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MONG LIEN TIEP

(57) Séng che de cap dén kinh bao gdm vat nén trong subt (10) duoc phu chong cac lop

mong lién tiép gom tir vt nén, xen k& giira hai 16p kim loai chirc nang c6 goc bac (40, 80)

va ba 16p phii chong phan xa (20, 60, 100), moi lop phu chéng phan xa bao gdm it nhat

mot 16p dién moi, sao cho mdi 16p kim loai chirc ning (40, 80) duoc dit giita hai 16p phu

chéng phan xa (20, 60, 100), khac biét & chd:

- 16p kim loai chirc nang thi nhat (40) tiép xtc voi 16p chan dudi, duge goi 1a 16p chin

duéi tht nhat,

- 16p chan dudi thir nhit 13 16p hip thu c6 d6 day 16n hon 1nm,

- 16p chan dudi thir nhat tiép xic véi 16p dién moi gde nitrit khong oxy hoa ciia mot hoic

nhiéu nguyén té dugc chon tir silic va nhom.
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Linh vire ky thuit dwoc dé cap

Sang ché dé cap dén kinh bao gdm vét nén trong sudt dugc phti mot chdng nhidu
16p mong gdm nhidu 16p chirc ning ma c6 thé tac dung 1én birc xa mit troi va/hodc birc
xa héng ngoai séng dai. Cu thé hon, séng ché dé cap dén viéc sir dung kinh nay lam kinh
cach nhiét va’/hoic kinh chéng néng.

Tinh trang ky thuit ciia sang ché

Kinh nay c6 thé dugc ding dé trang bi cho ca cong trinh xdy dung I4n xe cd, Vi
muc dich cu thé 1a 1am giam ung suit didu hoa khong khi va’hodc ngan chan hién tugng
lam néng quéa mic cho kinh "kiém soé4t ning lugng mit troi" (/) va/hodc lam gidm luong
nang luong tiéu tan vé phia cac kinh “tiét kiém ning luong” bén ngoai (/), ¢6 dugc do
kich thudc ngay cang ting ciia cic bé mit da dugc lip kinh cta céc cong trinh x4y dung
va cac gian chd hanh khach cua xe cd.

Tuy thude vao diéu kién thoi tiét cia tirng quéc gia ma cac kinh nay duoc lap dat,
hiéu sudt mong mudén vé mit truyén sang va hé sé chéng néng c6 thé thay dbi trong mot
khoang nhét dinh.

Tai cac qubc gia c6 muc do tiép xtic 4nh sang mit trdi cao, tdn tai nhu cdu 16n vé
cac kinh c6 d6 truyén sang vao khoang 40% va gia tri hé s chéng ning nhé hon 0,28.
Khi d6, do truyén sang du thap dé khong 1am chdi mét va da cao dé giam luong anh sang
chiéu xuyén vao bén trong khong gian duoc gidi han béi kinh néu trén dé khéng can phai
sit dung &4nh sang nhan tao.

Trén thi truong hién da co6 cac loai kinh bao gém cac vat nén trong sudt duoc phu
mdt chdng nhiéu 16p mong gdm hai 16p chirc ning bang kim loai, mdi 16p dugc dat gitta
hai 16p phti chdng phan xa.

Do d6, cac vat nén di duoc phu nhu vay c¢6 thé giup cho loai kinh da biét dat duogc
cac gid tri truyén sang va hé sé chéng ning nam trong céc khoang mong muén. Tuy
nhién, hinh déng bén ngoai vé mit thim m§ va cac dic diém phan chiéu cia cac kinh nay
khong hoan toan thda dang va c6 bdc 10 cac nhuge diém sau, cu thé 1a:

- cac mau sic khong trung tinh khi truyén hodc khi phan chiéu ra bén ngoai, va

- muc phan chiéu ra bén ngoai cao, va/hodc
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- hiéu sudt kiém soét ning luong mit troi tuong ddi khong théa déng, chang han nhu do
chon loc thip.

Theo sang ché:

- hé s6 chéng ning "g" dugc hiéu c6 nghia 13 ty 1& cia tdng ning luong di vao phong
xuyén qua kinh véi nang lugng mit troi chiéu t6i.

- d6 chon loc “s” dugc hiéu ¢6 nghia 1a ty 1€ cia mtc do truyén sang v&1 hé ) chéng
ning LT/g.

Do d6, phat hién thiy c6 su théa hiép giita hiéu sut quang va hiéu suét nhiét, do
trong subt va hinh ddng thim my bén ngoai. Ton tai nhu ciu phat trién kinh cho phép
giam thiéu hé s6 chdng ning, giam phan chiéu 1én mit ngoai va ning cao tinh trung hoa
mau sic khi phan chiéu 1én mat ngoai va khi truyén sang, ddng thoi duy tri do truyén séng
phit hop dé c6 thé c6 tinh cach nhiét tot va vé ngoai dep.

Ban chit k§ thuit ciia sang ché

Péi tugng clia sang ché 1a kinh dwoc dinh nghia theo diém 1 yéu cdu bao ho. Kinh
nay cu thé bao gdm vat nén trong sudt 10 dugc pht chdng nhiéu 16p méng lién tiép bao
gém, tlr vat nén, xen ké gitta hai 16p kim loai chirc ndng c6 géc bac 40, 80 va ba 16p phu
chéng phan xa 20, 60, 100, mdi 16p phu chéng phéan xa bao gém it nhat mot 16p dién moi,
do d6 mdi 16p kim loai chtrc ning 40, 80 duogc dit gitta hai 16p phii chdng phan xa 20, 60,
100, khéc biét & chd:

- 16p kim loai chirc nang thtr nhat 40 tiép xac véi 16p chin dudi, duoc goi 1 16p chin
duéi tht nhat,

- 16p chidn duéi tht nhit 12 16p hip thu c6 d day 16n hon lnm,

- 16p chan duéi tha nhat duoc dit tiép xuc véi 16p dién moi géc nitrit khong oxy hoa cia
mét hodc nhiéu nguyén td dugc chon tir silic va nhom.

Kinh nay dugc uva ding cho cic Gng dung c6 yéu cu vat nén dugc phii chdng 16p
phai trai qua xtr ly nhiét ¢ nhi¢t do cao, chéng han nhu 61, 0 hodc udn.

Kinh theo sdng ché & dang kinh nguyén khéi, dat mong hodc nhiéu 16p, cu thé 1a
kinh hai 16p hodc ba 16p.

Kinh d4t méng gdm it nhét hai vat nén ctng thudc loai thuy tinh duoc lip véi it
nhit mot tAm polyme nhiét déo.

Kinh nhiéu 16p gém it nhat hai vat nén duoc gitt & khoang cach dé phan cach

khoang chira ddy khi cach dién.
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Thong thudng, cac mit cta kinh dugc thé hién tir bén ngoai tda nha va bang cach
danh s6 cac mit ctia cac VAt nén tir ngoai vao trong cua khoang hanh khach hodc cac ngdi
nha ma dugc trang bi kinh nay. Didu ndy c6 nghia 12 lugng 4nh sang mit trodi toi di qua
cac mit theo th tu ting dan cla cac con sb nay.

Tét hon 13, chdng 16p dugc dit trong kinh dé lugng 4nh sang t6i bét ngudn tir bén
ngoai di qua 16p chin dudi thir nhit truéc khi di qua 16p kim loai chirc ning tht nhét.
Ch@)ng 16p khong dugc dat 1én mat vat nén xac dinh thanh bén ngoai cua kinh ma dugc
ddt 1én mat trong cda vat nén.

Bing cach chon ldp dit kinh theo cach nay, 16p chan hip thu ddng thoi ndm gitta
bén ngoai va tit ca cac 16p chirc ning gdc bac va tiép xuc truc tiép vai 16p gbe bac thir
nhét cta chdng 16p. Viéc két hop 16p chan hip thu day khong c6 kha ning bi bién chét
duéi 16p chirc ning gdc bac thi nhét, su két hop nay khién cho viéc hip thu 4nh sdng bi
phan chiéu ra ngoai béi cac 16p chirc ning c¢6 thé hidu qua hon. Bét ngd thiy ring mot
16p nhu vay, dugc dit & vi tri nay, khién cho c6 thé dat dugc to hop gém cac thudc tinh
mong mudn va cu thé 1 phan chiéu ra ngoai thip va cac mau trung tinh khi phan chiéu ra
ngoai dong thoi duy tri hiéu suit ning luong tuyét voi , khong doi hoi cac thay ddi 16n
d6i v6i cac tham sd khac cua chdng 16p, ching han nhu tinh chét, do day va trinh tu cac
16p ma né duoc ciu thanh.

Trong truong hop clia kinh nguyén khdi hodc kinh nhiéu 16p, tét hon 1a chdng 16p
duoc dat Ién mit 2, tire 1a nd duoc tim théy trén vt nén xac dinh thanh ngoai cia kinh va
dic biét hon 1a trén mit trong clia vat nén nay.

Kinh nguyén khdi bao gdm hai mat; mit 1 & phia ngoai toa nha va do do tao thanh
thanh ngoai cda kinh va mit 2 & bén trong toa nha va do do tao thanh thanh bén trong cta
kinh.

Kinh hai 16p gdm bén mit; mat 1 & phia ngoai tda nha va do d6 tao thanh thanh
ngoai cua kinh, mdt 4 ¢ bén trong tda nha va do dé tao thanh thanh bén trong cta kinh,
mat 2 va mat 3 & bén trong kinh hai 16p.

Theo céch tuong tu, kinh ba 16p gdm sau mit; mat 1 & phia ngoai toa nha (thanh
ngoai ciia kinh), mdt 6 & bén trong toa nha (thanh bén trong ctia kinh) va cic mit 2 dén
mdt 5 & bén trong kinh ba 16p.

Kinh d4t méng bao gbém it nhit mot cdu trac gdm vat nén thu nhit/(c4c) tAm/ loai
vét nén thtr hai. Chdng 16p gbém cac 16p mong dwoc dit 1én it nhat mot trong sb cac mit

cua mdt trong s6 cac vat nén. Chong 16p c6 thé ¢ trén mat ciia vat nén thi hai khong tiép

_4-
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xtic véi tim polyme. Phuong 4n nay c6 loi khi kinh dat mong dugc lip dat trong kinh hai
16p voi vat nén thi ba.

Kinh theo sang ché & dang kinh hai [6p bao gém chdng 16p duogc dit 1én mit 2 ¢o
thé cho phép dat dugc cac thanh qua cu thé nhu sau:

- hé sb chéng ning g nho hon 0,28,

- d truyén sang ndm trong khoang tir 35% dén50%, tbt hon 1a x4p xi 40%,
- tinh chon loc cao, tot hon 1a 1én hon 1,50,

- phan chiéu ra ngoai nho hon 15%,

- cac mau trung tinh khi truyén sang va khi phan chiéu ra bén ngoai.

Bing cach diéu chinh do day cia céc 16p chtre nang va cia cic 16p chidn, do trong
sudt cia kinh ¢6 thé duoc kiém soat sao cho thu dugce do truyén sang khoang 40%.

Uu diém chinh cua sang ché 12 & chd, vi¢c dat duoc hinh ddng bén ngoai thoa man
ddc biét voi cdc mau sic phu hop vé mat thim my khi phan chiéu ra ngoai va khi truyén
sdng va cdc gia tri phan chiéu ra ngoai ciing du thap khong duge thuc hién lam phuong
hai dén kha ning chéng ning.

Viéc lua chon cu thé 16p chin dudi thir nhét cho phép ¢6 thd dam bao su bao vé
cta 16p chin. Lép dém nay hip thu trong ving nhin thdy duoc c6 du do day cho su hap
thu nay ¢6 y nghia, tiép xtic véi 16p nhom nitrat va/hodc silic khong bi oxy hoa. Lap nay
gitt dugc cac tinh chat hip thu ngay ca khi vat nén duoc phit chdng 16p phai trai qua xa ly
nhiét.

Mo ti van tithinh vé

Fig.1 thé hién cu tric chdng 16p ¢d hai 16p kim loai chirc nang 40 va 80 duogc dit
1én thuy tinh trong sudt vat nén 10.

MG ta chi tiét sang ché

Theo sang ché, thuat ngir “Iop nhom nitrat silic khong bi oxy hoa” dugc hiéu la
mot 16p khong chtra oxy. C6 thé thu dugc d& dang mot I6p nhu véy bing céch ling dong
phtn xa catot.

Kinh theo sang ché, dugc dung lam kinh nguyén khdi hoac trong kinh nhiéu 16p
thudc loai kinh hai lép, cé cidc mau sic trung tinh, dé chiu va dju nhe khi phan chiéu anh
sang, nim trong khodng cdc mau xanh da troi hodc xanh da troi-xanh 14 (cac gia trj chiéu
dai buéc song troi theo thi tu tir 470 dén 500 nanomet). Thudt ngi “mau trong mau xanh

da troi-xanh 14” cin dugc hiéu c6 nghia, trong pham vi cta séng ché, 13, trong hé thdng
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do mau sic L*a*b*, a* 1a gitra -10,0 va 0,0, tdt hon 1a gitra -7,0 va 0,0, va b* la gifta -
10,0 v& 0,0, t6t hon 1a gitra -7,0 va 0,0.

Kinh theo sing ché c6 cac mau khi phan chiéu trén mit ngoai theo hé do mau
L*a*b*:

- a* nam trong khoang gitta -5,0 va 0,0, t6t hon 1a nim trong khoadng gitta -4,0 va 0,0,
va/hodc
- b* nam trong khoang giita -7,0 va 0,0, t&t hon 14 ndm trong khoang gitta -6,0 va -1,0.

Kinh theo sang ché c6 cic mau khi truyén sang theo hé do mau L*a*b*:

- a* nam trong khoang gifta -8,0 va 0,0, tt hon 1a ndm trong khoang gitta -7,0 va -3,0,
va/hodc
- b* nam trong khoang giita -7,0 va 0,0, t6t hon 1a nim trong khoang gitra -6,0 va -1,0.

Trong toan bd ban mo ta nay, vét nén theo sing ché dugc coi nhu dit ngang.
Chéng 16p gdm cac 16p mong dugce dit trén vat nén. Nghia cia céac thuat ngit “trén” va
“dudi” va "phia duéi" va "phia trén" dwoc hiéu la néi vé phuong hudng. Tru khi c6 quy
dinh ddc biét, cc thuat ngt “trén” va “dudi” khong nhét thiét c6 nghia la hai [6p va/hoac
16p phti duoc dit tiép xuc v6i nhau. Khi duge chi 1 ring mot 16p duge dé “tiép xuc” véi
16p khéc hodc v6i mot 16p phii, didu nay c6 nghia 1a khong thé co6 mot (hodc nhiéu) 16p
chén gitta hai 16p nay (hodc 16p va 16p phu).

Nam trong pham vi y nghia ctia sang ché, cic nhan “thir nhit”, “th hai” va “tha
ba” cho céc 16p chitc ning hodc céac 16p phii chéng phan xa dugce xac dinh 1a bét diu tur
vat nén mang chdng 16p va vién dan dén cac 16p hodc cac 16p phti ¢6 cung chirc nang. Vi
du, 16p chirc ning gan voi vét nén nhat 1a 16p chirc ning tht nhét, 16p tiép theo & xa vat
nén 12 16p chirc nang thir hai, va v.v..

Trir khi 6 chi dn khic, d day duoc dé cip trong tai liéu nay la do day vat ly hay
do day thuc (va khong phai la d6 day quang hoc).

Céc chdng 16p theo sang ché thuong thu duge bing chudi cac phan tmg ling dong
duoc thuc hién béng k¥ thudt sit dung chan khong, chéng han hhu’ phun xa catot, tuy y
dugc ting cuong bang trudng ti.

Theo céc phuong 4n c6 lgi theo sang ché, cac 16p kim loai chirc ndng théa man
mdt hodc nhiéu trong sb cac didu kién sau day:

- hai 16p kim loai chtrc ndng twong Gng v6i 16p kim loai chtrc nang thr nhét va tha hai

dugc xac dinh 1a bat dau tir vat nén,
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- do day ctia cac 16p kim loai chtic nang (40, 80) bat dau tir vt nén ting, c6 nghia la do
day cua 16p kim loai chtrc nang tht hai 80 16n hon do day clia 16p kim loai chirc nang
tht nhat 40,

- ty 1€ cua do day cua 16p kim loai chirc ndng va d6 day cta 16p trude d6 16n hon hodc
bang 0,90,

- do day ctia mdi 16p chirc nang 1a nam trong khoang tir 6 dén 26nm, tdt hon 1a tir 6 dén
24nm, bao gém céc gia tri sau,

- do day cua 16p kim loai chtc nang tha nhét 40 13, theo thir tu uu tién tang dan, tir 7
dén 14nm, tir 8 dén 13nm,

- d0 day cua 16p kim loai chitrc ndng tht hai 80 13, theo thir ty wu tién ting dan, tir 10
dén 17nm, tir 11 dén 16nm,

- tong do day ctia cac 16p kim loai chuc ning 40, 80 ndm trong khoang tir 15 dén 30nm,
bao gdm cac gia tri nay, tot hon 1a tir 20 dén 25nm.

Céc khoang do day nay ddi vai cac 16p kim loai chirc nang la cac khoang ma trong
do6 cac két qua tbt nhit thu duge ddi véi do truyén sang trong kinh hai 16p khoang 40%,
do phan chiéu anh sang thip va hé sé chéng nang thip hon cho phép con c6 thé thu dugc
tinh chon loc cao v6i mau trung tinh khi phan chiéu anh séng.

Céc 16p chan thuong c6 vai trd bao vé cac 16p chitc nang khoi su xudng cip c6 thé
Xy ra trong qué trinh ling dong cua 16p phti chéng phan xa bén trén va trong qud trinh
xUr 1y nhiét tai nhiét do cao tiy chon, thudc loai 0, ubn va/hodc t6i. Lép chin duoc dat
du6i 16p chirc ning theo hudng ctia vat nén duge goi 1a 16p chin dudi “UB”. Lé&p chan
dugc dat 1én 16p chirc nang trén mit dbi dién tur vat nén dugc goi la 16p chan trén “OB™.

D&i v6i cac 16p chan duge dat tiép xic véi 16p chirc ning, cac nhan “thir nhit” va
“thtt hai” duoc x4c dinh 1a bat diu tir vat nén mang chéng 16p va tham chiéu dén cac
nhan “thér nhat” va “tht hai” cua 16p chic nang tiép xtic véi 16p ma cac 16p chédn dugc
tim thdy. Vi du, 16p chuc ning thtt hai c6 thé bao gdbm mét hodc hai 16p chédn dugc chon
tir 16p chdn dudi tha hai va 16p chan trén tha hai.

Theo séng ché, 16p chian dudi thi nhat 1a 16p hdp thu. Mot 16p 1a 16p hip thu khi
bién s6 khi hép thu 4nh sang trong vung nhin thay duoc do 16p hép thu mang lai 16n hon
2%, tham chi thuc té 1a 16n hon 4%. bd hép thu anh sang (Abs) duoc xac dinh bﬁng
phuong trinh sau: |
Abs=100—-LT -LR
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trong d6 LT tuong tng véi do truyén sang trong viing nhin thdy duoc tinh bing % va LR
tuong (mg véi dd phan chiéu dnh sang trong ving nhin thdy dugc tinh bing %.

Bién s khi hdp thu 4nh sing AAbs thu dugc bing cach do do truyén séng va do
phan chiéu 4nh sang trén mit ngoai ctia vat nén duoc phi chdng 16p ma khong bao gdbm
16p hép thu va d6 truyén sang va do phan chiéu anh sang trén mat ngoai cla vat nén va
ciing mot vat nén duge phi chdng 16p ma bao gdm 16p hép thu. Bién sb thu duoc bing
cach tinh AAbs =- ALT - ALR.

Té6t hon 1a 16p dém hép thu tht nhat dugc chon tr céc 16p kim loai gbc kim loai
hoac géc hop kim kim loai hodc céc 16p nitrat kim loai ctia mdt hodc nhiéu nguyén tb
duogc chon tur titan, niobi, niken va crom, chéng han nhu 16p gém Ti, TiN, Nb, NbN, Ni,
NiN, Cr, CrN, NiCr hodc NiCrN.

Nhin chung, toan bd dic diém anh sang duoc trinh bay trong ban mé ta sang ché
ndy thu dugc theo cic nguyén tic va phuong phap dugc mo ta trong tai liéu Tiéu chuin
Chau Au EN 410 v& sy xé4c dinh cac dic diém anh sang va chéng ning cua kinh dugc
ding lam kinh cho nganh xay dung. Thong thudng, cac chi sé khuc xa duge do tai bude
song dai 550nm. Céc hé sé truyén sang LT va phan chiéu anh séng LR dugc do dudi vat
chiéu sang D65 véi trudong nhin 1a 2°.

Theo céc phuong 4n c6 loi theo sang ché, 16p hodc céc 16p chin théa man mot
hodc nhiéu trong s cac didu kién sau day:

mdi 16p kim loai chirc ning 40, 80 tiép xuc véi it nhdt mot 16p chén dugc chon tur 16p

chdn dudi va 16p chan trén,

- mdi 16p kim loai chtrc ning 40, 80 tiép xtic véi 16p chin dudi va véi 16p chén trén,

- do day ctia mdi 16p chin dudi va 16p phu it nhat 1a 0,4nm, t6t hon 12 it nhét 0,5nm,

- d0 day cta I16p chin dudi th nhit UBI 13, theo thir tu vu tién ting dan, tir 1 dén
2,5nm, tir 1,2 dén 2,2nm, |

- d0 day cua 16p chin trén thr nhat OB 13, theo thir ty wu tién ting dan, tir 0,4 dén 2nm,
tr 0,5 dén 1nm,

- d0 day cua 16p chin dudi thtr hai UB2 1a, theo th{ ty wu tién ting dan, tir 0,4 dén 2nm,
tr 0,5 dén 1nm,

- d0 day cua 16p chin trén thtt hai OB2 14, theo thtt tu wu tién ting dan, tir 0,4 dén 2nm,
tr 0,5 dén Inm,

- téng do day cua céc 16p chin nam trong khoang tur 3 dén 7nm, bao gém cac gia tri nay,

tot hon 1a tr 3 dén Snm.
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L6p chin dudi thir nhit va, néu co, 16p chan trén tht nhét, 16p chin duéi thir hai
va/hodc 16p chan trén thr hai 1an luot c6 cac do day UB1, OB1, UB2 va OB2. Céc 16p
nay thoa man hé thic sau: UB1> 1,1*MAX(OB1, UB2, OB2). H¢ thtrc nay c6 nghia la
d6 day ciia 16p chan dudi thir nhit day hon it nhat 1a 10% so v6i mdi 16p dém va 16p chin
trén ma c6 thé c¢6 trong chdng 16p.

Theo cac phuong 4n c6 loi theo sang ché, cac 16p chin khéc, tirc 1a 16p chin trén
thtr nhét, 16p chén dudi tht hai va/hodc 16p chan trén thr hai, dugce chon tir céc 16p kim
loai gbc kim loai hodc gbc hop kim kim loai, cdc 16p nitrat kim loai va céc 16p oxynitrat
kim loai cia mot hodc nhiéu nguyén t& dugc chon tir titan, niken, crom va niobi, chéng
han nhu Ti, TiN, Nb, NbN, Ni, NiN, Cr, CrN, NiCr hodac NiCrN. Mac du cac 16p chdn
nay dugc tao thanh & dang kim loai, nitrat hodc oxynitrat, nhung céc 16p nay c6 thé phai
trai qua qué trinh oxy héa mdt phan hodc toan phan tiy thudc vao do day ciia ching va
ban chét cta cac 16p xung quanh nd, vi du, trong qua trinh ldng dong cua 16p tiép theo
hodc bai oxy héa khi tiép xtc v6i 16p ndm bén dudi.

Theo cac phwong an c6 loi theo sang ché, cac 16p phu chéng phan xa théa man
mot hodc nhiéu trong sb cac didu kién sau day:

- dd day cua 16p pha chéng phan xa tht nhit 20 14, theo thi tu vu tién ting dan, tir 15
dén 40nm, tir 15 dén 30nm,

- dd day cua 16p phti chéng phan xa thi hai 60 13, theo thir tu uu tién tang dan, tir 40 dén
90nm, tir 60 dén 80nm,

- d6 day cua 16p phii chdng phan xa thtr ba 100 13, theo thtr tu vu tién ting dan, tir 15
dén 50nm, tir 30 dén 40nm,

- céc 16p phu chéng phan xa bao gém it nhat mot 16p dién méi gbe oxit hodc gde nitrat
ctia méot hodc nhiéu nguyén t6 dugce chon tir silic, nhom, thiéc hodc kém,

- 16p phit chéng phan xa thir nhat nim gitta vt nén va 16p kim loai chirc nang thtr nhét
khong chira 16p dién moi gde oxit,

- 16p phit chéng phan xa thir nhit nim gitta vat nén va 16p kim loai chirc niang thtr nhét
chi c6 cac 16p dién moi géc nitrat cia mot hodc nhidu nguyén td duogc chon tir silic va
nhom,

- it nhat mot 16p phu chéng phan xa bao gom it nhit mot 16p dién méi c6 chirc ning
chin,

- mdi 16p phi chong phan xa bao gom it nhat mot 16p dién moi ¢ chire niang chin,
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- t6t hon 1a cac 16p dién mdi c6 chlic ndng chan cé géc la cac hop chét silic dugc chon
tr cac oxit, chéng han nhu SiO,, silic nitrua Si;N, va oxynitrat SiO4N, va tuy y bao
gdm it nhat mot nguyén té khac, ching han nhu nhoém, hafini va ziriconi,

- ft nhat mot 16p phu chdng phan xa bao gdm it nhdt mot 16p hép thu,

- it nhAt mot 16p phit chdéng phan xa bao gbdm it nhat mot 16p dién mdi c6 chie ning lam
6n dinh,

- 16p phti chdng phan xa thit hai va tht ba, mdi 16p bao gdm it nhit mot 16p dién mdi c6
chirc ndng lam dn dinh,

- t6t hon 1a cac 16p dién moi c6 chie ndng lam dn dinh c6 géc tinh thé oxit, cu thé 1 c6
gbc kém oxit, dugc pha tily y bang cach st dung it nhit mot nguyén t6 khac, ching
han nhu nhom,

- 16p chirc nang thi hai & trén 16p pht chéng phan xa, 16p bén trén cta 16p nay 1a 16p
dién moi c6 chtic nang lam on dinh, t8t hon 1a ¢6 géc kém oxit, va/hodc dudi 16p phu
chdng phén xa, 16p duéi ctia 16p nay 14 16p dién mdi ¢6 chte ning 1am én dinh.

Céc chdng 16p theo sang ché co thé bao gdm cac 16p dién mdi cb chire nang chan.
Thuat ngit “cac 16p dién moi c6 chirc ning chin” dugc hiéu ¢ nghia 1a 16p lam tir vat
lidu c¢6 kha ning tao 16p chan khuéch tan oxy va nude tai nhiét do cao, c6 ngudn goc tir
khong khi xung quanh hodc tir vét nén trong sudt, vé& phia 16p chirc ning. Do dé céc vat
lidu tao thanh 16p dién mdi c6 chirc ning chin phai trai qua qua trinh bién dbi hoa hoc
hodc ciu tric tai nhiét do cao ma dan dén bién dbi vé dic diém quang hoc cia chung. Tét
hon 1a 16p hodic cic 16p c6 chic nang chin cling duge chon trong sé vat liéu c6 kha ning
tao 16p chin cho vat lidu tao thanh 16p chirc nang. Do d6 céc 16p dién moi c6 chirc ning
chin cho phép chdng 16p trai qua cac xu ly nhiét thudc loai 0, t6i hodc udn ma khong
thay ddi quang hoc manh qué mirc.

Tét hon 1a cac 16p dién mdi c¢6 chirc ning chin co gbc 1a cac hop chit silic. Cac
16p dién mdi c6 chirc ning chin con cé thé co gbe 1a cac hop chit nhdm duge chon tir cac
oxit, chrfxng han nhu Al,O3, nhom nitrua AIN va oxynitrat AION, . Su ¢6 mét cla céac 16p
dién mdi c6 chirc nang chan 1a c6 loi dic biét dbi véi chong 16p mong cin ubn/toi.

Céc chong 16p theo sang ché c6 thé bao gdm it nhat mot 16p hép thu trong viing
nhin thdy dugc. Theo sang ché, cac 16p hap thu nay duoc tach ra tir mdi 16p chan bang it
nhét mot 16p dién méi. Do d6, céc 16p hap thu nay khong thé bi 1An v6i 16p chin dudi hép
thu thir nhét. Tét hon 14 mot 16p hap thu nhu vy dugce chén vao 16p phu chéng phan xa

ndm gifta hai I6p kim loai chttc nang. N6 c6 thé dugc chon tir cac 16p kim loai géc kim
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loai hodc gdc hop kim kim loai hodc cac 16p nitrat kim loai ciia mét hodc nhiéu nguyén t6
duoc chon tur titan, niobi, niken va crém, chéng han nhu 16p gém Ti, TiN, Nb, NbN,
NiCr, NiCrN, Cr hodc CrN. Theo phuong an ¢6 loi, 16p ma hip thu trong ving nhin thiy
dugc duge chén gitta hai 16p c6 gde nitrat ctia mdt hodc nhidu nguyén t6 dwoc chon tir
silic va nhom.

Céc chdng 16p theo sang ché co thé bao gdm céc 16p dién mdi c6 chirc nang lam
6n dinh. Trong pham vi ¥ nghia ctia sang ché, “lam 6n dinh” c6 nghia 14 ban chét cua 16p
dugc chon dé lam 6n dinh bé mit chung giita 16p chirc ning va 16p ndy. Su 8n dinh nay
lam ting cudng sy két dinh cua 16p chuc nang vao cac 16p xung quanh n6 va nho dé
chéng lai su dich chuyén cua vat liéu tao ra no.

Tét hon 1a 16p dién moéi c6 chirc nang lam dn dinh c6 gbc oxit duge chon tir kém
oxit, thiéc oxit, ziriconi oxit hodc hdn hgp gdm it nhét hai trong sb d6. Tét hon 1a 16p
hoc céc 16p dién moi c¢6 chirc nang 1am 6n dinh 14 cac 16p kém oxit.

Cu thé, 16p hodc cac 16p dién méi c¢6 chirc nang 1am on dinh c6 thé tiép xuc truc
tiép vdi 16p chirc ning hodc dugc tach boi 16p chin.

Lép dién moi c¢6 chirc nang 1am 6n dinh nay c6 thé c6 do day it nht Snm, cu thé 1a
do day nim trong khoang tir 5 dén 25nm. |

Chong 16p ¢6 thé bao gdm 16p bao vé trén duge dit 1am 16p cudi ciing cua chdng
16p, cu thé 1a dé tao ra cac dic diém chéng xudce. Cac 16p bao vé trén khong duge xem 1a
¢6 trong 16p pht chdng phan xa. Cac 16p nay thudng siéu méng va c6 do day nim trong
khoang tir 2 dén 5nm. L&p bao vé ¢o thé, vi du, duoc chon tur 16p gdm titan oxit, 16p gdm
kém thiéc oxit hodc 16p gbém ziriconi titan oxit.

Phuong 4n dic biét c6 loi ctia sang ché lién quan dén vat nén chta chdng 16p,
duoc xac dinh 12 bt dau tir vat nén trong subt, bao g@)m:

- 16p phit chdng phan xa tht nhét bao gdm it nhit mot 16p dién méi gde nitrit khong oxy
hoa ctia mot hodc nhiéu nguyén t6 duoc chon tir silic va nhom.

- 16p chan dudi hip thu thi nhit c6 d6 day 16n hon 1nm,

- 16p chirc ning thir nhét,

- 16p chén trén thu nhét,

- 16p phit chdng phan xa thi hai bao gbm it nhat mot 16p dién moi c6 chirc ndng chin va
it nhat mot 16p dién moi ¢6 chtre ning 1am dn dinh,

- 16p chan dudi thir hai,

- 16p chirc nang thir hai,
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- 16p chén trén thir hai,

- 16p phti chéng phan xa thir ba bao gdm it nhat mot 16p dién méi c¢6 chirc ning lam 6n
dinh va it nhit mét 16p dién mdi c6 chic nang chan.

Mot phuong 4n dic biét co loi khac cta sang ché lién quan dén vat nén chua
chéng 16p, dugce xac dinh la bat dau tur vat nén trong subt, bao gém:

- 16p phti chdng phan xa thir nhit bao gom it nhit mot 16p dién moi gde nitrit khéng oxy
héa ctia mét hodc nhiéu nguyén t6 duoc chon tir silic va nhom.

- 16p chan duéi hap thu thir nhit c6 d6 day 16n hon Inm,

- 16p chtic nang thir nhit,

- 16p chan trén thir nhét,

- 16p phii chéng phan xa tht hai bao gdm it nhit mot thu nhéit 16p dién moi c6 chirc
nang chdn, it nhét mot 16p hép thu, it nhat mot tht hai 16p dién moi c6 chirc ndng chan
va it nhat mot 16p dién mdi c¢6 chiic ndng lam n dinh,

- 16p chén dudi thi hai,

- 16p chuc nédng tht hai,

- 16p chén trén tht hai,

- 16p pha chéng phan xa thir ba bao gdm it nhat mot 16p dién méi ¢ chire nang lam 6n
dinh va it nhit mét 16p dién mdi c6 chirc ndng chén.

Theocécphuongéncéquldnhtheoséngchécéd@tng%nséngnhéhﬁnSO?@tét
hon 1a ndm trong khoang tir 35% dén 50%, tham chi thuc t& 12 ndm trong khoang tir 40%
dén 45%. Co loi, néu kinh theo sang ché con c6 do phan chiéu anh sang trén mit ngoai
ctia nhd hon 18%, tot hon 1a nhé hon 15%.

Tét hon 1a cac vat nén trong subt theo sang ché duoc lam tr vat liéu vo co cung,
chéng han nhu céc vat nén béng thiy tinh, hodc dugc chon tir cac vat nén polyme, chflng
han nhu cac vat nén lam tir polyetylen terephtalat PET, tur polyetylen naphtalat PEN va tr
polycacbonat.

Cac dic diém va chi tiét c6 loi theo sang ché thé hién qua cac vi du khong gi6i han
sau ddy, dugc minh hoa bang cach st dung hinh v& kém theo.

Ty 1é gitta cac thanh phan khéc nhau khong duge quan sat nham gitp doc hinh v&
dé dang hon. ‘

Fig.1 thé hién cdu tric chong 16p ¢6 hai 16p kim loai chirc nang 40 va 80 duoc dit
Ién thay tinh trong sudt vat nén 10. Mbi 16p chire nang 40, 80 dugc dat gitta hai I6p phu
chbng phan xa 20, 60, 100 sao cho:
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- 16p chirc nang thir nhét 40, bit dau tir vt nén, dugc dat gitra cac 16p phu chéng phan
xa 20, 60, va
- 16p chirc nang thi hai 80 duoc dit gitta cac 16p pht chdng phéan xa 60, 100.

MBbi 16p churc nang 40, 80 dugc dit trén 16p chan dudi UB1, UB2 va dudi 16p chan
trén OB1, OB2.

Céc 16p phu chéng phan xa 20, 60, 100 mdi 16p bao gdm it nhat mot 16p chéng
phan chiéu dién méi 24; 62, 64, 68; 102, 104. Lép phi chdng phan xa ndm giita hai 16p
chtic ning bao gém 16p hip thu 66. Chdng 16p con bao gdm 16p bédo v¢ trén 120.

Vi du thwe hién sang ché
I. Pidu ché cac vat nén: Cac chdng 16p, didu kién ling dong va xir Iy nhiét

Céc chong 16p, dugc dinh nghia dudi day, gdbm cac 16p mong dugc dat 18n cac vat
nén lam tir thuy tinh d4 voi xuat trong véi do day 6 mm.

Trong céc vi du theo sang ché:

- céc 16p chtric ndng 1a cac 16p chira bac (Ag),
- céc 16p chin 1a céc 16p kim loai 1am tir hgp kim niken va crf)m (NiCr),
- céc 16p chan c6 gbe silic nitrua pha nhoém (Si;Nj : Al),
- cac lép lam 6n dinh dugc lam tir kém oxit (Zn0O),
- c4c 16p hap thu duge 1am tir niobi nitrat (NbN).
Céc diéu kién dé ling dong cac 16p ma dugc ling dong bang phuong phéap phun xa

(phun xa "catét manhetron") dugc tom tit trong Bang 1.

Bang 1 Muc tidu da st dung | Ap suét lang Khi Chi 5O
550nm
Si;N, Si:Al tai 92:8% khoi | 3,2 x 107 mbar | Ar/(Ar + N,) tai | 2,00-2,10
luong 55%
ZnO Zn:Al at 98.2% khodi | 1,8 x 10™ mbar | At/(Ar + O,) tai | 1,95
luong 63%
NbN Nb 5% 10° mbar | Ar/Ny: 4/3 -
NiCr Ni (80% tai.):Cr (20% | 2-3 x 107 | Artai 100% -
tai.) mbar
Ag Ag 3% 10° mbar | Ar tai 100% -

tai. = nguyén t
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Bang 2 liét ké céc vat li¢u va cac d¢ day vat ly tinh béng nanomet (trtr khi cé chi
dan khéc) cho mdi 16p hodc 16p phi ghép thanh cac chdng 16p do chirc ning ctia vi tri clia
chung vé6i vt nén ma mang chdng 16p (dong cudi & cudi bang). Do day duoc dua ra trong
Bang 2 tuong rng véi do day trude khi toi.

Céc vat nén phai trai qua qué trinh téi biang nhiét dudi cic diéu kién sau: xi Iy
nhiét & nhiét dd ndm trong khoang tir 600 dén 750°C trong 5 dén 15 phut.

IL. “Kiém soat néng mit trdi” va hidu sudt do mau

Bang 3 dudi day liét ké cac dic diém quang hoc chinh dugc do khi kinh tao thanh
mot phan ctia kinh hai 16p ¢6 cdu tric 6/12/6: thuy tinh 6mm /khoéng chén 12-mm day
khi/thuy tinh 6mm, ch&‘)ng 16p dugce ddt [én mat 2 (mat 1 cia kinh 1a méat ngoai cung cta
kinh nhu binh thuong).

Péi v6i kinh hai 16p nay,

- LT chi: d¢ truyén sang trong ving nhin thiy duoc tinh bang %, dugc do theo vat chiéu
séng D65 tai may quan sat 2°;

- a*T va b*T chi cac mau a* va b* khi truyén trong h¢ L*a*b* dugc do theo vat chiéu
sang D65 tai may quan sat 2° va dugc do vudng goc vai kinh;

- LRext chi: d6 phan chiéu 4nh sang trong ving nhin thdy duoc tinh bang %, duoc do
theo vat chiéu sdng D65 tai may quan sat 2° trén mat ngoai cung, mat 1;

- a*Rext va b*Rext chi cdc mau a* va b* khi phan chiéu trong hé L*a*b* duoc do

theo vat chiéu sang D65 tai may quan sat 2° & mit phia mat ngoai cung va do vay dugc

do vudng goc vai kinh;
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Theo séng ché, c6 thé san xuét kinh bao gdm chdng c6 hai 16p kim loai
chtic ndng ma co6 do truyén sang khoang 40%, tinh chon loc cao, d§ phan chiéu
anh sang thap va hé s6 chéng ning thdp va ciing dem lai cic mau sic tuyét voi
khi truyén sang va phan chiéu anh sang.

St dung kinh lam kinh hai 16p duoc 1dp dit sao cho vét nén tuong tng véi
thanh ngoai bao gbém, trén mat 2, chdng 16p véi 16p chin day va hép thu tiép xtc
v6i 16p kim loai chtrc niang thi nhit gop phan dat duoc cac két qua tdt hon nay.

T4t ca cac vi du theo sang ché ¢6 mau sic d& chiu va diu nhe khi truyén
sang, tot hon 14 nim trong khoang cac mau xanh da troi hodc xanh da troi-xanh 14
cay.

Cé4c Vi du So sanh 1 va 2, khong bao gbm 16p chan hip thu dudi 16p chuc
ning thtr nhat, c6 do phan chiéu ra ngoai cao, cu thé 1a 16n hon hodc bang 18%,
va cic mau sic khong thoa dang khi truyén sang duoc thé hién bang cac gi tri b*
duong.

Céc Vi du So sénh 3, 4 va 5, khong bao gém 16p chan UB1 ¢6 do day pha
hop, khong co6 gia tri hé sb chéng néng nho hon hoac béng 0,280. Hon thé nita,
cdc mau sic khi phan chiéu trén mit ngoai cua cac Vi du So sanh 4 va 5 cling
khong thoa dang; cu thé, cac gid tri b* 1a duong. Cac vi du sau day thé hién ring
st dung cac 16p chin day & quanh 16p chirc ning th hai thay vi bén dudi 16p
chtic nang thir nhat khong thé thu dugc két qua nhu theo sang ché. Do dé, su ¢6
mit ctia 16p chin day gitta vt nén va 16p chire nang tht nhét khong sinh ra tr sy
lua chon bét ky.

Kinh theo sang ché c6 ca hé sb chéng néng nho hon hoac béng 0,280 va do
chon loc 16n hon 1,50. Ngoai ra, cac kinh ndy c¢6 do phan chiéu ra ngoai it nhét 1a
nhé hon 18%, tham chi thuc té 1a nhé hon 15%. Céc kinh nay ciing c¢6 nhidu mau
trung tinh khi truyén sang hon, duoc thé hién cu thé bang céc gia tri a* nim trong
khoang -7 dén -3 va toan bd cac gia tri b* déu 4m va nim trong khoang tir -6 dén
-1.

Cubi cung, cac Vi du 1 d&n 3, ma minh hoa cac phudng an co loi dac biét
theo sang ché théa man hé thirc UB1 > 1,1Max (OB1, UB2 hodc OB2), con ¢6

nhi€u mau trung tinh hon khi phan chi€u ra ngoai, bi€u thi cu thé boi cac gid tri
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a* ma déu 1a am va bdi cac gid tri b* ma déu am va nam trong khoang tir -6 dén -

L.
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YEU CAU BAO HO

1. Kinh bao gdm vt nén trong sudt (10) duoc phii chdng cac 16p mong lién tiép
gbm, tlr vat nén, xen ké gifta hai 16p kim loai chtrc ning c¢6 gdc bac (40, 80) va ba
16p phti chéng phan xa (20, 60, 100), mdi 16p pht chdng phan xa bao gdm it nhét
mot 16p dién mdi, sao cho mdi 16p kim loai chiic nang (40, 80) dugc ddt gitta hai
16p phu chdng phan xa (20, 60, 100), khéc biét & chd:

- 16p kim loai chirc niang thir nhét (40) tiép xuc vdi 16p chan dudi,
duogc goi 1a 16p chan dudi tha nhét,

- 16p chan dudi thtr nhat 1a 16p hap thu ¢6 do day 16n hon 1 nm, 16p
nay hip thu trong viing nhin thiy dugc,

- 16p chin duéi thir nhét tiép xtic véi 16p dién moi gde nitrit khong
oxy hoa cua mdt hoac nhiéu nguyén td duoc chon tir silicon va nhom,

- do day ctia cac 16p kim loai chtrc nang (40, 80) bét dau tir vét nén
tang,

cc nhan “thir nhat”, “thir hai” va “thtc ba” cho cac 16p chtic nang nang
hodc cac 16p phii chng phan xa duoc xdc dinh 1 bat ddu tir vat nén mang chdng
16p va vién din dén cac 16p hodc cac 16p pha ¢6 cung chire he‘mg;

d6i v6i cac 16p chin duoc dat tiép xtc voi 16p chie ndng nang nang, cac
nhan “thi nhat” va “thtr hai” dugc x4c dinh 1a bit ddu tir vat nén mang chdng 16p
va tham chiéu dén cic nhan “thr nht” va “th hai” cua 16p chtic ndng ndng nang
tiép xtc voi 16p ma cac 16p chin duoc tim thiy; trong d6 16p chan dudi 1a 16p
ch@nduqcdﬁtduéikﬁ)chﬁcnéngnﬁngnﬁngtheohuéngcﬁa\@tnén;

trong d6 16p chin dudi hip thu the nhit dugce chon tir cac 16p kim loai
hodc céc 16p nitrat kim loai cia mot hodc nhiéu nguyén td dwgce chon tir titan,
niken, crdm va niobi.
2. Kinh theo diém 1, khac biét & chd, mdi 16p kim loai chirc ning (40, 80) tiép
xuc vdi 16p chén dudi.
3. Kinh theo diém 1 hogc 2, khac biét & chd, mi 16p kim loai chtrc ning (40, 80)
tiép xtc véi 16p chin trén.
4. Kinh theo diém 1 hodc 2, khic biét & chd 16p chin dudi thi nhét va, néu c6 16p
chin trén tha nhat, 16p chin dudi tht hai va/hodc 16p chén trén thu ba, thi 16p

chan trén tht nhét, 16p chan duéi tht hai va/hoic 16p chin trén tht hai 13n luot ¢6
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cac do day UBI1, OB1, UB2 va OB2 ma théa man.hé thiac sau: UB1>
1.1*MAX(OB1, UB2, OB2), h¢ thirc nay c6 nghia la d¢ day cta 16p chin dudi
thir nhat day hon it nhit 1a 10% so véi mdi 16p dém va 16p chin trén ma c6 thé co
trong chong 16p.

5. Kinh theo diém 1 hodc 2, khac biét & chd 16p chén trén th nhét, 16p chan dudi
th hai va/hodc 16p chin trén tht hai, néu c6 16p chan trén thir nhét, 16p chin
dudi thir hai va/hodc 16p chin trén thir hai, duge chon tir cac 16p kim loai gbc kim
loai hodc géc hop kim kim loai, cac 16p nitrat kim loai va cac 16p oxynitrat kim
loai ctia mot hodic nhiéu nguyén td duogc chon tur titan, niken, crom va niobi.

6. Kinh theo diém 1 hoic 2, khac biét & chd 16p phu chéng phan xa thir nht ndm
gifta vat nén va 16p kim loai chirc ning thi nhét chi bao gdm céc 16p dién moi
gbc nitrat cia mot hodc nhiéu nguyén té dugc chon tir silicon va nhom.

7. Kinh theo diém 1 hodc 2, khéac biét & chd chéng 16p con bao gém it nhit mot
16p hip thu trong vung nhin thiy dugc tach biét véi mdi 16p chin bang it nhét
mot 16p di¢n moi.

8. Kinh theo diém 7, khac biét & chd it nht mot 16p hip thu trong ving nhin thiy
dugc chén vao 16p phii chéng phan xa ndm gifta hai 16p kim loai chtrc ndng.

9. Kinh theo diém 7, khac biét & chd 16p hip thu trong ving nhin thdy duoc chon
tir cac 16p kim loai gbc kim loai hodc gbe hop kim kim loai hodc céc 16p nitrat
kim loai ctia mdt hodic nhiéu nguyén tb dugc chon tur titan, niobi, niken va/hodc
crom.

10. Kinh theo diém 7, khac biét & chd 16p hip thu trong ving nhin thdy duoc
dugc chén gitta hai 16p c6 gde nitrat ctia mot hodc nhiéu nguyén t6 duoc chon tir
silic va nhom.

11. Kinh theo diém 1 hodc 2, khac biét & chd 16p phu chéng phén xa tha hai va
16p phti chdng phan xa thtr ba bao gdm it nhit mot 16p dién méi co chire nidng
lam 6n dinh ¢ gbc tinh thé oxit, duge pha tlly y bang cach sir dung it nhit mot
nguyén té khac.

12. Kinh theo diém 1 hodc 2, khéc biét & chd nd bao gém chéng 16p, dugc xac

dinh 12 bat dau tur vat nén trong subt, bao gém:
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- 16p phu chéng phan xa thir nhit bao gdm it nhit mot 16p dién moi
gdc nitrit khong oxy hoa ctia mot hodc nhidu nguyén té duge chon tir silicon va
nhom.

- 16p chan dudi thir nhét c6 d6 day 16n hon 1 nm,

- 16p chirc ning thir nhat,

- 16p chén trén thir nhét,

- 16p phti chdng phéan xa thir hai bao gdm it nhit mot 16p dién méi c6
chtrc ndng chén va it nhit mot 16p dién méi c6 chirc nang lam on dinh,

- 16p chédn dudi tha hai,

- 16p chirc nang tha hai,

- 16p chén trén tha hai,

- 16p pht chéng phan xa thir ba bao gdm it nhit mot 16p dién mdi c6
chirc ning lam 6n dinh va it nhit mot 16p dién moi c6 chirc nang chan.

13. Kinh theo diém 1 hoic 2, khac biét & chd vat nén duoc pht chdng 16p duoc
xtr Iy nhi¢t & nhi¢t do cao.

14. Kinh theo diém 1 hoic 2, khéac biét & chd chéng 16p dugc didt trong kinh sao
cho lugng 4nh sdng t6i bat ngudn tir bén ngoai di qua 16p chin dudi thi nhat
trude khi di qua 16p kim loai chirc ning ning thir nhat.

15. Kinh theo diém 1 hodc 2, khéc biét & chd né & dang kinh nhidu 16p thudc loai
kinh hai 16p.

16. Kinh theo diém 1 hoic 2, khac biét & chd n6 c¢6 do truyén sang nhé hon 50%,
va/hodc do phan chiéu 4nh sang trén mit ngoai nhé hon 18%.

17. Kinh theo diém 1 hoic 2, khac biét & chd c6 it nhdt mét 16p pha chdng phan
xa bao goém it nhit mot 16p dién méi ¢6 chie nang lam én dinh c6 gde tinh thé
oxit.

18. Kinh theo diém 1 hodc 2, khac biét & chd c¢6 it nhat mot 16p phu chéng phan
xa bao gbém it nhit mot 16p dién mdi co chirc ning lam 6n dinh ¢6 gbc tinh thé
kém.

19. Kinh theo diém 1 hogc 2, khac biét & chd chdng 16p bao gdm 16p bao vé trén
duoc dit lam 16p cudi cing cta chdng 16p duoc chon tir 16p gdm titan oxit, 16p

gbm kém thiéc oxit hodc 16p gdm ziriconi titan oxit.
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