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I. Gigi thiéu

Mang hop chat ctia Nitride va cac kim loai nhv Titan, Crom,Zircom, thuong duoc dung lam 16p
phl b&o vé ch6ng mai mon va an mon. Hon niia, chiing dugc st dung rong rai nhu phd quang hoc va phu
trang tri. ZrN thé hién nhi*tng thudc tinh rat dwoc quan tam nhu: d6 cling cao, diém nong chay cao, vakha
nang chéng dn mon cao. Thudc tinh quang hoc va co hoc clia chiing phu thudc vao thanh phan Nito. ZrN
giéng kim loai vang cé mau vang. Va dwoc xem la pha nhiét dong luc on dinh. Nguwoc lai ZraN,4 laphagia
bén, n6 cach dién vatwonng tw cac chat dién moi

Trong phan ndy, chlng takhao sat vé tinh chét quang clia mang phin xa ZrNy dugc phi bang
phwong phap phan rng phin xa magnetron trong d dy rong cac hop phan hoéa hoc (0,81 <x<1,35). Ham
dién mai thu duoc tir phd ellipsometry va hé sd phan xa dugc do bang cach digu chinh do nhay clia dao
dong t& Drude-Lorentz.
[I. Thuc nghiém
1. Tao mang
- Mang ZrNy ¢ do day c& 1000nm duoc tao ra bang phwong phap phdn xa magnetron RF trong moi
tredng chan khéng cao.
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- Ap suét khoang 107 Pa trwéc khi dwa cac khi phan xa la Ar vaNito.
- Ba (dwong kinh 50mm) cta Zr tinh khiét 99,99% d woc st dung lam vat liéu bia.
- Cong suét dién Rf 1a 100W
- Khodang cach bia — dé 1a 100mm
- D€ quay dé dam bao do dong déu cuia chét ph
- Ap suét téng cong dwoc gitr 120,4Pa, &p suét riéng phan ciia Nito dwoc digu chinh tir 3-75% &p suét téng
cong dé mang phu cé thanh phan Nito khac nhau.
- Nhiét do dé duoc gilr & 373 + 20K trong suot qua trinh pha.
- Céc chat nén duoc st dung nhu silicon hodc thach anh
2. cac phép do xac dinh tinh chat mang
- D0 day clia mang dugc do bang profilometry
- C4u triic tinh thé dwoc phan tich bdi su nhiéu xa tia X bang tia birc xa K o ctia dong voi goc toi lala
khoang 4°
- Phuong phap sin?y dugc ap dung dé xac dinh thdng s6 mang: (rng sudt (stress) v ang suét ty do
(stress-free)
-Phuong phap EPMA (Electron probe microanalysis) hoac XPS dé xéac dinh thanh phan héa hoc clia
mang. Trong phwong phap nay dién thé gia téc 1a8KV, dong tiala 10nA cho mang day 1000nm, gi ¢i han
sy xuyén sau clia dong electron lanhé hon 35% chiéu day mang
- Céc hang s quang hoc dwoc xéac dinh bang phuong phap ding phé ellipsometry véi d&y nang lvong
photon tir 1,5-5,0 eV




[1. K&t qua vathao luan
1. C4u trdc va hinh théai hoc
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Hinh 1: Anh nhiéu xa tia X clia mang ZrN, voi x thay ddi

Anh nhiéu xa tia X duoc thé hién & hinh 1. Khi 0,81 <x<1,19 tat cA cac mang déu c6 cau trdc tinh
thé 1ap phurong tam mat. Ngwoc lai khi 1,20 <x < 1,35 tin hiéu nhiéu xa tia X ¢6 su thay d6i. khi x tang thi
dinh phan xa & mat mang (200) duwoc mé rong va cwong do gidam, dong thoi xudt hién nhirng dinh phan xa
méi & gan mit mang (111) va (311). Diéu nay ching t rang d& co sy thay déi quan trong clia ciu trlic
tinh thé 1ap phwrong tdm mat khi thanh phan Nito tang trén x = 1,2. v&i x> 1,3 cac dinh phan xa mé rong
ndy nam gan vi tri clia mat mang (320) va (042) clia Zr3N,4 ¢ cau truc tryc thoi.

Hinh 2 biéu dién hang s6 mang a111 dwoc tinh toan dua trén mét phan xa (111) va hdng sé mang ao
dwa trén mat phan xa (200) nhv mot ham ctia ham lvgng Nito.
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Hinh 2: Sy thay d6i hang s6 mang khi thay d6i th anh phan Nito



x<1,2: x tang thi ay;1 vaag tang do nat khuyét Nito trong mang ZrNy
X >1,2: a113 tdng manh do hinh thanh ndt khuy ét Zr va khéng con céu trdc tinh thé 1ap phwong tam mat
2. Tinh chéat quang
Pho phan xa clia mang dwoc hién thi trén hinh 3
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Hinh 3: Pho phan xa ctia mang ZrNy véi x = 0,84; 0,99; 1,16; 1,33. D0 thi nhd b én trong la phd
truyén qua clia mang ZrNy v6i x>1,3

Mau ZrNogg €6 hé s6 phan xa cao nhét & ving ning lwong photon thap. mau nay c6 hé s6 phan xa
thap nhat 1a 0.1 tai mic nang lwvgng photon 3,5eV. Hé s phan xa thap nhat clia ZrN g4 120,18 tai nang
lvgng photon 1a3,94eV; clia ZrNy 16 12 0,2 tai mic nang lvong photon 1a2,67eV. Két qua nay phu hop
v0i bao cao trudc do vé day giatri hé s6 phan xa nhé nhat tir 0,1 t¢i 0.16 khi nang lwgng photon tir 3,5 toi
4,0 eV. Ph6 phan xa clia mang ZrN; 34 khong cé tinh phan xa kim loai va céc van giao thoa cho thay n6
thé hién tinh dién moi khi nang I vgng photon tang tdi 2,6eV.

Trong hinh 3 ¢6 ph6 truyén qua ctia 2 mang ZrNy véi x>1,3, n6 chi ra gi¢i han hap thu quang hoc khoang
2,7-3eV voi hé sb truyén qua giam 20-60% tir vung kha kién t¢i vang gan hdng ngoai.

Trong treong hop mang ZrNy véi 0,81 <x<1,29 , mang khdng trong sudt, hé s6 phan xa duoc do
bang phuong phap ellipsometry véi ddy nang lwong mé rong tir 1,5 -5,0 eV. Nhitng mau nay dong vai trd
nhu nhitng mau nira vd han cho ellipsometry, cung cap trirc tiép h am dién moi e (w) = ¢, +ic,(w) clla mang
ma khong can sy dong gop clia dé Si. Phan thuc ¢, clia ham dién moi dwoc biéu dién & hinh 4 nhu mot
ham cuia nang lvong photon cho cac ZrNy khac nhau.
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Hinh 4: Phan thyc cla ham dién mdi &, clla mang méng ZrNy nhv mot ham clia nang lvgng photon.



Ham dién moi va pho phan xa dugc lam khit dong thoi xem nhw sy dong gép dong thoi clia sk chuyén
mirc ndi vung vangoai vung dwgc mé ta béi ham Drude va dao dong tir lorentz:
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Ham Drude duoc dac treng bdi tan s6 plasma o ,vayéu t6 tat dan r,. Tan s6 plasma duoc lién hé voi
mat do electron tv do N
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me: khoi lvgng cla electron

e: Dién tich cda electron
T, lién hé voi thoi gian tan xa t bdi biéu thtrc: r,=nlt
M@t trvong hop lam khit clia phan thyc ctia ham dién moi ¢, (7 o ) vahé s6 phan xa R(7 o ) dwgc cho bdi

mang Z

Reflectivity

rNo.gg thé hién trén hinh 5

1.2~ Drude and Lorentz model
® Dielectric function g,
1= Reflectivity
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Hinh 5: Phan thuc clia ham dién mdi ¢, va pho phan xa giong véi mo hinh Drude-Lorentz clia mang
mc’)ng ZI’No_gg
Puong ké lién thu dugc tir Drude- lorentz véi nang lugng photon bién thién tir 0.5-6.5eV, trong khi hinh

vudng va hinh tron tuong (rng do hé s6 phan xa va ham dién moi ¢,. Ta thu dwgc két qua twong ty vai cac

mang ZrNy khéac. Két qua tlr ham Drude —lorentz ta ¢ thé xéac dinh mat do electron ti do: N" = N—%,
m

Me

xac dinh tir tan s6 plasma o, vathoi gian hdi phuc electron ty do (hinh 6).
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Hinh 6: @) mat dd electron hiéu dung N

b) Thoi gian tan xa « thu dwgc tir phan tich quang hoc va kich thwéc hat béi phuong phap XRD
cho mang ZrNy nhu mot ham ctia thanh phan nito

Trong hinh 6a.chti y réng electron ty do hiéu dung tap trung tai Zrn véi N = 3,7.10% cm™®. Khi x tang tir
1-1,29 thi N” giam con 2,9.10%* cm™ trong khi N téng t6i 4,88.10%% cm™ véi mau ZrNog;.

Sv khéac nhau cla tinh chat quang hoc nhw mot ham thanh phan hoa hoc cltia ZrNy ¢é thé duoc hiéu nhw
vét thay doi trong day céu tric

Hinh 6b: thoi gian tan xa « nhu mét ham cla s tap trung x, né phu thudéc manh vao thanh phan cta x,
dac biét trong vung lan can x=1. Trong day thanh phan nay c6 si lién hé manh dang chi y lathoi gian tan
xa © Vvakich thudc hat suy ra tir do rong dwong nhiéu xa tia X. Sw nhiéu xa manh n &y chi ra rang thong
s6 mang c6 anh hudng dén thoi gian tan xa. Dién trd suét cé thé tim ratlr thudc tinh quang hoc

Popt =Me/(N"te?) , dién tré suat ting manh trén 100 po x cm (hinh 7), diu d6 chi ra rang ZrN c6 thé duoc
miéu t& nhv mot miéng kim loai do
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Hinh 7: Bién tré suat quang hoc thu duoc tir phan tich quang hoc mang mong Zr Ny nhy mét ham clia
thanh phan Nito

IV.KET LUAN

Thudc tinh quang hoc clia mang ZrNy dugc nghién ciru nh mot ham ctia thanh phan Nito
(0,81<x<1,35). Ham dién méi dwoc suy ra tlr phd elipsometry, va hé s6 phan xa quang hoc duoc phan
tich bdi néng lvong plasma rog, va nang lwgng phan xa nhé nhét se ., cla nang lugng photon. S tap
trung cla hat tai dién giam manh khi tdng thanh phan Nito. M&i lién hé gita x vaN" hoic w3 thu dugc tir
déy 0,8<x<1val<1,3cdthé duoc sk dung dé wéc lvgng thanh phan hoa hoc ctia nhitng mang nay.



