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TOM TAT: Bai bao trinh bay ket qua do dp cdng 
nano mang nanocomposite TiC/a-C va mo hinh 
tao vet lom nano sCt dyng phuong phap phan td 
huu han Phan mem mo ph6ng ABAQUS dupc 
sd dung trong nghien cuu nay. Mang mong 
nanocomposite duoc che tgo bSng phuong phap 
phun xa magnetron dong thai cac tia Ti va C trong 
plasma Ar Cac mo h'inh mo phong duong cong 
dat tai - dd tai cho thay anh hudng cua cau true va 
tinh chat vgt lieu mang den bien dang d^o trong 
suot qua trinh tao vet lom nano Cac ket qua mo 
phong bang dudng cong tai - chuyen vi phu hpp 
voi ket qua thi nghiem 

TLT KHOA- Phun xa magnetron, ABAQUS, 
nanocomposite, vet lom nano, mo ph6ng 

ABSTRACT, In this paper the process and result of 
hardness measurementof nanocomposite thin films 
TiC/a-C by nanoindentation were shown utilizing 
finite element method. The tool used is ABAQUS 
The nanocomposite thin films were deposited via 
co-sputtering of Ti and C targets In an Ar plasma 
The model simulates the load & unload curves, 
showing the influence of structure and properties 
of coating materials on the indentation response 
and the development of plastic deformation during 
indentation Load-displacement cun/e indicates 
a good agreement between the simulation and 
experimental results 

KEYWORDS' Magnetron stutering, ABAQUS, 
nanocomposite, nano-indentation, simulation 

I.DATVANDE 
Phuong phap tao vet idm nano duoc dung rdng rai 

le do dp eUng, md-dun dan hoi, tinh chong eao xUdc, 
]p dao cua vat lieu. Phuong phap nay ket hpp vdt cae 
liai phap tinh toan vdl edng cy FEM dac biet hieu qua de 
ighien cdu eotinh eua mang mdng [1,2]. 

Trong bat bao, chung tdi phat trien mot md hinh tao 
et ldm nano bang phuong phap phan tCf hdu han eho 
nang mdng nanocomposite cd cae hat nano TiC phan 

tan trong nen vd djnh hinh carbon gidng kim cUOng 
(TiC/a-C). Viee md hinh hda vet 16m dupe thUe hien vdi 
phan mem ABAQUS thuang mai. Qua trinh ti'nh toan md 
phdng ve dupc dudng cong gia tai - dd tat, the hien sU 
phat then cCia bien dang deo cua mang TiC/a-C trong 
sudt qua trinh chiu tac dung cua tai. 

2.THiNGHI$M 
2.1. Thiet bj che tao mang 
Mang nanocomposite vdt nen carbon gidng kim 

cuong dupc phu bSng phupng phap phun xa len de sd 
dung hat am cUc (graphite va Ti). He thdng sd dung la 
E303A. So do eua he thdng dUOc trinh md t^ trong [3]. 
Mat dp nang luong tren graphite la 10.5 W/cm^ mat dd 
nang lUpng trenTi dupe thay doi de tao ra eae ham lupng 
Ti khae nhau. Ap suat qua trinh phu dUpc gid ed dinh d 
0.6 Pa va nhiet dd tren vat can phu la ISO^C. Cac mang 
duac phu len eae tam Si [100] (dudng kinh 100 mm, be 
day450pm, dpnhambemat R^-2nm). 

2.2.Thiet bj do dp cufng va tao vet 16m 
DdcUng va md-dun dan hot dupe xac dinh bang thiet 

bi do dp edng nano (XP) vdi mui kim eUPng Berkovich. 
Chieu sau an vao mang eua mui kim eUong dUpc lap trinh 
de khdng vupt qua 10% be day cda mang de tranh anh 
hudng cua vat can phd den ket qua do dp cUng.Tren moi 
mau, 10 VI tri ngau nhien dupe do dp cUng va md-dun dan 
hot. Gta tri dp eUng va md-dun dan hoi cua mau duac lay 
trung binh eua cae lan do (sai lech chuan khdng qua 10%). 

f 
Hinh 2.1: Tao vet lom nano bang mui tam giic Bekovieh 

TU dudng eong gia tai va g i im tat tren dd thj cua 
thiet bj do dp cdng, dp deo cua mang dUpe xac dinh 
bang each ehta khoang djeh ehuyen cCia mui kim cUOng 
dng vdt giai doan giam tai cho dich ehuyen Idn nhat Dp 
edng mang dupc xac dinh bdi dudng eong gia tai - bien 
dang trong qua trinh dam vdi luc tang dan tt^O.l mN den 
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3.2 mN va phan tich bSng phUOng phap Oliver-Pharr [4]. 
eudng cong tai - bien dang th^ hi^n bien dang dan hdi 
khi gia tai va bien dang deo khi giam tai. 

Hinh 2.2: Oudng cong gia tii - giim tii 
Phuong phap chinh xac duoc dung de do H va E la 

dua vao qua trinh giam tai, gia djnh rang trang thai dau 
dam Berkovich cd the duoc md hinh hda bang mot dau 
dam hinh non vdt mpt nda gdc quay O (cD - 70.3°). Chu 
vi ngoai bidn tiep xue tao vet Idm chim vao vat the duoc 
dien ta bUng cac md hinh dau dam cdng ed dang hinh 
hpe ddn gian [5]. Gia djnh nay gidi han kha nang Ung 
dung cCia phupng phap bdi vi no khdng giai thieh sutieh 
tu cua vat lieu d chu vi ngoai bien tiep xue xiy ra khi thiJe 
hien vdi vat lieu dan hot - deo. Tuy nhien, neu bd qua sU 
tich tu, eae md hinh dan hoi cho thay r^ng luong ehim 
vao ĥ  dupc xac djnh bang: 

/ . . = E ^ ^ (1) 

Trong do: e - Hing so phu thudc vao hinh dang 
eua dau dSm (e = 0.72 eho dang hinh non, e - 0.75 eho 
parapol xoay trdn, e = 1.00 cho dang phang). Theo kinh 
nghiem quan sat, dudng cong giam tai khi dung dau 
dam cd dang parapol xoay trdn (e - 0.75} la gan dung vdi 
gia tri tieu chuan nen dupe dung de phan tich. 

Be mat ^ a tai 

Hinh 2.3: Giin do gia tii - giim tii 

Dd sau dpe theo Idp tiep xue duoc tao ra gida dau 

dSm va mau la: 

ftc = Ka, (2) 

N^u F{d) la mdt "ham dien tieh" mieu ta dien tieh 
duoe chi^u (hoae mat cat) eua dau dam 6 khoang each 
d td be mat den mui eua dam, dien tieh tiep xue A dupc 
xae djnh: 

A=F(hJ (3) 
Ham dien tich la ham hinh dang dau dam duoc hieu 

ehinh bSng cac phep do ddc lap de dp lech td hinh dang 
dau dam hinh non dUOc dUa v^o tinh toan thay cho mui 

S = p-=Er^ 
A/JT 

Berkovich la nhd nhat. Dp Ieeh nay ed the la kha Idn so 
vdi dau dam Berkovich neu ed sU bo trdn xiy ra trong qua 
trinhmaisSe. Pharr va edng sUda xae lap ham dien tfeh A 
bSng bieu thde [6]: 

A = £ C„i.hcY-'' = e»f.̂  + C,ft 4- C,h'l' + C,h"* + + Ceh""" (4) 

De hoan thanh qua trinh hieu chinh ham dien tich, cae 
he so trong phUOng trinh (4) phai dupe xae dinh thdng qua 
dieu ehinh dUdng eong dd lieu A dot vdi h .̂ Ddi vdi dd lieu 
thuc nghiem, cae he sd eho ham dien tich nhan duac la [7] 
Co=24.65,C, = 202.7,C^ = 0.03363,C3=0.9318,C^-0.02827, 
C5=0.03716,C,-1.763, C^=0.04102,vaCg-1.881. 

Khi dien tieh tiep xue dUPc xac dinh, dp cdng dupe 
tinh theo cong thdc: 

H = - ^ (5) 
A 

Viee xac djnh dp cdng dua vao dl&n tich tiep xue 
dudi tae dung eua tai ed the Ieeh so vdi dp edng truyen 
thong dupc do tU dien tich eua vet Idm nen do ed sU hot 
phue dan hdi dang ke trong sudt qua trinh giam tat. Tuy 
nhien, dieu nay cht quan trpng trong eae v^t li^u vdi cac 
gia tri E/H rat nhd [8]. 

Phep do md-dun dan hdi theo mdi quan he ham 
dien tich tiep xue va dp edng giiim t i l dUpc thong qua 
he thdc: 

2 _ 
(6) 

Trong do: P - He sd hieu chinh dd doi xdng true eua 
dau dam hinh non; Ê  - M6-dun dan hdi hi^u dung dUOc 
xac dinh bdt: 

1 ^1-v^ 1-vj (7) 

£r E Ei 
Trong dd: Md-dun dan hot E va he sd Poisson v la cda 

vat lieu dau dam (kim cUong) va md-dun dan hdi E va he 
so Poisson V. la cua vat lieu can do (mau). Phuong trinh (6) 
la mpt he thde rat tong quat ap dung cho bat ky dau dam 
doi xdng true nao (khdng ban ehe doi vdi mot hinh hpe 
dpn gian eu the nao, ke ca vet Idm tu). Phuong trinh nay 
cd the ap dung vdi tiep xue dan hoi-deo [9]. 

3.M6H1NHH6A 
Kich thude: Vat 

can phu (de): Ban kinh 
5mm, chieu eao 5mm. 

Mang mdng: 
Ban kinh 5 mm, ehieu 
eao 1200 nm. 

Indenter: Loai 
hinh ndn (ddi xUng) 
dam xuong mang 
toi da 1 2 0 n m - 1 0 % 
chieu day mang de 
tranh anh hudng cua 
de den ket qua xac 
djnh tinh chat eP hpe 
cua mang. Vi vay, 
mat de va mat ben 
CO dinh. Hinh 3.1: Md hinh mang chiu tai 
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Trong md hinh nay, qua trinh tao vet Idm nano cCia 
mang mdng vdi tinh ehat co hpe dan hoi dang hudng 
duoe mo phdng bang phan mem ABAQUS, Dau dam 
cdng hinh ndn duoe dung trong md hinh de dinh rdmdt 
md hinh dot xdng true (nda gdc 70.3"). Mau dupe md hinh 
hda vdi 21047 phan tCt va 34384 nut tich hpp riJt gpn ddi 
xdng truc4-nut.Taivj tri xung quanh dau dam chung tdi 
da tao ludi mm de giam thdi gian tinh toan ma khdng anh 
hudng den toe do hdi tu. 

Qua trinh tao vet Idm dupe md phdng trong sudt ea 
eae bude gia tai va gi im tai. Trong suot qua trinh gta tai 
viec md phdng duac thUe hien den dp sau 120 nm theo 
phuong y vao trong mau. Trong qua trinh gi im tat mui 
dau dam trd ve vi tri ban dau (0,0,0). 

SiJ rang budc tiep xue dupe xac dinh bing be mat 
ehfnh va be mat phu. Bdi vi, chi cd be mat chinh cd the 
tham nhap vao be mat phu, do dd hudng tiep xue dUpc xac 
dinh dua theo be mat chinh. Md hinh dau dam duoc chon 
lambematchinhvamauthij'labematphu.Dieukienbien 
dupc ap dat doe theo diem goc, dudng trung tam va mat 
day cua mau bSng each cd dinh mau vao true hoanh. 

Md hinh vet ldm nano dUOe phat trien trong dl^u 
kien khong cd su hda edng eo hpc cCia vat lieu, vat lieu 
khdng bt tach trong suot qua trinh tao vet Idm va khdng 
cd ma sat gida mui dau dam va be mat mau. 

Trong tinh toan, sU bien dang dan hoi xay ra trong 
lue qua trinh bat dau. Tieu ehuan ehay Mises dUPc dat 
trong qua trinh xay ra bien dang deo. Phuong trinh dng 
suat Mises dupe xae dtnh nhu sau: 

ra quanh khu vUc mui dau dam va lan truyen ea thei 
hudng ngang va th ing ddng nhU hinh ndn. 

Trong do: o, o ,̂ a^ - Lfng suat ehinh. Khi o„,̂ ^ dat tdi 
gidi han dan hot (o,,}, mau bat dau bien dang deo. Trang 
thai hda edng cO hpc cCia mau duac bd qua khi xem xet 
md hinh, 

Trong nghien cdu nay, mang mdng TiC/a-C phd len 
Si dung lam vat lieu mau. TiC/a-C la mdt vat lieu dang 
hudng, dd cdng, md-dun dan hdi eua mang phu thude 
vao ham luong Tt va ty le sp^ trong mang [10] (Bdng 3.1). 
Bing 3.1. Anh hudng eua mat dp nSng lupng, ham lupng Ti, Cden €, v 

, Mat do nang | 
lUOng cfia Ti 

fW/cm') ' (at.%) I (at.%) 

Md'dun 
dan hoi 
(GPa) 

210 
258 
278 
310 

H|s6 I 
Poisson's I 

0.25 I 
0.28 
0,29 ' 

Cae tinh ehat co hpe nhu dp cdng, md-dun dan hoi cd 
the nhan dUoc td dudng cong tat - bien dang do duac khi 
dat tat -dd tai qua sUphan tfeh ddlieu nhuda trinh bay. 

4. K^T QUA VA TH Ao LUAN 

Qua trinh gia tat - gi im tai tao vet lom nano tren 
mang mdng TiC/a-C dupe md phdng nhu Hinh 4.1. Bien 

'iang^deo xay ra trong mau d be tiep xue (gtda dau dam 
/a mau) duac bk dau va sau dd lan truyen sau vao ben 
trong mang. Tat mpt dd siu xac dinh, bien dang deo dien 

Hinh 4.1: Cac bude gia tii 

Dd lech nhd gida md phdng va thinghiem la do hini 
dang dau dam thuc te va dp nham be mat cua mang kl-
thUe hien cac thi nghiem, Td ket qua tinh toan cho nut 
va nut 12093 duoc so sanh vdi ket qua thi nghiem (Bdn 
4.1 va 4.2). 

Bang 4.1. Chuyen vj - dng suat 

Ket qui thi nghiem Ket qua mo phong 

Chuyen i 

(nm) 

0.002 

50.99 

Ô ng suat 
(GPa) 

0.010 I 

3.50 

Thdi 1 — 
niit? 

gian | Chuyen 
(S) , vj 

!_jnm)__ 
0.002 _0.002l 

0.85 1 50.94 

ang 
suat 
(CPa) 

0.006 

3.72 
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52.00 

119.02 

120.05 

104.98 

104.98 

3.50 

2.95 

2.95 

1.24 

1.24 

0.86 

1.99 

2.00 

3.00 

3.00 

51.80 

119.27 

119.99 

101.97 

101.97 

3.72 

3.68 

3.68 

0.42 

0.42 

Bing 4.2. Chuyen vi - dng suat 

Ket qua thi nghiem 

„ 1 
vj 

(nm) 

0.002 

Ung suat 
(GPa) 

0.010 

50.99 1 3.50 

52.00 

119.02 

120.05 

104.93 

104.98 

3.50 

2.95 

2.95 

1.24 

1.24 

Ket qua mo phong 

ThM 
gian 
(s) 

0.002 

0.85 

0.86 

1.99 

2.00 

3.00 

3.00 

nut 12093 

Chuyen 
vj 

(nm) 

0.000 

43.63 

45.96 

113.43 

114.15 

96.15 

96.15 

U'ng 
suat 
(GPa) 

0.002 

3.72 

3.72 

3.51 

3.51 

0.51 

0.51 

Hinh 4.2 the hien dudng eong lUc - ehuyen vi tren 
mang mongTiC/a-CdUditacdung cua luc tUO.1 mNden 
3.2 mN, dp sau dam xuyen tdi da 120 nm va dd lieu dau 
vaotU6dng3.7.Ket qu i thinghiem va ket qu i tinh toan 
md phdng bang phan mem ABAQUS la tUOng tU nhau. 

Tai - Chuyen vi 
j -^KSt qua mo phong -^Kit qua thi oghiem 

Chuyen vi run 

Hinh 4.2: Oo thj tii - chuyen vi cda thinghiem va md phdng 

lis dd thi t i i - ehuyen vi, dudng eong dd t i i duoc 
dijng de tinh gia tri dp edng bang ky thuat phan tfeh 
trien khai theo Oliver va Pharr [7]. Do cdng duac tinh 
toan khoing 33 GPa la phu hpp vdi ket qua thi nghiem. 
Sd di dd cdng trong thi nghiem thap hon md phdng la 
vi eae mau thd trong thi nghiem khdng saeh tuyet ddi 
va ed hien tUOng chuyen hda sp' (kim cUOng) thanh sp^ 
(graphite) tren be mat mang TiC/a-C. 

Bing 4.3. Dp cung 

Ket quS thi nghiem 

Chuyen vj 
(nm) 

0.002 

50.99 

52.00 

DocuTng 
(GPa) 

32.541 

32.995 

32.981 

Ket qu^ mo phong 

Chuyen vj 
(nm) 

0.002 

50.94 

51.80 

Ddcijrng 
(GPa) 

33.827 

32.815 

32.814 

Ket qui thi nghiem 

Chuyen vj 
(nm) 

119.02 

120.05 

Do cijrng 
(GPa) 

32.868 

32.864 

K t̂ qui mo phdng 

Chuyen vj 
(nm) 

119.27 

119.99 

Do curng 
(GPa) 

32.757 1 

32.756 

t 
06 cii'ng - Chuyen vj 

—Ket qua mo phong 

—Ket qua "Su nghiem 

Chuyen vi nin 
Hinh 4.3: Dp cung khi do thinghiem va ket qua md phdng 

Md phdng md rdng sU phi t trien cua bien dang dan 
hdi trong mang mdng TiC/a-C de thay rd hon trang thai 
bien dang trong Idp mang va de dUOe thUe hien vdi dp 
sau vet Idm tang dan (200 nm, 250 nm, 300 nm). 

Hinh 4.4: Khi tang dp sau dau dim ung suat hinh thinh trin de 

d dd sau Idn hon, bien dang deo lan truyen ca theo 
phuong ngang va thang ddng vao trong Idp mang nhU 
Hinh 4.4. De quan sat rd hon, chiJng tdi thUc hien md phdng 
trong khdng gian ba chieu de thay vung dng suat lan truyen 
vao ben trong mangTiC/a Ctrong khong gian 3 chieu 

Hinh 4.5: Satan truyen dng suat trong mo hinh 3D 
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Trong md hinh nay, qu i trinh tao vet Idm nano eua 
mang mdng vdi tinh ehat co hpc dan hdi dang hUdng 
duoc md phdng bang phan mem ABAQUS. Dau dam 
cdng hinh ndn duac dung trong md hinh de dinh rd mpt 
md hinh ddi xdng true (nda gdc 70.3°). Mau dUde md hinh 
hoa vdi 21047 phan tdva 34384 nut tieh hpp rut gpn ddi 
xdng true 4-nut. Tai vi tri xung quanh dau dam chung tdi 
da tao ludi min de giam thdi gian tinh toan ma khdng anh 
hudng den tdc dp hdi tu. 

Qua trinh tao vet Idm dupe md phdng trong sudt ca 
cae bude gia t i i va giam tai. Trong sudt qua trinh gia tai 
viee md phdng duoe thUc hien den dp sau 120 nm theo 
phuong y vao trong mau. Trong qua trinh giam t i i mui 
dau dam trd ve vi tri ban dau (0,0,0). 

Su rang bupe tiep xue dUpc xae djnh bang be mat 
ehinh va be mat phu. Bdi vi, ehi cd be mat chinh ed the 
tham nhap vao be mat phu, do do hudng tiep xue dupcxac 
dinh dua theo be mat ehinh, Md hinh dau dam dupe chpn 
lam be mat chinh va mau thd la be mat phu. Dieu kien bien 
duac ap dat doe theo diem goe, duong trung tam va mat 
day eua mau bang each co dinh mau vao true hoanh. 

Md hinh vet Idm nano dUpc phat trien trong dieu 
kien khdng co sU hda cdng eo hoe eua vat lieu, vat lieu 
khdng bj tach trong suot qua trinh tao vet Idm va khdng 
ed ma sit gtda mui dau dam va be mat mau, 

Trong tfnh toan, su bien dang dan hoi xay ra trong 
lue qua trinh bat dau. Tieu chuan ehay Mises dUPc dat 
trong qua trinh xay ra bien dang deo. Phuong trinh dng 
suat Mises dUpc xie djnh nhusau: 

ra quanh khu vUc mui dau dam va lan truyen ea theo 
hudng ngang va thang ddng nhu hinh ndn. 

Trong do: a^ a^, a^ - L/ng suat ehinh. Khi â ^̂ ^̂  dat tdi 
gidi han dan hoi (o^), mau bat dau bien dang deo, Trang 
thai hda eUng co hoc cua mau dupc bd qua kht xem xet 
mdhinh. 

Trong nghien edu nay, mang mdngTiC/a-C phu len 
Si diJng lam vat lieu mau, TiC/a-C la mdt vat lieu dang 
hudng, dp cdng, md-dun dan hdi cua mang phu thupe 
vao ham lupng Ti va ty le sp' trong mang [10] (Bdng 3.1). 
Bang 3.1. Anh hudng cda mat dd nang luong, ham lupng Ti, C den £ v 

' Mat do nang ' 
lUPng cua Ti i 

I (W/cm^) 

Cac tinh chat eo hpe nhudd edng, md-dun dan hoi cd 
the nhan duoe td dudng eong tai - bien dang do dUPe khi 
dat tai - dd tai qua su phan ti'ch dd lieu nhuda trinh bay. 

4. KET QUA VA TH Ao LUAN 
Qua trinh gia tai - giam tat tao vet Idm nano tren 

mang mongTiC/a-C dupe md phdng nhu Hinh 4.7. Bien 
dang deo xiy ra trong mau d be tiep xue (gida dau dam 
va mau) dUpc bat dau va sau do lan truyen sau vao ben 
trong mang. Tai mdt dp sau xae dinh, bien dang deo dien 

80 

Hmh 4.1: Cic budc gia tii vi da tii 

Dp Ieeh nhd gtda mo phdng va thi nghiem la do hinh 
dang dau dam thue te va dp nham be mat cua mang khi 
thuc hien eae thi nghiem. Td ket qua tfnh toan eho nOt 7 
va niit 12093 dupe so sinh vdi ket qua thi nghiem (Bang 
4.1 va 4.2}. 

Bang 4.1. Chuyen vi - ung suat _ 

K̂et qua thi nghiem Ket qua mo phong J 

Chuyen 

0,002 I 

50,99 

Thdi 
nut 7 

suat 
Pa) 

0.010 

3.50 

gian 
(s) 

0.002 

0.85 

Chuyen 
vj 

(nm) 

0.002 

50.94 

111
 

00061 

372I 




