018]

Preferably, in the graphene-coated copper substrate, the copper substrate grains are
monocrystalline in the thickness direction of the copper foil and monocrystalline or

polycrystalline in the horizontal in-plane direction.

i, FMAMNAERGEERERT, HERSNUETHEEELENERES, TERNKFITRANES

% R

[0019]
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Preferably, in the highly conductive graphene/copper substrate composite material, the

number of sandwich-shaped graphene sheets covering the copper substrate is two or more.

Lk, FrARESSBEARK/EEBRESHAS, FIERN=RRKNAEKEBIHERNF X

2Rk

[0020]

Preferably, the carbon source required for graphene growth in the preparation of the
sandwich-shaped graphene-coated copper substrate includes one of gaseous and solid

states, and the number of graphene layers grown is 1 to 10.

Lk, FrR=PR/aRINAEKREERERT ST ARHREKFAFIHIEMEBEESSNESPH—

M, FrERBZBENEZRNLI~10E,

[0021]

Preferably, the hot pressing densification includes one of hot pressing sintering under vacuum

or gas protection, electric discharge plasma sintering, and microwave sintering.
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gk, FRRBIAEREBFZENEEETRESHRRIP FTRERE, MEFEFRRLE. HoRFRET

E"J_ﬁpo

[0022]

In the preparation method of the present invention, graphene is grown on the surface of a
copper substrate by chemical vapor deposition (CVD) to form a sandwich-shaped graphene
coating on the copper substrate. Since the honeycomb lattice of graphene and the (111)
crystal plane lattice of copper have a good matching relationship, the reduction of interface
energy is the driving force. After graphene deposition and growth, the grains on the surface of
the copper substrate are significantly increased, and the crystal planes undergo orientation
transformation. The copper substrate tends to be preferentially oriented towards the (111)

crystal plane.

TEARRAGIEHZED, BIUFESETR(CVD)RAEARHERKTIRERREMA=HERNAE
HEBERERK, BTARKEREREH(11])RERERESRFNILERXR, UREAERE I
1, BRI ARFENNERKZG, IERRESAEEEA, HEEERETIEEE, HERKER
F(111) B EZFREE 2.

In the process of preparing highly conductive graphene/copper substrate composite material,
hot pressing sintering densification causes further grain orientation transformation of the

sandwich-shaped graphene-coated copper substrate, further improving its crystal integrity
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and preferred orientation, and enabling the copper substrate to grow into a single crystal

state in the thickness direction.

AR ESFHEAER/FEERESMENERES, AEREFENE=FANNAEHEERER
RE#H—DENIMEEE, HEKTEENFEAREH—TIRA, EEHEREELRSNERKANSR

B <

HH7GYo

During the hot pressing densification process, the simultaneous application of high
temperature and high pressure significantly reduces the internal defect density of the
material. Due to the transformation of grain orientation promoted by graphene, the (111)
crystal plane exhibits an arrangement similar to a single crystal long-range order inside the

material, effectively reducing the scattering effect of defects on electron transport.

TAERBENEIRETR, BEsENEREMEMFIAERREEEXREFR, RTFASEREENS
RIEXEAYEEE, (111)@&EEMARNESERE MM TFREKEGFIHYIAN, BRFRERER
B L RS ER.

Hot pressing and sintering densification increased the bonding energy of the graphene-

copper interface inside the sandwich-shaped graphene-coated copper substrate by 200 times.
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The graphene-copper interface with high bonding strength is conducive to the transport of
charge carriers, which further improves the conductivity of the sample, reaching a level higher

than that of pure silver.

AERERBUE=ZFERNARFEBRERNISARE- AR ENE SR E T200EF1RS,
BERE6RENASK-HAEENTHRFNER, EHEaNSBIERFRIE—DIRS, KT
=T AsRAYIK T,

Currently widely used graphene derivatives, such as (reduced) graphene oxide, have high
defect density, which increases electron scattering and severely reduces the intrinsic high
conductivity of graphene. In contrast, graphene grown by CVD technology has high structural

integrity and exhibits the intrinsic high conductivity of graphene.

BRI ZERANASRKTEY, H(ER)AMEEE, BEASHREEE, MATXNEFRISS, ™
SRRTASGHFLENSESE, MCVDRAEKARKENTENLES, RUNHARHSBIHAILE
{31

Meanwhile, even with the introduction of CVD graphene, as reported in the background
literature (3, 4), when graphene is randomly and unorientedly distributed inside the substrate,
the probability of carrier migration along different directions increases, and the utilization

rate of the intrinsic high conductivity of graphene in two dimensions decreases, thus
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increasing scattering and resistance. However, the layered composite material constructed
here allows graphene to spread in a planar and oriented manner inside the substrate, which is

conducive to the high-speed migration of carriers, thereby obtaining high conductivity.

5itERY, BMESIACVDEEE, BIMEREARES, 4)FkE, SARKREERABERET
F. ZRADHEE, BRFAARGRAEBLREM, BNNGRKE_ESESNEMRENARRE
i, MESIAEBEBIEM, MItAFEZNERESMEERARRTEERNZTERR. WAD

i, BATFHERFHEERIE, MTRIEHNESE,

[0023]

Compared with the prior art, the present invention has the following beneficial effects:

S5MERAEL, sRBAREUTEEMR:

[0024]

(1) The good layered reinforcement/substrate configuration design makes the conduction
orientation of charge carriers in graphene uniform, and the utilization efficiency of graphene

as a charge carrier transport channel is high, giving full play to the intrinsic characteristics of
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graphene's two-dimensional high conductivity; at the same time, the introduction of CVD
graphene-copper interface which is conducive to charge carrier transport overcomes the lack

of resistance reduction of composite heterostructure interfaces in other composite materials.

(1) RiFHERIE R A/ BRMEIZT, EREAFEAEFRTNESNES—, AEBENERTFE
EEENAANERRS, RAORETASHKESSHNERFE; FANSIAFTFHRFFHROICVDAS

- E, miRTHEEEMETESRLFAERREBEENRE,

[0025]

(2) The electrical conductivity of copper-based composite materials is higher than that of pure

silver.

(2)fAEE SMERNSBMES TR,

The growth of graphene causes a change in the grain orientation of the copper substrate, and
the hot-pressing sintering densification process makes the material exhibit a near-single-
crystal long-range ordered arrangement, which greatly reduces the internal defect density of

the material.

02-01-2026 - Page 18



AEFENERKEEFERSUNEDLAERT, AERERBEUIEEMHATEN E—TTINTESE

KIEEFRHTIG, MEASIRIEEE KRR,

[0026]

(3) Easy to produce.

(3)mFEM
Chemical vapor deposition (CVD) technology using sandwich-shaped graphene-coated
copper substrates and hot-pressing densification technology using highly conductive

graphene/copper-based matrix composites are suitable for large-scale production.

=R ARG EBRERENUFTRIRNEANSFEAE2R/MERRE SMEHEHIR

ERERBURARE T AR ER,

[0027]

Attached Figure Description

P 352 R

[0028]
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Other features, objects, and advantages of the present invention will become more apparent
from the following detailed description of non-limiting embodiments with reference to the

accompanying drawings:

1B [H5 S8 LU T M E X IER I SCREGIFTEB iR, ALBANEECHE. BRSBTS
BEHAE:
[0029]

Figure 1. Schematic diagram of the structure of the highly conductive graphene/copper base

matrix composite material;

EleSEAE2GK/AERRESMRNENREE;

[0030]

Figure 2. Distribution and morphology of graphene on the surface of a copper substratein a

sandwich-shaped graphene-coated copper substrate;

ER=FRaRN A2 HEBRERPRERTEAEHIHMAR;

[0031]
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Figure 3 Electron backscatter diffraction (EBSD) on a copper substrate, showing the crystal

orientation of the copper substrate after CVD growth of graphene.

B3 HEEE FEREITT8H(EBSD), CVDAKAEFEIHEKATING;

[0032]

Figure 4 shows the metallographic cross-section of the highly conductive graphene/copper-
based layered composite material. The layered structure is monocrystalline in the thickness

direction and monocrystalline or polycrystalline in the intralayer direction.

E4sSREAaEk/ERRESMASREE, BREMEESONEES, BRARARRNS R

[0033]

Figure 5 shows that the graphene/copper interface serves as a rapid channel for carrier

transport within the highly conductive graphene/copper base composite material.

ESAZ&G/RFENNEFEAER/AEERE SMERIBHAFF R IREEE,

[0034]
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Detailed Implementation

BiALkA

[0035]

The present invention will now be described in detail with reference to specific embodiments.

THEE S BASEGI 3 A& BEHITIFA R A,
The following examples will help those skilled in the art to further understand the present

invention, but do not limit the invention in any way.

TSRS B B F ARSI ARAA RH—TIBAEAR LR, BARLUEEFESI4< &,
It should be noted that those skilled in the art can make several modifications and

improvements without departing from the concept of this invention.

N EEHIZE, WEFHNEBERAAGFKR, EARBERLAMENEIRT, SR LUMEETER
MEGHE,

These all fall within the scope of protection of this invention.
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XLEER B T A A BRI RIFSE R

[0036]

In the following examples, the copper substrate with a sandwich-like graphene coating has a

purity of 2299% and a graphene coverage of =95%.

TR =Ba RN A2 FE O ERERNAERAE>99%, AFEERE=>95%,
In the preparation of highly conductive graphene/copper-based matrix composites, the hot-
pressing temperature for densification by hot-pressing sintering is 700-1000°C, the pressure is

10-200MPa, and the time is 10-90 minutes.

HESSEAEK/AEERRESMENIRER, RERERZUHAEEENT00~1000°C, EHH
10~200MPa, E}{a10~90%3 %,

The sample was prepared in sheet form with a planar size of 10mm X 5mm for conductivity
measurement, and the process was carried out in accordance with the process flow shown in

Figure 1.

HlEERARR, FERTHAI0mmX5mm, BFESXNE, HERE LRI ZRIEM,
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[0037]

The room temperature resistivity (p) of the material was measured using an EPS-300 probe
station from Ecopia, South Korea, and calculated using formula <img file="
BDA0001167297530000051.TIF" he="95" img-content="drawing" img-format="tif" inline="no"
orientation="portrait" wi="506"/>, where C is the probe correction factor, | is the input
current, Vis the output voltage, <img file="BDA0001167297530000052.TIF" he="99" img-
content="drawing" img-format="tif" inline="no" orientation="portrait" wi="135"/>is the
sample thickness correction factor, <img file="BDA0001167297530000053.TIF" he="95" img-
content="drawing" img-format="tif" inline="no" orientation="portrait" wi="121"/> is the
sample shape and measurement position correction factor, W is the sample thickness, d is the

sample width, and S is the probe spacing.

M E B EBEE (p) K AFFEEcopiaATIEPS-3001RHAME, HAT <img file="
BDA0001167297530000051.TIF" he="95" img-content="drawing" img-format="tif" inline="no"
orientation="portrait" wi="506"/> ItBGH, HPCHREERL, INBARR, VKRS
[+, <img file="BDA0001167297530000052.TIF" he="99" img-content="drawing" img-format="

tif" inline="no" orientation="portrait" wi="135"/> A REEEILERE, <imgfile="
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BDA0001167297530000053.TIF" he="95" img-content="drawing" img-format="tif" inline="no"
orientation="portrait" wi="121"/> AtF RFKENEMEEBIERE, WIEREE, dAFERE

FE, SHRTTEE,

[0038]

Example 1

SEhEf)1

[0039]

First, a single layer of graphene with a coverage of 295% was grown on a 500um thick copper
substrate using chemical vapor deposition, with methane gas as the carbon source, to obtain
a sandwich-shaped graphene-coated copper substrate with a grain size =300um in the
copper substrate surface; then, two graphene-coated copper substrates were vacuum hot-
pressed and sintered to obtain a highly conductive graphene/copper substrate composite

material.

Bk, REEANRE, BEX>95%NA2EFRAUFERARERTS500umERERKE, HOR
NERESE, FSEZRARNEEREERER, FERENSART>300um; BR2REEKE

BIARSETETAERERISSHEAEH/HERRE G,
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The electrical conductivity of the obtained layered composite material is (66.2X10 S/m, 114%

IACS), which is higher than that of pure silver and meets the requirements for use.

St

SHBERE SNBSS N(66.2 X 10<sup>6</sup>S/m, 114%IACS), BHTFLR, HEER

EXRo

[0040]

Example 2

SEEf12

[0041]

First, a single layer of graphene with a coverage of =95% was grown on the surface of a
100um thick copper substrate using chemical vapor deposition, with acetylene gas as the
carbon source, to obtain a sandwich-shaped graphene-coated copper substrate with an in-
plane grain size of =300um. Then, five graphene-coated copper substrates were hot-pressed
and sintered under an argon atmosphere to obtain a highly conductive graphene/copper-

based composite material.
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Bk, REENRER, BEXR>5%NARFENAUESHETREKTI00uMEFERKE, KR
NTIRSE, FR=RERNARFEEHEAR, REREANRART>300um; BRSFAERGE
BIERETTTSARF THITRERE SIS SEAER/AEBERE G

The electrical conductivity of the obtained layered composite material is (67.2 X 10" NER' S

/m, 116% IACS), which is higher than that of pure silver and meets the requirements for use.

REHNEIRE EMEIMBSEN(67.2X 10<sup>6</sup>S/m, 116%IACS), ETFLE, HEFEH

EXo

[0042]

Example 3

SEhEf13

[0043]

First, a single layer of graphene with a coverage of 295% was grown on a 40um thick copper
substrate using chemical vapor deposition with methane gas as the carbon source, resulting

in a sandwich-shaped graphene-coated copper substrate with a grain size =300um within the
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copper substrate surface. Then, 10 graphene-coated substrates were subjected to discharge
plasma sintering to obtain a highly conductive graphene/copper substrate composite

material.

Bk, BEENRE, BEXRZ5%NARKBMNANFESHETREKT40umERERKRE, RN
RIS, [SE=RERNASKOERER, FERKENSMRT=300um; BRI0FEEEE
BERHTHEEE FHRREFISSEAER/AERRKESHTE.

The electrical conductivity of the obtained layered composite material is (66.9 X 10<sup>6<
/sup>S/m, 115%IACS), which is higher than that of pure silver and meets the requirements for

use.

REHNBRE EMERBESER(66.9 X 10<sup>6</sup>S/m, 115%IACS), TR, HE A

EXo

[0044]

Example 4

SEhtEf5l4

[0045]
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First, a single layer of graphene with a coverage of 295% was grown on a 3um thick copper
substrate using chemical vapor deposition with methane gas as the carbon source, resulting
in a sandwich-shaped graphene-coated copper substrate with an in-plane grain size of
=300um. Then, 50 graphene-coated copper substrates were hot-pressed and sintered under
an argon atmosphere to obtain a highly conductive graphene/copper substrate composite

material.

B, REERNRRE, BEXRZ5%NAEKAABUETHEIREKTIumMEREREE, RN
RiSE, JFEI=FRaRNAEGEBRER, HERANENRT =>300um; BR0FAEIGE
BIRERERRASAFRIF TR TREREFISSBAER/AERKRESTE.

The electrical conductivity of the obtained layered composite material is (67.8 X 10'>S/m,

117% IACS), which is higher than that of pure silver and meets the requirements for use.

FISHEINE &M S %K (67.8X 10<sup>6</sup>S/m, L17%IACS), BTFHIR, HEEm

EXRo

[0046]

Example 5
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L5

[0047]

First, graphene with a thickness of 2-3 layers and a coverage of =95% is grown on the surface
of a 30um thick copper substrate by chemical vapor deposition, with PMMA solid as the
carbon source, to obtain a sandwich-shaped graphene-coated copper substrate with a grain
size of 2300um in the copper substrate surface; then, 6 graphene-coated copper substrates
are microwave sintered to obtain a highly conductive graphene/copper substrate composite

material.

B, REEN2~3IE, BEX>5%MNAHEGHAMFESTHENIREKTI0umERERKE, WR
APMMAE A, JFEI=BFaRMNARGEERER, HERENSAURT >300um; BRF6HAERE
BERERHTHRRESISSRAaE R/ AERRKESHTE.

The electrical conductivity of the obtained layered composite material is (67.0 X 10<sup>6<
/sup>S/m, 116%IACS), which is higher than that of pure silver and meets the requirements for

use.

RENBERE EMEINBESEN(67.0X 10<sup>6</sup>S/m, 116%IACS), ETFLRE, HEFEH

EXo
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[0048]

Example 6

SEhtEf516

[0049]

First, graphene with a thickness of 6 to 10 layers and a coverage of =95% is grown on the
surface of a 100 um thick copper substrate using chemical vapor deposition. The carbon
source is solid PMMA, resulting in a sandwich-shaped graphene-coated copper substrate with
an in-plane grain size of 2300 um. Then, four graphene-coated copper substrates are vacuum
hot-pressed and sintered to obtain a highly conductive graphene/copper-based composite

material.

B, BEEN6~10E, BEX>I5%NAZRFFBUFSRARERT1I00umEFERRE, i
REAPMMAENE, [EI=FRaRARGEBIRER, HEREANSIRT >300um; BR4RAE
HEBEARFTETAERESISSEARE/AERRE ST,

The obtained layered composite material has an electrical conductivity of (66.4 X 10" S/m,

114% IACS), which is higher than that of pure silver and meets the requirements for use.
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REHNERE EMEINEBESE(66.4 X 10<sup>6</sup>S/m, 114%IACS), ETFLRE, HEEH

EXo

[0050]

Comparative Example 1

EEERSE R 1

[0051]

First, a single layer of graphene with a coverage of 295% was grown on the surface of a 30um
thick copper substrate using chemical vapor deposition with methane gas as the carbon
source, resulting in a sandwich-shaped graphene-coated copper substrate with an in-plane
grain size of Z300um. The graphene on the surface of the graphene-coated copper substrate
was then removed to obtain the copper substrate. Next, three sandwich-shaped graphene-
coated copper substrates and three copper substrates were alternately stacked and sintered
under argon atmosphere to obtain a highly conductive graphene/copper substrate composite

material.

B, BEENRRE, BEX>95%NASKRFAUFERNRERTI0umERERKE, WRA

RS, SE=ZAEANARREBRER, HERENSIRT>300um; ¥Fa2GeBHE
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KRREAEFERSIFERK, B3R ZRARNAEFREEBRERSIFERIIEHEHT,
ERR|A/AFRIPF THITRERSGSISSRAaEH/AEBRE ST,
The electrical conductivity of the layered composite material was obtained as (65.6X10" S/m,

113% IACS), which is higher than that of pure silver and meets the application requirements.

REBRE AMEIEBESEEN(65.6 X 10<sup>6</sup>S/m, 113%IACS), BT LR, HEHEAE

Ko

[0052]

Comparative Example 2

EEERSERtE ]2

[0053]

First, a 30um thick copper substrate was annealed at the same temperature as graphene
chemical vapor deposition growth without the introduction of a carbon source to obtain an
annealed copper substrate with an in-plane grain size of <150um. Then, monolayer graphene
was transferred to the upper and lower surfaces of the annealed copper substrate. Six
annealed copper substrates with transferred monolayer graphene were hot-pressed and

sintered under argon atmosphere protection to obtain a layered composite material.
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B, R30umEFAEREAEHRUFRAREKBRNEEFRE FTHEITRALE, THFESIN,
REBRAMRAER, SAERERNSIRT<150um; BREEASEERSIRARER LETRE,; K6A
BEARRAEKRNBRMIERER SNSRI THITAEREREIBRESMEL

The electrical conductivity of the composite material was (54.2 X 10" S/m, 93% IACS), which is

lower than that of pure copper and does not meet the requirements for use.

FEBEAMEBESEEN(54.2 X 10<sup>6</sup>S/m, 93%IACS), KT 4hH, THESERER,

[0054]

Comparative Example 3

EEARSE R 3

[0055]

First, a 30um thick copper substrate was annealed at the same temperature as graphene

chemical vapor deposition growth without the introduction of a carbon source to obtain an
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annealed copper substrate with an in-plane grain size of <150um. Six annealed copper
substrates were then hot-pressed and sintered under an argon atmosphere to obtain a bulk

copper material.

B, BB0umEFRERETAZEHEMCESHENREKERNEEIFE FHITIRALE, RSN,
JERAFER, FAREREAASILRT<150um; K6 BAMFRRERS[IFFRF FHITRERS
REERAFRL

The electrical conductivity of the obtained bulk copper material is (55.6 X 10<sup>6</sup>S
/m, 96% IACS), which is lower than that of pure copper and does not meet the requirements

for use.

FESRIEM R B S E R (55.6 X 10<sup>6</sup>S/m, 96%IACS), ETF4iH, FHEEFERAEN,

[0056]

Table 1 shows the process parameters and final material properties for each embodiment,

with the electrical conductivity given as the result of room temperature testing.

RIGHHIRZ K EAFH I ZSHMREMENERE, LHNBESKAERIHER,

[0057]
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Table 1. Process parameters and final material properties for each embodiment.

RIZKHEH PN T ZSHNELMEHERE

[0060]

This invention prepares a sandwich-shaped graphene-coated copper substrate by growing
graphene on the surface of a copper substrate through chemical vapor deposition. The
graphene growth process promotes significant growth of the copper substrate grains and
changes the orientation of the crystal planes. The crystal planes on the surface of the copper
substrate tend to be distributed with (111) crystal planes, and the grains grow into a single

crystal state in the thickness direction of the copper substrate.

FRAEFERREOESUFTHENIREKAEHRFE=REARNERGEEBRER, ASHERKT
FEHEFERSAZERA, AHRELXETHRRETR, HEARKEEEERT(111)&ES S, [
REERNEE S RSNERNBEERS.

During the sintering densification process of preparing highly conductive graphene/copper
base composite material, the simultaneous application of high temperature and high

pressure significantly reduces the internal defect density of the material. Due to the

transformation of grain orientation promoted by graphene, the (111) crystal plane exhibits an
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arrangement similar to a single crystal long-range order inside the material, effectively

reducing the scattering effect of defects on electron transport.

TEHESSEARKMAEERESMENEEEEZELIETR, SESENBREMEMEINERRE
BEARRE, BTFASKREANSARENET, (11)REEMERBERNE—FIMTREEK
EAEFIATIAI, BRFNEREE T B F 2~ RS ER.

Hot pressing and sintering densification significantly improved the bonding energy of the
graphene-copper interface inside the sandwich-shaped graphene-coated copper substrate.
The copper-CVD graphene interface leveraged the intrinsic two-dimensional high conductivity
of graphene to become a fast channel for charge carrier transport, further improving the

conductivity of the sample to the level of pure silver.

AEREHBUE=ZFERNAR2FEBRERNT ARG HRENESRRFE T EEZRS, -
CVDAEEFRAEARE T ARG _ESSHNAESERATFRF ERNRREE, EFmiISEILES
HHE—FRE, K3 T AIRAIKT,

The highly conductive graphene/copper-based composite material prepared by this invention
has high conductivity, exceeding that of pure silver, and is easy to produce, making it suitable

for use as an interconnect material in various types of chips.
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KFERPAFFISHESEASGIEBRESMABSXS, BAARNESKE, BRTES, 7

RS LT/ FREEME,

[0061]

The above are some preferred embodiments of the present invention. It should be
understood that the present invention has other embodiments, such as changing the
preparation of the sandwich-shaped graphene-coated copper substrate, the number of
graphene layers, the number of copper substrate sheets, and the values of the densification
hot pressing sintering parameters in the above embodiments. This is easy to implement for

those skilled in the art.

U ERALERRIER D LESSrEf, WMEEFENE, SRAEEHEMIIKES T, thiltiE BRG]
PH=EFERNARFREBERERFIE. A2HEN. AERRRUNBZEURERESHRNE, X

AR AN GIFKG, BREHKRIAY.

[0062]

Although the present invention has been described in detail through the above preferred
embodiments, it should be understood that the above description should not be considered

as a limitation of the present invention.
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REXRLPHAR L@ DIRIELHEFIET HFHANE, BN HINRE ERBERRN A EXS
A% BARIPRH,
After reading the above, those skilled in the art will find that various modifications and

substitutions to this invention will be readily apparent.

BERTEFAARRERT EAREE, WFRAXANSMEFECEHBREEMS LA,
Therefore, the scope of protection of this invention should be defined by the appended

claims.

Ftt, 2<% BREYIRIFSE R N B P MBI A B SRR PR TE -
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