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(57) Sang ché dé cap dén quy trinh ma mang ZrN phan xa quang hoc trén bé mit phoi

thép, bang phuong phap bdc bay hd quang chan khong, dé tao ra mang mong ZrN c6 hé sd

phan xa cao trén 85% trong vung hong ngoai 1,8-3 pm trén bé mat phoi thép. Phoi thép co

mang mong nay duge dung dé ché tao guong phan xa quang hoc trong ving hong ngoai.
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Linh vue ky thuat dwoc dé cap

Sang ché dé cap dén quy trinh ma mang ZrN phin xa quang hoc trén bé mit phoi
thép, dé tao ra mang mong ZrN c6 hé sb phan xa cao trén 85% (co thé dén 93%) trong
ving hdng ngoai 1,8-3 pm trén bé mat phdi thép. Phoi thép c6 mang méng nay duoc
ding dé ché tao guong phan xa quang hoc trong ving hdng ngoai.

Tinh trang ky thuét ciia sang ché

Mang mong ZrN ¢ nhiéu Gng dung trong cong nghiép nhu 1a 16p phu cing [1, 2],
16p phu han ché khuéch tan trong cong nghé ban dan [3, 4], ing dung trong quang hoc [5,
6], 16p phu trang tri [7, 8]. Ly do c6 dugc cac ung dung rat da dang d6 12 do mang moéng
ZrN ¢6 nhiéu tinh chét gia tri: d6 cimg cao [9, 10], 6n dinh cao vé hoa hoc [11], twong
dong vé sinh hoc véi co thé [12], nhiét d6 noéng chay cao (2982°C), hé s6 ma sat thap,
chéng gi t6t [13], 6n dinh nhiét tot [14, 15].

Mang mong ZrN duge ché tao bang phwong phap lap dong hoi vat 1y (Physical
Vapor Deposition - PVD) boi qua trinh lang dong hoat hoa (reactive deposition). Theo
phuong phéap nay, cé ba qué trinh phé bién la:

e Phun xa hoat héa (Reactive DC magnetron) [16, 17, 20, 21, 25];
e Phiin xa hoat hoa cao tan (Reactive RF sputtering) [18, 19];

e Bdc bay hd quang hoat hoa (Reactive cathodic arc evaporation) [22, 23, 24].

Céc nghién ciru néu trén [16, 17, 20; 18, 19, 25; 21, 22, 23, 24] da dé cap dén hé
s6 phan xa clia mang ZrN, song chua c6 nghién ctru nao cho thdy hé s6 phan xa clia mang

ZN c6 thé dat gid tri 16n hon 85% tai ving hdng ngoai.
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Bén chit k¥ thuat ciia sang ché

Dé giai quyét van d& néu trén, muc dich cia sang ché 1a dé xuét quy trinh ma
mang ZrN phan xa quang hoc trén bé mit phoi thép, bang phuong phap bbc bay hd quang
chan khong, dé tao ra mang mong ZrN c6 hé s6 phan xa cao trén 85% trong vung héng
ngoai 1,8-3 um trén bé mat phoi thép. Phoi thép c6 mang mong nay dugc dung dé ché tao
guong phan xa quang hoc trong vung héng ngoai.

Theo sang ché, quy trinh ma mang ZrN phan xa quang hoc trén bé mit phoi thép,

bang phuong phap bdc bay hd quang chan khong, bao gbm cac budc:
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budc 1: mai phang va danh bong quang hoc phdi thép dé thu dwoc d6 phing quang
hoc 16n hon hoac béng M3 tai budc song A = 633nm, va d§ nham bé mit Rz nam trong
khoang tir 0,04 dén 0,06 pm;

budce 2: 1am sach phoi thép thu dugce tor budce 1 bang dung dich tay trong bé rung
siéu am trong thoi gian tur 10 dén 20 phiit, sau d6 trang sach phdi thép bang nudc khir ion,
va lau kho bang gidy lau quang hoc;

bude 3: bd tri phoi thép thu dugce tir bude 2 trén gid d& trong budng ma chan
khong, sao cho phoi thép co bé mit déi dién cach bia hd quang véi khoang cach nam
trong khoang tr 200 dén 300 mm, hat chan khong budng ma chan khong sao cho budng
nay ¢6 4p suat chan khong nam trong khoang tir 1,5x107 dén 3,0x10~° mbar (1,5x107 dén
3,0x107 Pa);

budc 4: ban pha dién tor dé nung néng phoi thép bang cach cap khi cong tac Ar di
qua ngudn plasma catot rong (hollow cathode plasma source) vao budng ma chan khong,
lvu lwong khi cip vao ndm trong khoang tr 30sccm dén 70 sccm (standard cubic
centimeters per minute, xentimet khdi tiéu chudn/phut), thiét 1ap dién &p phoi thép bang
0V, st dung chum dién tir tao ra tur ngudn plasma catot rong dé bén pha phdi thép nham
nung noéng no6 téi nhigt do nam trong khoang ttr 250 dén 350°C, thoi gian bin pha nam
trong khoang tir 25 dén 35 phut;

budce 5: ban phé ion dé lam sach bé mat phoi thép bang cach cap khi cong tac Ar di
qua ngudn plasma catot rong vao budng ma chan khéng, luu lugng khi cap vao nam trong
khoang tur 30sccm dén 70 scem, thiét 1ap dién ap phdi thép nam trong khoang ttr -90 dén -
110 V, st dung chum ion tao ra tu ngudn plasma catot rong dé ban pha phoi thép nham
lam sach bé mit phoi thép, thoi gian bén ph4 ion nam trong khoang tir 8 dén 12 phut;

bude 6: ling dong mang ZrN 1én bé mit phoi thép bang cach trong khi duy tri hoat
dong cua nguc“m plasma catot rong tir budce 5, trong diéu kién luu lwong khi cong tac Ar
duy tri ¢ muc nam trong khoang tir 8sccm dén 14sccm, thi cdp khi phan tng Na vao
budng ma chan khong véi luu luong nam trong khoang ttr 330 dén 370 scem, ap suat khi
trong budng ma nam trong khoang tir 6,3x10° dén 8,5x10mbar (6,3x10"" dén 8,5x10"
Pa), st dung ngudn hd quang cong sut nam trong khoang tr 1,9 dén 2,2 kW, cuong do
dong dién nim trong khoang tir 110 dén 130 A, dé lam bay hoi Zr tir bia hd quang, thiét
lap dién ap thién 4p phoi thep nam trong khoang tur -18 dén -22 V, dé tao diéu kién thuan
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loi cho qué trinh ling dong ZrN Ién bé mit phoi thép, thoi gian ling dong ZrN nam trong
khoang tir 6 dén 8 phut.

Theo mét phuong an cua quy trinh theo sang ché, trong d6 phoi thép lam tir thép
hop kim.

Theo mot phuong an ctia quy trinh theo sang ché, trong d6 d6 nham bé mit Rz cla
phdi thép thu duogc ¢ bude 1 1a 0,05pum.

Theo mot phuong an cua quy trinh theo sang ché, trong d6 dung dich tay dugc
ding dé 1am sach phoi thép & bude 2 chira 85% dietyl ete + 15% con etanol, va thoi gian
rung siéu am lam sach & budce 2 1a 15 phut.

Theo mdt phuong an ctia quy trinh theo sang ché, trong d6 tai bude 3, phoi thép co
bé mat dbi dién cach bia hd quang 250mm, budng ma chan khong duge hit chan khong
sao cho budng nay c6 ap suat chan khong 1a 2,0x10-° mbar (2,5x10~Pa), va bia hd quang
lam tor Zr ¢6 kich thude @65x12mm.

Theo mot phuwong an cua quy trinh theo sang ché, trong d6 & budc 4, khi cong tac
Ar duoc cip voi luu lugng 12 60 scem, phéi thép duge ban pha dé nung nong no téi nhiét
d6 300°C, va thoi gian ban pha 1a 30 phut.

Theo mdt phuong an cta quy trinh theo sang ché, trong do & bude 5, khi cong tac
Ar duogc cap véi luu lwong 1a 60 scem, dién ap phoi thép dugc thiét 1ap 1a -100 V, phoi
thép duge ban pha dé lam sach bé mit trong 10 pht.

Theo mot phuong an cua quy trinh theo sang ché, trong d6 & bude 6, viéc lang
dong mang ZrN lén bé mat phdi thép duogc thuc hién bang céach trong khi duy tri hoat
dong ctia nguon plasma catot rong tir bude 5, trong diéu kién luu luong khi cong tic Ar
duy tri & mtc 1a 10scem, thi cap khi phan tmg N> vao budng ma chan khong véi luu
lwgng 13 350 sccm, ap suét khi trong budng ma 1a 7,9x10mbar (7,9x107'Pa), sir dung
ngudn hd quang cong suét 1a 2kW, cudng do dong dién 12 120A, dé 1am bay hoi Zr tir bia
hd quang, thiét lap dién ap thién ap phoi thép la -20V, dé tao diéu kién thuéan loi cho qua
trinh ling dong ZrN 1én bé mit phdi thép, thoi gian lang dong ZrN 1a 7 phut.

Quy trinh theo sang ché, dic trung & chd, mang mong ZrN dwoc ling dong bang
phuong phap bbc bay ho quang hoat hoa (Reactive cathodic arc evaporation).

Céac diém moi cta quy trinh theo sdng ché la:

+ St dung ngudn plasma catot rong dé nung nong va lam sach bé mit phoi thép

trude khi ma, thay vi st dung ngudn nung nhiét dién tré nhu cac phuong phap da biét
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khéc. Uu diém cta viéc nung noéng va lam sach bang ngudn plasma catot rong 12 gitx cho
bé& mit phoi thép sach hon va duy tri lién tuc bén pha ion ning lugng vao 16p phu trong
qua trinh ling dong trén bé mat phdi. Qua trinh ndy dam bao mang ZrN két tinh theo cac
vi cdu triic c6 hé sd phan xa cao nhat.

+ Céc cong doan va trinh tu thyc hién cac cong doan ling dong mang ZrN.

+ B6 thong sb k¥ thuat ti uu dé dat gia tri hé s6 phan xa d4p tmg yéu cau. Céac
thong s6 k¥ thuat nay bao gdm nhiét d6 phdi thép trong qua trinh phu, ap suat chan
khéng, luu lugng khi nito va argon cép vao buéng ma, dong dién ho quang, gia tri dién
ap am dat vao phoi theép, thoi gian ma/chiéu day 16p ma. Cu thé la:

Nhiét d6 phoi thép trong khoang tir 250 dén 350°C, va ap suét khi ndm trong
khoang tir 6,3x107 dén 8,5x107 mbar (6,3x10"" dén 8,5x10"'Pa) dam bao cho mang c6
clu trac xép chat (theo md hinh Thornton (J.A. Thornton (1974). "Influence of apparatus
geometry and deposition conditions on the structure and topography of thick sputtered
coatings". Journal of Vacuum Science and Technology. 11 (4): 666-670)) c6 loi cho viec
nang cao hé s6 phan xa ctia mang ZrN.

Luu luong khi nito nam trong khoang tir 330 dén 370 scem, 1a dai thong s6 ma
mang ZrN c6 chu tric hop thirc va hé s6 phan xa cao hon ca.

Dong dién hd quang tir 110 dén 130 A, tot hon la 120A, la dai gia trj dam bao
ngudn hd quang hoat dong on dinh, khong tao ra trén bé mit mang ZrN cac hat macro
(macro particle) vo1 s6 lwong nhiéu va kich thuéc 16n, 1am giam hé s6 phan xa ctia mang
ZrN.

Pién 4p thién ap phoi thép ndm trong khoang tir -18 dén -22V, tot hon la - 20V.
Khoang gi4 tri dién 4p nay dam bao mang ZrN co6 h¢ s6 phan xa cao, dong thoi tmg suat
du trong mang khong qué 16n. Gia tri dién ap thién dp 16n hon -22V hé s6 phan xa cua
mang khong duge cai thién nhidu, nhung mang d& bi bong tréc khéi phoi thép (de ma) do
ng suat du 16n.

Thoi gian lang dong mang ZrN trong khoang tir 6 dén 8 phut, tot hon la 7 phat s&
thu duoc 16p mang c6 do day nam trong khoang tir 450nm dén 550 nm dap ung yéu cau
ché tao guong. Chiéu ddy nhé hon 450nm, mang ZrN chwa du d6 bén co can thiét. Chicu
day mang 16n hon 550nm, cé nguy co Ung suét du trong mang lon, anh huong dén do

bam dinh cuia mang ZrN voi phoi thép.
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+ Phoi thép dugc mai, danh bong dat chat luong quang hoc (dd phang quang hoc
16n hon hoac béng A3 tai budc séng A = 633nm, va do nham bé mit Rz nam trong
khoang tir 0,04 dén 0,06um).

MBS ta vin tit cac hinh vé

Hinh 1 13 hinh v& thé hién so luge hé théng ma boc bay hd quang chan khong
duoc dung trong phuong phap theo sang ché.

Hinh 2 12 hinh v& thé hién so luoc ciu tao cua dau ho quang cua hé théng trén
Hinh 1.

Hinh 3 14 hinh v& thé hién cdu tao dau plasma catot rong clia nguon plasma catot
rong.

Hinh 4 13 hinh v& thé hién két qua do pho phin xa mang ZrN trong ving budc
séng 1600nm t6i 3000nm theo vi du thuc hién sang ché.

M3 ta chi tiét sang ché

Cac hinh v& tir Hinh 1 dén Hinh 3 thé hién hé thong ma boc bay hd quang chin
khong dugc dung trong quy trinh theo sang ché. Hé théng nay bao gbm:

buéng ma chan khong 1 1a bu@)ng kin, trong do chua phoi thép cAn ma, theo mot
phuong an, budng ma niy co thé thiét 1ap ap suét khi rat thdp <107 Pa (chan khong);

hé théng bom chan khéng 2, cing vdi cac van va cac dau do chan khong (khong
duoc thé hién trén hinh v&), dé tao ra moéi truong chan khong va hién thi mutc chan khong
dat duoc trong budng ma chin khong 1;

dau hd quang 3 bao gdm bia hd quang 3a (hay con goi la bia vat li¢u tao mang)
dung dé phat ho quang va bdc bay vat lidu tir bia va vanh che bia hd quang 3b bao quanh
bia ho quang 3a;

ngudn dién hd quang 4 dé cép dién cho dau hd quang 3;

ngudn dién thién ap phoi thép 5 dé tao dién ap 4m chénh léch gitta phdi thép (aé
ma) va plasma, gilp ting cuong nang lugng cua cac ion duong bén ph4 vao mang dang
léng dong, nham cai thién vi cAu trac ctia mang;

ngudn plasma catot rong bao gdm dau plasma catot rong 6 va ngudn dién catot
rdng 7 dé cap dién cho dAu plasma catot rong 6, trong do d4u plasma catot rdng 6 dung
dé nung nong phoi thép cin ma bén trong buong ma chan khong 1 dén nhiét do can thiét

va lam sach bé mit phoi thép can ma bang ban pha ion; va
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khéi cAp khi cong tac 8 dé cAp khi Ar va khi phan Gng N> tlt ngudn cap khi (khong
dwoc thé hién trén hinh v&) qua ngudn plasma catot rong (d4u plasma catot rong 6) vao
budng ma chan khong 1 trong qué trinh ma véi luu lugng duge kiém soat rat chinh xac
thdng qua cac co cau diéu khién luu lugng tuong tmg (khong dugce thé hién trén hinh v&).

Bia hd quang 3a dugc st dung co thé 1a bia tru hodc bia phang. Hién nay, hau hét
dau hd quang st dung bia tru do hiéu qua kinh té-k§¥ thuat cua loai bia nay 16n hon so véi
bia phang. Theo mdt phuong 4n thuc hién dé minh hoa séng ché, dau ho quang 3 st dung
bia tru lam tir Zr c¢6 d0 tinh khiét 99,99% va c¢6 kich thuéc @65x12mm.

Nguén plasma catot rong 1a ngudn tao ra plasma dua vao hiéu g phat xa nhiét
dién tir. Ngudn plasma catot rdng nay bao gdm dau plasma catot rong 6 voi dic diém nhu
duoc thé hién trén Hinh 3, bao gém 6ng catot 6.1 la 6ng kim loai chiu nhiét rong, vi du
bé“lng tantan, tungsten, mot dau ho dé bom khi vao, mot dau duoc bit chi dé mot 15 thoat
nhé 6.2. Trong éng catot 6.1 ¢6 dit éng phat xa hinh tru 6.3, sat vao 18 thoat 6.2. Ong
phat xa nay dung dé phat xa dién tr, duoc 1lam tr vat liéu c6 hi¢u suét phat xa nhi¢t dién
tir cao. Ong catot 6.1 dugc boc xung quanh bang diy nung dién tré 6.4. Khi c6 dong dién
cuong do lon di qua, day nung bi dbt nong, lam tang nhiét do 6ng phat xa t&1 nhiét do
phat xa dién tu thi bt dau qué trinh phat xa. Pién tr dugc phat ra tir 6ng phat xa s& ion
hoa khi duoc bom vao 6ng catot va tao ra plasma trong 1ong éng catot va sau d6 thoat
qua 13 thoat nho 6.2 thanh ludng plasma.

Sau day, quy trinh theo sang ché s& duoc md ta chi tiét c6 dua vao céc hinh vé tur
Hinh 1 dén Hinh 3.

Quy trinh ma mang ZrN phan xa quang hoc trén bé mat phoi thép theo sang ché
bao gdém cac budc:

Buéc 1: mai phang va danh bong quang hoc phdi thép dé thu dugc d6 phang
quang hoc 16n hon hodc béng /3 tai budce song A = 633nm, va do nham bé mit Rz nam
trong khoang tr 0,04 dén 0,06pm, tot hon 1a Rz = 0,05pum.

Néu d6 phing phoi thép khong dat A/3, thi két qua do hé s6 phan xa trén may
quang phd c6 thé khong du do chinh xdc. DO nham bé mat Rz nhd hon 0,04pm la khong
cin thiét, hon nira s& tén kém nhidu hon chi phi dé dat duoc gid trj d6. Néu do nham bé
mit Rz 16n hon 0,06pm, thi hé s6 phan xa co thé khong dat yéu cau.

Budc 2: 1am sach (tdy ria) phdi thép thu duge tir bude 1 bang dung dich tay trong

bé rung siéu Am trong thoi gian tr 10 dén 20 phut, t5t hon 1a 15 phut, sau do trang sach
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phoi thép bang nudc khir ion, va lau kho bang gidy lau quang hoc. Theo mdt phuong an
dé 1am vi duy, dung dich tay chira 85% dietyl ete + 15% cdn etanol. Con etanol va dietyl
ete duoc st dung c6 ndng do khoang 99%.

Bude 3: bd tri phdi thép thu duogc tir bude 2 trén gia do trong bubng ma chan
khong 1, sao cho phoi thép co bé mit ddi dién cach bia ho quang 3a véi khoang cach nam
trong khoang tr 200 dén 300 mm, t6t hon 1a 250mm, hat chin khong budng ma chan
khong 1 sao cho budng nay cé ap suit chan khong nam trong khoang tir 1,5x107 dén
3,010 mbar (1,5x10° dén 3,0x10-Pa), t6t hon 14 2,0x10"° mbar (2,0x107Pa).

Néu khoang cach gitra phoi thép va bia hd quang nho hon 200 mm, thi trong quéa
trinh ling dong mang ZrN, s& c6 nhiéu vi hat kich thuéc hang chuc micromet bén ra tir
bia hé quang bam 1én bé mat phoi, 1am ting do nham bé mat mang ZrN, gidm hé s6 phan
xa ctia mang ZrN. Néu khoang cach gitta phoi thép va bia hd quang 16n hon 300 mm, thi
téc do ling dong mang ZrN trén bé mat phoi giam, ddng thoi ning luong béan pha bé mat
mang giam, dan dén hé qua 1 hé s6 phan xa mang ZrN giam.

Ap sudt chan khong can duy tri trong khoang tur 1,5x107 dén 3,0x10”° mbar
(1,5x107 dén 3,0x107Pa), tuong Gng v6i thanh phan cac khi du trong budng chan khong
la da nho, dit dam béo cho chét lugng 16p mang ZrN. Viéc giam ap suét chan khong thap
hon 1,5x10°5 mbar (1,5x10Pa) 1a khong can thiét, va tranh dugc nhimg chi phi khong
can thiét.

Budc 4: ban pha dién tr dé nung noéng phoi thép bang cach cap khi cong tac Ar c6
d6 tinh khiét 99,999% di qua ngudn plasma catot rong vao budng ma chan khong, luu
luong khi cép vao nam trong khodng tir 30sccm dén 70 sccm, tot hon 12 60 scem, thiét lap
dién ap phdi thép bang 0V, st dung chum dién tr tao ra tlr ngudn plasma catot rong dé
ban ph4 phoi thép nham nung néng no téi nhiét do nam trong khoang tir 250 dén 350°C,
&t hon 1a 300°C, thoi gian bin pha ndm trong khoang tir 25 dén 35 phat, t6t hon 1a 30
phut.

Luu luong khi Ar cap §1é10 nam trong khoang tir 30sccm dén 70 sccm dam bao
ngudn plasma catot rong hoat dong 6n dinh. Gia tri luu lugng khi bang 60scecm dugc tim
ra qua quy hoach thyc nghiém.

Néu nhiét do phoi thép thip hon 250°C, thi mat do xép chat ciia mang ZrN khong
du, dan t6i hé ) phan xa khong dat. Néu nhiét do phoi thép cao hon 350°C, thi khong cai

thién thém hé s6 phan xa, ma lai co thé gay bién dang phoi thép.
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Budc 5: ban phé ion dé lam sach bé mit phoi thép bang cach cap khi cong tac Ar
di qua ngudn plasma catot rong vao budng ma chan khong 1, luu lugng khi cip vao nim
trong khoang tir 30sccm dén 70 sccm, t6t hon 1a 60 scem, thiét 1ap dién ap phoi thép nam
trong khoang tir -90 dén -110 V, 5t hon 1a -100 V, s dung chum ion tao ra tir ngudn
plasma catot rong dé ban pha phoi thép nhim lam sach bé mat phoi thép, thoi gian ban
phd ion nam trong khoang tir 8 dén 12 phut, t6t hon 13 10 phut. Budc nay van tién hanh &
nhiét d6 phoi thép nhu néu & budce 4.

Luu lwong khi Ar cép vao nam trong khoang tir 30sccm dén 70 scem dam bao
ngudn plasma catot rong hoat dong 4n dinh. Gia tri luu lugng khi bang 60sccm dugc tim
ra qua quy hoach thyc nghiém.

Néu thiét 1ap dién 4p phéi thép cao hon -110V, thi d& phat sinh hd quang trén bé
mat phoi thép, gdy ra cac vét &n mon 1am hong bé mat phoi thép. Néu thiét 1ap dién ap
phéi thép nho hon -90V, ning lugng ion bn pha khong di 16n, chit luong lam sach bé
mat phoi thép khong dam bao.

Budc 6: ling dong mang ZrN 1én bé mat phoi thép bing cach trong khi duy tri
hoat dong ctia ngudn plasma catot rong tir bude 5, trong diéu kién luu luong khi cong tac
Ar duy tri & muc nam trong khoang tir 8sccm dén 14scem, tot hon lalOscem, thi cap khi
phan tng Nz c6 do tinh khiét 99,999% vao budng ma chan khong véi luu lugng nam
trong khoang ttr 330 dén 370 scem, tdt hon 1a 350 scem, 4p suat khi trong budng ma nam
trong khoang tir 6,3x10- dén 8,5x10mbar (6,3x10"! dén 8,5x10"'Pa), tdt hon 1a 7,9x10"
3mbar (7,9x10°'Pa), st dung ngudn hd quang cong suit nam trong khoang tir 1,9 dén 2,2
KW, tbt hon 14 2kW, cuong do dong dién ndm trong khoang tir 110 dén 130 A, t6t hon 1
120A, dé 1am bay hoi Zr tir bia hd quang, thiét 1ap dién ap thién ap phéi thép ndm trong
khoang tir -18 dén -22 V, tét hon 1a -20V, dé tao diéu kién thun loi cho qué trinh lang
dong ZrN 1én bé mat phoi thép, thoi gian ling dong ZrN ndm trong khoang tr 6 dén 8
phut, t6t hon 1a 7 phat. Budc nay van tién hanh & nhiét d6 phoi thép nhu néu ¢ budc 4.

Néu luu luong khi Ar cip vao nho hon 8scem, thi ngudn plasma catot rong s& hoat
dong khong on dinh. Néu luu luong khi Ar 16n hon 14scem s€ lam ap suat khi du tong
cdng trong budng chan khdng cao qua murc, anh hudng dén chat lugng mang ZrN.

D61 v6i khi Na, luu lwong khi N2 cip vao nam trong khoang tir 330sccm dén
370sccm dam bao mang ZrN c6 thanh phan hoa hoc hop thirc, ngoai vung nay thi thanh

phan va cAu trac mang khong phu hop.
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Ap suét khi trong budng ma dugc thiét 1ap nam trong khoang tir 6,3x107 dén
8,5x 10 mbar (6,3x10"" dén 8,5x10"'Pa) la diéu kién can thiét ¢ mang ZrN c6 vi ciu tric
pht hop, dam bao dat hé $6 phan xa cao.

Cong suat ngudn dién hd quang duoc thiét 14p nam trong khoang tir 1,9KW dén
2,2KW 1a phu hop véi kich thudc cua dau hd quang duogc su dung.

Néu dong hd quang thip hon 1104, thi dau hd quang hoat dong khong on dinh.
Néu dong hd quang 16n hon 130A, thi dau hod quang phat xa qua manh, tao ra nhiéu vi hat
trén bé mat mang ZrN, lam giam hé s6 phan xa.

Néu thiét lap dién 4p thién 4p phoi thép thip hon -18V, thi hé s6 phan xa clia mang
ZrN khong dat yéu cau 16n hon 85%. Néu dién ap thién 4p phoi thép cao hon -22V, thi hé
s6 phan xa khong dat yéu cau 16n hon 85% va mang ZrN dé bi bong troc.

Néu thoi gian lang dong ZrN nhé hon 6 phit, thi mang khong dat d chidu day can
thiét (~500nm) dé co do bén co d yéu cau. Néu cao hon 8 phut, thi khong can thiét, ing
suat trong mang 16n hon va c6 thé gay ra bong tréc.

Két thic qua trinh ma, cho mau nguoi ty nhién, xa khi léy mau.

Bing quy trinh theo sang ché, c6 thé thu duoc 16p mang ZrN trén bé mat phoi thép
c6 d6 day nam trong khoang tr 450 dén 550 nm, tot hon 1a 500 nm.

Theo mot khia canh, sang ché d& cap dén phoi thép bao gdbm mang ZrN phéan xa
quang hoc trén bé mit phoi, thu dugc tir quy trinh theo sang ché, mang ZrN nay co6 hé s6
phan xa cao trén 85% trong vung hdng ngoai 1,8-3 um. Phoi thép c6 mang moéng nay
duoc ding dé ché tao guong phan xa quang hoc trong ving hong ngoai.

Theo mot khia canh khac nita, sang ché dé cap dén mang ZrN phan xa quang hoc
trén bé mat phoi thép, thu duge tir quy trinh theo sdng ché, mang ZrN nay c6 hé s6 phan
xa cao trén 85% trong vung hdong ngoai 1,8-3 um. Phoi thép c6 mang mong nay dugc

dung dé ché tao guong phan xa quang hoc trong ving hdng ngoai.
Vi du thyc hién sang ché

Khao sat hé s phan xa cia mang ZrN trén nén thép phang, thu duogc theo quy

trinh sau:

Budc 1: mai phang va danh bong quang hoc phoi theép, dugc lam tir thép hop kim
(Fe 46,6%, Co 30,5%, Ni 15,2%, Al 7,7%), phoi ¢6 kinh thudc @30x 6mm, dé thu duoc
d6 phang quang hoc bang A/3 tai budc song A = 633nm, va do nham bé mit Rz = 0,05um.
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Budc 2: lam sach phéi thép thu duoc tir bude 1 bing dung dich tay chira 85%
dietyl ete c6 do tinh khiét 99% + 15% cdn etanol 99,5% trong bé rung siéu am trong thoi
gian 15 phut, sau do6 trang sach phoi thép bang nudc khir ion, va lau kho bang gidy lau

quang hoc.

Buéc 3: bd tri phdi thép thu duoc tir bude 2 trén gid dd trong budng ma chan
khong, sao cho phoi thép c6 bé mit dbi dién cach bia hd quang véi khoang cich 1a
250mm, hat chan khong budng ma chan khéng sao cho budng nay c6 ap suit chan khong
14 2,0x10° mbar (2,0x10°Pa), bia hd quang lam tir Zr c6 d¢ tinh khiét 99,99% va c6 kich
thude @65x12mm.

Budc 4: ban pha dién tir dé nung nong phoi thép, bang cach cap khi cong tac Ar co
d6 tinh khiét 99,999% di qua ngudn plasma catot réng vao budng ma chan khong, luu
lugng khi cép vao 1a 60 sccm, thiét lap dién ap phoi thép bﬁng 0V, str dung chum dién tu
tao ra tir ngudn plasma catot rong dé ban pha phai thép nham nung néng né téi nhiét do

14 300°C, thoi gian ban pha 1a 30 phut.

Budc 5: ban pha ion dé lam sach bé mit phdi thép bang cach cAp khi cong tac Ar
di qua ngudn plasma catot rdng vao budng ma chan khong, luu lugng khi cép vao 1a 60
scem, thiét lap dién 4p phoi thép la -100 V, st dung chum ion tao ra tor ngué)n plasma
catot rdng dé ban pha phdi thép nhim 1am sach bé mat phoi thép, thoi gian bén pha ion 1a

10 pht.

Budc 6: léng dong mang ZrN 1én bé mit phdi thép bing cach trong khi duy tri
hoat dong ctia nguon plasma catot rong tir budce 5, trong diéu kién luu luwong khi cong tac
Ar duy tri & mitc 1a 10scem, thi cAp khi phan ting N2 ¢6 do tinh khiét 99,999% vao budng
ma chan khéng véi Iuu lugng 1a 350 scem, ap sudt khi trong budng ma 1a 7,9x107* mbar
(7,9x10"'Pa), sit dung ngudn hd quang cong suat 1a 2kW, cuong do dong dién la 1204, dé
Jam bay hoi Zr tir bia hd quang, thiét 1ap dién 4p thién ap phdi thép la -20V, dé tao dicu
kién thuan lgi cho qué trinh lang dong ZrN 1én bé mat phdi thép, thoi gian lang dong ZrN
1a 7 phut.

Theo quy trinh néu trén, thu duoc 16p mang ZrN trén bé mit phoi thép co do day
50020 nm.
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Heé s6 phan xa (d6 phan xa) ciia mang ZrN trén phoi thép thu duoc theo vi du nay
duoc do bang may quang pho Jasco 770 UV/VIS/NIR nh¢ bd ga do phan xa. Ving phd
phdn xa do 1a ving budc song tir 1600nm t¢i 3000nm. Nhu dwgce thé hién trén Hinh 4, hé
s6 phan xa do duoc co gia tri tr 91% tdi 92% trong vung budce song tir 1600nm toi

3000nm.

Phoi thép c6 mang mdng cd he s6 phan xa cao nhu vay Ia thich hop dé ché tao

guong phan xa quang hoc trong vung hong ngoai.
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YEU CAU BAO HQ

1. Quy trinh ma mang ZrN phan xa quang hoc trén bé mat phdi thép, bang phuong phap
bbc bay hd quang chan khong, bao gdm céc bude:

budc 1: mai phang va danh bong quang hoc phdi thép dé thu duoc do phang quang
hoc 16n hon hoac béng M3 tai bude séng A = 633nm, va do nham bé mit Rz nam trong
khoang tir 0,04 dén 0,06pum;

budce 2: lam sach phoi thép thu duge tir budc 1 bang dung dich tay trong bé rung
siéu am trong thot gian tir 10 dén 20 phuat, sau do trang sach phdi thép bang nude khir ion,
va lau kho bang gidy lau quang hoc;

budc 3: bd tri phdi thép thu duoc tir bude 2 trén gia dd trong budng ma chan
khéng, sao cho phdi thép co bé mit dbi dién cach bia hd quang véi khoang cach nam
trong khoang tir 200 dén 300 mm, hut chan khong budng ma chan khong sao cho budng
ndy ¢6 4p sut chan khong nim trong khoang tir 1,5x10° dén 3,0x10~ mbar (1,5x107 dén
3,0x107Pa);

budc 4: ban pha dién tir dé nung néng phoi thép bang cach cap khi cong tic Ar di
qua ngudn plasma catot rong vao budng ma chan khong, luu lwgng khi cip vao nam trong
khoang tir 30sccm dén 70 sccm (standard cubic centimeters per minute), thiét 1ap dién ap
phoi thép bang 0V, st dung chum dién tur tao ra tir ngudn plasma catot rong dé ban pha
phoi thép nham nung néng né téi nhiét do nam trong khoang ttr 250 dén 350°C, thoi gian
ban phé nam trong khoang tur 25 dén 35 phut;

budc 5: ban phd ion dé lam sach bé mat phoi thép bang cach cap khi cong tac Ar di
qua ngudn plasma catot rdng vao budng ma chan khong, luu lwong khi cAp vao nam trong
khoang tir 30sccm dén 70 sccm, thiét 1ap dién ap phoi thép nam trong khoang tir -90 dén -
110 V, st dung chum ion tao ra tu ngudn plasma catot rong dé ban pha phodi thép nham
lam sach bé mit phoi thép, thoi gian bén phé ion nam trong khoang tir 8 dén 12 phut;

budc 6: lang dong mang ZrN 1én bé mit phoi thép bang cach trong khi duy tri hoat
dong cua ngudn plasma catot rong tir budc 5, trong diéu kién luu luong khi cong tac Ar
duy tri & mic nam trong khodng tr 8scem dén l14sccm, thi cdp khi phan tng N» vao
budng ma chan khong voi luu lugng nam trong khoang tr 330 dén 370 scem, ap suat khi
trong budng ma nam trong khoang tir 6,3x10° dén 8,5x10mbar (6,3x10°" dén 8,5x10"
Pa), st dung nguén hd quang cong sut nam trong khoang tir 1,9 dén 2,2 kW, cuong do

dong dién nim trong khoang tr 110 dén 130 A, dé lam bay hoi Zr tir bia hd quang, thiét
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lap dién ap thién ap phoi thép nim trong khoang tir -18 dén -22 V, dé tao diéu kién thudn
ioi cho qua trinh ling dong ZrN 1én bé mat phoi thép, thoi gian ling dong ZrN nim trong
khoang tir 6 dén 8 phtt.

2. Quy trinh theo diém 1, trong d6 phoi thép 1am tir thép hop kim.

3. Quy trinh theo diém 1 hodc 2, trong d6 d6 nham bé mat Rz ctia phoi thép thu duge &
bude 1 1a 0,05pm.

4. Quy trinh theo diém bat ky trong s6 cac diém néu trén, trong do dung dich tay duoc
ding dé 1am sach phoi thép & bude 2 chira 85% dietyl ete + 15% con etanol, va thoi gian
rung siéu am lam sach ¢ budce 2 1a 15 phat.

5. Quy trinh theo diém bt ky trong s cac diém néu trén, trong do tai budc 3, phdi thép
¢6 bé mat dbi dién cach bia ho quang 250mm, budng ma chan khong duoc hut chén
khong sao cho budng nay c6 ap sut chan khong 1a 2,0x10°5 mbar (2,0x10°Pa), va bia ho
quang lam tir Zr c6 kich thuéc @65x12mm.

6. Quy trinh theo diém bat k¥ trong sb cac diém néu trén, trong d6 & budc 4, khi cong tac
Ar duoc cap v6i luu luong 1 60 scem, phoi thép duoc ban phé4 dé nung néng né téi nhiét
d6 300°C, va thoi gian ban phé 1a 30 phut.

7. Quy trinh theo diém bat ky trong s6 cac diém néu trén, trong d6 & budce 5, khi cong tac
Ar duoc cép voi luu luong 1a 60 scem, dién ap phoi thép duge thiét lap 1a -100 V, phoi
thép dugc béan pha dé 1am sach bé mit trong 10 phut.

8. Quy trinh theo didm bat ky trong s6 cac diém néu trén, trong dé & budc 6, lang dong
mang ZrN 1én bé mit phoi thép bang cach trong khi duy tri hoat dong clia ngudn plasma
catot rong tir budc 5, trong diéu kién luu luong khi cong tac Ar duy tri & mirc 1a 10scem,
thi cdp khi phan tng N2 vao budng ma chan khong véi luu luong 1a 350 scem, ap suat khi
trong budng ma 1a 7,9x 10 mbar (7,9x10"'Pa), stt dung ngudn hd quang cong sudt 1a 2kW,
cuomg d6 dong dién 1a 120A, dé 1am bay hoi Zr tir bia ho quang, thiét 14p dién ap thién p
phoi thép 1a -20V, dé tao diéu kién thuan lgi cho qua trinh léng dong ZrN lén bé mat phoi

thép, thoi gian lang dong ZrN 1a 7 phit.
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