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RESEARCHING THE EFFECT OF SPRING PRESSURE ON THE LUXURY SPEED
OF CrN COATING ON SKD6 STEEL BACKGROUND
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TOM TAT

Trong ky thudt phiin xa, dp sudt khi la mot trong nhitng théng sé quan trong. N6 anh hieong
16i toc dé béc tach vit lidu dé ciing nhw toc dé lang dong 16p phii. Noi dung bai bdo khdo sdt sw anh
huéng ciia dp sudt dén toc do lang dong ciia 16p phit CrN trén nén thép SKD6 bang phwong phdp
phiin xa xung mét chiéu c6 tir truong (Pulsed DC magnetron), ¢é sir dung phan mém EZ v4.12 tich
hop trén kinh hién vi quang hoc Leica DM750M dé xdc dinh chiéu day 16p phii. Két qua nghién ciru
cho thdy khi dp sudt tang, toc do lang dong ciia I6p phii ciing ¢6 xu hwéng ting va dat gid tri 1om
nhat la 0,042 (um/phit) trong mién dp sudt khodng 9.10° mBar. Tuy nhién, khi dp sudt tiép tuc tang,

toc do lang dong lai cé xu huwdng gidam.

Tir khéa: Phiin xa xung mét chiéu; Lép phii CrN; Thép SKD6; Ap sudt phiin xa; Ty 1é ling
dong.

ABSTRACT

In sputtering engineering, gas pressure is one of the important parameters. It affects the
rate of substrate material removal as well as coating deposition rate. The content of the article
investigates the influence of pressure on the deposition rate of CrN coating on SKD6 steel base
by pulsed sputtering method with magnetic field (Pulsed DC magnetron), using EZ software v4.12
integrated on the Leica DM750M optical microscope for coating thickness determination. Research
results show that when the pressure increases, the deposition rate of the coating also tends to
increase and reaches the maximum value of 0.042 (um/min) in the pressure domain of about 9.10

mBar. However, as the pressure continues to increase, the deposition rate tends to decrease.

Keywords: Pulse DC sputtering; CrN coating,; Sputtering pressure; Deposition rate.
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1. GIOI THIEU

Trong nhiing nim gan day, 16p phu cimg
gbc crom (Cr) di dugc nhidu nha khoa hoc trén
thé giéi quan tAm nghién ciru. C6 nhiéu phuong
phap dé tao 16p phu gdc (Cr) nhu phuong phap
phun xa [1, 2], phuong phap hd quang chan
khong [3]... Trong do, phuong phap phun xa
duogc ap dung phd bién trong cic nganh cong
nghiép, do 16p pht c6 nhiéu tinh vu viét hon so
v6i cac phuong phép tao 16p phu khac.

D3 ¢6 nhiéu nghién ctru vé 16p phu CrN
nhu kha nang chiu an mon va mai mon rit cao,
hé s6 ma sat thap cta 16p phu CrN [1, 4]. Lép
phu CrN cung, it gion hon TiN, va duy tri do
6n dinh co tinh ti 700°C nén né phu hop bao
vé an mon va mai mon ddi véi cac chi tiét may
1am viéc & nhiét d cao [5]. V6i nhitng wu diém
nhu vy, 16p phi CrN duoc tmg dung dé lam
16p bao v¢ bé mat cho céc cac bd phan cta dong
co 6 t0, O truc, khudn dic ap luc, khuon dap
kim loai, dung cu ct got... [6].

Céc két qua nghién ciru cho thay 16p
phu ctimg CrN duogc ché tao bang phuong phap
phun xa cho d§ cung cao, kha ndng chiu mai
mon tot, d6 bam dinh tét, hé sé ma sat thip va
dic biét 1a kha nang chdng dinh cao. Dong thoi,
cac nghién ciru ciing cho thay quéa trinh hinh
thanh 16p phu phu thudc vao céc thong sé cong
ngh¢ nhu anh hudng cta luu lvong khi [7]; anh
huong cua tan s xung va nhiét do miu phu
[2]. Tuy nhién, chua c6 nghién ctru nao lam rd
anh hudng ctia 4p sudt téi qua trinh hinh thanh
16p phu CrN. Trong bai bdo nay, nhom tac gia
nghién ciru, ché tao 16p phu CrN trén nén thép
SKD6, bang phuong phap phun xa xung mot
chiéu c6 tir truong (Pulsed DC magnetron), sau
d6 tién hanh khao sat anh huong ciia ap suat
phun xa dén ty 1& lang dong va chiéu day cua
16p phu CrN.

2. VAT LIEU, THIET BI VA PHUONG
PHAP NGHIEN CUU

2.1. Vit liéu thi nghiém

Vit liéu 1a nén thép SKD6 co kich
thudc @50 mm x 10 mm phu hop véi thiét bi
thi nghi¢m.

Vat liéu phu la bia Crom dang tru
(99,995%) c6 kich thudc @50 mm x 8 mm,
dugc cung cap boi hang Kurt J. Lesker - My.

2.2. Thiét bi thi nghiém

Qua trinh tao 16p phu CrN dugc thuc
hién trén hé théng phun xa Univex 400 cua
hang LEYBOLD - buc, nhu hinh 1.

Trudc khi pht, miu dugc mai phang,
danh bong bé mit va lam bang phuong phap
hoa hoc nhu rtra trong dung dich aceton véi bé
rira siéu Am trong thoi gian 10 phat dé tay dau
m& vét ban trén bé mit miu, sau d6 sdy kho
nhe trudc khi dwa vao budng chan khong. Cac
thong sb cong nghé cia qué trinh tao 16p phu
CrN dugc lya chon nhu trong bang 1.

Hinh 1. Thiét bi phiin xa UNIVEX 400.
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Hinh 2. Kinh hién vi LEICA DM750M.

Bang 1. Théng sé cong nghé tao 16p phii CrN.

Luu luong khi Ar 12 sccm
Luu luong khi N, 6.2 sccm
Ap suét co so 5.10% mbar

Ap sut phun xa 2.10% - 2.10 mbar

Cong suat ngudn 150 w
Tan s6 xung 100 KHz
Thoi gian phtin xa 90 phut
Khoang cach bia dé 10 cm

Chiéu day cua 16p pha CrN trén mau
nén thép SKD6 duoc do bang kinh hién vi
quang hoc LEICA DM750M nhu hinh 2.

Mit cat ngang ctia dé SKD6 c6 16p phit
CrN duoc quan sat trén kinh hién vi quang hoc
v6i d6 phong dai 200 1an. Chiéu day 16p phi
duoc x4c dinh thong qua phan mém EZ v4.12
tich hop trén kinh hién vi quang hoc Leica
DM750M.

2.3. Co ché hinh thanh 16p phii CrN

Pit dién ap xung DC c6 tan sd lap du
cao (0 + 350 kHz gitra Catdt va Andt, hinh 3),
cacion nang lugng cao Ar+ trong truong plasma
bén pha bé mit bia Cr “lay” ra cac phan tir vat
lidu cua bia. Cac nguyén tir Cr sau khi tach khoi
bia va cham véi céc ion khac trong moi truong
plasma tr¢ thanh nhitng ion Cr chuyén dong vé
phia dé SKD6, trong qué trinh chuyén dong két
hop véi cac ion ciia khi nito lang dong 1én dé

SKD6 tao thanh 16p phu CrN.
Bia Cr Buong chan D¢ SKD6
(Andt) khong (Catbt)
\, / )
. ) Hiit chan
s khong
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\omen tir LUp mana
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Hinh 3. Co ché phiin xa xung DC
3. KET QUA VA THAO LUAN

Qua trinh thi nghiém duogc chia thanh
hai giai doan nham xac dinh gia tri ap suat tdi
uu cho ty 1¢ lang dong cua 16p phu, ling dong
ctia 16p phu c6 thé duoc xac dinh bang ty sb cua
chiéu day chia cho thoi gian thuc hién 16p phu.
Giai doan 1: Qué trinh thi nghiém duogc tién
hanh véi ap suat phin xa thay doi tir 2.10°
mBar dén 2.102 mBar véi budc thay doi ap
suét 16n (6.10° mBar). Chiéu day 16p phi CrN
trén nén thép SKD6 duoc do bang kinh hién vi
quang hoc LEICA DM750M tién hanh do tai 3
vi tri khac nhau trén mat cit ngang clia mau thi
nghiém. Két qua do chiéu day trung binh cua
16p phu cho trong bang 2.
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Bdng 2. Chiéu day va ty Ié lang dong ciia [6p phii
CrN twong ing véi cdc dp sudt phiin xa khdc nhau.

Ap suit Chiéu day | Ty I¢ ling dong

(mBar) (pm) (nm/phiit)
2.10° 2.132 0.023
8.10° 3.061 0.034
1,4.102 2.230 0.024
2.107 1.540 0.017

Tir hinh 4 va hinh 5 cho théy, 16p phu
duogc phan bd tuong ddi déu trén toan bd dién
tich bé mit cia miu. Lop phu CrN trén cac
mau thi nghiém c6 chiéu day trung binh va ty
1é léng dong khac nhau phu thudc vao sy thay
do6i ciia ap suét trong tmg. Trong do, chiéu day
trung binh cua 16p phu trén hinh 3b dat gia tri
16n nhét 1a 3,061 (um) tuwong tng vai ty 18 lang
dong 0,030 (um/phut) tai mién ap suat 8.107
(mBar), con chiéu day trung binh trén hinh 3d
dat gia tri nho nhét 1a 1,540 (um) tuwong Gmg
v6i ty 18 lang dong 0,010 (um/phit) tai mién ap
sut 2.10 (mBar).

—
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¢ d

Hinh 4. Chiéu day [6p phii véi dp sudt phiin xa
thay doi:
a) 2.10° mBar, b) 8.10° mBar,
¢) 1,4.10° mBar, d) 2.10° mBar.
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Hinh 5. Toc d¢ lang dong véi cdc dp sudt khdc
nhau.

Giai doan 2: Thi nghi¢m tiép tuc duoc
tién hanh vé6i bude thay doi ap suat nho (1.102
mBar) 14n can gia tri 4p suat twong tng voi ty 18
lang dong 16n nhat duoc xac dinh tir giai doan
1. Qué trinh do chiéu day 16p phu CrN ciing
duoc tién hanh tai 3 vi tri khac nhau, trén mat
cit ngang ctia mau thi nghiém. Két qua do chiéu
day trung binh cuia 16p phu cho trong bang 3.

Bdng 3. Chiéu day va ty Ié lang dong ciia 6p phi
CrN twong tng voi cdc dp sudt phin xa khéc nhau.

Ap suit Chiéu day Ty 1¢ ling dong

(mBar) (pm) (pm/pht)
7.10° 2.705 0.030
8.10° 3.061 0.034
9.10° 3.866 0.042
1.10° 3.676 0.040

1,1.10° 2.766 0.030
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T hinh 6 cho thiy, 16p phu cling duoc
phan bd tuong ddi déu trén toan bo dién tich
bé mit ctia mau. Lp pha CrN trén cac mau thi
nghiém c6 chiéu day trung binh va ty 18 ling
dong khéc nhau phu thudc vao su thay ddi cua
ap suat tuong Gmg. Trong d6, chiéu day trung
binh cta 16p phu trén hinh 5b dat gia tri 16n
nhat 13 3,866 (um) twong ung véi ty 1& ling
dong 0,042 (um/phut) tai mién ap suat 9.10°
(mBar), con chiéu day trung binh trén hinh 3a
dat gia tri nho nhat 1a 2,705 (um) tuong tng
v6i ty 16 lang dong 0,030 (um/phut) tai mién ap
suat 7.10° (mBar).

2734 ym g 2.732 ym gt 2 833
- - i -
c d

Hinh 6. Chiéu day [6p phii véi dp sudt phiin xa
thay doi:
a) 7.10° mBar, b) 9.107° mBar,
c) 1.10°mBar, d) 1,1.10° mBar.

Hinh 7 1a d6 thi 2D biéu dién anh hudng
clia &p suét toi sy hinh thanh 16p phit CrN bang
phuong phap phun xa cua ca hai giai doan thi
nghiém.

Tir dd thi cho thdy, khi ting ap suét
phin xa trong khoang tir 2.10° (mBar) dén
9.10° (mBar) ty 1¢ ling dong cta 16p phu c6 xu
hudng ting dan tir 0,020 (um/phut) dén 0,042
(um/phut). Didu nay c6 thé giai thich nhu sau,
do mat d6 khi trong budng phun xa ting s& lam
tang lugng ion Ar va cham v&i bia dé bt ra
nhiéu nguyén tir Cr hon.
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Hinh 7. Chiéu day [op phu voi cdc ap suat phun xa

thay doi.

Khi tiép tuc ting ap suat trong khoang
tir 1.102 (mBar) dén 2.10? (mBar), ty 18 ling
dong cua 16p phi c6 xu hudéng giam dan tir
0,040 (um/phit) xudng 0,010 (um/phat). Hién
tugng nay co thé duoc giai thich do mat do
khi trong budng ting cao lam cho sy va cham
ctia cac phan tir trong budng phun xa ting 1én,
quing dich chuyén ty do trung binh cta cac hat
giam tir d6 1am giam ty 1& lang dong cua 16p
phu.

Két qua nghién ctru trén cho thiy c6 su
tuong dong véi két qua nghién ctiru ciia H. N.
Shah va cac cong su [8].

4. KET LUAN

Trong nghién ctru nay, cac thi nghiém
tao 10p phit CrN trén nén thép SKD6 duoc
tién hanh voi thiét bi phtin xa UNIVEX 400
nham danh gia anh hudng cua ap sut toi ty 18
ling dong hinh thanh 16p phu. Chiéu day 16p
phu duoc x4c dinh bang kinh hién vi quang
hoc LEICA DM750M duoc tich hop véi phan
mém EZ v4.12. Két qua cho thay, khi ting 4p
suat phin xa trong khoang tir 2.10° (mBar)
dén 9.10- (mBar), ty 1 lang dong cua 16p phi
¢6 xu hudng ting dan tir 0,020 (um/phat) dén
0,042 (um/phut). Khi tiép tuc ting ap suét trong
khoang tir 1.10 (mBar) dén 2.102(mBar), ty 16
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ling dong ctia 16p pht c6 xu hudng giam dan tir
0,040 (um/phut) xuong 0,010 (um/phut).

Két qua nghién ctu 13 tai liéu tham
khao cho cac nha san xut lya chon cac thong
sd 4p suat hop 1y khi thuc hién gia cong méi
hodc phuc hoi khudn diic ap Iyc trén nén thép
SKD6. Moi thong tin xin lién hé véi tac gid qua
email: pvlieu@uneti.edu.vn. %
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