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Tom tit:

Phiin xa magnetron xung DC tin s6 100 kHz dwoc siv dung dé ling dong 16p phii vang trén bé mit mang polyethylene
terephthalate (PET) Tinh chit quang hoc ciia lép phi vang dwgc danh gia dua tren cac phep do phan Xa va truyen qua trén
may quang phd Jasco V-770/SLM-907. Phan tich quang pho cho biét thong tin vé mau sac, tap chit, cht lwong bé mit va do
day cia l6p phi. Thi nghiém phun xa tir bia tron, 1op kim loai vang c6 mau sic twong doi dong déu trong viing doi dién bia, do
day >60 nm, dién tré <6 Q. Tinh chét dj day ciia 16p phii vang giam dan vé phia xa trung tdm c6 anh hwong dén cac tinh chat
vat Iy khac, do vy cin dwgc quan tAm va sir dung dé tinh toan khi phii mang trén dién tich 16n. Lép phii vang ché tao vugt qua
cac phép thir vé dd bam dinh, d9 bén ma sat va d9 bén véi tac nhan 1am sach, phit hop cho cac ing dung trong cong nghiép va
doi song nhwr trang tri hodc ché tao dién cwe cho cim bién sinh hoc va linh kién dién tir.

Tir khéa: 16p phii vang, mang composite kim loai - polymer, mang PET, mau sic mang mong vang, phiin xa magnetron xung DC.

Chi 56 phén logi: 2.5

1. M6 dau

Mang PET la mét trong nhitng polymer dugc ding phd
bién dé 1am nén cho 16p phi kim loai. Tlly vao cong thirc san
Xudt, mang co thé & dang v6 dinh hinh hodc ban tinh thé [1],
gilt dugc cac déc tinh co hoc t6t & nhiét do 1én toi 175°C véi
d co ngot nhiét thap [2]. Mang PET quang hoc c¢6 do bong
va dg trong sudt cao, bé mat co thé di duge xur ly b@“mg mdt s6
phuong phéap nhu plasma, tinh dién corona hodc phu primer,
nham giam khuyét tat bé mit va didu khién do bam dinh véi
cac 16p phu chirc niang khac, sir dung nhiéu trong nganh cong
nghiép man hinh, pin mét troi hitu co [3].

Vang 1 kim loai quy véi mau sic dep, dién tré nho, dan
nhiét tt va tinh tro hoa hoc cao. Sy két hop gitra kim loai vang
voi mang polymer dan téi nhiéu img dung trong doi sdng, dién
hinh 12 linh vuc dién t nhu ché tao mang chén nhiéu dién tu,
dién cuc cho céc kit xét nghiém nhanh tai chd, cam bién sinh
hoc, cam bién 4m thanh [4-6], hay linh vuc trang tri (ché tac
tranh my ngh¢).

V& cong nghé ché tao, phu kim loai trén mang polymer c¢6
nhimg dic trung riéng so voi cac loai dé khac do tinh chat hai
vat liéu khong tuong dong [7]. DO bén ciia 16p phu kim loai
trén dé polymer phy thudc vao qué trinh tién xtr Iy bé mat va
k¥ thuat le’ing dong. Vi tao dugc mang chat lugng tot, phtn xa
magnetron 13 lya chon chinh trong nhiéu nghién ctru va san
Xuat thuong mai. Phuong phép nay it gy anh hudng nhiét 1én
dé hon so v&i phuong phép bdc bay. Pdng thdi nho c6 ning
lugng tir plasma, d6 bam dinh, d9 bén cua 16p phu t6t hon va co
thé phu trén dién tich rong [8, 9]. Cac polymer chiu nhiét kém,
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& nhiét do cao mang polymer sé& tiét oligomer va bién dang
[10], do d6 can duy tri nhiét d6 thap trong qua trinh ling dong
thong qua 1am mat dé hodc kiém soét thong s cong nghé (ap
suit, cong sudt, khoang cach ga, toc do va thoi gian ling dong).
Nghién ctru ndy tap trung vao viéc tim bo thong sd thich hop dé
ling dong 16p phii vang ¢6 do bén bam tot, mau sic dong déu,
hudng dén tmg dung trong cong nghiép va doi song.

2, Thuc nghiém

Bia vang c6 kich thuéc @100x0,1 mm, do tinh khiét
99,99%; do chiéu day mong va co tinh yéu nén dugc dan trén
tam nén trg lyc bang dong do kich thude @100x9 mm bang 16p
keo carbon c6 tinh dan nhiét, dan dién tét (hinh 1). Trong qua
trinh phtin xa, bia dugc giai nhiét thong qua viéc cho nudc 1am
mat tiép xdc truc tiép véi mit sau clia tim nén nay. Cap dién
cho d4u phun xa magnetron bang ngudn dién xung DC Pinacle®
Plus (M¥). Tan sé xung 100 kHz cho phép d& dang khoi phat
qua trinh phtin xa va han ché hién tugng ho quang. Dé 1a mang
PET Lumirror T60, kich thudc 150x150 mm dat cach bia mot
khoang 100+150 mm, dugc lam sach bang dung moi diethyl
ether va tranh tiép xtic v6i cac nguon gay bui. Chiéu day mang
va toe do léng dong duogc kiém soat boi bd cong hudng dao
dong thach anh XTC/2 (Inficion, Inc, M¥). Qua trinh phu kim
loai trén bé mat polymer dién ra trong diéu kién khong gia
nhiét. Mit khéc, do tinh nhay nhiét, can duy tri nhiét d6 ling
dong thap dé tranh bién dang. Tac nhan lam tang nhiét do dé
bao gf")m nhiét bt xa tir dau phtn xa va nhiét chuyén doi trang
thai cua cac phan tr lang dong. Kiém soat nhiét do boi cap
nhiét dién loai K, dugc dit canh dé, xac dinh nhiét d¢ trudc va
ngay sau qua trinh phu.
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Abstract:

Pulsed DC magnetron sputtering was employed to deposit
gold onto polyethylene terephthalate (PET) film. The optical
properties of the gold coating were evaluated through
reflectance and transmittance measurements using a Jasco
V-770/SLM-907 spectrophotometer. Spectral analysis
provides information about the colour, impurities, surface
quality, and coating thickness. In sputtering experiments
with a circular target, the gold coating exhibits a relatively
uniform colour in the area opposite the target, with a
thickness (df) greater than 60 nm and a resistance lower than
6 Q. The coating thickness gradually decreases away from
the center, therefore affecting other physical properties,
so it should be considered and used for calculations when
coating on a large substrate. The fabricated gold coating
passes tests for adhesion, friction resistance and resistance
to cleaning agents, making it suitable for industrial and
daily applications such as decoration or making electrodes
for biosensors and electronic components.

Keywords: colour of gold thin film, gold coating, metal-
polymer composite membrane, PET film, pulsed DC
magnetron sputtering.
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Hinh 1. Dan bia vang dé lap dat trén dau phin xa magnetron.

Tru6ce khi sir dung bia vang, phun xa crom va dong dugc
thue hién nham xéc dinh cac thong s6 hoat dong cua dau phtn
xa bao gom dién ap, dong dién, ap suat khi tro, sao cho 16p
phu kim loai ling dong tren mang polymer dat d§ bam dinh
tt, gitr dwoc mau sic von co cuia kim loai, toe do ling dong
nhanh, mang polymer it chiu anh hudng nhiét tir vat lidu ling
dong va ngudn phin xa. Két qua cho thiy plasma dwoc kich
hoat ¢ ap suét khoang 1 Pa, dién ap 400 V. Sau khi kich hoat,
giam luu luong khi va dién ap vé gia tri phit hop. Phun xa
hoat dong on dinh véi toe do lang dong hiéu qua ¢ ap suat
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0,3+0,5 Pa, dién ap 300+400 V. Téc do léng dong giam manh
khi khoang cach bia - dé ting 1én. Trong khoang thoi gian
ling dong, nhiét do dé polymer duy tri duéi ngudng 100°C va
mang khong bi bién dang boi nhiét.

3. Két qua va ban luan
3.1. Phin bé do day cia I6p phii vang

Doi voi 16p phii xuyén sang, do truyén qua phy thude vao chicu
day. Pho truyén qua va phan xa chira thong tin vé chiéu day, do d6
phan tich tric quang 1a mot trong nhig phuong phap hitu ich aé
x4c dinh chiéu day thyc ciia mang mong quang hoc, bao gom ca
mang giao thoa va mang hép thy.

Lép phu vang duoc lang dong & khoang céch bia dén dé 1a 120
mm, cong sut phin xa 0,17 kW, thoi gian ling dong 95 gidy. Hinh
2 1a phd truyén qua cua hé mang Au/PET do tai céc vi tri khic
nhau. Phép do duogc thyc hién trén may quang phd Jasco V-770.
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Hinh 2. Phé truyén qua cua I&p phii vang tai céc v tri cach tryc déi xirng
cua bia ttr 0-75 mm, hinh thu nhé la dinh truyén qua ctia cac I1&p phu vang
va dong c6 chiéu day gan bang nhau.

Tir phd truyén qua, can ctr vao do truyén qua & budc song 800
nm, udc tinh chiéu day 16p phu bing phan mém thiét ké mang mong
quang hoc. Do truyén qua tang va dinh truyén qua dich chuyén do
khi chiéu day giam. Két qua ¢ bang 1 va hinh 3A thé hién sy thay
doi chiéu day theo cac vi tri lang dong khac nhau tinh tir tryc tim
ctia bia (ky hidu x), chidu day mang phan b6 theo ham Gauss.

Bang 1. Chiéu day cua Iép phu vang d, tai nhirng vi tri cach tam moét
khoang x va gia tri chuan héa.

X (mm) d, (nm) Chuén héa
10 85,5 1

20 82,5 097

30 79 0,92

40 7 0,85

50 65 0,76

60 57 0,67

70 50 0,59

75 46 0,54
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Hinh 3. Phan bé d day cta I&p phi vang véi khoang cach bia dén dé 120
mm (A) va mau truyén qua cta mau Au/PET chiéu sang dwéi den LED
khuéch tan (B).

Hinh 3B cho thdy tinh chit xuyén sing ciia hé¢ mang
Aw/PET. D6 day ctia 16p phii vang ¢ vi tri trung tam 1a 16n nhat,
giam dan vé phia xa trung tim, twong (mg véi chidu gia ting
ctia mirc do xuyén sang. Vi khoang cach bia dén dé 120 mm,
ché d tinh, dwong kinh ciia ving cho mau sic twong dbi dong
déu xap xi 120 mm. Trong ving nay, do day trung binh ctia 16p
phu dugc tinh nhu sau:

Z:l i =71nm

trong d6 S la dién tich tuong tmg v6i d6 day d, S, 1a dién tich
tong cong. Chénh léch do day so véi gia tri trung binh nim
trong khoang 20%.

Chénh léch do day so véi gid tri trung binh nim trong
khoang 20%.

3.2. Pdnh gid mau sic cia I6p phii vang

Lép phu vang khong xuyén sang khi do truyén qua T=0 &
tat ca cac budc song trong vung nhin thiy, twong dwong véi
chiéu day dat khoang 200 nm. Dudi 100 nm, sy xuyén sang co
thé quan sat d& dang du6i anh dén, truyén qua 1a mau xanh lam
(mau bu cua mau phan xa). Khi du day, 16p pht c6 mau vang
kim ryc rd twong tu nhu vat liu khdi.

Mau sic va cac gia tri 3 kich thich (X, Y, Z) thay d6i nhanh
chong khi chidu day cua 16p phi <60 nm cing v6i mic do
xuyén sang tang nhanh. Mit khéc, cac thong s quang hoc cta
16p phu ciing thay doi dang ké & chiéu day nho [11, 12] phu
thudc vao phuong phap va thong sb phi, cing v6i nhimg hiéu
ung quang hoc khéc & kich thudc nano.

200 nm 100 nm 80 nm 60 nm 50 nm 40 nm 20 nm

X=81,6765 X=81,4703 X=80,9509 X=78,9364 X=76,3187 X=71,3050  X=45,7566
Y=79,8182  Y=795768  Y=787941  Y=759320  Y=72,5350  Y=66,5619  Y=40,4102
72330768  Z=332646  Z=337863  Z=344741  7=342014  2=32,0354  7=23,1620
1"=91,6032  L'=91,4946  L'=91,140 1'=80,8277  1'=88,2276  L'=852822  |’=60.7607
a'=8,0487  a'=8,1194 2'=8,6395 a'=10,3650  2'=12,0470  a'=14.4113  '=19,3227
b*=37,0970  b'=37,5312  b'=36,1528  b'=32,8871  b'=30,3929  b'=27.3093  b=16,8590

Hinh 4. Mau séc cua I&p phii vang thay dbi theo chiéu day trén ly thuyét.
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Hinh 4 m6 ta mau phan xa cta 16p phu thay doi theo chiéu
day, tinh toan trén phan mém thiét ké quang hoc véi thong
s6 dau vao tham khao tir nghién ctru cua K.M. McPeak va cs
(2015) [13] (nguon sang tidu chuan ISO 9845-1, khong phan
cuc, goc toi 10°, quan sat theo ti€u chuan CIE 1964). Chiéu
day giam dong nghia voi do sang L* giam, mau sic thay doi
tir vang cam nhat sang tong mau t6i hon. Trong hé toa d6 mau
L*a*b*, khi chiéu day 16p phu gidm, bién do sang L* giam, cac
bién sic do a* ting va b* giam, trong (g mau sic thay doi dan
tir vang cam nhat sang tong mau do va tbi hon.

Mau sic ctia 16p phit vang dugc danh gia dua trén phd phan
xa do trén may quang phd Jasco V-770/SLM-907. Phd phén xa
ctia mau dugc chudn v6i bé mit silic danh bong, dit li¢u phan
xa ciia bé mit silic tham khao theo M.A. Green (2008) [14].
Kim loai vang hip thu ¢ budc séng ngan dudi 500 nm, do hai
chuyén mirc lién ving cta dién tr 6 330 va 470 nm. Do ving
xanh lam - tim bi cat va phan xa manh ¢ ving con lai cta quang
phé kha kién nén vt liéu c6 mau vang anh kim. Cac tham s0
mau ctia 16p phu theo tinh toan thé hién ¢ hinh 5.
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Hinh 5. Phé phan xa ctia mau mang PET pha 85 nm vang theo tinh toan

va mau ché tao.

Nguyén nhan chénh léch mau sic cia mau ché tao ¢6 thé do
1an tap chat kim loai dong 1am tdm nén (dinh truyén qua dich
chuyén do tir 502 dén 511 nm (hinh 2), d6 bong bé mat PET
thap hon ciing anh huong dén két qua do phan xa.

3.3. Tinh dén di¢n

Dién tro duge do trén mau kich thude 10x10 mm? voi hai
dau do, gié tri thu duoc thay doi tir 4,0 dén 5,8 Q trén ving dién
tich 120 mm, dién tro tang theo chiéu giam cua do day tir trong
ra ngoai. O d6 day nay chua co sy thay doi dang ké cua dién tro
suat do gi6i han kich thudc.

3.4. Kiém tra d bén ciia l6p phii

Cac phép thu dugc thuc hién bao gf")m kiém tra d6 bam
dinh, kiém tra d6 bén ma sat va do bén voi tac nhan lam sach,
chi tiét thé hién ¢ bang 2 va hinh 6.
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Bang 2. Danh gia dé bén cua I&p phu dwéi tac dong co hoc, nhiét do va
héa chat.

Kiém tra g bén Két qua
o Thye hién ¢ nhiét do Lap phu khong bi bong, xudt
2 R b phong hign cac 18 kim nho ¢ pm
Kiém tra do bang dinh Scotch - T
bam dinh 600, gift theo phuong  Sau khi sdy ¢ 150°C Mang PET tr nén mém &
1201800 trone 30 phit T>105°C, tinh bam dinh
Sha Khong thay d6i
Thh“ ‘l‘)‘?i IT{“’“P?g Thchfnontitdh
Kifm tra d t‘ 1etL 1 mal Vol au' phong Op? u Vang Ol?g 1 l0al )
N ) ty bang vai cotton, p b0, 10 kim nho, xwdc to do do
bén ma sat . o . sk
Iyc ty 4,5 Nlem?, di Sau khi sdy 0 150°C cimg nén thap
chuyén 25 chu ky trong 30 pht
. 3 mit bine cb Thyc hién ¢ nhigt do
Kiém tra do L? ube n.lf'n bang:c o i Lap phu vang khong bj loai
. va ete, kiem tra 1 phong T S .
bén voi tac Kim dusi dnh dén R b0, 16 kim nho, xudc to do do
shén 1am sach R Smkhisay S1S0C o b il
khugch tan trong 30 phu{

Hinh 6. Mau mang PET pha vang va dung cu quan sat trong danh gia do
bén.

4. Két luan

Nghién ciru da tim dwoc bo thong s phu hop dé phi kim
loai vang trén nén polymer PET bang phuong phap phun xa
magnetron xung DC: khoang céch bia dén dé 100+150 mm,
dién 4p phun xa 300-400 V, ap sudt 0,3+0,5 Pa, toc d¢ ling
dong 6,5+9 A/s, chiéu day 16p phu vang >60 nm trong viing
dién tich twong duong kich thudc bia. Phan bb do day 16p phu
vang duoc xac dinh ddi voi trudng hop ling dong tir bia tron,
dé dtng yén 1a phan bd Gauss. L6p kim loai vang c6 mau sic
twong d6i dong déu trong ving ®120 mm, do bén va do bam
dinh tét, dién tr nho. Két qua nghién ctru ¢6 kha ning tmg
dung dé phu vang trén cac chi tiét co kich thudc nho dung cho
trang tri, hodc ché tao dién cuc cho cam bién sinh hoc va linh
kién dién tur.
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