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(57) Céac phuong an vé vat pham c6 do bén, chong Xudc, chong phan chiéu duoc mo ta.
Theo mét hodc nhiéu phuong 4an, vat pham chéng xudc, chéng phan chiéu bao gém 16p
phu nén va 16p phu quang hoc dugc b tri & trén bé mat chinh. Lop phu quang hoc bao
gom lop phu chong phéan chleu va 16p phu chéng xudc tao thanh bé mat chong phan chiéu.
Vit pham thé hién do ctng toi da bang 12 GPa hodc 16n hon, dugc do trén bé mit chong
phan chiéu bang thir nghiém do cting theo vét cat 1dm Berkovich doc theo do sau vét cat
10m khoang 100nm hoac 16n hon. Vat phém theo mot s6 phuong an thé hién do phan xa
anh sang trung binh mot mit do tai bé mat chéng phan chiéu bing khoang 8% hodc nho
hon theo trang thai budc song quang hoc nam trong khoang tir 400nm dén khoang 800nm
va do dich chuyén mau tai diém tham chiéu khi truyen hodc d6 phan xa nho hon 2. Theo
mot sb phuong an, vat pham thé hién do dich chuyén mau theo goc bang khoang 5 hoic
nho hon tai tit ca cac goc tinh tir goc t6i vudng goc dén goc chibu sang téi ma goc nay
bang 20 d6 hosc 16n hon.
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Tham chi€u chéo véi cac don lién quan

Pon nay yéu cau hudng quyén wu tién theo diéu 35 U.S.C. § 119 ctia loat don
tam thoi M§ s& 62/142114 ndp ngay 2/04/2015, loat don tam thdi My s6 62/098,836
ndp ngdy 31/12/2014, loat don tam thoi My sb 62/098,819 ndp ngay 31/12/2014, loat
don tam thdi M§ sb 62/028,014 ndp ngay 23/07/2014, loat don tam thoi M§ sd
62/010,092 ndp ngay 10/06/2014, va loat don tam thdi M sé 61/991,656 ndp ngay
12/05/2014, toan bo ndi dung clia cac don ndy dugc dua vao va dugce két hop tham

khéo trong sang ché nay.
Linh vue ki thuit dwge dé cip

Séang ché d& cap dén vat phdm c6 d6 bén va c6 kha ning chdng xudc, chong
phéan chiéu va phuong phap tao ra vat pham nay va cu thé hon, dé cap dén vat phim cé
16p phu nhidu 16p chéng phan chiéu thé hién d6 bén chdng mai mon, d6 bén chéng

xudce, dd phan chiéu thip, va do trong sudt khong mau va/hodc do phan xa.
Tinh trang k§ thuit ciia sang ché

Vit phém bao phu thuong duogc st dung d8 bao vé céc thiét bi quan trong bén
trong cac san phim dién tir, dé cung cip giao dién ngudi ding dé dua vao va/hoic hién
thi va/hodc nhiéu chuc nang khéac. Céc san phém nhu vay bao gém cac thiét bi di dong,
nhu dién thoai théng minh, may nghe nhac mp3 va may tinh bang. Vat phdm bao phu
cling bao gdm ca vt pham kién tric, cac vat phdm van chuyén (vi dy, vat pham st
dung trong céc tmg dung thudc vé 6 t6, tau héa, may bay, tau bién, v.v.), vat phim tmg
dung, hodc vat phém bét ky ma doi hoi cé do trong sudt, do bén chéng xude, do bén
chéng mai mon hodc su két hop ciia cdc dic tinh nay. Cac ing dung ndy thudng doi
hoi cac dic tinh d bén chéng xudc va hidu sudt quang cao, theo quan diém vé do
truyén 4nh sang tdi da va do phan xa tb1 thidu. Ngoai ra, mot sé tng dung bao phu doi
hoi réng, m3u sic biéu hién hodc cam nhan duoc, vé su phéan chiéu va/hoic truyén qua,
khong lam thay dbi d4ng ké khi goc nhin thay dbi. Trong céc img dung hién thi, didu

ndy 1a vi, néu nhu mau sac khi phan chiéu hogc truyén qua thay doi theo géc nhin &
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mitc d6 dang k&, ngudi st dung san phim s& cam nhan dugc su thay d6i vé mau sic va
dd chéi cta hinh hién thi, dicu nay c6 thé 1am giam chét luong cdm nhéan cua hinh hién
thi. Trong cic tmg dung khéc, nhimg thay doi vé mau sac c6 thé anh hudng ti€u cuc

dén cac yéu cau vé thim my hodc cic yéu cau ve chirc nang khac.

Hiéu suit quang clia cic vt phim bao pht c6 th8 dugc cai thién bang cach st
dung cac 16p phu chéng phan chiéu khic nhau; tuy nhién céc 16p phi chdng phan
chidu d3 biét thuong d& bi son hodc mon. St mai mon ndy c6 thé 1am t6n hai dén sy
cai thién v& hiéu sudt quang bét ky dat dugc bang 16p phu chéng phan chiéu. Chéng
han, cac bd loc quang thudng duge tao ra tir cac 16p phu da 16p c6 chi s6 khuc xa khéc
nhau va duogc tao ra tir vat liéu dién moi trong sudt quang (vi du, oxit, nitrua va florua).
Hau hét cac oxit dién hinh dugc sir dung trong céac bd loc quang 1a cac vt liéu cé khe -
dai rong, vat liéu nay khong c6 céc dic tinh co hoc cin thiét, nhw do ctng, dé sir dung
trong cac thiét bi di dong, vat phém kién tréc, cac vt phém van chuyén hoac vat phém
hinh dang. Cac nitrua va 16p phu gibng kim cuong c6 thé thé hién gia tri d6 cling cao
nhung nhiing vt li¢u nay khong thé hién d6 truyén can thiét trong céc ing dung nhu

vay.

Hu tén do mai mon c6 thé bao gém tiép xtc truot tinh tién tir cac vat co bé mit
d6i nhau (vi du, céc ngén tay). Ngoai ra, hu tén do mai mon c6 thé sinh ra nhiét, nhiét
nay c6 thé lam phén hity céc lién két héa hoc trong céc vét liéu mang va giy ra su tao
vay va céc kidu hu tdn khac di v6i thiy tinh phi. Vi hu tdn do mai mon thuong phai
chiu trong mét thdi gian dai hon so véi cac su cb don 16 gay ra cac vét xudc, nén cac
vat liéu phu xu hudng phai chiu hu tdn do mai mon ciing ¢6 thé oxy hoa, diéu nay lam

lam suy giam thém d6 bén ctia 16p phu.

Céc 16p phii chéng phan chiéu da biét ciing d& bi hu tdn do xudc va thdm chi
thudng dé bi hu tdn do xudc hon céc 16p nén phia dudi ma cac 16p pha nay duoc bb tri
trén d6. Trong mot td trudng hop, mot phin dang ké cta sy hu tbn do xuéc nhu vay
bao gdm céc vét xude vi rénh, cac vét xudc nay dién hinh bao gdm mdt ranh don trong
vat liéu c6 d6 dai kéo dai va d6 sau ndm trong khoang tir 100nm dén 500nm. Céc vét
xudc vi ranh ¢6 thé duge kém theo bdi cac kiéu hu tén nhin théy duoc khac, nhu ran

ntt dudt bé mat, ran nit do ma sét, bat mép va/hodc mon. Béng ching cho thiy rang,
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phdn 16n céc vét xude nhu vay va hu tdn nhin thdy duoc khac dugc gay ra boi su tiép
xtc VAt nhon xuét hién trong mot su cb tiép xuc duy nhét. Mot khi su tréy xudc dang
ké& xuét hién trén nén phy, thi hinh ddng bén ngoai clia vat phAm bi giam gi4 tri vi triy
xude dan dén su gia ting vé tin xa 4nh séng, diéu nay c6 thé din dén suy giam dang
ké v& do chéi, do 16 va do twong phan clia hinh anh khi hién thi. Cac vét triy xudc
d4ang ké ciing co thé tac dong 1én do chinh x4c va df tin cly cla vat phim bao gdm ca
su hién thi mang tinh cam gi4c. Su kién hu tdn do xudc don c6 thé twong phan véi hu
tdn do mai mon. Sy kién hu tdn do xudc don khong bi gy ra boi nhidu sy kién tiép
xuc, nhu tiép xtc truot tinh tién tir cc vat co bé mit d6i nhau ctng (vi du, cét, séi va
gidy rap), dién hinh cfing khéng phat sinh nhiét, nhiét nay c6 thé 1am phan hity c4c lién
két hoa hoc trong céc vit liéu mang va giy ra su tao vay va cac kiéu hu tdn khéc.
Ngoai ra, su kién trdy xuéc don dién hinh khong gy ra su oxy hoéa hogc kéo theo cac
diéu kién tuong tw ma ching giy ra hu ton do mai mon va do do, céc giai phép thuong
duogc st dung dé ngén chdn hu tdn do mai mon ciing khong thé ngan chan dugc su tréy
xudc. Ngoai ra, cac giai phap chdng trdy xudc va hu t6n do mai mon di biét thuong

lam t6n hai dén cac dic tinh quang hoc.

Do d6, nhu cau can phai tao ra cic vat phdm bao phi méi va phuong phap san
XuAt c4c san pham ndy, cdc san pham nady c6 kha ning chong mai mon, chong xude va

¢b hiéu suat quang dugc cai thién.
Ban chat ky thuit ciia sdng che

Céc phuong an v& vat phim c6 do bén va c6 kha ning chdng xude, chéng phan
chiéu duoc mo ta. Theo mot hodc nhiéu phuong 4n, vat phim bao gdm ca 16p phu nén
va 16p pht quang hoc duge bb tri & trén bé mit chinh tao thanh b& mit chéng phan
chidu. Theo mot hoic nhidu phuong 4n, 16p phi quang hoc bao gdm 16p phu chéng

phén chicu.

Vat phém thé hién do6 bén chéng xXudc bi‘mg cach thé hién d6 cing tdi da
khoang 12 GPa hodc 16n hon, dugc xac dinh bang thir nghiém do ctmg theo vét cét
16m Berkovich (Berkovich Indenter Hardness Test), nhu dugc mo ta & day, doc theo
d6 sau vét cit 16m khoang 50nm hogc 16n hon (vi du, khoang 100nm hodc 16n hon, tix

50nm dén khoang 300nm, tir 50nm dén khoang 400nm, tir 50nm dén khoang 500nm,
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tir 50nm dén khoang 600nm, tir 50nm dén khoang 1000nm hodc tir 50nm dén khoang

2000nm), trén bé mit chéng phan chiéu.

Vit phém thé hién do bén chéng mai mon khi dugc do trén bé mit chéng phan
chiéu sau 500 chu ky mai mon st dung thtt nghiém Taber, nhu dugc md ta & day. Theo
mét hosic nhidu phuong 4n, vat phdm thé hién d6 bén chdng mai mon (dugc do trén bé
mit chéng phan chiéu) bao gdm d6 duc khoang 1% hodc nho hon, dugc do st dung
méy do d6 duc c6 mét 16 ctra, trong d6 15 cira c6 dudng kinh khoang 8mm. Theo mot
hodic nhidu phuong 4n, v4t phim thé hién d6 bén chéng mai mon (duge do trén bé mit
chéng phén chiéu) bao gdbm d6 nham trung binh Ra, dugc do béng kinh hién vi luc
nguyén ttt, khoang 12nm hogc nho hon. Theo mdt hodc nhidu phwong 4n, vat phdm thé
hién d6 bén chéng mai mon (dwoc do trén bé mit chéng phan chiéu) bao gdm cudng
d6 4nh sang phan tan khoang 0,05 (tinh theo cac don vi 1/don vi gbc khéi) hodc nhé
hon, & gbc tan xa phan cuc khoang 40 d6 hodc nho hon, dwogc do tai gée t6i vudng goc
trong khi truyén sir dung khéi cu ghi hinh dé do tén xa, c6 16 ctra 2mm tai budc séng
600nm. Trong mot s truong hop, vat phém thé hién do bén chbéng mai mon (duge do
trén bé mit chdng phan chiéu) bao gdm cudng d6 4nh sang phén tan khoang 0,1 (tinh
theo cac don vi 1/don vi géc khéi) hodc nhé hon, & géc tan xa phan cuc khoang 20 do
hodc nho hon, duge do tai goc t¢i vudng goc trong khi truyén st dung khéi cau ghi

hinh d& do tan xa, c6 18 ctra 2mm tai budc séng 600nm.

Vat phim theo mét hogc nhiéu phuong 4n thé hién hiéu suat quang cao theo
quan diém vé do truyén anh sang va/hodc do phéan xa anh sang. Theo mot hodc nhiéu
phuong 4n, vat phim thé hién d6 truyén 4nh séng trung binh (duge x4c dinh duy nht
trén bé mit chéng phan chiéu) khoang 92% hodc 16n hon (vi du, khoang 98% hodc 16n
hon) theo trang thai budc song quang hoc (vi du, ndm trong khoang tir 400nm dén
khoang 800nm hozc tir 450nm dén khoang 650nm). Theo mot sé phuong 4an, vt pham
thé hién dd phan xa 4nh séng trung binh (duoc xéac dinh tai duy nhét bé mit chéng
phéan chiéu) khoang 2% hogc nho hon (vi dy, khoang 1% hodc nho hon) theo trang thai
budc séng quang hoc. Vat phim cé thé thé hién do truyén anh séng trung binh hodc do
phan xa 4nh sang trung binh c6 bién d6 dao dong trung binh khoang 1 diém phan trim
hodc nho hon theo trang thai budc séng quang hoc. Theo mdt hodc nhiéu phuong én,

vat phim thé hién d6 phan xa chéi trung binh khoang 1% hogc nhé hon & géc tdi
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vudng goc, duge xac dinh trén duy nhét bé mit chéng phan chiéu. Theo mot sb
phuong an, vat phém thé hién d6 phan xa chéi trung binh mét phia, duoc do tai goc t6i
vudng goc hodc gén vudng goc (vi dy, 0-10 do) trén duy nhat b® mat chdng phan chiéu
nhod hon 10%. Theo mot s§ phuong 4n, dd phan xa chéi trung binh mét phia 1a khoang
9% hodc nho hon, khoang 8% hodc nho hon, khoang 7% hodc nho hon, khoang 6%
hodc nhd hon, khoang 5% hozc nhé hon, khoang 4% hodc nhé hon, khoang 3%, hoéc
khoang 2% hodc nho hon.

Trong mdt sd trudng hop, vat phim thé hién d6 dich chuyén mau theo géc (nhu
duge md ta & day) nho hon 10 (vi dy, 5 hodc nho hon, 4 hodc nho hon, 3 hoac nho
hon, 2 hodc nhé hon hodc khoang 1 hodc nhé hon) tir goc chiéu séng tham chiéu dén
géc chiéu sang t6i nim trong khoang tir 2 d dén khoang 60 d6, khi dugc quan sét tai
bé mit chdng phan chiéu str dung mét ngudn sang. Cac ngudn sang minh hoa bao gdm
ngudn séng bét ky trong s6 cac ngudn sang CIE F2, CIE F10, CIE F11, CIE F12 va
CIE D65. Theo mdt hoic nhiéu phuong 4n, vat phim c6 thé thé hién gia tri a b* nho
hon 2 trong hé do mau chudn CIE L*, a*, b* tai tAt ca céc goc chiu sing t6i nam
trong khoang tir 0 dén khodng 60 do. Theo cach khic hodc theo cach bb sung, vat
phidm theo mot s6 phuong 4n th8 hién mau truyén qua (hodc toa do mau truyén qua)
va/hodc mau phan xa (hodc toa do mau phan xa) dugc do tai bé mit chéng phan chiéu
& goc t6i vudng goc cd do dich chuyén mau tai di8m tham chiéu nho hon 2 tinh tir
didm tham chibu, nhu duoc xéc dinh & ddy. Theo mdt hoic nhiéu phuong an, didm
tham chiéu c6 thé 1a diém khoi ddu (0, 0) trong khong gian mau L*a*b* (hodc céc toa
d6 mau a*=0, b* =0 hodc a*=-2, b*=-2) hodc cic toa d§ mau truyén qua hodc phan xa
ctia nén. D3 dich chuyén mau theo gbc, dd dich chuyén mau tai diém tham chidu va
toa d6 mau (a* va/hodc b*) mo ta & ddy dugc quan sat dudi nguén sang D65 va/hodc
F2. Theo mdt s6 phuong 4n, hidu sudt quang mo ta & ddy dugc quan sat dudi ngudn
sang F2, ngudn nay duoc biét 14 c6 tinh thir théch hon nho boi cc diic tinh phd 1o rét

ctia nguon sang F2.

Theo mot hogc nhidu phuong 4n, 16p phii chéng phan chiéu c6 thé bao gdm
nhidu 16p. Ching han, theo mot s& phuong én, 16p phii chéng phan chiéu bao gom mot
phén khoang bao gdm 16p c6 RI thip thi nhét va 16p c6 RI cao thir hai. Phan khoang
6 thé bao gbm 16p c6 RI thp thir nhit va RI cao tht hai dugc bd tri & trén 16p ¢6 RI
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thép tht nhit hodc ngugc lai. Theo mot sd phuong 4n, phan khoang c6 thé bao gdm
16p thit ba. Lép phit chéng phan chiéu c6 thé bao gdm nhiéu phén khoéng sao cho 16p
c6 RI thip tht nhat va 16p ¢ R cao thir hai luan phién xen nhau. Lép phi chong phan
chiéu c6 thé bao gdm 1én dén khoang 10 hogc 20 phan khoang.

Theo mdt sd phuong 4n, 16p phii quang hoc bao gdm 16p chdng xude. Trudng
hop céc 16p chéng xude duge bao gdm, céc 16p nay c6 thé duoc bd tri & trén 16p phit
chéng phan chiéu. Theo cac phuong 4n khéc, 16p phi chéng xudc duge bd tri & gitra
16p phii chéng phan chidu va nén. Céc 16p chéng xuéc minh hoa c6 thé thé hién do
cing t6i da nim trong khoang tir 8GPa dén khoang 50GPa khi dugc do bing thir

nghiém d6 cung theo vét cét 1dm Berkovitch, nhu duge x4c dinh & day.

Lép chdng xude ¢6 thé duge bb tri & gitta nén va 16p pht chéng phan chiéu.
Theo mot s6 phuong 4n, 16p phu chéng phan chiéu c6 thé bao gdm phin thir nhét va
phan thit hai sao cho 16p chdng xudc dugce bd tri & gitta phén thtr nhit va phan tht hai.
Do day cua 16p chng xude cé thé nim trong khoang tir 200 nanomet dén khoang 3

micromet.

Theo mot s& phuong 4n, vat phm c6 thé bao gdm mot 16p c6 chi sb khiic xa
16n hon 1,8. Vit litu ma c6 thé duoc sir dung trong 16p d6 bao gdm SiNx, SiONy,
SiuAlyOxNy, AINy, AIOxNy hoic hén hop ctia ching.

Trong mdt s6 trudng hop, vat phém c6 thé bao gdm 16p bd sung, nhur 16p phit
d& 1am sach, 16p phii cacbon giéng kim cuong (“DLC”), 16p phtt chéng xudc hodic hon
hop ctia chung. Céc 16p phu nay ¢ thé dugc b tri & trén 16p pha chéng phan chiéu
hoic & gifta cac 16p cua 16p phu chéng phan chiéu.

Nén duoge st dung theo mdt hoic nhidu phuong dn v& vat phim c6 thé bao gdm
nén v6 dinh hinh hoiic ndn két tinh. Nén vé dinh hinh bao gdm thiy tinh ma né ¢6 thé
duoc lua chon tir nhém bao gém thiy tinh natri-canxi, thity tinh nhdm silicat kiém,
thuy tinh bo silicat chira kiém va thiy tinh nhém - bo silicat kiém. Theo mét sb
phuong én, thuy tinh cé thd dugc tang bén va c6 thé bao gdm 16p g suét nén (CS)
v6i (mg sudt nén (CS) bé mit it nhét 1a 250 MPa chay dai bén trong thily tinh téng bén
tir b& mit cua thiy tinh ting bén theo phuong thirc héa hoc téi d9 sau cua 16p (DOL) it
nhét khoang 10um.
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Céc chi tiét bd sung va uu diém s& dugce thé hién trong phin mé ta chi tiét sau
day, va mot phan sé& trd nén rd rang voi ngudi ¢é k¥ ndng trong linh vyc tir phin mo ta
dé hodc duoc thira nhén b?mg cach thuc hanh c4c phuong 4n nhu dugc md ta & day,
bao gdm phin md t chi tiét dudi day, cac yéu ciu bo ho cling nhu céc hinh v& kém
theo.

Chn phai hidu ring, c& phin m6 ta chung trén day va mo ta chi tiét dusi day 1
chi nhim 1am vi du, va du dinh dé cung cép mot cai nhin tdng th8 hodc khung d hiéu
ban chat va dic diém cia cac yéu cAu béo hd. Céc hinh v& kém theo dugc bao gém dé
gitp hiéu rd hon vé sing ché va duoc két hop vao va tao thanh mot phan ctia bin m6 ta
nay. C4c hinh v& minh hoa mdt hodc nhiéu phuong 4n va cliing v6i phin mé ta dung dé
giai thich cdc nguyén tic va viéc thuc hién cdc phuong 4n khac nhau.

MBS ta vin tit cic hinh vé

Fig.1 12 hinh chiéu canh cua vat pham, theo mdt hodc nhidu phuong 4n;

Fig.2 1a hinh chiéu canh cta vat pham, theo mot hodc nhiéu phwong 4n cu thé;

Fig.3 1 hinh chiéu canh ctia vat phim, theo mot hodc nhidu phuong 4n;

Fig.4 13 hinh chiéu canh ciia vt phém, theo mdt hodc nhiéu phwong 4n;

Fig.5 1a hinh chiéu canh cta vat phém, theo mdt hodc nhidu phuong an;

Fig.6 1 hinh chiéu canh ciia v4t phim, theo mdt hoic nhiéu phwong an;

Fig.7 14 hinh chiéu canh ctia vt phim, theo mot hogc nhiéu phwong 4n;

Fig.8 1a hinh chiéu canh ctia vat phim theo vi du 1;

Fig.9 1a phé phan xa mdt mét cla vat phém trong vi du 2, thé hién d6 phan xa
khi goc chiéu séng t6i thay dbi trong khoang tir 0° dén khoang 60°;

Fig.10 1a phé mau phan xa cua vét phdm trong vi du 2 thé hién mau phan xa
dudi céc nguén sang khac nhau tai cac goc nhin khéc nhau, st dung mdt dung cu quan
tric 10°;

Fig.11 12 phd phan xa mot mit ctia vat phdm trong vi du 3, the hién d6 phan xa

khi goc chiéu séng t6i thay ddi trong khoang tix 0° dén khoang 60°;
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Fig.12 1a phé mau phan xa cua vat phém trong vi du 3 thé hién mau phan xa
duéi cac ngudn sang khic nhau tai cic goc nhin khac nhau, sir dung mdt dung cu quan
tréc 10°;

Fig.13 la phé phan xa cua vi du m6 phong 8, duoc tinh tir duy nhét bé mit

chéng phan chiéu, tai cic géc nhin khac nhau, st dung mét dung cu quan tric 10°;

Fig.14 12 mau phan xa cua vat phim trong vi du 8 thé hién mau phan xa dudi
céc ngudn sang khac nhau tai cac goc nhin khac nhau, st dung mdt dung cu quan tric
10°;

Fig.15 1a phd phan xa ctia vi du m6 phéng 9, dugc tinh tir duy nhét bé mait

chéng phén chiéu, tai cac géc nhin khéc nhau, sir dung mét dung cu quan tric 10°;

Fig.16 1a mau phan xa cua vat phém trong vi du 9 thé hién mau phan xa duéi
cac nguén sang khac nhau tai cic goc nhin khic nhau, sir dung mét dung cu quan tric
10°;

Fig.17 14 phd phan xa cta vi du md phong 10, dwoc tinh tir duy nhit bé mit
chéng phén chiéu, tai cdc géc nhin khéc nhau, sir dung mét dung cu quan tréc 10°;

Fig.18 1a mau phan xa cta vat phém trong vi du 10 thé hién mau phan xa dudi
cac ngudn sang khac nhau tai cac goc nhin khac nhau, sir dung mot dung cu quan tric
10°;

Fig.19 12 phd phan xa cta vi du md phéng 11, duoc tinh tir duy nhat bé mat
chéng phan chiéu, tai cac géc nhin khac nhau, sit dung mot dung cu quan tric 10°;

Fig.20 la mau phéan xa cta vat phém trong vi du 11 thé hién mau phan xa dudi
céc ngudn sang khac nhau tai cac géc nhin khac nhau, sit dung mét dung cu quan tréc
10°; va

Fig.21 1a d thi minh hoa céc sb do vé do cimg dudi dang mét ham gita d6 séu
vét c4t 1om va do day 16p phu.
MO ta chi tiét sang ché

Sau ddy, sang ché s& duoc tham chidu mot cach chi tiét v6i cdc phuong an khac

nhau, vi du v& cac phuong 4n ndy dugc minh hoa trong céc hinh v& kém theo.
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Tham chiéu hinh v& trén Fig.1, vat phdm 100 theo mét hoic nhidu phuong 4n
¢6 thé bao gdm nén 110, va 16p phu quang hoc 120 dugc b trf & trén nén. Nén 110
bao gf“)m cac bé mit chinh i nhau 112, 114 va cac bé mit phu d6i nhau 116, 118.
Lop phit quang hoc 120 duoc thé hién & hinh v& trén Fig.1 nhw dugc bd tri & trén bé
mat chinh d6i nhau thi nhét 112; tuy nhién, 16p phu quang hoc 120 ¢6 thé duogc bd tri
& trén bé mit chinh déi nhau thtt hai 114 va/hodc mdt hodc ca hai bé mét phu dbi nhau,
ngoai hodc thay vi dugc bd tri & trén bé mit chinh d5i nhau tht nhat 112. Lép pht
quang hoc 120 tao thanh bé mit chéng phan chiéu 122.

L6p phit quang hoc 120 bao gdm it nhit mdt 16p ciia it nhat mot vt liéu. Thuat
ngft "16p" ¢6 thé bao gdm 16p don hodc ¢6 th8 bao gdm mot hodc nhiéu 16p phu. Céc
16p phu nay c6 thé tryc tiép tiép xtic v6i nhau. Lép phu co thé dugc tao ra tlr ciing vat
liéu hodc hai hodc nhiéu vat liéu khac nhau. Theo mdt hozc nhiéu phuong 4n khéc, céc
16p phu nhu vy c6 thé c6 céc 16p xen k& béng cac vat liéu khac nhau dugc bb tri gitta
chiing. Theo mdt hodc nhiéu phuong 4n, 16p c6 thé bao gdm mot hoic nhiéu 16p tiép
giap va lién tuc va/hodc mot hodc nhiéu 16p khong lién tuc va gian doan (tic 1a, 16p c6
cac vat liéu khac nhau duoc tao ra tiép gidp voi nhau). Lp hodc 16p phu cé thé duoc
tao ra bing phuong phap da biét bt ky trong linh vuc, bao gdm céc quy trinh lang tua
riéng biét hodc léng tia lién tuc. Theo mdt hogc nhiéu phwong 4n, 16p cb thé duoc tao
ra st dung duy nhét cic quy trinh léng t0a lién tuc hodc theo cach khéc, sir dung duy
nhét cac quy trinh ling tia riéng biét.

D6 day cta 1ép pht quang hoc 120 ¢ thé vao khoang 1um hodc 16n hon trong
khi vin c6 thé tao ra vat phim ma né thé hién hiéu suit quang nhu md t& & déy. Trong
mot s6 vi dy, do day 16p phu quang hoc 120 c6 thé ndm trong khoang tir 1um dén
khoang 20pm (vi dy, tir Ipm dén khoang 10um, hogc tir 1pm dén khoang Spm).

Theo st dung & day, thudt ngit "bd tri" bao gdm ca phi, léng tia va/hodc tao
thanh vat liéu & trén bé mit nho st dung phuong phap da biét bit ky trong linh vyc.
Vat liéu b tri ¢6 thé cAu thanh mét 16p, nhu duge xac dinh & day. Cau "dugc bo tri &
trén" bao gém c4 tinh hudng tao ra vat liéu & trén bé mit, sao cho vat liéu tiép xuc truc

tiép véi bé mat va cling bao gom ca tinh hudng trong d6 vat liéu dugc tao ra trén mot
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bé mit, cling véi mot hodc nhieu (cac) vat liéu xen k& nam ¢ gitra vét liéu bo tri va bé

mit. (Céc) vét lidu xen k& c6 thé cau thanh mét 16p, nhu dugce xac dinh & day.

Nhu duge thé hién & hinh vé trén Fig.2, 16p phu quang hoc 120 bao gdm 16p
pht chéng phan chiéu 130, 16p ndy c6 thé bao gdm nhidu 16p (130A, 130B). Theo mot
hodc nhiu phwong 4n, 16p phu chéng phan chiéu 130 ¢ thé bao gdm mot phan
khoang 132 bao gém hai hoic nhiéu 16p. Theo mdt hodc nhiéu phuong 4n, hai hodc
nhiéu 16p c6 thé duoc md ta dic tinh & dang c6 chi s6 khuc xa khéac nhau so v&i nhau.
Theo mdt phuong 4n, phan khoang 132 bao gdm 16p c6 RI thép thit nhat 130A va 16p
¢6 RI cao thir hai 130B. Su khéc nhau vé chi sé khiic xa ctia 16p ¢6 RI thép thir nhat va
16p ¢6 RI cao thir hai c6 thé vao khoang 0,01 hodc 16n hon, 0,05 hogc 16n hon, 0,1

hoic 16n hon hodc thidm chi 0,2 hodc 16n hon.

Nhu duoc thé hién & hinh vé& trén Fig.2, 16p phu chéng phan chiéu 130 c6 thé
bao gdm nhidu phan khoang (132). Phan khoang don bao gdm 16p c6 RI thép thu nhat
130A va 16p c6 RI cao thir hai 130B, sao cho khi nhidu phan khoéng dugc tao ra, thi
16p ¢6 RI thap thir nhit 130A (dugc goi tén trén hinh minh hoa 1a "L") va 16p c6 RI
cao thtt hai 130B (dwoc goi tén trén hinh minh hoa la "H") ludn phién theo trinh tu céc
16p sau day: L/H/L/H hodc H/L/H/L, sao cho 16p c6 RI thp tht nhét va 16p c6 RI cao
th hai xuét hién luan phién doc theo bé day khong gian ctia 16p phu chéng phan chiéu
120. Theo vi du & hinh v& trén Fig.2, 16p pha chdng phan chiéu 130 bao gdm ba phan
khoang. Theo mét s6 phuong 4n, 16p phu chdéng phan chiéu 130 cé thé bao gbm t6i 25
phan khoang. Chéng han, 16p phu chéng phan chiéu 130 c6 thé bao gdém tir 2 dén
khoang 20 phén khoang, tir 2 dén khoang 15 phan khoang, tir 2 dén khoang 10 phan
khoang, tir 2 dén khoang 12 phan khoang, tir 3 dén khoang 8 phan khoang, tir 3 dén
khoéang 6 phan khoang.

Theo phuong an dugc thé hién & hinh vé& trén Fig.3, 16p pht chéng phan chiéu
130 ¢4 thé bao gbm 16p 16t mét bd sung 131, 16p ndy co thé bao gdm vat liéu c6 chi sd
khtic xa nhé hon so v&i 16p ¢6 RI cao thir hai 130B. Theo mot sd phuong 4n, phin
khoang 132 c6 thé bao gdm mét hodc nhidu 16p thir ba 130C, nhu duoc thé hién & hinh
v& trén Fig.3. (Céc) 16p thi ba 130C c6 thé c6 RI thép, RI cao hogc RI trung binh.
Theo mét sé phuong 4n, (cac) 16p thit ba 130C c6 thé c6 RI twong tu nhw 16p ¢6 RI
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thép thu nhit 130A hoc 16p ¢6 RI cao thit hai 130B. Theo cac phuong én khac, (céc)
16p thtt ba 130C ¢6 thé ¢6 RI trung binh ma n6 ndm & gifta RI cta 16p ¢6 RI thp th
nhét 130A va RI ciia 16p c¢6 RI cao tht hai 130B. Theo cach khéc, (céc) 16p thi ba
130C c6 thé c6 chi sé khtic xa cao hon 16p ¢6 RI cao thir hai 130B. Lop thit ba c6 thé
duge cung cip & 16p phi chéng phan chiéu 120 theo cac cdu hinh minh hoa sau day:
Ligp the ba/H/L/H/L; Hisp the vo/L/H/L/H; L/H/L/H/Lisp this ba; H/L/H/L/Hisp thir ba; Liop thi
vo/H/L/H/L/Hisp the va; Hiop the ba/L/H/L/H/Lisp thi ba; Lisp e ba/ L/H/L/H; Hisp thir ba/
H/L/H/L; H/L/H/ L/Lisp the ba; L/H/L/ H/Hisp tha ba; Lisp thir ba/L/H/L/H/Hisp the va; Hiep the
va//H/L/H/L/Lisp thir ba; L/Misp thee ba/H/L/M/H; H/M/L/H/M/L; M/L/H/L/M; va nhing su
két hop khac. Theo cdc cAu hinh ndy, "L" ma khong c6 bét ky ky tu chi s6 duéi nao dé
chi 16p c6 RI thap thir nhat va "H" ma khong c6 bat ky ky tu chi s dudi ndo dé chi lop
¢6 RI cao thir hai. Tham chiéu dén “Ligp phu theba” d& chi 16p thit ba ¢6 RI thap, “Hisp phu
iibe” d8 chi 16p tht ba c6 RI cao va “M” dé chi 16p thi ba c6 RI trung binh, tat ca déu
lién quan dén 16p thi nhét va 16p thit hai.

Theo st dung & day, thuat ngit “RI thip”, “RI cao” va “RI trung binh” dé chi
cac gid tri tuong ddi ctia RI véi RI khac (vi dy, RI thip < RI trung binh < RI cao).
Theo mot hodc nhidu phuong 4n, thudt ngit "RI thip" khi duoc st dung cung véi 16p
¢6 RI thip tht nhat hodc v6i 16p thit ba, bao gdm pham vi tir 1,3 dén khoang 1,7 hodc
1,75. Theo mot hodc nhiéu phuong 4n, thuat ngt "RI cao" khi duge st dung cung voi
16p ¢6 RI cao thir hai hodc v6i 16p thir ba, bao gbém pham vi tr 1,7 dén khoang 2,5 (vi
dy, khoang 1,85 hodc 16n hon). Theo mot s6 phuong 4n, thuat ngt "RI trung binh" khi
dugc st dung cung vdi 16p thir ba, bao gbm pham vi tr 1,55 dén khoang 1,8. Trong
mot sd truong hop, cac pham vi dbi véi RI thép, RI cao va RI trung binh cé thé chéng
1én nhau; tuy nhién, trong hdu hét cc trudng hop, cic 16p cua 16p phi chéng phan
chiéu 130 c6 méi quan hé chung vé RI ctia: RI thip < RI trung binh <RI cao.

(Céac) 16p tht ba 130C co thé dugc cung cdp & dang 16p riéng biét tir phin
khoang 132 va c6 thé duoc bd tri & gifta phan khoang hodic nhiéu phan khoang va 16p
16t mt 131, nhu duoc thé hién & hinh v& trén Fig.4. (Cac) 16p tht ba cfing ¢6 thé dwoc
cung cAp & dang 16p riéng biét tir phan khoang 132 va c6 thé dugc bé tri & gita nén
110 va nhidu phan khoang 132, nhu duge thé hién & hinh v& trén Fig.5. (Céc) 16p thi
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ba 130C c6 thé dugc sit dung ngoai 16p phii bd sung 140 thay cho 16p 16t mat 131 hodc
ngoai 16p 16t mit, nhu duge thé hién & hinh v& trén Fig.6.

Vit liéu minh hoa thich hop d& st dung trong 16p phu chéng phan chiéu 130
bao gém: Si0,, ALO3, GeOy, SiO, AlIOxNy, AIN, SiNx, SiOxNy, SiuAlyOxNy, Ta20s,
Nb,Os, TiO,, ZrOs, TiN, MgO, MgF,, BaF;,CaF,, SnO;, HfO2, Y20s3, MoOs3, DyFs3,
YbFs, YF3, CeFs, polyme, flopolyme, polyme dugc polyme hoa béng plasma, siloxan
polyme, silsesquioxan, polyimit, polyimit flo héa, polyeterimit, polyetesulfon,
polyphenylsulfon, polycacbonat, polyetylen terephtalat, polyetylen naphtalat, polyme
acrylic, polyme uretan, polymetylmetacrylat, cac vat liéu khac ké ra dudi day 1a thich
hop dé sir dung trong 16p chéng xudce, va cac vat liéu khac da biét trong linh vuc. Mot
s& vi du v& vat liéu thich hop dé str dung trong 16p c6 RI thip thir nhét bao gdm SiO»,
ALOs, GeOy, SiO, AlOxNy, SiOxNy, SiuAlyOxNy, MgO, MgAL>04, MgF2, BaF2, Cak,
DyFs, YbF3, YF3, va CeFs. Ham lugng nito cta cac vét liéu dé str dung trong 16p c¢6 RI
thip thir nhét c6 thé dwoc giam dén mirc thdp nhét (vi dy, trong cac vat liéu nhu ALO;
va MgALO4). Mot sé vi du vé vat lidu thich hop dé st dung trong 16p c6 RI cao thir
hai bao gdm SiuvAlLyONy, Ta;0s, NbOs, AIN, SisNs, AlOxNy, SiOxNy, HfO2, TiO»,
7107, Y203, A203, MoO3 va cacbon gidng kim cuong. Ham lugng oxy cla cic vat
liéu ctia 16p c6 RI cao thtr hai va/hodc 16p chéng xudc c6 thé duge giam dén mrc thép
nhat, nhét 1 trong cac vat liéu SiNx hodc AINx. Vit ligu AlOxNy c6 thé dugc coi 1a
AINX pha oxy, tic la nguyén li€u nay ¢ thé ¢6 cdu trac tinh thé AINx (vi du, vutzit)
va khong cén c6 cAu trac tinh thé AION. Céc vat liéu AIOxNy RI cao wu tién minh hoa
c6 thé bao gdm tir 0% nguyén tir dén khoang 20% nguyén tir oxy, hodc tlir 5% nguyén
tir dén khoang 15% nguyén tir oxy, trong khi bao gdm tir 30% nguyén tir dén khoang
50% nguyén tir nito. Céc vat liéu SiuAlyOxNy RI cao uu tién minh hoa c6 thé bao gém
tr 10% nguyén tir dén khoang 30% nguyén t hodc tir 15% nguyén tur dén khoang
25% nguyén tu silic, tir 20% nguyén ti dén khoang 40% nguyén tir hodc tlr 25%
nguyén tir dén khoang 35% nguyén tir nhom, tir 0% nguyén tir dén khoang 20%
nguyén tir hodc tir 1% nguyén tlt dén khoang 20% nguyén tir oxy, va tir 30% nguyén
it dén khoang 50% nguyén tir nito. Céc vat lidu néu trén c6 thé duoc hydro hoa dén
khoang 30% theo khdi lugng. Khi cn c6 mdt nguyén liéu c6 chi sd khiic xa trung

binh, m6t s6 phuong an c6 thé st dung AIN va/hodc SiOxNy. P9 cimg ctia 16p ¢6 RI
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cao thir hai va/hodc 16p chbng xuéc c6 thé duoc md ta dic tinh mdt cach cu thé. Theo
mdt s§ phuong 4n, d cing t81 da cta 16p c6 RI cao thtt hai va/hodc 16p chéng xudc,
duoc xac dinh béng thr nghiém d§ cung theo vét cit 16m Berkovitch, c6 thé vao
khoang 8 GPa hoic 16n hon, khoang 10 GPa hodc 16n hon, khoang 12 GPa hodc 16n
hon, khoang 15 GPa hodc 16n hon, khoang 18 GPa hodc 16n hon, hodc khoang 20 GPa
hodc 16n hon. Trong mdt s6 truong hop, vat liéu ctia 16p c6 RI cao thir hai c6 thé duoc
léng tha lam 16p don va c6 thé duge mb ta dic tinh 14 16p chong xudc, va 16p don nay
6 thé c6 d6 day nim trong khodng gitra 500 va 2000nm d8 xac dinh do ctng c6 thé
lap lai.

Theo mét hogic nhidu phuong 4n, it nhit mot trong s cac 16p cia 16p phii chdng
phan chiéu 130 c6 thé bao gdm mot pham vi d§ day quang hoc riéng bi¢t. Theo su
dung & day, thuét ngit "dd day quang hoc" duoc xac dinh bang (n*d), trong d6 "n" dé
chi RI ciia 16p phu va "d" dé chi bé day khong gian ctia 16p. Theo mdt hogc nhiéu
phuong an, it nhit mot trong s6 cic 16p ctia 16p phu chéng phan chiéu 130 c6 thé bao
gbm d6 day quang hoc ndm trong khoang tir 2nm dén khoang 200nm, tir 10nm dén
khoang 100nm, tir 15nm dén khoang 100nm, tir 15 dén khoang 500nm, hoc tir 15 dén
khoang 5000nm. Theo mot sd phuong 4n, tht ca cac 16p trong 16p phu chéng phan
chiéu 130 mdi 16p co thé c6 dd day quang hoc n3m trong khoang tir 2nm dén khoang
200nm, tir 10nm dén khoang 100nm, tir 15nm dén khoang 100nm, tir 15 dén khoéng
500nm, hozc tir 15 dén khoang 5000nm. Trong mot s6 trudng hop, it nhét mot 16p clia
16p pht chéng phan chiéu 130 c6 d6 day quang hoc khoang 50nm hodc 16n hon. Trong
mot s truong hop, mdi mot trong s cac 16p c6 RI thip thir nhét c¢6 d6 diy quang hoc
nim trong khoang tir 2nm dén khoang 200nm, tir 10nm dén khoang 100nm, tir 15nm
dén khoang 100nm, tir 15 dén khoang 500nm, hogc tir 15 dén khoang 5000nm. Trong
céc trudng hop khéc, mdi mot trong s6 céc 16p c6 RI cao thtt hai ¢6 d§ day quang hoc
nim trong khoang tir 2nm dén khoang 200nm, tir 10nm dén khoang 100nm, tir 15nm
dén khoang 100nm, tir 15 dén khoang 500nm, hoge tlr 15 dén khoang 5000nm. Trong
c4c trudong hop khéc nita, mbi mot trong sd céc 16p thir ba c6 do day quang hoc nim
trong khoang tir 2nm dén khoang 200nm, tir 10nm dén khoang 100nm, tir 15nm dén
khoang 100nm, tir 15 dén khoang 500nm, hogc tir 15 dén khoang 5000nm.
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Theo mdt sb phuong an, d§ day cua mét hodc nhiéu trong s céc 16p ctia 16p
pht quang hoc 130 ¢6 thé dugc giam dén muc thip nhit. Theo mot hodc nhiéu phuong
4n, d6 day ctia (cac) 16p c6 RI cao va/hodc (cac) 16p c6 RI trung binh duge giam thidu
dén murc thip nhét sao cho nho hon 500nm. Theo mdt hogc nhiéu phuong 4n, do day
két hop cita (cac) 16p c6 RI cao, (cac) 16p c6 RI trung binh va/hodc sy két hop cua céc
16p ¢6 RI cao va RI trung binh 1a nhé hon 500nm.

Theo mdt sb phuong 4n, lugng vat liéu c6 RI thip trong 16p phii quang hoc ¢6
thd duoc giam dén mtc thip nhit. Khong bi rang budc boi ly thuyét, vat liéu c6 RI
thip dién hinh ciing 13 vét liéu c6 d6 cling thép, do ban chét cta lién két nguyén tir va
mat do dién tir ma ching tic dong ddng thoi 1én chi sb khuc xa va dd cimg va do do,
viée giam thiéu dén mic thip nhét vat liéu nhu vay c6 thé 1am ting toi da d6 clmng,
trong khi van duy tri dwoc d¢ phan xa va higu suAt mau mo ta & day. Pugc biéu dién
dudi dang ty 16 ciia bé day khong gian ctia 16p phti quang hoc, vat liéu ¢ RI thip c6
thé bao gdm dudi 60%, dusi 50%, dudi 40%, dudi 30%, dudi 20%, dudi 10%, hodc
dudi 5% cia bé day khong gian cta 16p phu quang hoc. Theo cach khéac hodc theo
cach bd sung, luong vat lidu co6 RI thép c6 thé duoc x4c dinh 13 tdng cta céc bé day
khong gian cia toan bd 16p cta vat li€u c6 RI thip ma chiing dugc b tri & trén 16p cb
RI cao day nhét trong 16p phu quang hoc (tic 13, & phia d6i dién nén, phia ngudi st
dung hoic phia khong khi). Khong bi rang budc boi ly thuyét, 16p c6 RI cao day c6 do
ctimg cao bao vé mot cach hiéu qua cho cac 16p bén dudi (hoic ¢ gifra 16p c6 RI day va
nén) tranh khoi nhidu hodc hiu hét moi vét xude. Do d6, céc 16p bb tri & trén 16p c6 RI
cao diy nhét c6 thé c6 tac dong qua mirc 1én do bén chéng xudc clia toan bd vat pham.
Didu nay dic biét thich hop khi 16p ¢6 RI cao day nhét c6 bé day khong gian 16n hon
400nm va c6 d6 cimg 16n hon 12 GPa khi duogc do bang thir nghiém do cung theo vét
cét 16m Berkovich. Lugng vt liéu c6 RI thép duoc bé tri & trén 16p ¢6 RI cao diy nhét
(ttrc 13, & phia d6i dién nén, phia ngudi stt dung hodc phia khong khi) c6 thé c6 @6 day
nhé hon hoic tuong duong 150nm, nhd hon hogc twong dwong 120nm, nh6 hon hozc
tuong dwong 110nm, 100nm, 90nm, 80nm, 70nm, 60nm, 50nm, 40nm, 30nm, 25nm,

20nm, 15nm, hodc nh6 hon hodc twong dwong 12nm.

Oheo mot sb phuong 4n, 16p phia khong khi trén nhét c6 thé bao gdbm 16p c6 RI

cao ma lép nay cling thé hién d6 cimg cao, nhu dugc thé hién trong céc vi du md
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phong 8-9. Theo mdt s6 phuong 4n, 16p phu bd sung 140 c6 thé dugc bb tri & trén cling
cta 16p phia khong khi trén nhét c6 RI cao nay (vi du, 16p phti bd sung c6 thé bao gdm
16p phtt ma sat thip, 16p pht ki dau hodc 16p phu d& 1am sach). Ngoai ra, nhu dugc
minh hoa bing vi du mb phong 10, viéc bd sung 16p c6 RI thip c6 do day rat thip (vi
du, khoang 10nm hodc nhé hon, khoang 5nm hodc nh6 hon hodc khoang 2nm hogc
nhé hon) c6 tac dong t6i thiéu 1én hidu sudt quang, khi dwoc bd sung vao 16p phia
khong khi trén nhit bao gdm 16p c6 RI cao. Lop c RI thap ¢6 d6 day rét thip c6 thé
bao gdm SiOy, 16p ki dAu hodc ma sét thip hoic hdn hop ctia SiOz va vat ligu ki dau.
Céac 16p ma sat thap minh hoa c6 thé bao gébm cacbon gidng kim cuong, vat liéu nhu
vay (hodc mot hodc nhiéu 16p ctia 1ép pht quang hoc) c6 thé thé hién hé s6 ma sit nhé
hon 0,4, nho hon 0,3, nh6 hon 0,2, hodc thdm chi nho6 hon 0,1.

Theo mdt hodc nhidu phuong 4n, 16p phu chéng phan chiéu 130 c6 bé day
khéng gian khoang 800nm hogc nhé hon. Lép phu chéng phan chiéu 130 c6 thé c6 bé
day khong gian nim trong khoang tir 10nm dén khoang 800nm, tir 50nm dén khoang
800nm, tir 100nm dén khoang 800nm, tir 150nm dén khoang 800nm, tir 200nm dén
khoang 800nm, tir 10nm dén khoang 750nm, tir 10nm dén khoang 700nm, tir 10nm
dén khoang 650nm, tir 10nm dén khoang 600nm, tir 10nm dén khoang 550nm, tir
10nm dén khoang 500nm, tir 10nm dén khoang 450nm, tir 10nm dén khoang 400nm,
tr 10nm dén khoang 350nm, tir 10nm dén khoang 300nm, tir 50 dén khoang 300, va

tAt ca cac khoang va khoang phu nam gifta cic khodng néu trén.

Theo mot hoic nhidu phuong an, bé diy khong gian két hop cuia (cac) 1op c¢6 RI
cao thir hai ¢6 thé duoc mé ta dic tinh. Chéng han, theo mdt sb phuong an, do day két
hop clia (céc) 16p c¢6 RI cao thit hai c6 thé vao khoang 100nm hodc 16n hon, khoang
150nm hodc 16n hon, khoang 200nm hodc 16n hon, khoang 500nm ho#c 16n hon. Do
day két hop 1a t6 hop dugc tinh todn clia cac d6 day cia ting 16p ¢6 RI cao riéng biét
trong 16p phu chéng phan chiéu 130, ngay ca khi c6 (céac) 16p xen c¢6 RI thép hoic
(céc) 16p khac. Theo mot s6 phuong 4n, bé day khéng gian két hop cua (cac) 16p c6 RI
cao thtr hai, cc 16p nay cling co thé bao gém vat lidu c6 dod ctimg cao (vi du, vat ligu
nitrua hodc oxynitrua), co thé 16n hon 30% cua tong bé day khong gian cuia 16p phi
chéng phan chiéu. Chéng han, bé day khong gian két hop ctia (cac) 16p c6 RI cao thir
hai c6 thé vao khoang 40% ho#ic 16n hon, khoang 50% hodc 16n hon, khodng 60%
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hozic 16n hon, khoang 70% hoic 16n hon, khoang 75% hogc 16n hon, hodc thdm chi
khoang 80% hodc 16n hon, cua tdng bé day khong gian ctia 16p phi chéng phan chiéu.
Theo céch bd sung hoc theo cach khéac, lugng cua vét ligu c6 chi s6 khuc xa cao, nd
c6 thé cling 12 vat liéu c6 dd cung cao, duoc bao gdm trong 16p phii quang hoc ¢ thé
dugc mb ta dic tinh & dang ty 18 % cia bé day khong gian ciia 500nm trén nhét (tic 13,
phia ngudi st dung hodc phia clia 16p phu quang hoc d6i dién nén) cua vat pham hoic
16p phut quang hoc 120. Pugc bidu dién & dang ty 18 ctia 500nm trén nhét clia vat pham
ho#c 16p pht quang hoc, bé day khong gian két hop cta (cac) 16p c6 RI cao thir hai
(hodc d6 day cta vat liéu c6 chi s6 khuc xa cao) ¢ thé vao khoang 50% hodc 16n hon,
khoang 60% hotc 16n hon, khoang 70% hodc 16n hon, khoang 80% hodc 16n hon, hodc
thdm chi khoang 90% hodc 16n hon. Theo mot sb phuong 4n, céc ty 1€ cao hon cla vat
liéu ctmg va vét liéu chi sb cao bén trong 16p phi chéng phan chiéu ciing c6 thé dugc
tao ra ddng thoi dé ciing biéu hién d6 phan xa thép, mau sic thép va d0 bén chdng mai
mon cao nhu duoc md ta thém & phﬁn khac & day. Theo mot hodc nhiéu phuong 4n,
che 16p c6 RI cao thit hai c6 thé bao gdm nguyén lidu c6 chi s khuc xa 16n hon 1,85
va cac 16p c6 RI thip thi nhit c6 thé bao gdm nguyén liéu c6 chi s6 khiic xa nhé hon
1,75. Theo mot sb phuong an, cac 16p c6 RI cao thir hai c¢6 thé bao gbm vat liéu nitrua
hodc oxynitrua. Trong mot sb trudng hop, d6 day két hop cua tAt ca cac 16p ¢6 RI thip
thi nhét trong 16p phi quang hoc (hodc trong céc 16p ma dugc bd tri & trén 16p c6 RI
cao tht hai day nhét ctia 16p phtt quang hoc) ¢6 thé vao khoang 200nm hodc nho hon
(vi du, khoang 150nm hodc nho hon, khoang 100nm hodc nho hon, khoang 75nm hodc
nho hon, hoic khoang 50nm hogc nhé hon).

Theo mdt sb phuong 4n, 16p phu chéng phan chiéu 130 thé hién do phan xa anh
sdng trung binh khoang 9% hogc nhé hon, khoang 8% hogc nho hon, khoang 7% hodc
nho hon, khoang 6% hodc nho hon, khoang 5% hogc nhé hon, khoang 4% hodc nho
hon, khoang 3% hodc nho hon, hodc khoang 2% hodc nho hon theo trang thai budc
song quang hoc, khi dugc do duy nhét tai b& mit chéng phan chiéu 122 (vi du, khi loai
bd cac phan chiéu tir bé mit phia sau khong phu (vi dy, 114 & hinh v& trén Fig. 1) cia
vét phim, nhu théng qua viéc sit dung dAu tuong hop chi s6 trén bé mit phia sau lién
két v&i mot cht hdp thy, hodc cic phuong phap khac). D6 phin xa trung binh (c6 thé
I d chéi trung binh) c6 thé nim trong khoang tir 0,4% dén khoang 9%, tir 0,4% dén
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khoang 8%, tir 0,4% dén khoang 7%, tir 0,4% dén khoang 6%, hoc tir 0,4% dén
khoang 5% va tht ca cac khoang ndm gifta cdc khoang néu trén. Trong mot s§ truong
hop, 16p phii chéng phan chiéu 120 ¢6 thé thé hién do phan xa nh sang trung binh nhu
vay trén cac khoang bude song khéc, nhu tir 450nm dén khoang 650nm, tir 420nm dén
khoang 680nm, tir 420nm dén khoang 700nm, tir 420nm dén khoang 740nm, tir 420nm
dén khoang 850nm, hodc tir 420nm dén khoang 950nm. Theo mét sb phuong 4n, bé
mit chéng phan chidu 122 thé hién d¢ truyén 4nh séng trung binh khoang 90% hodc
16n hon, 92% hoic 16n hon, 94% hoic 16n hon, 96% hodc 16n hon, hodc 98% hodc 16n
hon, theo trang thai budc séng quang hoc. Trlr khi dugc xéac dinh theo cach khac, do
phén xa hoic d6 truyén trung binh dugc do & goc chiéu sang toi tir 0 49 dén khoang 10
dd (tuy nhién, cac dai lwong do nhu vay co6 thé dwoc cung cép & goc chidu sang t6i
bing 45 dd hoic 60 do).

Vat phim 100 c6 thé bao gdm mét hoic nhiéu 16p phu bd sung 140 duoc bd tri
& trén 16p phi chdng phan chiéu, nhu duogc thé hién & hinh vé& trén Fig.6. Theo mot
hodc nhidu phuong 4n, 16p pht b sung c6 thé bao gdm 16p phit d& 1am sach. Vi du vé
16p pht dé& lam sach thich hop dugc mé ta trong don yéu ciu cAp patent M sb
13/690,904, vé&i tiéu d& tai liéu “PROCESS FOR MAKING OF GLASS ARTICLES
WITH OPTICAL AND EASY-TO-CLEAN COATINGS,” np ngay 30/11/2012, toan
b6 ndi dung ctia né duge két hop tham khéo trong séng ché nay. Lép pht dé 1am sach
¢6 thd ¢6 dd day nim trong khoang tir 5Snm dén khoang 50nm va c6 thé bao gdm céc
vat liéu da biét nhu silan flo héa. Theo mot s6 phuong 4n, 16p phu d& 1am sach c6 thé
c6 d6 day nim trong khoang tr 1nm dén khoang 40nm, tir 1nm dén khoang 30nm, tir
1nm dén khoang 25nm, tir Inm dén khoang 20nm, tir 1nm dén khoang 15nm, tir Inm
dén khoang 10nm, tir Snm dén khoang 50nm, tir 10nm dén khoang 50nm, tir 15nm dén
khoang 50nm, tr 7nm dén khoang 20nm, tir 7nm dén khoang 15nm, tir 7nm dén
khoang 12nm hodc tir 7nm dén khoang 10nm, va tit ca céc khoang va khoang phu nam
gifta cac khoang néu trén.

L6p pht bd sung 140 ¢6 thé bao gbdm 16p hoic céc 16p chbng xuéc. Theo mot
s6 phuong 4n, 16p phit bd sung 140 bao gdm hdn hop clia vét ligu dé 1am sach va vat
liu chéng xudc. Trong mot vi du, hdn hop bao gdm vat liéu d& 1am sach va cacbon

gidng kim cuong. Céc 16p phu bd sung 140 nay c6 thé ¢ d6 day ndm trong khoang tir
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5nm dén khoang 20nm. Cac thanh phén cAu tao cta 16p phu bd sung 140 c6 thé dugc
cung cép trong céc 16p riéng biét. Chéng han, cacbon gidng kim cuwong c6 thé duoc bb
trf 1am 16p thtr nhat va 16p d& lam sach c6 thé dugc bé tri 1am 16p thir hai trén 16p thi
nhét cacbon gidng kim cuong. D day cia 16p thw nhét va 16p thi hai c6 thé nim trong
khoang dugc néu ¢ trén di v6i 16p phit bd sung. Chéng han, 16p thir nhit cacbon
gidng kim cuong c6 thé c6 d6 day khoang 1nm dén khoang 20nm hoic tir 4nm dén
khoang 15nm (hodc t5t hon khoang 10nm) va 16p thi hai d& lam sach c6 thé c6 d6 day
khoang 1nm dn khoang 10nm (hodc tdt hon khoang 6nm). Lép pha gidng kim cuong
c6 thé bao gém cacbon vd dinh hinh t dién (Ta-C), Ta-C:H, va/hodc a-C-H.

Nhu duogc néu & day, 16p pht quang hoc 120 ¢c6 thé bao gdm 16p chdng xudce
150 hodc 16p phu (khi nhidu 16p chdng xuée duge st dung), cc 16p nay c6 thé duoc
b tri & gita 16p phit chéng phan chiéu 130 va nén 110. Theo mét s6 phuong 4n, 16p
chbng xudc 150 hodc 16p phu duoc b tri & giita cac 16p cta 16p phu chéng phan chiéu
130 (nhu 150 duoc thé hién & hinh v& trén Fig.7 hodc 345 duoc thé hién ¢ hinh v& trén
Fig.8). Hai phin cia 16p phil chéng phan chiéu (tirc 14, phan thit nhat duge bo tri &
gifta 16p chéng xuéc 150 va nén 110, va phin thir hai dugc bd tri & trén 16p chéng
xudc) c6 thé ¢ do day khac v6i phin khac hodc c6 thé c6 do day co ban tuong tu nhu
phan khéc. C4c 16p cta hai phén ctia 16p pht chbng phan chibu c6 thé gidng vé thanh
phin, thir tw, d6 day vi/hogic cch sap xép nhur 16p khac hogc ¢6 thé khac véi 16p khac.

V4t liéu minh hoa dugc st dung trong 16p chéng xudc 150 hodc 16p phu (hodc
16p chéng xude/lép phu duge sir dung lam 16p phu bd sung 140) c6 thé bao gbm vit
liéu cacbua, nitrua, oxit hitu co, vat liéu giéng kim cuong, hodc hdn hop cla cac vat
liéu nay. Vi du vé vat liéu thich hop cho 16p chéng xudc hodc 16p phi bao gbm kim
loai oxit, kim loai nitrua, kim loai oxynitrua, kim loai cacbua, kim loai oxycacbua,
va/hodc hdn hop cua chiing. Céc kim loai minh hoa bao gém B, Al Si, Ti, V, Cr, Y,
Zr, Nb, Mo, Sn, Hf, Ta va W. Vi du cu thé v& vat liéu ma cé thé duoc st dung trong
16p chéng xudc hodic 16p phi c6 thé bao gdm ALOs, AIN, AIOxNy, SisNa, SiOxNy,
SiyAlyOxNy, kim cuong, cacbon giéng kim cuong, SixCy, SixOyCz, ZrOz, TiOxNy va
hdn hop cua chung. Ldp chéng xudc hodc 16p phu cling cb thé bao gdm vat lieu
nanocomposit hodc vt liéu véi vi cAu tric c6 kiém soat dé cai thién d6 cung, do bén

hodic d6 bén chéng mai mon / sdn mon. Chang han, 16p chong xude hodc 16p phu cé

-19-



36218

thé bao gdm céc tinh thé nano véi kich thude nim trong khodng tir Snm dén khoang
30nm. Theo c4c phuong an, 16p chbng xuéc hodc 16p phi c6 thé bao gbm ziricon ting
bén khi bién dbi, ziricon dugc dn dinh mot phﬁn, hodc alumin tdng bén bing ziricon.
Theo cac phuong 4n, 16p chéng xudc hodc 16p phi thé hién gi4 tri d6 bén chdng gay
16n hon 1 MPavm va déng thoi thé hién gié tri 6 cing 16n hon 8 GPa.

L6p chéng xude c6 thé bao gdm 16p don 150 (nhu dugc thé hién ¢ hinh V& trén
Fig.7), nhiéu 16p phu hodc céc 16p phu hodc cdc 16p don ma thé hién gradient chi s6
khiic xa 345 (nhu duge thé hién & hinh v& trén Fig.8). Truong hop nhiéu 16p duge s
dung, c4c 16p nay tao thanh 16p phu chéng xudc 845. Ching han, 16p phu chéng xudc
845 c6 thé bao gdm gradient thanh phin ciia SiuAlOxNy, trong d6 ndng do clia mbi
mét thanh phin bét ky hoc nhidu thanh phén trong s Si, Al, O va N duoc thay dbi de
gia tdng hodc lam gidm chi sb6 khuc xa. Gradient chi s6 khuc xa ciing c6 thé duoc tao
ra nho st dung d6 xOp. Gradient nhu vy duoc md ta day dt hon trong don yéu cau
chp patent My s6 14/262224, véi tiéu d& tai lidu 13 “Scratch-Resistant Articles with a
Gradient Layer”, nép ngdy 28/04/2014, toan by ndi dung cua tai liéu nay duogc két hop
tham khao & day.

Thanh phan cta 16p chéng xuéc hoic 16p phu co thé duoc thay dbi dé c6 dugce
céc dic tinh riéng biét (vi dy, d6 cing). Theo mot hodc nhiéu phuong &n, 16p chéng
xuéc hodc 16p phu thé hién dd cimg t51 da ndm trong khoang tir 5GPa dén khoang
30GPa khi dugc do trén bé mit chinh cua 16p chéng xuéc hodc 16p phu, bang thir
nghiém d¢ cung theo vét cit 1om Berkovitch. Theo mdt hodc nhiéu phuong é4n, 16p
chéng xudc hodc 16p phu th hién do cumg t6i da nim trong khoang tir 6 GPa dén
khoang 30 GPa, tir 7 GPa dén khoang 30 GPa, tir 8 GPa dén khoang 30 GPa, tir 9 GPa
dén khoang 30 GPa, tir 10 GPa dén khoang 30 GPa, tir 12 GPa dén khoang 30 GPa, tir
5 GPa dén khoang 28 GPa, tir 5 GPa dén khoang 26 GPa, tir 5 GPa dén khoang 24
GPa, tir 5 GPa dén khoang 22 GPa, tir 5 GPa dén khoang 20 GPa, tir 12 GPa dén
khoang 25 GPa, tir 15 GPa dén khoang 25 GPa, tir 16 GPa dén khoang 24 GPa, tir 18
GPa dén khoang 22 GPa va tét ca céc khoang va khoang phu nim gitta cac khoang néu
trén. Theo mot hodc nhiéu phuong an, 16p phu chbng xudc c6 thé thé hién d6 cimg tbi
da 16n hon 15 GPa, 16n hon 20 GPa, hodc 1én hon 25 GPa. Theo mdt hoac nhiéu
phuong 4n, 16p chéng xudc thé hién do cimg t8i da ndm trong khoang tir 15 GPa dén
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khoang 150 GPa, tir 15 GPa dén khoang 100 GPa, hogc tir 18 GPa dén khoang 100
GPa. Do ctng t5i da 1a gia tri d0 cung cao nhét duge do trong pham vi cdc do su vét
cht 16m. CAc gié tri d6 ctimg t6i da nhu vy duoc thé hién doc theo d9 sau vét cit 1om
khoang 50nm hozc 16n hon hodc 100nm hodc 16n hon (vi du, tir 100nm dén khoang
300nm, tir 100nm dén khoang 400nm, tir 100nm dén khoang 500nm, tir 100nm dén
khoang 600nm, tir 200nm dén khoang 300nm, tir 200nm dén khoang 400nm, tlr 200nm
dén khoang 500nm, hodc tir 200nm dén khoang 600nm).

Bé& day khong gian ctia 16p phu chéng xuéc hoic 16p cb thé nim trong khoang
tr 1nm dén khoang Sum. Theo mot sb phuong 4n, bé day khong gian ciia 16p phu
chéng xudc ¢6 thé nim trong khoang tir 1nm dén khoang 3um, tir Inm dén khoang
2,5um, tir Inm dén khoang 2pum, tir 1nm dén khoang 1,5um, tir Inm dén khoang 1pum,
tir Inm dén khoang 0,5pm, tir Inm dén khoang 0,2 pm, tir Inm dén khoang 0,1pm, tlr
1nm dén khoang 0,05um, tir 5nm dén khoang 0,05um, tir 10nm dén khoang 0,05um,
tr 15nm dén khoang 0,05pum, tr 20nm dén khoang 0,05um, tr 5nm dén khoang
0,05um, tir 200nm dén khoang 3pm, tir 400nm dén khoang 3pm, tir 800nm dén
khoang 3um, va tat ca cac khoang va khoang phu ndm gifta cdc khoéng néu trén. Theo
mot s6 phuong én, bé day khong gian cla 16p phu chdng xudc co thé nim trong
khoang tir Inm dén khoang 25nm. Trong mot s6 trudong hop, 16p chéng xuéc co thé
bao gém vat liéu nitrua hodc oxy-nitrua va cd thé c6 d6 day khoang 200nm hogc 16n

hon, 500nm hoic 16n hon hodc khoang 1000nm hogc 16n hon.

V4t phdm theo mot hogic nhiéu phuong 4n c6 thé dugc mé ta & dang chéng mai
mon khi duoc do biang cac phuong phap khéc nhau, sau khi duoc 1lam trdy mon trén bé
mit chdng phan chiéu 122 theo thir nghiém Taber sau it nhét khoang 500 chu trinh.
Céac dang thir nghiém mai mon khac nhau la da biét trong linh vuc, nhu phuong phép

“thtr nghiém duoc xac dinh theo tiéu chudn ASTM D1044-99, sit dung mdi trudng an
mon duge cung cip boi nha san xuét Taber Industries. Phuong phap mai mon cai bién
lién quan dén tiéu chudn ASTM D1044-99 c6 thé duge tién hanh st dung céc kiéu moi
trudng mai mon, hinh déng va van dong, 4p luc gdy mai mon khac nhau, v.v. dé tao ra
cac vét mai mon hodc son mon 13p di lap lai va cd thé x4ac dinh duoc dé phéan biét mot
céch rd rang d6 bén chdng mai mon cua cac mAu khac nhau. Ching han, cac diéu kién

thir nghiém khac nhau thong thuong s€ la thich hop d8i v6i cac chit déo mém ddi voi
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cac mAu thir nghiém vé co climg. Cac phuong 4n m6 ta ¢ day duge cho tién hanh thir
nghiém Taber, nhu duge x4c dinh ¢ day, thir nghiém nay 13 phién ban cai bién dic biét
cia tiéu chudn ASTM D1044-99 ma né tao ra su phan biét rd rang va ldp di ldp lai vé
d6 bén gitta cac mau khac nhau ma bao gdm chu yéu vat liéu v6 co cung, nhu céc 16p
phu thity tinh oxit va oxit hodc nitrua. Theo sir dung & ddy, cau “Thir nghiém Taber”
d8 chi phuong phap thir nghiém st dung mdy do d6 mai mon Taber Linear Abraser
5750 (TLA 5750) va céc linh kién duoc cung cAp boi nha san xuét Taber Industries,
trong moi trudong bao gbm nhiét @6 ndm trong khoang 22°C £3°C va d 4m tuong ddi
1én dén khoang 70%. Méy d6 d6 mai mon TLA 5750 bao gdm vét liéu mai mon CS-17
cd duong kinh dau mai mon 6,7mm. M3i mot mAu dugc mai mon theo thir nghiém
Taber va su hu tdn mai mon dugc danh gia nho st dung cac s6 do ctia ca hai ham phén
bb do truyén mu bui va hai chidu (Haze and Bidirectional Transmittance Distribution
Function (CCBTDF), trong sd cic phuong phép khéc. Trong thir nghiém Taber,
phuong thirc 1am mai mon m3i mot mau bao gdm bude dit may do do mai mon TLA
5750 va gi4 d& mAu phang 1én mot bé mit phing cimg va giit chat TLA 5750 va gia d&
mau 1én bé mit. Trude khi mdi mdt miu dugc mai mon trong thir nghiém Taber, méay
do d6 mai mon duge &p lai b mit st dung dai 8p bé mit S-14 méi duoc gén Ién kinh.
M4y do d6 mai mon dugc cho tién hanh 10 chu ky 6p mit st dung tbc @6 chu ky 1a 25
chu ky/phut va do dai hanh trinh 1a 1 inso, khong c6 khéi luong bd sung nio duoc bd
sung (tirc 13, tong khdi lugng khoang 350g dugc sir dung trong khi 5p mit, day 1a khéi
lugng két hop cuia thoi va dai gitt méay do d6 mai mon). Sau d6, phuong thirc bao gbm
bude vin hinh mdy do d6 mai mon TLA 5750 d& mai mon miu, & d6 méu dugc dit
trén gia do mAu tiép xic véi dAu mai mon va d& khéi luong duoc 4p dung 1én dAu mai
mon, st dung tdc d6 chu ky 1a 25 chu ky/phut, va d6 dai hanh trinh 13 1 inso, va khéi
lugng sao cho tdng khéi lugng 4p dung 1én mAu la 850g (tic 14, 500g khoi luong bd
tro dugc ap dung ngoai 350g khéi lwong két hop ctia thoi va dai gift). Phuong thirc bao
gdm bude tao ra hai vét son mon trén m3i mot mau dé lap di 13p lai, va mai mon mdi

mot mAu trong 500 chu ky & moi mét trong hai vet son mon trén moi mot mau.

Theo mot hodc nhidu phuong 4n, bé mat chéng phan chiéu 122 ctia vat phdm
100 dugc mai mon theo thir nghiém Taber & trén va vat phdm thé hién d6 duc khoang

10% hodc it hon, duge xdc dinh ¢ mit dugc mai mon st dung may do @0 duc duogc
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cung cdp béi BYK Gardner dudi tén thuong mai Haze-Gard plus ®, st dung 18 cira

qua cong ngudn, 16 ctra c6 dudng kinh 8mm.

Vit phém 100 theo mdt hodc nhiéu phuong an thé hién d6 bén chéng mai mon
néu trén c6 va khong c¢6 16p phi bd sung bét ky (bao gdm 16p phu bb sung 140, 16p
nay s& dugc mé ta & ddy). Theo mot s6 phuong 4n, d duc c6 thé vao khoang 9% hoic
nhé hon, khoang 8% hodc nhd hon, khoang 7% hodc nho hon, khoang 6% hodc nhéd
hon, khoang 5% ho#c nhé hon, khoang 4% hodc nho hon, khoang 3% hoac nho hon,
khoang 2% hoic nhé hon, khoang 1% hoéc nhé hon, khoang 0,5% hodc nho hon hodc
khoang 0,3% hoic nhé hon. Theo mot sb phuong 4n cu thé, vat pham 100 thé hién do
duc ndm trong khoang tir 0,1% dén khoang 10%, tir 0,1% dén khoang 9%, tir 0,1% dén
khoang 8%, tir 0,1% dén khoang 7%, tir 0,1% dén khoang 6%, tir 0,1% dén khoang
5%, tir 0,1% dén khoang 4%, tir 0,1% dén khoang 3%, tir 0,1% dén khoang 2%, tir
0,1% dén khoang 1%, 0,3% dén khoang 10%, tir 0,5% dén khoang 10%, tir 1% dén
khoang 10%, tir 2% dén khoang 10%, tir 3% dén khoang 10%, tir 4% dén khoang 10%,
tlr 5% dén khoang 10%, tir 6% dén khoang 10%, tir 7% dén khoang 10%, tir 1% dén
khoang 8%, tir 2% dén khoang 6%, tir 3% dén khoang 5%, va tat ca cac khoang va

khoang phu nam gifta cac khodng néu trén.

Céc phuong phap khac 2 x4c dinh d6 bén chéng mai mon cling dugc dy dinh &
day. Theo mdt hodc nhiéu phuong 4n, vt phém 100 dugc mai mon béng thir nghiém
Taber trén b& mit chéng phan chiéu 122 ¢6 thé thé hién do bén chéng mai mon khi
duoc x4c dinh bing cach mai dinh hinh b& mit trén kinh hién vi lyc nguyén tit (AFM),
thao tac nay co thé dugc thuc hién, chéng han trén mot dién tich 80x80 micron, hodc
nhiéu dién tich 80x80 micron (48 14y mau phén dién tich mai mon 16n hon) ctia bé mit
chéng phan chidu 122. Tir cic phin quét iy mAu bé mit AFM ndy, dit liéu théng ké
v& d6 nh4m bé mit nhu d6 nhém RMS, d6 nhdm Ra, va d6 cao bé mit dinh t6i day co
thé dugc danh gia. Theo mot hodc nhiéu phuong an, vat phém 100 (hodc cu thé, bé
mit chéng phan chiéu 122) ¢6 thé thé hién gid tri d6 nham b& mit trung binh (Ra)
khoang 50nm hodc nho hon, khoang 25nm hodc nho hon, khoang 12nm hoéc nhé hon,
khoang 10nm ho#c nho hon, hodc khodng Snm hodc nhé hon, sau khi dugc lam tréy

mon trong thit nghiém Taber m6 ta & trén.
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Theo mdt hodc nhidu phuong én, vat phém 100 c6 thé thé hién do bén chéng
mai mon, sau khi b& mit chéng phan chiéu 122 dugc mai mon bang thir nghiém Taber
khi dugc do bang phép do tin xa 4nh sang. Theo mdt hodc nhiéu phuong an, phép do
tan xa anh sang bao gdm phép do ham phén bb do phan xa hai chiéu (BRDF) hodc
ham phan bd do truyén hai chiéu (BTDF) dugc thuc hién nh¢ sir dung dung cu do
Radiant Zemax IS-SA™. Dung cu nay c6 d¢ linh hoat dé do tan xa 4nh sang st dung
goc nhap bt ky ndm trong khoang tir géc t6i binh thudng dén khoang 85 d6 khi phan
xa va goc téi nim trong khoang tir binh thudng dén khoang 85 d6 khi truyén, trong khi
cling bt giit tAt cd 4nh sdng tan xa di ra khi phan chiéu hodc truyén qua theo cac don
vi goc khdi 2*Pi (bén ciu ddy du khi phan chiéu hodc truyén qua). Theo mot phuong
an, vat phim 100 thé hién d6 bén chéng mai mon, dugc xé4c dinh nho st dung BTDF &
gbc toi vudng goc va phén tich 4nh sang tan xa truyén v&i mot pham vi géc duge lua
chon, ching han tir 10° dén khoang 80° theo cac gbc cuc va pham vi gbc bét ky trong
d6. Pham vi géc phuong vi dAy du c6 thé duge phan tich va tich hop hodc céc lat goc
phuong vi cu thé ¢6 thé duoc lua chon, chfmg han tir 0° dén 90° vé mit phuong vi.
Trong trudong hop mai mon tuyén tinh, t&t hon c6 thé chon huéng phuong vi ma hudng
ndy co ban vudng gdéc voi huéng mai mon @8 gia tang tin hidu - nhidu ctia s6 d6 tan xa
quang. Theo mét hodc nhiéu phuong é4n, vat phém 100 c6 thé thé hién cuong d6 4nh
sang phan tan khi dugc do tai 16p phit chéng phan chiéu 120, khoang nhé hon 0,1,
khoang 0,05 hogc nhé hon, khoang 0,03 hodc nhd hon, khoang 0,02 hodc nho hon,
khoang 0,01 hodc nho hon, khoang 0,005 hodc nhd hon, ho#c khoang 0,003 hodc nho
hon (tinh theo cac don vi 1/don vi goc khéi), khi str dung cong cu Radiant Zemax IS-
SA trong phuong thitc CCBTDF & géc téi vudng gbéc khi truyén, c6 18 ctra 2mm va
mot don séc ké thibt dat tai budc séng 600nm va khi duoc danh gid & gbe tan xa phan
cuc nim trong khoang tir 15° dén khoang 60° (vi dy, cu thé 14 khoang 20° hogc khoang
40°). Goc t6i vudng gée trong khi truyén theo cach khac c6 thé duoc goi 1a dd 0 (zero)
khi truyén, d6 ndy cé th8 duoc biéu thi & dang géc t6i 180° bing phin mém cong cu.
Theo m6t hodc nhiéu phuong an, cudng do dnh sing phén tan c6 thé duoc do doc theo
huéng phuong vi co ban vudng goc v6i huéng mai mon cia méu duge mai mon bang
thir nghiém Taber. Trong mét vi du, thir nghiém Taber c6 thé str dung tlr 10 chu ky dén

khoang 1000 chu ky, va tAt ca cac gié tri ndm trong khoang ndy. Cac gia tri cudng dd
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quang hoc ciing c6 thé twong tmg véi dudi 1%, dudi 0,5%, dudi 0,2%, hogc dudi 0,1%
cta cuong do anh séng dAu vao ma né tdn xa theo gbc tan xa phan cyc 16n hon 5 d9,

16m hon 10 dg, 16n hon 30 d6, hodc 16n hon 45 d9.

N6i chung, thir nghiém BTDF & géc t6i vudng géc, nhu duge mé ta ¢ day, c6
quan hé chat ch& véi s6 do d6 duc truyén, & chd ca hai déu do luong 4nh sang bi tan xa
trong khi truyén qua mau (hodc, trong trudng hop nay, vat phdm 100, sau khi mai mon
16p phu chéng phan chiéu 120). Cac sé do BTDF cung cip d6 nhay cao hon cling nhu
thong tin vé gbc chi tiét hon, so voi sb do d6 duc. BTDF cho phép do su tan xa theo
cac goc cyc va phuong vi khic nhau, chéng han cho phép chung ta danh gid mét cach
chon loc sy tan xa theo céc géc phuong vi ma co ban vudng géc voi huong mai mon
trong thir nghiém Taber tuyén tinh (d4y 1a cac géc, & d6 su tin xa 4nh sang tir mai mon
tuyén tinh 13 cao nhét). Do duc truyén co ban 1a sy tich hop cua tat ca 4nh sdng tdn xa
duoc do bai BTDF géc t6i vudng goc trong toan bo ban cAu cta cac goc cuc 16n hon

+/- 2,5 do.

L6p phu quang hoc 120 va vat phdm 100 c6 thé duoc mé ta theo quan diém vé
d6 cing dugc do béng thir nghiém do cung theo vét cit 1om Berkovich. Theo st dung
& day, “thir nghiém do ctimg theo vét cit 16m Berkovich” bao gdm budc do do cung
ctia mot nguyén ligu trén bé mit ctia nd béng cach tao vét cit 16m bé mit bang dung cu
tao vét cit 1om Berkovich bing kim cuong. Thir nghiém d6 ctng theo vét cit 1dm
Berkovich bao gdm budc tao vét cét 16m bé mit chéng phan chiéu 122 cta vat phim
hodic bé mit ciia 16p phit quang hoc 120 (hodc bé mit ciia bét ky mdt hogc nhiéu trong
s6 céc 16p trong 16p phi chéng phan chiéu) bing dung cu tao vét cit 16m Berkovich
bing kim cuong dé tao ra mot vét ct 16m c6 do sau vét cit 1om nam trong khoang tir
50nm dén khoang 1000nm (hodc toan bd d6 day cua 16p phu chéng phan chiéu hogc
16p, bt ctt d6 day 16p nio nhé hon) va do d ctmg tdi da tir vét cit 16m nay doc theo
toan bd khoang dd sau vét cit 16m hodc mot doan cta d sdu vét c4t 16m nay (vi du,
ndm trong khoang tir 100nm dén khoang 600nm), thong thuong sir dung cdc phuong
phép dwoc néu trong tai liéu cua Oliver, W.C.; Pharr, G. M. An improved technique
for determining hardness and elastic modulus using load and displacement sensing
indentation experiments. J. Mater. Res., Vol. 7, No. 6, 1992, 1564-1583; and Oliver,
W.C.; Pharr, G.M. Measurement of Hardness and Elastic Modulus by Instrument

-25-



36218

Indentation: Advances in Understanding and Refinements to Methodology. J. Mater.
Res., Vol. 19, No. 1, 2004, 3-20. Theo sir dung & day, d0 ctmg d& chi do cimg t6i da,
va khong phai la d§ cimg trung binh.

Mot cach dién hinh, trong cac phwong phép do céac vét cit 1om rat nho (nhu
béng cach st dung dung cu do vét cit 1om Berkovich) ctia mot 16p phi ma né cimg
hon so véi nén bén dudi, 6 ctng do duge ¢6 thé c6 vé tang 1én lic dau do sw phét
trién cta ving déo tai cdc do sdu vét cit 16m ndéng va sau do, tang 1én va dat t&i gia tri
cuc dai hoic trang thai dn dinh & cac d6 sau vét cht 16m sau hon. Sau d6, do ctng gét
dAu giam xudng thdm chi tai cac do séu vét cht 16m sau hon do sy tac dong ctia nén
bén dudi. Truong hop nén cb d clng cao so voi 16p phii duge st dung, higu ng
tuong tu c6 thé duoc quan sét thdy; tuy nhién, d§ ctng tang lén tai cdc do séu vét cit

16m siu hon do su tac dong clia nén bén dudi.

Khoang d9 sau vét cit 1dm va céc gia tri d0 cimg tai (cac) khoang dd sau vét cét
18m x4c dinh c6 thé duoc lya chon d& nhan dién dép tmg do cimg cu thé cta cdc clu
tric mang quang hoc va céc 16p cta nd, duge md ta & déy, khong co su tac dong cua
ndn bén duéi. Khi do do cimg cta cdu tric mang quang hoc (khi duoc b tri & trén
nén) biang dung cu do vét cht 18m Berkovich, ving bién dang thudng xuyén (ving déo)
ciia mot nguyén liéu ¢ lién quan v6i do cing cia vat liéu. Trong khi tao vét cit 1om,
trudng Gng sudt dan héi chay dai qua ving bién dang thuong xuyén ndy. Khi d¢ séu
vét cit 1om ting 1én, 40 cimg biéu kién va hé sb d6 cimg chiu anh hudng boi cac twong
tac trudong Ung suét v6i nén bén dudi. Su anh hudng cua nén 1én d6 cting xuét hién tai
cac d6 sau vét cét 16m sau hon (tic 13, dién hinh & do sdu 16n hon 10% cua cAu trac
mang quang hoc hodc d day 16p). Ngoai ra, mot anh huong khéc 12 & chd, dép tmg do
cling doi hoi tai trong t6i thidu nhét dinh dé phét trién d déo day du trong qua trinh
tao vét cat 16m. Trudc tai trong t5i thidu nhit dinh d6, d6 cimg thé hién xu huéng gia
ting thong thuong.

Tai cac d0 sau vét cit 16m nho (cac do sau nay c6 thé duoc mo ta dic tinh 13 cac
tai trong nho) (vi du, dén khoang 50nm), do ctng biéu kién ctia nguyén liéu c6 vé tang
1&n dot ngdt ddi lap véi do sau vét cit 1om. Khoang do sau vét cit 16m nay khong dai

dién cho sé do thuc v& d0 cimg nhung thay vao do6, phan anh su phat trién cia ving

-26-



36218

déo néu trén, viing nay co lién quan dén ban kinh hitu han cta dd cong cua dung cu tao
vét ¢4t 1om. Tai cac d6 sau vét cit 16m trung gian, d§ cimg biéu kién dat gén t61 muic
tdi da. Tai cac do sau vét cit 16m sau hon, sy anh hudng cta nén trd nén rd rang hon
khi d6 sau vét cit 16m ting 1én. Do clng c6 thé bt dau giam dot ngdt mot khi do séu
vét cit 16m vuot qua khoang 30% cua d¢ day cAu tric mang quang hoc hodc d§ day
16p.

Hinh v& trén Fig.21 minh hoa nhiing thay ddi vé gié tri d0 cting do dugc & dang
ham clia d6 siu vét cit 16m va dé day cta 16p phii. Nhu dugc thé hién ¢ hinh vé& trén
Fig.21, d6 cung do tai cac do sau vét cét 16m trung gian (tai d6, do cing tién gin va
dugc duy tri & mutc tdi da) va tai cac 406 shu vét cit 13m sdu hon tiry thudc vao do day
ctia nguyén liéu hodc 16p. Hinh v& trén Fig.21 minh hoa dép tmg d0 cimg cta 4 16p
AlOxNy khéac nhau c6 d§ day khac nhau. DY cung cua mdi mot 16p dugc do nho st
dung thir nghiém dd ctng theo vét cét 1om Berkovich. Lép day 500nm biéu hién do
ctng tdi da ctia né tai do sau vét cit 13m nim trong khoang tir 100nm dén 180nm, tiép
theo boi sy giam dot ngdt vé d6 cing tai do siu vét cét 1om nim trong khoang tir
180nm dén khoang 200nm, cho thiy d¢ cimg cua nén anh hudng dén sé do d6 ctng.
Lép day 1000nm biéu hién do cimg t6i da tai do sau vét cét 16m ndm trong khoang tir
100nm dén khoang 300nm, tiép theo bdi sy giam dot ngdt v& do ctng tai do shu vét cat
16m 16n hon 300nm. Lép day 1500nm biu hién do cimg t6i da tai o sau vét cit 1om
ndm trong khoang tir 100nm dén khoang 550nm va 16p day 2000nm bicu hién do ctmg
t6i da tai do sau vét cit 16m nam trong khoang tir 100nm dén khoang 600nm. Mic du
hinh v& trén Fig.21 minh hoa 16p don day, cach thirc tvong tu duge quan sat & cac 16p
phil mong hon va cac 16p bao gdm nhiéu 16p nhu 16p phu chéng phan chiéu 120 cua
cic phuong 4n mo ta & day.

Theo mét s& phuong 4n, 16p phii quang hoc 120 c6 thé thé hién do cimg khoang
8 GPa hoic 16n hon, khoang 10 GPa hodc 16n hon hodc khoang 12 GPa hodc 16n hon
(vi du, 14 GPa hoc 16n hon, 16 GPa hodc 16n hon, 18 GPa ho#c 16n hon, 20 GPa hodc
16n hon). Pd cung cua 16p pht quang hoc 120 cé thé 1én dén khoang 20 GPa hodc 30
GPa. V4t phim 100, bao gdm 16p phu chéng phan chiéu 120 va 16p phi b sung bét
ky, nhu duge md ta & day, thé hién d6 ctmg khoang 5GPa hodc 16n hon, khoang 8 GPa
hodc 16n hon, khoang 10 GPa hogc 16n hon hodc khoang 12 GPa hodc 16n hon (vi du,
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14 GPa hodc 16n hon, 16 GPa hoic 16n hon, 18 GPa hodc 16n hon, 20 GPa hodc 16n
hon), duoc do trén bé mit chéng phan chiéu 122, bing thir nghiém do ctng theo vét
cit 16m Berkovitch. P9 cung cua 16p phi quang hoc 120 c6 thé 16n dén khoang 20
GPa hoic 30 GPa. Cac gia tri d§ cimg do dugc nay co th8 duoc thé hién boi 16p phu
quang hoc 120 va/hodc vt phém 100 doc theo dd sau vét cét 16m khoang 50nm hozc
16n hon ho#ic khoang 100nm hodc 16n hon (vi duy, tir 100nm dén khoang 300nm, tir
100nm dén khoang 400nm, tir 100nm dén khoang 500nm, tir 100nm dén khoang
600nm, tir 200nm dén khoang 300nm, tir 200nm dén khoang 400nm, tix 200nm dén
khoang 500nm, hodc tir 200nm dén khoang 600nm). Theo mot hodc nhiéu phuong én,
vat phim thé hién do clmg cao hon d6 cling ctia nén (40 cimg ndy c6 thé duge do trén

bé mat dbi dién tir bé mit chéng phan chiéu).

Lop phit quang hoc 120 ¢6 thé c6 it nhét mdt 16p c6 do ctng (duoc do trén bé
mit ctia 16p nhu vay, vi du, bé mit ctia 16p ¢ RI cao thi hai 130B & hinh vé trén Fig.2
hodc b& mit cua 16p chdng xuéc) khoang 12 GPa hozc 16n hon, khoang 13 GPa hodc
16n hon, khoang 14 GPa hoic 16n hon, khoang 15 GPa hogc 16n hon, khoang 16 GPa
hozic 16n hon, khoang 17 GPa hogc 16n hon, khoidng 18 GPa hodc 16n hon, khoang 19
GPa hodc 16n hon, khoang 20 GPa hodc 16n hon, khodng 22 GPa hodc 16n hon,
khoang 23 GPa hodc 16n hon, khoang 24 GPa hodc 16n hon, khoang 25 GPa hodc 16n
hon, khoang 26 GPa hoc 16n hon, hodc khoang 27 GPa hogc 16n hon (1én dén khoang
50 GPa), duge x4c dinh bing thir nghiém do ctmg theo vét cit 16m Berkovich. D9
cing cua 16p nhu vay cé thé nim trong khoang tir 18 GPa dén khoang 21 GPa, dugc
x4c dinh bang thir nghiém d¢ cung theo vét cit 16m Berkovich. Céc gia tri d6 cung do
duoc nhu vay co thé duoc thé hién boi it nhét mot 16p doc theo d6 séu vét cét 1om
khoang 50nm hogc 16n hon hogc 100nm hodc 16n hon (vi dy, tr 100nm dén khoang
300nm, tir 100nm dén khoang 400nm, tir 100nm dén khoang 500nm, tir 100nm dén
khoang 600nm, tir 200nm dén khoang 300nm, tir 200nm dén khoang 400nm, tir 200nm
dén khoang 500nm, hoc tir 200nm dén khoang 600nm).

Theo mdt hodc nhidu phwong 4n, 16p phtt quang hoc 120 hogc céc 16p riéng biét
bén trong 16p phtl quang hoc ¢d thé thé hién mddun dan hdi khoang 75GPa hodc 16n
hon, khoang 80 GPa hodc 16n hon hodc khoang 85 GPa hodc 16n hon, dugc do trén bé

mat chéng phén chiéu 122, béng cach tao vét cét 16m bé mit d6 béng dung cu tao vét
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c4t 16m Berkovitch. Céc gia tri médun ny c6 thé biéu thi mét médun duge do rAt sat
voi bé mit chong phan chiéu, vi dy, tai 40 sdu vét cit 1om nim trong khoang tir Onm
dén khoang 50nm, hodc né cé thé biéu thi mo6t mddun dugc do tai d6 siu vét cét 1dm

sau hon, vi dy, tir 50nm dén khoang 1000nm.

Theo céc phuong 4n vé vat phdm ma bao gdm 16p chéng xude (khi duge sir
dung lam mot phin ctia 16p pht chéng phén chiéu, vi dy, 150 & hinh v& trén Fig.7 hodc
345 & hinh v& trén Fig.8) hoic 16p phi chéng xuéc (khi duge sir dung 1am 16p phu bd
sung 140), vat phim c6 thé thé hién do cimg t6i da nim trong khoang tir 12 GPa dén
khoang 25 GPa, dugc xé4c dinh bang thir nghiém do ctng theo vét cit 16m Berkovich
14n luot trén bd mit chéng phan chiéu 122 holc bé mit cta 1ép pht chdng xuwde mot
cach tuong tmg. Céc gié tri d§ cimg do duoc nhu vdy c6 thé dugc thé hién doc theo dd
sau vét cit 1dm khoang 50nm hozc 16n hon hodc 100nm hodc 16n hon (vi dy, tir 100nm
dén khoang 300nm, tir 100nm dén khoang 400nm, tir 100nm dén khoang 500nm, tir
100nm dén khoang 600nm, tir 200nm dén khoang 300nm, tir 200nm dén khoang
400nm, tir 200nm dén khoang 500nm, hogc tir 200nm dén khoang 600nm). P cimg
nay c6 thé duge thé hién tham chi khi 16p chéng xudc khong dugc bb tri tai hodc gan
b mit chéng phan chidu 122 (vi dy, nhu dugce thé hién trong c4c hinh vé& trén Fig. 7 va
Fig. 8).

Su nhidu quang gitta cac séng phan xa tir mit phan cach 16p phu quang hoc
120/khéng khi va mit phén cach 16p phi quang hoc 120/nén 110 c6 thé din dén céc
dao dong phéan xa phé va/hoic dao ddng truyén tao ra mau sic biéu kién & vat phém
100. Theo st dung & ddy, thuat ngit “do truyén” duge xac dinh 12 ty 18 phén trim cia
cong sult quang téi trong mot khoang bude séng xéc dinh duoc truyén qua nguyén
lidu (vi du, vat phim, nén hodic mang quang hoc hogc cac phan cii n6). Tuong tu, thudt
ngft “dd phan xa” dugc xac dinh 1a ty 16 phan trim cta cong sudt quang t6i trong mot
khoang budc séng xac dinh ma nd dugc phan xa tlr nguyén liéu (vi du, vat phém, nén,
hodc mang quang hoc hodc cac phin cta né). DY truyén va d6 phan xa dugc do nho s
dung d6 rong dudng cu thd. Theo mot hodc nhiéu phuong n, dd phan giai phd trong
md ta dac trung vé do truyén va d6 phan xa 12 nho hon 5nm hodc 0,02 eV. Mau sic co
thé r& rét hon khi phan xa. Mau sic theo géc thay db1 khi phan xa theo goc nhin do su

thay dbi v& dao dong phan xa phd véi goc chiéu sang t6i. Mau sic theo goc thay ddi
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khi truyén theo géc nhin cfing do su thay dbi twong tur vé su dao dong truyén phd véi
gbc chiéu sang téi. Mau sdc quan sat duoc va do dich chuyén mau theo géc véi goc
chiéu sang t6i thudng giam sinh dong hogc khong ua thich ddi v6i ngudi sir dung thiét
bi, dac biét 1a trong didu kién chiéu sang véi cac dic tinh phd rd rét nhu chidu sang
huynh quang va chiéu sang LED. D6 dich chuyén mau theo goc khi truyén cling c6 thé
dong vai tro 1a mot yéu t6 trong sy dich chuyén mau khi phan xa va nguoc lai. Céc yéu
t6 trong d6 dich chuyén mau theo géc khi truyén va/hogc phan xa cling ¢6 thé bao gdm
d6 dich chuyén mau theo géc do gdéc nhin hodc d6 dich chuyén mau theo géc céch xa
mot diém tréng x4c dinh ma nd co thé dugc gy ra boi sy hép thu véat liéu (mot chut

doc 1ap v& goc) duge xéc dinh bing mot ngudn sang hogc hé thir nghiém cu thé.

S dao ddng c6 thd duge mb ti theo quan diém vé bién do. Theo st dung & day,
thuét ngft “bién do” bao gdm su thay ddi tir dinh t6i day khi phan xa hodc khi truyén.
Cau “bién do trung binh” bao gdm sy thay ddi tir dinh t6i day khi phan xa hogc khi
truyén duoc 1y trung binh theo mot s6 chu ky dao dong hodc céc pham vi phu vé
bude song trong trang thai budc song quang hoc. Theo sir dung & déy, “trang thai bude
séng quang hoc” bao gdm khoang budc song tir 400nm dén khoang 800nm (va cu thé

hon, tir 450nm dén khoang 650nm).

Cac phuong an cuia sang ché nay bao gbm 16p pht chong phan chiéu dé tao ra
hiéu suat quang dugc cai thién hon, theo quan diém vé tinh khong mau va/hodc do
dich chuyén mau theo géc nhd hon véi v6i viée quan sét theo cac goc chiéu sang téi

thay d6i tir géc t6i vudng goc dudi cdc nguon sdng khac nhau.

Mot khia canh ciia sang ché niy @& cap dén vat pham ma thé hién tinh khong
mau khi phan xa va/hodc khi truyén tham chi khi duogc quan sét tai cdc géc chiéu sang
t61 khac nhau dudi mot ngudn séng. Theo mot hodc nhidu phuong 4n, vat phim the
hién do dich chuyén mau theo géc khi phan xa va/hodc khi truyén bang khoang 5 hodc
nho hon ho#ic khoang 2 hodc nho hon gifta goc chiéu sang tham chiéu va géc chiéu
sang toi bt ky ndm trong cac khoang dugc cung cAp & ddy. Theo sit dung & déy, cau
“dich chuyén mau” (theo gbc hodc diém tham chiéu) dé chi su thay dbi vé ca a* va b*,
trong diéu kién hé do mau chuin CIE L*, a*, b* khi phan xa va/hogc khi truyén. Can

hidu ring, trir khi dugc luu y theo cach khac, toa do L* cua cac vat phim mo ta & day
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1a gidng nhau & géc hodc diém tham chiéu bt ky va khong anh hudng téi su dich
chuyén mau. Chéng han, d6 dich chuyén mau theo goéc cé thé duogc xé4c dinh st dung

phuong trinh (1) sau:
(1) V((a*2-a*1)*+(b*2-b*1)?),

v6i a*1, va b*; bidu dién cac toa do a* va b* cua vét phim khi dugc quan sat & goc
chiéu sang t&i tham chiéu (géc ndy c6 thé bao gém gbc t6i vudng goc) va a*a, va b¥;
bidu didn cac toa do a* va b* cua vét phém khi dugc quan sat & goc chiéu sang t6i, véi
diéu kién 13, goc chiéu sang t6i khac véi goc chiéu sang tham chiéu va trong mot sd
trudmg hop, khéc véi géc chibu sang tham chiéu bing it nhét khoang 1 d9, 2 d6 hodc
khoang 5 d§. Trong mot sd trudong hop, d6 dich chuyén mau theo goc khi phan xa
va/hodc khi truyén khoang 10 hodc nho hon (vi dy, 5 hodc nho hon, 4 hodc nho hon, 3
hodc nhd hon, hodc 2 hodc nhé hon) dugc biéu thi boi vat phém khi dugc quan sat tai
céc goc chiéu sang t6i khac nhau tir goc chiéu sang tham chiéu, dudi mot ngudn sang.
Trong mot ) truong hop, d¢ dich chuyén mau theo goc khi phan xa va/hodc khi
truyén 12 khoang 1,9 hoic nho hon, 1,8 hodc nho hon, 1,7 hodc nho hon, 1,6 hodc nho
hon, 1,5 hodc nho hon, 1,4 hoic nho hon, 1,3 hodc nho hon, 1,2 hodc nho hon, 1,1
hodc nho hon, 1 hodc nhé hon, 0,9 hodc nho hon, 0,8 hodc nhé hon, 0,7 hodc nho hon,
0,6 hodic nhé hon, 0,5 hodc nho hon, 0,4 hodc nhé hon, 0,3 hodc nhd hon, 0,2 hodc nhd
hon, ho#c 0,1 hodc nhé hon. Theo mot sb phuong 4n, do dich chuyén mau theo goc co
thé vao khoang 0. Ngudn sing c6 thé bao gdm céc ngudn sing chuin nhu dugc xéc
dinh béi CIE, bao gbm céc ngudn séng A (tuong Ung chiéu sang bang s¢i vonfram),
céc ngudn sang B (ngudn sang md phong &nh sang ban ngay), cac ngudn séng C
(ngudn sang md phong anh sdng ban ngay), loat ngudn séng D (tuong (mg 4nh sang
ban ngay tu nhién), va loat ngudn séng F (twong tmg céc kiéu chiéu sang huynh quang
khic nhau). Trong cac vi du cu thé, vat phém thé hién d6 dich chuyén mau theo goc
khi phan xa va/hodc khi truyén bang khoéng 2 hodc nhé hon khi dugc quan sat & goc
chiéu sang t6i tir goe chiéu sang tham chiéu du6i ngudn sang CIE F2, F10, F11, F12
hodc D65, hodc cu thé hon, dudi nguén sang CIE F2.

Géc chiéu sang tham chiéu c6 thé bao gdm géc téi vudng goe (tic 13, tir 0 do

dén khoang 10 d06), hodc 5 do tir géc téi vudng goc, 10 dd tir gée tGi vudng goc, 15 do
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tir goc toi vudng goc, 20 do tir goc toi vudng goc, 25 do tir goe toi vudng goc, 30 do tu
gbe t6i vudng goc, 35 do tr goc tdi vudng goc, 40 do tir gée t6i vudng goc, 50 do tur
gbc t6i vudng goc, 55 do tir goe téi vudng goc, hodc 60 do tlr goe t6i vudng goc, tao ra
su chénh 1éch gifta goc chiéu sang tham chiéu va su chénh léch gitta géc chiéu sang t6i
va goc chiéu sang tham chiu it nhét khoang 1 d§, 2 d6 hogic khoang 5 9. Goc chiéu
sang toi co thé, @i véi goc chiéu sang tham chiéu, ndm trong khoang tir 5 d6 dén
khoang 80 do, tir 5 do dén khoang 70 do, tir 5 d6 dén khoang 65 d¢, tir 5 d6 dén
khoang 60 db, tir 5 d6 dén khoang 55 do, tir 5 d6 dén khoang 50 d¢, tir 5 do dén
khoang 45 do, tir 5 do dén khoang 40 do, tir 5 d6 dén khoang 35 d¢, tir 5 do dén
khoang 30 d6, tir 5 do dén khoang 25 do, tir 5 do dén khoang 20 d§, tr 5 do dén
khoang 15 d, va tit ca céc khoang va khoang phu nim gifta cdc khoéng néu trén, tinh
tir goc chiéu séng tham chiéu. V4t phim c6 thé thé hién do dich chuyén mau theo gbc
khi phan xa va/hodc khi truyén md ta & day tai va doc theo tAt ca céc goc chiéu sang
t61 ndim trong khoang tir 2 d0 dén khoang 80 do (hogc tir 10 d6 dén khoang 80 d9, hodc
tir 20 d6 dén khoang 80 d¢), khi goc chibu sang tham chiéu 1a géc téi vudng goc. Theo
mdt sb phuong én, vat phim c6 thé thé hién d dich chuyén mau theo goc khi phan xa
va/hodc khi truyén mb ta & ddy tai va doc theo tht ca cac goc chiéu sang t6i nim trong
khong tir 2 do dén khoang 80 d0 (hoiic tir 10 d6 dén khoang 80 d6, hofc tir 20 do dén
khoang 80 d0), khi su chénh Iéch gitta goc chiéu sang t6i va goc chiéu sang tham chiéu
13 it nhét khoang 1 d9, 2 d6 hodc khoang 5 do. Trong mét vi du, vat phém 6 thé thé
hién d6 dich chuyén mau theo géc khi phan xa va/hodc khi truyén béng 5 hodc nho
hon (vi du, 4 hoic nho hon, 3 hodc nhé hon hodc khoang 2 hodc nho hon) & géc chiéu
sang t61 bt ky nim trong khoang tir 2 6 dén khoang 60 0, tir 5 d6 dén khoang 60 do,
hodc tir 10 d6 dén khoang 60 do tinh tir gbc chiéu sang tham chiéu tuong dwong véi
gbc toi vudng goc. Trong céac vi du khac, vat phém c6 thé thé hién do dich chuyén mau
theo géc khi phan xa va/hodc khi truyén bz"mg 5 hodc nhd hon (vi dy, 4 hodc nhé hon,
3 hozic nho hon hodc khoang 2 hodc nho hon) khi goc chiéu sang tham chiéu bang 10
d6 va goc chiéu séng t6i 1a goc bét ky ndm trong khoang tir 12 d6 dén khoang 60 do,
tir 15 d6 dén khoang 60 d9, hosic tir 20 do dén khoang 60 dd tinh tir géc chiéu sing

tham chiéu.
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Theo mot s& phuong 4n, do dich chuyén mau theo géc c6 thé dwoc do tai tat ca
cac goc gilta goc chiéu sang tham chiéu (vi du, goc t6i vudng gbc) va goc chiéu séng
t6i nim trong khoang tir 20 d6 dén khoang 80 do. N6i cach khéc, d9 dich chuyén mau
theo gbc ¢6 thé duge do va c6 thé nhé hon 5 hoge nhd hon 2, tai tht ca cac goc nam
trong khoang tir 0 do dén 20 o, tir 0 d6 dén khoang 30 9, tir 0 d6 dén khoang 40 do,
fir 0 d6 dén khoang 50 do, tix 0 do dén khoang 60 d¢ hogc tir 0 do dén khoang 80 do.

Theo mdt hodic nhiéu phuwong 4n, vat phdm thé hién mau sic trong hé do mau
chuin CIE L*, a*, b* khi phan xa va/hodc khi truyén sao cho khoang cach hodc do
dich chuyén mau tai diém tham chiéu gifta cac tao do mau truyén qua hodc phan xa tur
didm tham chiéu 13 nho hon 5 hodc nho hon 2 dudi mdt ngudn séng (ngudn sang niy
c6 thé bao gdm céc ngudn séng chudn nhu duge xdc dinh bai CIE, bao gom céc ngudn
sang A (tuong Ung chiéu séng bang soi vonfram), céc ngudn séng B (ngudn sang mod
phong 4anh sang ban ngay), cac ngudn sang C (ngudn sdng md phong anh sang ban
ngay), loat ngudn séng D (twong Ung 4nh sang ban ngay ty nhién), va loat ngudn séng
F (twong tmg céc kiéu chiéu sang huynh quang khéc nhau)). Trong céc vi du cu thé,
vat phém thé hién d6 dich chuyén mau khi phan xa va/hodc khi truyén bang 2 hoic
nhd hon khi dugc quan sat & goc chiéu sang t6i tr goc chiéu sang tham chiéu duéi
ngudn sang CIE F2, F10, F11, F12 hoge D65 hodc cu thé hon, dusi ngudn sang CIE
F2. Theo cach khéc, vat phém ¢6 thé thé hién mau truyén qua (hodc toa d6 mau truyén
qua) va/hodc mau phan xa (hodc toa d§ mau phéan xa) duoc do tai bé mit chéng phan
chiéu 122 ¢6 do dich chuyén mau tai diém tham chiéu nho hon 2 tinh tir diém tham
chiéu, nhu duge xac dinh & day. Trir khi dugc luu y theo céch khac, mau truyén qua
hodc toa d0 mau truyén qua dugc do trén ca hai bé mit cla vit phém bao gém tai bé
mit chéng phan chiéu 122 va bé mit trin di dién cta vét phdm (tic 1a, 114). Trir khi
dugc luu y theo cach khac, mau phan xa hodc toa dd mau phéan xa dugc do trén duy
nhét bé mit chéng phan chiéu 122 cua vat phém. Tuy nhién, mau phan xa hodc toa do
mau phan xa mo ta & day co thé duoc do trén ca bé miit chéng phéan chiéu 122 cta vat
ph&m va mat ddi dién cua vat phim (tirc 14, bé mit chinh 114 & hinh v& trén Fig.1) st
dung phép do 2 mit (phan xa tir hai mt ca vat phim cé hai dugc bao gdm) hoic phép
do 1 mit (phan xa duy nhét tir b2 mit chdng phan chiéu 122 cua vét phim dugc do).

Trong s6 nay, sé do phan xa 1 mit dién hinh 1a s6 do thach thirc hon @8 thu dugc cac
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gia tri mau thip hodc gia tri dich chuyén mau thip cua céc 16p phu chéng phan chiéu,
va phép do niy thich hgp véi céc ung dung (nhu dién thoai thong minh, v.v.) trong d6
bé mit phia sau cua vat phém dugc lién két véi méi trudng hép thu 4nh sang nhu 16p

muc in phia sau hodc thiét bi LCD hoic OLED).

Theo mot hodic nhidu phuong 4n, didm tham chiéu c6 thé 1a diém khéi dau (0,
0) trong h¢ do mau chun CIE L*, a*, b* (ho#c cac toa d0 mau a*=0, b* =0), cac toa
do (a*=-2,b*=-2), hodc cic toa d6 mau truyén qua hodc phan xa cua nén. Cén hiéu
rang, trr khi duge luu y theo cach khac, toa do L* cta vét phim md ta & day la gibng
nhu didm tham chidu va khong anh hudng téi sy dich chuyén mau. Truong hop do
dich chuyén mau tai diém tham chiéu cta vat phém duoe x4c dinh ddi véi nén, toa do
mau truyén qua cua vat ph?im dugc so sanh véi toa d6 mau truyén qua cua nén va toa

d6 mau phan xa clia vit phdm duoc so sinh véi toa do mau phan xa ctia nén.

Theo mot hodc nhiéu phuong an cu thé, d6 dich chuyén mau tai diém tham
chiéu ctia mau truyén qua va/hodc mau phan xa co6 th& nho hon 1 hodc thdm chi nho
hon 0,5. Theo mot hoac nhidu phuong &n cu thé, do dich chuyén mau tai diém tham
chiéu ctia mau truyén qua va/hodic mau phan xa c6 thé 1a 1,8, 1,6, 1,4, 1,2, 0,8, 0,6, 0,4,
0,2, 0 va tt ca céc khoang va khoang phu ndm gitra cac khoang néu trén. Trudng hop
diém tham chiéu 1 céc toa d6 mau a*=0, b*=0, d6 dich chuyén mau tai diém tham

chiéu duoc tinh toan theo phuong trinh (2).

(2) d6 dich chuyén mau tai diém tham chiéu = V((@*vat phiam)® + (b* vat phim)?)

Truong hop diém tham chiéu 13 cac toa dd mau a*=-2, b*=-2, d¢ dich chuyén
mau tai diém tham chiéu dugc tinh toan theo phuong trinh (3).

(3) d6 dich chuyén mau tai diém tham chiéu = N((@* vatphim +2)> + (b* vat phim 72)°)

Trudong hop diém tham chiéu 13 toa d¢ mau cua nén, d§ dich chuyén mau tai
didm tham chiéu duoc tinh todn theo phuong trinh (4).

(4) d6 dich chuyén mau tai diém tham chiéu = V((a*vt phim — @*nén)” + (b*vax
phim — b*nén)?)

Theo mot sb phuong 4n, vat phém c6 thé thé hién mau truyén qua (hodc toa do

mau truyén qua) va mau phan xa (hodc toa do mau phan xa) sao cho o dich chuyén
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mau tai diém tham chiéu 1a nhd hon 2 khi diém tham chiéu 14 diém bét ky trén toa do

mau cla nén, cac toa d6 mau a*=0, b*=0 va céc toa d a*=-2, b*=-2.

Theo mdt hodc nhidu phuong 4n, vat phém c6 thé thé hién gid tri a b* khi phan
xa (dugc xac dinh tai duy nhét b& mit chéng phan chiéu) ndm trong khoang tir -5 dén
khoang 1, tir -5 dén khoang 0, tir -4 dén khoang 1, hodc tir -4 dén khoang 0, trong hé
do mau chudn CIE L*, a*, b* tai tit ca cac goc chiéu sang t6i nim trong khoang tir 0

dn khoang 60 do (hodc tix 0 do dén khoang 40 d¢ hogc tix 0 d6 dén khoang 30 d9).

Theo mot hodc nhidu phuong 4an, vét phém c6 thé thé hién gi4 tri a b* khi
truyén (duoc xac dinh tai bé mit chéng phan chidu va bé mit trin d6i dién ctia vat
phém) nho hon 2 (ho#ic khoang 1,8 hodc nho hon, khoang 1,6 hoac nh6 hon, 1,5 hodc
nho hon, 1,4 hodic nho hon, 1,2 hodc nhé hon, hodc khoang 1 hodc nho hon) trong hé
do mau chudn CIE L*, a*, b* tai tit c cac goc chiéu sdng t6i nim trong khoang tr 0
dén khoang 60 do (hodc tir 0 d6 dén khoang 40 dd hogc tir 0 do dén khoang 30 do).
Gi6i han dusi clia gid tri b* khi truyén c6 thé vao khoang -5.

Theo mot s phuong &n, vat phim thé hién gi4 tri a* khi truyén (tai bé mit
chéng phan chiéu va b& mit trAn dbi dién) ndm trong khoang tir -1,5 dén khoang 1,5
(vi du, -1,5 dn -1,2, -1,5 dén -1, -1,2 dén 1,2, -1 dén 1, -1 dén 0,5, hodc -1 dén 0) &
goc chiéu sang t6i ndm trong khoang tir 0 do dén khoang 60 d6 dudi cac ngudn sang
D65, A, va F2. Theo mét s§ phuong 4n, vt phim thé hién gia tri a b* khi truyén (tai
b& mit chéng phan chiéu va bé mjt trin dbi dién) nim trong khoang tir -1,5 dén
khodng 1,5 (vi du, -1,5 dén -1,2, -1,5 dén -1, -1,2 @én 1,2, -1 dén 1, -1 &n 0,5, hogic -1
dn 0) & géc chiéu sang t6i ndm trong khoang tir 0 do dén khoang 60 do dusi céc
ngudn sang D65, A, va F2.

Theo mét s6 phuong an, vat pham thé hién gi4 tri a* khi phan xa (tai duy nhét
b mit chéng phan chiéu) nim trong khoang tir -5 dén khoang 2 (vi dy, -4,5 dén 1,5, -3
dén 0, -2,5 dén 0,25) & gbc chiéu sang t6i ndm trong khoang tir 0 do dén khoang 60 do
dudi cac ngudn sang D65, A, va F2. Theo mdt s6 phuong 4n, vét phém thé hién gia tri
a b* khi phan xa (tai duy nh4t bé mit chéng phan chiéu) nim trong khoéng tir -7 dén
khoang 0 & goc chiéu séng t6i nim trong khoang tir 0 d¢ dén khoang 60 d6 dudi cac

ngudn sang D65, A, va F2.
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Vit phém theo mdt hodc nhidu phuong 4n, hodc b& mit chéng phin chiéu 122
ctia mdt hogc nhidu vat phim, c6 thé thé hién do truyén anh sang trung binh khoang
95% hodc 16n hon (vi du, khoang 9,5% hodc 16n hon, khoang 96% hodic 16n hon,
khoang 96,5% hodc 16n hon, khoang 97% hodc 16n hon, khoang 97,5% hoéc 16n hon,
khoang 98% hozc 16n hon, khoang 98,5% hodc 16n hon hodc khoang 99% hodc 16n
hon) theo trang thai budc séng quang hoc ndm trong khoang tir 400nm dén khoang
800nm. Theo mdt sd phuong an, vat phém, hodc bé mit chéng phan chiéu 122 ctia mot
ho#c nhiéu vit phém, 6 thé thé hién d6 phan xa dnh sang trung binh khoang 2% hodc
nho hon (vi du, khoang 1,5% hodc nhé hon, khoang 1% ho#c nho hon, khoang 0,75%
hozic nhé hon, khoang 0,5% hodc nho hon, hodc khoang 0,25% hodc nho hon) theo
trang thai budc séng quang hoc ndm trong khoang tir 400nm dén khoang 800nm. Céc
gia tri do truyén 4nh séng va do phan xa anh sing nay c6 thé dugc quan sat trén toan
bd trang thai budc séng quang hoc hodc trén céac khoang chon loc cua trang thai bude
séng quang hoc (vi dy, khoang bude séng 100nm, khoang budc séng 150nm, khoang
bude séng 200nm, khodng budc séng 250nm, khoang budc song 280nm hodc khoang
bude séng 300nm, bén trong trang théi budc séng quang hoc). Theo mét s6 phuong
4n, cAc gid tri d6 phan xa va do truyén énh sing nay c6 thé 1a do phan xa tdng cong
hodc dd truyén tbng cong (c6 tinh dén d6 phan xa hodc do truyén trén ca hai bé mit
chéng phan chiéu 122 va b& mat chinh ddi dién 114) hodc c6 th8 dwoc quan st trén
mdt mat duy nhat ctia vat phdm, dugc do trén b& mit chdng phan chiéu 122 duy nhét
(khoéng tinh dén bé mat ddi dién). Trir khi duge x4c dinh theo céch khéc, @6 phan xa
holic do truyén trung binh dugc do & goc chiéu sang t6i nam trong khoang tir 0 4o dén
khoang 10 d6 (tuy nhién, cac s& do nhu vay c6 thé dugc cung clp & goc chiéu sang t6i

bang 45 d6 hozc 60 d9).

Theo mdt sd phuong an, vat phém theo mot hodc nhiéu phuong 4n, hodc bé mit
chéng phan chiéu 122 ctia mot hogc nhidu vat phdm, c6 thé th hién d6 phan xa choi
nhin thdy trung binh khoang 1% hogc nho hon, khoang 0,7% hodc nho hon, khoang
0,5% hodc nhd hon, hodc khoang 0,45% hodc nho hon trén trang thai budc séng quang
hoc. Cac gia tri 40 phan xa chdi co thé duoc thé hién & goc chiéu séng t6i ndm trong
khoang tir 0° dén khoang 20°, tir 0° dén khoang 40° hogc tir 0° dén khoang 60°. Theo

st dung & day, d6 phan xa choi bt chudc dap ung cla mét ngudi bing cach binh
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chinh d3 phan xa ddi vai phé budc séng theo dd nhay cua mét ngudi. P phan xa chéi
cling co thé dugc x4c dinh 1a dd sang hodc gia tri kich thich mau ti€u chudn Y ctia 4nh
sang phan xa, theo cac quy udc da biét nhu quy udc vé khong gian mau CIE. B phan

xa choi trung binh dugc x4c dinh trong phuong trinh (4) 1a d6 phan xa phd, R(A) nhan
v6i phd ngudn sang, 1(2) va ham phd hop méau cia CIE y(A), lién quan véi dap img

pho cua mat:

720 nm

®)= [ rDx1DxFD@

38 nm

©)

Theo mot sé phuong 4n, vit phdm thé hién d0 phan xa chéi trung binh mot
phia, dugc do tai goc téi vudng goc hodc gin vudng goéc (vi dy, 0-10 dd) trén duy nhét
bé& miit chéng phan chiéu nhé hon 10%. Theo mot s6 phuong 4n, d§ phan xa chdi trung
binh mot phia 13 khodng 9% hogc nho hon, khoang 8% hogc nhé hon, khoang 7% hodc
nhé hon, khoang 6% hodc nho hon, khoang 5% hogc nhé hon, khoang 4% hodc nho
hon, khoang 3%, hoic khoang 2% hogc nho hon. Theo mét phuong 4n cu thé, bé mat
chéng phan chiéu 122 ctia mot hogc nhiéu vt phim (tirc 13, khi do duy nhét bé mat
chéng phan chiéu théng qua phép do mdt mit), c6 thé thé hién cac gid tri do phan xa
chéi trung binh & trén, trong khi ddng thoi thé hién do dich chuyén mau phan xa t61 da,
trén toan bd pham vi géc chiéu sang t6i tir 5 d6 dén khoang 60 d (v&i goc chiéu séng
tham chiéu 13 géc t&i vudng goc) st dung ngudn séng D65 va/hodc ngudn séng F2, 1
nho hon 5,0, nhd hon 4,0, nho hon 3,0, nhé hon 2,0, nho hon 1,5, hogc nhé hon 1,25.
Céc gid tri d6 dich chuyén mau phén xa t6i da nay 12 hidu sb cta gia tri diém mau cao
nhit dugc do & goc bat ky tir 5 d6 dén khoang 60 do tir goc t6i vudng gbe trir di gid tri
didm mau thip nhét duge do & géc bt ky trong clng khoang. Céc gid tri nay c6 the
biéu thi su thay ddi t6i da vé& gid tri a* (a*cao nhét-a*tip nhat), Su thay dbi t6i da vé gia tri
b* (b*eao nhit-b*tmip nni), S thay ddi téi da vé ca gid tri a* va gid tri b* hodc sy thay do6i

tél da Vé IIIO'Hg \/((a* cao nhét'a*thép nhét)z'l’(b* cao nhét'b*thfip nhét)z)-

Nén
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Nén 110 ¢6 thé bao gdm vat lidu vo co va c6 thé bao gdm nén vo dinh hinh, nén
két tinh hodc hdn hop cua chung. Nén 110 c6 thé duoc tao ra tir vat lidu do con ngudi
tao ra va/hodc vat liéu xut hién tw nhién (vi du, thach anh va polyme). Chéng han,
trong mot s6 trudng hop, nén 110 ¢6 thé duoc mé ta dic tinh & dang hitu co va déc
biét c6 thé 1a polyme. Vi du vé polyme thich hop bao gdm, nhung khong giéi han béi:
céc chit déo nhiét bao gdm polystyren (PS) (bao gdm céc copolyme styren va hén hop
cua ching), polycacbonat (PC) (bao gdm cac copolyme va hdn hop cla ching),
polyeste (bao gdm céc copolyme va hdn hop ctia ching, bao gbm polyetylenterephtalat
va cac copolyme polyetylenterephtalat), polyolefin (PO) va polyolefin vong (PO
vong), polyvinylclorua (PVC), polyme acrylic bao gdm polymetyl metacrylat
(PMMA) (bao gbm céc copolyme va hdn hop ctia chung), cac uretan déo nhigt (TPU),
polyeterimit (PEI) va hén hop ctia cic polyme ndy v6i nhau. Cac polyme minh hoa

khac bao gdm epoxy, c4c nhya styren, phenol, melamin va silicon.

Theo mdt sb phuong an cu thé, nén 110 tdt hon loai trir cac nén polyme, déo
va/hodc nén kim loai. Nén c6 thé dugc dic trung & dang nén chira kiém (tuc 13, nén
bao gdm mot hogc nhidu kiém). Theo mdt hogc nhiéu phuong 4n, nén thé hién chi sb
khuc xa ndm trong khoang tir 1,45 dén khoang 1,55. Theo cac phuong 4n cu thé, nén
110 c6 thd thé hién bién dang phd hity trung binh tai mét bé mit trén mdt hoic nhiéu
bé mat chinh d6i nhau 1a 0,5% hoic 16n hon, 0,6% hodc 1én hon, 0,7% hodc 16n hon,
0,8% hoic 16n hon, 0,9% hodc 16n hon, 1% hodc 16n hon, 1,1% hodc 16n hon, 1,2%
hodc 16n hon, 1,3% hogc 16n hon, 1,4% hoéc 16n hon 1,5% hodc 16n hon hodc thdm
chi 2% hodc 16n hon, dugc xac dinh st dung thir nghiém bi - vong st dung it nhét 5, it
nhat 10, it nhét 15, hodc it nhat 20 mAu. Theo cic phuong 4n cu thé, nén 110 ¢4 thé thé
hién bién dang ph4 hity trung binh tai bé mit ctia n6 trén mot hodc nhiéu bé mit chinh
dbi nhau khoang 1,2%, khoang 1,4%, khoang 1,6%, khoang 1,8%, khoang 2,2%,
khoang 2,4%, khoang 2,6%, khoang 2.8%, hodc khoang 3% hodc 16n hon.

Céc nén 110 thich hop c6 thé thé hién médun dan hdi (hodc mdédun Young)
ndm trong khoang tir 30 GPa dén khoang 120 GPa. Trong mdt s6 truong hop, mddun
dan hdi ctia nén c6 thé nim trong khoang tir 30 GPa dén khoang 110 GPa, tir 30 GPa
dén khoang 100 GPa, tir 30 GPa dén khoang 90 GPa, tir 30 GPa dén khoang 80 GPa,
{ir 30 GPa dén khoang 70 GPa, tir 40 GPa dén khoang 120 GPa, tir 50 GPa dén khoing
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120 GPa, tir 60 GPa dén khoang 120 GPa, tir 70 GPa dén khoang 120 GPa, va tat ca

céc khoang va khoang phu nam gifta cic khoang néu trén.

Theo mdt hogic nhidu phuong 4n, nén v6 dinh hinh c6 thé bao gdm thiy tinh, c6
thé dugc tang bén hodc khong duoc ting bén. Vi du vé thily tinh thich hop bao gém
thily tinh natri-canxi, thuy tinh nhom silicat kiém, thuy tinh bo silicat chtra kiém va
thily tinh nhom - bo silicat kidm. Trong mot sb phuong 4n, thuy tinh c6 thé khéng
chira lithi oxit. Theo mdt hodc nhidu phuong an khéc, nén 110 c6 thé bao gém nén két
tinh nhu nén gém thiy tinh (nén nay co thd duoc ting bén hoic khong dugce ting bén)
hoiic ¢6 thé bao gdm ciu triic tinh thé don, nhu saphia. Theo mot hodc nhiéu phuong
4n cu thé, nén 110 bao gbm nén vo6 dinh hinh (vi dy, thiy tinh) va 16p trang phu két
tinh (vi du, 16p saphia, 16p alumin da tinh thé va/hoic hoic 16p spinel (MgALO4)).

Nén 110 theo mdt hodc nhidu phuong an c6 thé ¢ do cimg nhé hon do cing
ctia vat phdm (duoc x4c dinh bang thir nghiém d6 cting theo vét cét 16m Berkovich md
ta & day). Bo cing cua nén c6 thé duge do st dung cac phuong phap da biét trong linh
vuc, bao gdm nhung khong bi gi6i han bdi, thit nghi€ém d6 cung theo vét cit 16m

Berkovich hoic thir nghiém d6 ciing Vickers.

Nén 110 co ban c6 thé 1a dang phéng hodc dang tAm, mic du cac phuong an
khéc c6 thé sir dung nén dang cong hoic nén c6 dang khéac hodc nén duoc khic. Nén
110 co ban c6 thé & dang sang, trong sudt quang va khong tan xa anh sang. Theo céc
phuong an nhu vay, nén c6 thé thé hién do truyén anh sing trung binh theo trang thai
budc séng quang hoc khodng 85% hodc 16n hon, khoang 86% hodc 16n hon, khoang
87% hodc 16n hon, khoang 88% hodc 16n hon, khoang 89% hodc 16n hon, khoang 90%
hodc 16n hon, khoang 91% hodc 16n hon hodc khoang 92% hodc 16n hon. Theo mdt
hodc nhiéu phuong 4n khac, nén 110 c6 thé md hoic thé hién do truyén 4nh sang trung
binh theo trang thai budc séng quang hoc nho hon 10%, nhé hon 9%, nho hon 8%,
nho hon 7%, nhd hon 6%, nho hon 5%, nhd hon 4%, nho hon 3%, nho hon 2%, nhd
hon 1%, hodc nhd hon 0%. Theo mdt s6 phuong 4n, céc gid tri d0 phan xa va do
truyén 4nh séng nay c6 thé 1a d6 phan xa téng cong hodc do truyén tdng cong (c6 tinh
dén d6 phan xa hodc do truyén trén ca hai bé mit chinh cltia nén) hosc c6 thé duoc

quan sat trén mot mét don cua nén (tic 13, trén bé mat chéng phéan chiéu 122 duy nhét,
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khong tinh dén b& mat dbi dién). Trir khi dugc xac dinh theo cach khac, d6 phan xa
hodc do truyén trung binh dugc do & goc chiéu séng t6i bang 0 do (tuy nhién, cac dai
lugng do nhu vay co thé duge cung cip & goc chibu sang t6i bing 45 d6 hodc 60 d0).
Nén 110 tly ¥ ¢6 thé thé hién mau sic, nhu mau tréng, den, do, xanh lo, xanh, vang, da

cam V.V.

Theo céch tuy y hodc theo cach khac, bé day khong gian cta nén 110 c6 thé
thay ddi doc theo mdt hozic nhiéu kich thudc cia né vi cac ly do thAm m§ va/hodc
chie ning. Chang han, cdc mép cua nén 110 c6 thé day hon so véi cac ving trung tdm
hon ctia nén 110. Céc kich thudc chiéu dai, chidu rong va bé day khong gian cta nén

110 cfing c6 thé thay ddi theo tmg dung hodc viéc sir dung cua vét phim 100.

Nén 110 c6 thé duge tao ra st dung nhidu qua trinh khac nhau. Chéng han,
truong hop nén 110 bao gdm nén v6 dinh hinh nhu thuy tinh, cdc phuong phap tao ra
khac nhau c6 thé bao gdm cac quy trinh xit Iy thuy tinh ndi va quy trinh x1t ly kéo xubi
nhu kéo nong chay va kéo qua khe.

Khi duoc tao ra, nén 110 c6 thé dugc ting bén d tao ra nén tang bén. Theo sir
dung & day, thuit ngit "nén ting bén" c6 thé dé chi nén ma da duoc ting bén theo
phuong thtc héa hoc, chéing han théng qua sy trao d4i ion ctia cac ion 16n hon véi cac
jon nho hon & bé& mit ctia nén. Tuy nhién, cdc phuong phép ting bén khéc da biét trong
linh vuc, nhu phuong phép t6i nhiét hodc sir dung sw khong thich tmg v& hé s6 gidn nd
nhiét gifta c4c phin clia nén dé tao ra cac ving tmg suit nén va ving luc kéo dung tam,

¢ thé duge st dung dé tao ra nén ting bén.

Trudng hop nén duge ting bén theo phuong thirc hoa hoc bang mdt quy trinh
trao d6i ion, cac ion & 16p bé mit cta nén dugc thay thé bang — hodc dugc trao ddi voi
— céc ion 16n hon c6 cing héa tri hodc trang thai oxy héa. Céc quy trinh trao d6i ion
dién hinh duoc thuc hién bang cach nhung nén trong bé mudi néng chay chira cic ion
16n hon can dugce trao ddi véi cac ion nho hon & nén. Nguoi ¢ k¥ ning trong linh vuc
s& hiu ring, cic thong sb cta quy trinh trao dbi ion, bao gdm, nhung khong bi gidi
han béi, thanh phan va nhiét do bé dung dich, thoi gian nhing, s6 14n nhing cta nén
trong bé mudi (hodic cac bé), viéc st dung nhidu bé mudi, cac budc bd sung nhu tdi,

rira va budc tuong tu, thong thuong duge xéac dinh boi thanh phén ctia nén va mg suét
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nén (CS), do sau cua 16p tmg sult nén (hodc do sau cua lép) mong mudn ctia nén phat
sinh tir hoat dong tang bén. Theo cach vi du, viéc trao dbi ion ctia nén thuy tinh chira
kim loai kiém c6 thé dat dugc bing cach nhing trong it nhat mot bé dung dich néng
chay chtra mudi nhu nhung khong bi giéi han bdi, nitrat, sulfat va clorua ctia ion kim
logi kidm 16n hon. Nhiét do cta bé mudi nong chay dién hinh ndm trong khoéng tir
380°C dén khoang 450°C, trong khi thoi gian nhiing ndm trong khoang tir 15 phut dén
khoang 40 gid. Tuy nhién, nhiét d6 va thoi gian nhing khéc véi khoang mo ta & trén
ciing c6 thé dugc st dung.

Ngoai ra, vi du khong han ché vé& quy trinh trao dbi ion, trong d6 céc nén thity
tinh duoc nhing trong nhidu bé trao dbi ion, voi cac budce rira va/hodc tdi gilta cac 1an
nhing, dugc md ta trong don yéu ciu cip patent My s6 12/500,650, ndp ngay
10/07/2009, boi tac gia Douglas C. Allan et al., entitled “Glass with Compressive
Surface for Consumer Applications” va yéu cAu huong quyén wu tién tir don yéu ciu
chp patent My tam thoi s§ 61/079,995, ndp ngay 11/07/2008, trong d6 cc nén thiry
tinh duoc ting bén bing cach xi 1y trao ddi ion thong qua viéc nhing lién tuc, trong
nhidu bé mubi c6 ndng d6 khac nhau; va patent MF s6 8,312,739, cla tic gia
Christopher M. Lee et al., chp ngay 20/11/2012 va c6 tén sdng ché 13 “Dual Stage Ion
Exchange for Chemical Strengthening of Glass,” va yéu cAu hudng quyén uu tién tir
don yéu ciu cap patent My tam thoi s6 61/084,398, ndp ngay 29/07/2008, trong do6 céc
nén thiy tinh dugc ting bén bang cich trao dbi ion trong bé thit nhit dugc pha lodng
bing ion dong chay ra, tiép theo bang cach nhing trong bé tht hai c6 ndng do ion
dong chay ra thip hon bé thir nhét. Toan b ndi dung ciia don yéu clu clp patent M§
s6 12/500,650 va patent My s 8,312,739 duogc két hop tham khao trong sdng ché nay.

Do tdng bén theo héa hoc thu dugc béng trao ddi ion c6 thé duogc x4c dinh dua
trén cac thong s6 vé luc kéo dung tdm (CT), CS bé mit va dd sau cua 16p (DOL). CS
bé mit c6 thé duoc do gﬁn bé mit hodic bén trong thuy tinh ting bén & cac d6 sau khac
nhau. Gia tri CS cuc dai c6 thé bao gém CS do duoc tai bé mit (CSs) clia nén tang bén.
CT, gi4 tri nay dugce tinh todn cho ving bén trong lidn k& véi 16p tng sudt nén bén
trong nén thiy tinh, 6 thé duoc tinh toén tir CS, bé day khong gian t, va DOL. CS va
DOL duge do st dung cac phuong tién do da biét trong linh vyc. Cac phuong tién nhu
vy bao gdbm, nhung khong bi gi6i han boi, do tng suit bé mit (FSM) st dung céc
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dung cu c6 san trén thi trudong nhu FSM-6000, dugce san xuit bodi Luceo Co., Ltd.
(Tokyo, Japan), hogc dung cu twong tu va céc phuong phép do CS va DOL duge md ta
theo tiéu chudn ASTM 1422C-99, véi tidu @& “Standard Specification for Chemically
Strengthened Flat Glass,” va tiéu chudn ASTM 1279.19779 “Standard Test Method for
Non-Destructive Photoelastic Measurement of Edge and Surface Stresses in Annealed,
Heat-Strengthened, and Fully-Tempered Flat Glass,” toan bd ni dung cia cac tai liéu
néu trén duoc két hop tham khao trong séng ché nay. Céc sb do tmg sudt bé mit dua
trén phép do chinh xac v& hé sb tng sudt quang (SOC), hé s6 nay c6 lién quan dén tinh
ludng chiét quang cta thuy tinh nén. Sau d6, SOC duoc do bang cic phuong phap da
biét trong linh vuc, nhu phuong phap soi va bén diém udn, ca hai phuong phap nay
dugc mé ta theo tiéu chudn ASTM C770-98 (2008), véi tiéu dé “Standard Test Method
for Measurement of Glass Stress-Optical Coefficient,” toan bd ndi dung cta tai li€u
néu trén dugc két hop tham khao trong sang ché nay, va phuong phap xi lanh khdi.

M&i quan hé & gitta CS va CT duoc dua ra trong biéu thirc (1):
CT =(CS +DOL)/(t—2DOL) (1),

trong d6 t la bé day khong gian (um) ctia vat pham thiy tinh. Trong céc phén khac
nhau cua sang ché nay, CT va CS & déy duoc bidu thi bing megaPascals (MPa), bé
day khéng gian ¢ dugc biéu thi bing micromet (um) hodc milimet (mm) va DOL duogc

biéu thi bing micromet (um).

Theo mét phuong 4n, nén ting bén 110 c6 thé c6 CS bé mit bing 250 MPa
hodc 16n hon, 300 MPa hogc 16n hon, vi du, 400 MPa hodc 16n hon, 450 MPa hodc
16n hon, 500 MPa hosc 1ém hon, 550 MPa hodc 16n hon, 600 MPa hogc 16n hon, 650
MPa hoic 16n hon, 700 MPa hodc 16n hon, 750 MPa hogc 16n hon ho#c 800 MPa hodc
16n hon. Nén ting bén c6 thé c6 DOL bing 10pm hodc 16n hon, 15um hodc 16n hon,
20pm hoic 16n hon (vi dy, 25um, 30pm, 35um, 40pm, 45um, 50um hodc 16n hon)
va/hoac ¢6 CT bé‘mg 10 MPa hoic 16n hon, 20 MPa hodc 16n hon, 30 MPa hodc 16n
hon, 40 MPa hoic 16n hon (vi du, 42 MPa, 45 MPa, hodc 50 MPa hodc 16n hon)
nhung nhé hon 100 MPa (vi dy, 95, 90, 85, 80, 75, 70, 65, 60, 55 MPa hodc nho hon).
Theo mot hodc nhiéu phuong dn cu thé, nén ting bén c6 mot hodc nhiéu thong s6 sau:

CS bé mit 16n hon 500 MPa, DOL 16n hon 15pm va CT 16n hon 18 MPa.
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Céc thiy tinh minh hoa ¢6 thé duoc sir dung trong nén c6 thé bao gdm céac hon
hop thity tinh nhom silicat kim hogc hdn hop thy tinh nhém - bo silicat kiém, méc
dir cac hdn hop thuy tinh khéc cling duge du dinh. Cac hdn hop thiy tinh nhu vay c6
kha ning dugc ting bén theo phuong thirc hda hoc bang mét quy trinh trao dbi ion.
Mbt hdn hop thiy tinh vi du bao gbm Si0s, B203 va NayO, trong d6 (SiO2 + B203) =
66mol % , va NaO > 9mol % . Theo mot phuong an, hén hop thily tinh bao gdm it
nhét 6% khdi lugng nhém oxit. Theo mét phwong dn khac, nén bao gém hdn hop thity
tinh cung vi mét hodc nhidu oxit kiém thd, sao cho ham luong cla oxit kiém thd it
nhét 1 5% khéi lugng. Cac hdn hop thiy tinh thich hgp, theo mdt sé phuong 4n, con
bao gdm it nhit mot trong s6 K20, MgO, va CaO. Theo mét phuong 4n cu thé, hdn
hop thuy tinh dugc sir dung trong nén c6 thé bao gdm 61-75mol % Si02; 7-15mol %
ALO3; 0-12mol % B203; 9-21mol % NaxO; 0-4mol % K20; 0-7mol % MgO; va 0-
3mol % CaO.

H3n hop thiy tinh minh hoa khac thich hop d6i véi nén bao gom: 60-70mol %
Si0y; 6-14mol % ALOs; 0-15mol % B20s; 0-15mol % Lix0O; 0-20mol % NaxO; 0-
10mol % K20; 0-8mol % MgO; 0-10mol % CaO; 0-5mol % ZrOz; 0-1mol % SnOzy; 0-
1mol % CeOy; dudi 50ppm As>O3; va dudi 50ppm Sb203; trong d6 12mol % < (Li20 +
Na;0 + K20) < 20mol % va 0mol % < (MgO + CaO) < 10mol %.

Hbn hop thiy tinh minh hoa khac nita thich hop ddi véi nén bao gom: 63,5-
66,5mol % SiOy; 8-12mol % ALOs; 0-3mol % B20s3; 0-5mol % LiO; 8-18mol %
Na,O; 0-5mol % K»0; 1-7mol % MgO; 0-2,5mol % CaO; 0-3mol % ZrO3; 0,05-
0,25mol % SnOz; 0,05-0,5mol % CeOz; dudi 50ppm As203; va dudi 50ppm Sb20Os;
trong d6 14mol % < (Li2O + Na20 + K20) < 18mol % va 2mol % < (MgO + CaO) <
7mol %o.

Theo mot phuong an cu thé, hdn hop thiy tinh nhdm silicat kiém thich hop déi
v6i nén bao gém alumin, it nhdt mét kim loai kidm va theo mdt sé phuong én, 1a 1én
hon 50mol % SiO», Theo cac phuong an khdc it nhét 58mol % SiOa, va theo phuong
4n khéc nita, it nhit 60mol % SiOg, trong d6 ty 16 (ALOs + B20s)/Z céc thanh phan
thay doi (tic 13, tbng céc thanh phdn thay dbi) 12 16n hon 1, trong d6 trong ty 18, cic
thanh phin dugc biéu thi bing mol % va céc thanh phan thay dbi 1a cac oxit kim loai
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kidm. Han hop thily tinh ndy, theo c4c phuong &n cu thé, bao gdm: 58-72mol % SiOz;
9-17 mol % ALOs; 2-12 mol % B203; 8-16 mol % NaxO; va 0-4mol % K20, trong d6
£§ 16 (ALOs + B203)/S céc thanh phin thay dbi (tic 14, tdng céc thanh phan thay dbi)

14 16n hon 1.

Theo phuong an khéc nita, nén ¢6 thé bao gdm hdn hgp thuy tinh nhom silicat
kiém bao gém: 64-68 mol % SiO2; 12-16 mol % Na2O; 8-12 mol % ALOs; 0-3 mol %
B,03; 2-5mol % K»0; 4-6 mol % MgO; va 0-5mol % CaO, trong d6: 66mol % < SiO»
+ B,0O3 + Ca0 < 69mol %; Na,O + K20 + B203 + MgO + CaO + SrO > 10mol %;
5mol % < MgO + CaO + SrO < 8mol %; (Na20 + B203) ALO3 < 2mol %; 2mol % <
Na;0 ALOs < 6mol %; va 4mol % < (Na20 + K20) ALO3 < 10mol %.

Theo mot phwong 4n khéc, nén c6 thé bao gém hén hop thity tinh nhom silicat
kim bao gdm: 2mol% hogc 16n hon vé ALOs va/hodc ZrOs, hoic 4mol% hodc 16n

hon v& ALO3 va/hoic ZrOa.

Trudng hop nén 110 bao gdm nén két tinh, nén c6 thé bao gbm tinh thé don,
tinh thé nay c6 thé bao gdm ALOs. Céc nén tinh thé don nay duoc goi 1 saphia. Céc
vat lidu thich hop khéc ctia nén két tinh bao gbm 16p alumin da tinh thé va/hodc spinel
(MgALOgy).

Mbt céch tiy ¥, nén két tinh 110 c6 thé bao gdm nén gdm thity tinh, nén nay cé
thé duoc ting bén hozc khong dugce ting bén. Vi du vé gdc thity tinh thich hop c6 thé
bao gdm cic gdm thily tinh hé Lix0-ALO3-SiO; (tic 13, hé LAS), gbm thuy tinh hé
MgO-AlL03-SiO; (tic 13, hé MAS) va/hodc cac gdm thity tinh ma bao gdm pha tinh
thé chiém wu thé bao gdm dung dich dic B-thach anh, B-spodumen ss, cordierit va lithi
disilicat. N&n gbm thity tinh c6 thé dwoc tang bén sir dung cc quy trinh ting bén theo
phuong thitc héa hoc duge boc 1§ & day. Theo mdt hodc nhidu phuong an, nén gém
thiy tinh hé MAS ¢6 th8 duoc ting bén trong mubi LixSO4 néng chay, nhd d6 sy trao
dbi ctia 2Li* v6i Mg?* ¢6 thé dién ra.

Nén 110 theo mdt hodc nhiu phuong 4n c6 thé c6 bé day khong gian ndm trong
khoang tir 100um dén khodng Smm. Bé day khong gian nén 110 minh hoa nim trong
khoang tir100pm dén khoang 500um (vi du, 100, 200, 300, 400 hodc 500um). BE day
khong gian nén 110 minh hoa khéc nim trong khoang tr 500pum dén khoang 1000pm
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(vi dy, 500, 600, 700, 800, 900 hodc 1000pm). Nén 110 ¢6 thé ¢6 bé day khong gian
16n hon lmm (vi du, khoang 2, 3, 4, hodc 5mm). Theo mot hodc nhiéu phuong 4n cu
thé, nén 110 c6 thé c6 bé day khong gian bing 2mm hodc nhé hon hogc nhé hon 1mm.
Nén 110 ¢6 thé dugc danh béng bing axit hogic theo cach khac, duge xir 1y dé loai bo

hodc lam gidm sy tic dong cua cac khuyét tat bé mit.
Lép phii chdng phin chiéu

Nhu duge thé hién & hinh v& trén Fig.1, 16p pht chéng phan chiéu 130 c6 thé
bao gém nhiéu 16p, sao cho mdt hodc nhiéu 16p c6 thé duoc bd tri & trén mit ddi dién
ctia ndn 110 tir 16p phit chéng phan chiéu 130 (tic 1, trén bé mét chinh 114)(dugc thé
hién & hinh v& trén Fig.1).

Bé& day khong gian ctia 16p phu chbng phan chiéu 130 duoc bb tri & trén bé mat
chinh 114 ¢6 thé ndm trong khoang tir 0,1pm dén khoang Sum. Trong mot sb truong
hop, bé day khong gian cua 16p phu chéng phan chiéu 140 dugc b6 tri & trén bé mit
chinh 114 c6 thd ndm trong khoang tir 0,01pm dén khoang 0,9um, tir 0,01pum dén
khoang 0,8pum, tir 0,01pm dén khoang 0,7um, tir 0,01pum dén khoang 0,6um, tlr
0,01um dén khoang 0,5pum, tir 0,01pm dén khoang 0,4pm, tir 0,0lpm dén khoang
0,3um, tr 0,01pm dén khoang 0,2pm, tir 0,01pm dén khoang 0,1pm, tir 0,02pm dén
khoang 1um, tir 0,03pm dén khoang 1pum, tir 0,04pm dén khoang 1pm, tr 0,05pm dén
khoang 1pm, tir 0,06pm dén khoang 1pm, tir 0,07um dén khoang 1pm, tir 0,08pm dén
khoang lum, tir 0,09um dén khoang 1pm, tir 0,2pm dén khoang 1um, tir 0,3um dén
khoang Spm, tir 0,4um dén khoang 3pum, tir 0,5um dén khoang 3um, tir 0,6pm dén
khoang 2pm, tir 0,7pm dén khoang 1pm, tir 0,8pum dén khoang 1um, hodc tir 0,9um

dén khoang 1pm, va tit ca cdc khoang va khoang phu nam gilta cac khoang néu trén.

Céc phuong én minh hoa v& vt phdm mo ta & day dugc cung clp trong cic

bang 1-2.

Béng 1: VAt phdm minh hoa bao gdm 16p phtt quang hoc 12 16p.

ViduA ViduB ViduC
Chisd | B&day | Chisé | Béday | Chisé | Béday
Lop Vatliéu | khiicxa | khong | khucxa | khong khuc xa | khong
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gian gian gian
(nm) (nm) (nm)
Moi
truong | Khong khi 1 1 1
12 | SiO2 1,46929 | 91,46 | 1,46929 | 83,02 | 1,43105 | 79,41
11 | AIONy 1,97879 | 154,26 | 1,97879 | 152,94 | 1,97879 | 159,84
10 | SiO2 1,46929 | 21,74 | 1,46929 | 27,14 | 1,43105 | 26,53
9 | AIOxNy 1,97879 | 51,85 |1,97879 | 49,8 | 1,97879 | 51,67
8 | SiO2 1,46929 | 14,03 | 1,46929 | 17,12 | 1,43105 | 15,47
7 | AIOxNy 1,97879 | 2000 1,97879 | 2000 | 1,97879 | 2000
6 | SiO2 1,46929 8,51 1,46929 | 8,51 1,43105 | 8,13
5 | AIOxNy 1,97879 | 43,16 | 1,97879 | 43,16 | 1,97879 | 4534
4 | SiO2 1,46929 | 28,82 | 1,46929 | 28,82 | 1,43105 | 27,69
3 | AIOxNy 1,97879 | 25,49 | 1,97879 | 25,49 | 1,97879 | 28,38
2 | SiO2 1,46929 | 4924 | 1,46929 | 49,24 | 1,43105 | 45,85
1 | AIO<Ny 1,97879 8,49 1,97879 | 8,49 | 1,97879 | 10,14
Nén Thuy tinh | 1,50542 1,50542 1,50542
Tong do day 16p phu quang hoc | 2497,06 2493,73 2498,44
ViduD ViduE ViduF
Bé day Bé day Bé day
khong khong khong
Chi sb gian Chi s6 gian Chi s6 gian
Lép Vatliéu | khuc xa (nm) khicxa | (nm) | khucxa | (nm)
Moi
truong | Khong khi 1 1 1
12 | SiO2 1,48114 | 95,18 | 1,48114 | 86,3 1,48114 | 81,55
11 | AIOxNy 2,00605 | 154,99 | 2,00605 | 149,05 | 2,00605 | 150,12
10 | SiO2 1,48114 | 2323 | 1,48114 | 25,06 | 1,48114 | 27,61
9 | AIOxNy 2,00605 50,7 2,00605 | 48,53 | 2,00605 | 47,69
8 | SiO2 1,48114 | 14,82 | 1,48114 16 1,48114 | 17,43
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7 | AIOXNy 2,00605 [ 2000 | 2,00605 | 2000 |2,00605 | 2000
6 | Si02 1,48114 | 8,7 1,48114 | 8,7 | 1,48114| 8,7
5 | AIOWNy 2,00605 | 43,17 |2,00605 | 43,17 |2,00605 | 43,17
4| Si0, 1,48114 | 29,77 | 1,48114 | 29,77 | 1,48114 | 29,77
3 [ AIOWNy 2,00605 | 24,96 |2,00605 | 24,96 |2,00605 | 24,96
2| Si0, 1,48114 | 52,22 | 1,48114 | 52,22 | 1,48114 | 52,22
1 | AIOSNy 2,00605 | 8,01 [2,00605| 8,01 |2,00605 | 8,01

Nén Thay tinh | 1,50542 1,50542 1,50542

Téng d6 day 16p phu quang hoc | 2505,75 2491,77 2491,23

ViduG ViduH Vidul
Bé day Bé day Bé day
khong khong khong
Chi sb gian Chi s6 gian Chi sb gian
Lop Viatliéu | khic xa (nm) khuc xa (nm) khuc xa (nm)

Mobi Khoéng

truong khi 1 1 1
12 | Si02 1,48962 | 82,74 | 1,46929 | 85,06 | 1,49675 | 84,37
11| AION, | 2,07891 | 144,97 | 1,97879 | 150,86 | 2,06723 | 144,46
10 | Si02 1,48062 | 26,43 | 1,46929 | 26,54 | 1,49675 | 2592
9 [AIONy | 2,07891 | 46,45 | 1,97879 | 48,63 | 2,06723 | 46,59
8 | Si02 1,48962 | 17,08 | 1,46929 | 16,86 | 1,49675 | 16,56
7 [AION, | 2,07891 | 2000 | 1,97879 | 2000 | 2,06723 | 2000
6 | SiO2 1,48062 | 8,73 | 1,46929 | 8,56 | 1,49675 | 8,72
5| AION, | 2,07891 | 41,35 | 1,97879 | 44,1 | 2,06723 | 41,51
4| Si0, 1,48962 | 29,94 | 1,46929 | 29,35 | 1,49675 | 30,05
3 [ AION, | 2,07891 | 23,5 | 1,97879 | 2595 | 2,06723 | 23,42
2 | Si0, 1,48062 | 52,68 | 1,46929 | 50,28 | 1,49675 | 53,7
1| AION, | 2,07891 | 7,36 | 1,97879 | 8,55 |2,06723 | 7,21

Nén Thity 1,511 1,50542 1,50542
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tinh
Tong do day 16p pht quang hoc | 2481,22 2494,75 2482,51
Béng 2: Vét phim bao gbm 16p phit quang hoc 16 16p.
ViduJ ViduK ViduL
Bé day Bé day
Bé day khong khong
Chisé | khong | Chisd | gian | Chisd | gian
Lop vatliéu | khicxa | gian (nm) | khiicxa | (nm) | khic xa (nm)
Mbi
truong | Khong khi 1 1 1
16 | SiO2 1,46929 | 91,07 |1,46929 | 91,28 | 1,47079 | 88,31
15 | AIOWNy 1,97879 | 163,1 |1,97879 | 163,28 | 1,95183 | 157,24
14 | Si0, 1,46929 | 9,33 [1,46929 | 9,01 |1,47079 | 7,14
13 | AIOKNy 1,97879 | 96,4 [1,97879 | 97,14 | 195183 | 108,17
12 | Si0, 1,46929 | 24,03 |1,46929 | 23,95 | 1,47079 | 27,86
11 | AIONy 1,97879 | 413 | 1,97879 | 41,26 |1,95183 | 31,47
10 | Si02 1,46929 | 4723 |1,46929 | 46,9 |1,47079 | 63,22
9 | AIOWNy 1,97879 | 38,69 |1,97879 | 38,64 |1,95183 | 30,41
8 | Si0, 1,46929 | 2025 |1,46929 | 20,35 |1,47079 | 27,81
7 | AIONy 1,97879 | 2000 |1,97879 | 2000 | 1,95183 | 2000
6 | SiO2 1,46929 | 8,56 | 1,46929 | 8,56 |1,47079 | 8,39
5 | AIO«Ny 197879 | 44,1 [1,97879 | 44,1 | 195183 | 4524
4 Si0, 1,46929 | 29,35 |1,46929 | 29,35 | 1,47079 | 28,73
3 | AIOWNy 1,97879 | 25,95 [1,97879 | 25,95 |1,95183 | 27,21
2| Si0, 146929 | 50,28 | 1,46929 | 50,28 | 1,47079 | 48,4
1| AIOWNy 197879 | 8,55 |1,97879| 8,55 |1,95183| 921
Nén Thuy tinh | 1,50542 1,50542 1,50996
Tdng d6 day 16p phti quang hoc | 26982 2698,6 2708,79
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ViduM ViduN ViduO
Bé day Bé day Bé day
khong khong khong
Chi s6 gian Chi sb gian | Chisd gian
Lop Vit liéu | khuc xa (nm) khicxa | (nm) | khicxa | (nm)
Mobi Khong
trudng khi 1 1 1
16 | SiO2 1,47079 92,73 1,47503 | 93,15 | 1,48114 | 88,58
15 | AIOxNy 1,95183 156,68 | 1,98174 | 162,83 | 2,00605 | 158,86
14 | SiO2 1,47079 7,3 1,47503 | 15,52 | 1,48114 10,2
13 | AIOxNy 1,95183 102,39 | 1,98174 | 74,88 | 2,00605 | 95,49
12 | SiO2 1,47079 27,78 1,47503 | 16,04 | 1,48114 | 20,08
11 | AIOxNy 1,95183 30,01 1,98174 | 60,83 | 2,00605 | 44,79
10 | SiO2 1,47079 64,5 1,47503 | 23,28 | 1,48114 | 41,36
9 | AIOxNy 1,95183 27,42 1,98174 | 49,82 | 2,00605 | 40,02
8 | Si02 1,47079 29,06 | 1,47503 12,2 1,48114 | 19,18
7 | AlIOxNy 1,95183 2000 1,98174 | 2000 | 2,00353 | 2000
6 | SiO2 1,47079 8,39 1,47503 8,3 1,48114 | 8,79
5 | AIOxNy 1,95183 45,24 1,98174 | 46,8 | 2,00605 | 42,85
4 | SiOs 1,47079 28,73 1,47503 | 29,1 1,48114 | 29,89
3 | AIOxNy 1,95183 27,21 1,98174 | 27,4 | 2,00605 | 24,91
2 | SiOs 1,47079 48,4 1,47503 | 51,3 1,48114 | 52,29
1 | AIOxNy 1,95183 9,21 1,98174 9,4 2,00605 8
Nén Thuy tinh | 1,50996 1,511 1,50542
Téng d6 day 16p phti quang hoc | 2705,05 2680,86 2685,29
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ViduP ViduQ ViduR
Bé day Bé day Bé day
khong khong khong
Chi s6 gian Chi sb gian Chi s6 gian
Lép Vit liéu | khicxa (nm) khicxa | (nm) | khucxa | (nm)
Moi Khong
truong khi 1 1 1
16 | SiOq 1,46774 89,81 1,47172 | 92,97 1,4952 89,3
15 | AIONy 2,04423 148,85 | 2,05892 | 149,36 | 2,08734 | 150,63
14 | SiO2 1,46774 27,95 | 1,47172 | 25,6 1,4952 9,14
13 | AIOxNy 2,04423 53,42 | 2,05892 | 52,83 |2,08734 | 98,24
12 | SiO2 1,46774 39,06 | 1,47172 | 38,26 1,4952 19,24
11 | AIOxNy 2,04423 40,17 |2,05892 | 39,2 |2,08734 | 40,7
10 | Si02 1,46774 54,76 | 1,47172 | 51,09 1,4952 | 39,66
9 | AIOxNy 2,04423 35,8 2,05892 | 36,17 | 2,08734 | 373
8 | SiO2 1,46774 26,97 | 1,47172 | 24,75 1,4952 17,82
7 | AlOxNy 2,04423 2000 2,05892 | 2000 | 2,08734 | 2000
6 | SiO2 1,46774 8,51 1,47172 | 8,51 1,4952 8,72
5 | AIOxNy 2,04423 4225 |2,05892 | 42,25 |2,08734 | 41,04
4 | SiO2 1,46774 29,16 | 1,47172 | 29,16 1,4952 | 29,92
3 | AIOxNy 2,04423 24,84 |2,05892 | 24,84 |2,08734 | 23,26
2 | SiO2 1,46774 50,45 1,47172 | 50,45 1,4952 | 53,63
1 | AlOxNy 2,04423 8,19 2,05892 | 8,19 | 2,08734 | 7,22
Nén Thuy tinh | 1,50996 1,50996 1,50996
Téng do day 16p phu quang hoc 2680,2 2673,64 2665,82
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ViduS
Bé day
Chisd | khong gian
Lop Viatliéu | khuc xa (nm)
Moi trudng | Khong khi 1
16 | SiO2 1,4952 92,38
15 | AIOxNy 2,08734 150,06
14 | SiO2 1,4952 10,05
13 | AIOxNy 2,08734 96,93
12 | SiO2 1,4952 18,89
11 | AIOxNy 2,08734 41,87
10 | SiO2 1,4952 40,14
9 | AIOxNy 2,08734 37,64
8 | SiO2 1,4952 17,38
7 | AIOxNy 2,08734 2000
6 | SiO2 1,4952 8,72
5 | AIOxNy 2,08734 41,04
4 | Si0 1,4952 29,92
3 | AIOxNy 2,08734 23,26
2 | SiO2 1,4952 53,63
1 | AIOxNy 2,08734 7,22
Nén Thuy tinh | 1,50996
Tbng d6 day 2669,12
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Nhu duoc thé hién trong céc bang 1 va 2, bé diay khong gian cua céc 16p cla
mang quang hoc c6 thé thay ddi, v6i 16p chéng xude (16p 6) c6 do day 16n nhét.
Khoang bé day khong gian cta céc 16p c6 thé dugc thé hién nhu trong cac bang 3-4.
Trong c4 hai thiét k& 16 16p va 12 16p & trén, 16p 7 ¢6 bé day khong gian 16n nhét va
truyén d6 ctmg va do bén chéng xudc déng ké cho 16p pht quang hoc va vét pham.
Cén hiéu rang, mét 16p khéc c6 thé dugc tao ra d& c6 bé day khong gian 16n nhét. Tuy
nhién, trong céc thiét ké cu thé nay, céc 16p tuong hop trd khéng & trén va dudi 16p
day nhét (trong trudmg hop nay, 16p 7) c6 nghia 13, c6 mot khoang tu do thiét ké quang
hoc 16n d& didu chinh dé day cua 16p day nhit, nhu dugc thé hién trong céc bang 3-4
dudi day.

Bang 3: Khoang d day 16p cua 16p phi quang hoc 12 16p minh hoa.

Lop | Té&ithiéu Téi da
12 60 120
11 120 180
10 20 30
9 40 55
8 10 20
7 150 5000
6 5 15
5 35 50
4 25 35
3 20 30
2 40 60
1 5 12

Béang 4: Khoang d6 day 16p cua 16p phii quang hoc 16 16p minh hoa.

Lop | Tbithiéu Téi da
16 60 120
15 120 180
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14 5 35
13 40 110
12 10 45
11 25 70
10 20 70
9 20 60
3 5 40
7 150 5000
6 5 15
5 30 50
4 20 40
3 20 40
2 30 60
1 5 15

Khia canh tht hai ciia séng ché nay d8 cap dén phuong phap tao ra vat phim
mo ta & ddy. Theo mot phuong an, phwong phip bao gdm budc tao ra nén ¢ bé mit
chinh trong khoang pht, tao ra khoang chén khong trong khoang phu, tao ra 16p phu
quang hoc bén nhu dugc md ta & ddy trén bé mit chinh, tuy y tao ra 16p pht bd sung
bao gdm it nhat mot trong s cac 16p phu dé lam sach va 16p phu chéng xudc, trén 16p
phu quang hoc va di chuyén nén ra khoi khoang phil. Theo mot hogc nhiéu phuong 4n,
16p phu quang hoc va 16p phi bd sung dugce tao ra trong cung khoang pht hodc khong
phé v khoang chan khong trong cic khoang phu riéng biét.

Theo mdt hoic nhiéu phuong én, phuong phép c6 the bao gbm budc dit nén lén
céc vat mang ma sau d6 dugc stt dung dé di chuyén nén vao va ra khoi cac khoang phu
khéc nhau, trong diéu kién chan tai, sao cho khoang chén khong dugc bao toan khi nén

duoc di chuyén.

Lép phu quang hoc 120 va/hodc 16p phu bb sung 140 c6 thé duoc tao ra su
dung céc phuong phép két tia khac nhau nhu k¥ thuat két tia chan khong, chéng han,
héa két tia tir pha hoi (vi dy, hoa két tua tir pha hoi tdng cudng plasma (PECVD), héa
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két tha tir pha hoi tai 4p sudt thip, hoa két tia tir pha hoi tai &p suét khi quyén va hoéa
két ta tlr pha hoi tai ap suét khi quyén ting cudng plasma), két tha pha hoi vat ly (vi
du, phin xa phan tmg hodc khong phan tmg hodc an mon laser), su bay hoi nhiét hodc
bing chim tia dién tir va/hodc két tiia 16p nguyén tir. Cac phuong phap dwa vao chét
16ng cling c6 thé duge sit dung nhu phu phun, nhing, quay hodc phi khe (chéng han,
st dung vt liéu sol-gel). Truong hop k¥ thuét két tha chan khong duge st dung, cac
quy trinh tuyén tinh c6 thd duoc st dung dé tao ra 16p phit quang hoc 120 va/hodc 16p
pht1 bd sung 140 trong mot thao tac két tiia. Trong mot sd trudng hop, k§ thuat két tha
chan khong c6 thd dugc tién hanh nho ngudn PECVD tuyén tinh.

Theo mdt s6 phuong 4n, phuong phép c6 thé bao gdm budc kiém soat do day
ctia 16p phu quang hoc 120 va/hodc 16p phu bd sung 140, sao cho do day nay khong
thay ddi nhidu hon khoang 4% doc theo it nhat khoang 80% dién tich cia bé mit
chéng phan chiéu 122 hogc tir d6 day dich ciia m3i mot 16p tai diém bét ky doc theo
dién tich ndn. Theo mdt s& phuong én, do day cua 16p phil quang hoc 120 va/hodc 16p
pht bd sung 140 sao cho do day ndy khong thay d6i nhiéu hon khoang 4% doc theo it
nhét khoang 95% dién tich ctia bé mit chéng phan chiéu 122.

Vi du thuc hién sdng ché

Cac phuong 4n khac nhau s& dugc 1am sang t6 hon nira théng qua céc vi du sau.
Trong céc vi du, cAn luu ¥ ring, AlOxNy va SiuAlvOxNy dugc phat hién Ia co ban c6
thé thay ddi cho nhau duogc 1am vt liéu c6 chi s6 cao trong cic vi du mo phong, chi
duy nhét cac hidu chinh xir Iy rét nhd can thiét dé ti tao cac gid tri phén tan chi s6
khiic xa dich va cac thiét k& d6 day 16p dugc cung cip, nhing yéu t6 nay 14 rd rang d6i

véi nguoi ¢6 k§ ndng trung binh trong linh vuec.
Vidu 1

Vi du 1 bao gém 16p pht quang hoc 12 16p 300, bao gbm céc 16p 305, 310, 320,
330, 340, 350, 360, 370, 380, 390 va 400 dugc bd tri lién tiép 1én trén nhau, va dugc
bd tri & trén nén thiy tinh nhom - silicat ting bén 201 ¢6 thanh phin danh nghia
khoang 58mol% SiO2, 16,5mol% AlOs, 17mol% NaxO, 3mol% MgO, va khoang
6,5mol% P20s. Lép phtt quang hoc 300 ciing bao gdm 16p chdng xude 345 (bao gbm
16p phu 345A-345T) duge bd tri & bén trong céc 16p cia 16p phu chéng phan chiéu.
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Chu tric cia vat phim dugc thé hién & hinh v& trén Fig.8 (cac d6 day thé hién & hinh
vé& trén Fig.8 1a khong chinh x4c va du dinh chi d& minh hoa) va d¢ day tuong dbi cta
céc 16p dugce thé hién trong bang 5.

C4 hai 16p SiO2 va SiyAlyOxNy d2u dugce tao ra bang k¥ thut phin xa phan ing
trong cong cu két tia phun xa ciia AJA-Industries san xudt. SiO, duogc két tia bang k¥
thuat phin xa phan tmg DC tir dich Si véi sy tro gitip cua ion; vat liéu SiuAlyOxNy
duoc két tha bang k¥ thuat phun xa phan tmg DC két hop véi k¥ thuat phin xa DC xép
chdng RF véi su trg giup cia ion. Cac dich d6 1a Silic dudng kinh 3” va Al dudng
kinh 3”. C4c khi phan g 1 nito va oxy, va khi “hoat dong” (hodc khi tro) 1a Argon.
Ngudn dugc 4p dung 1én Silic ¢6 thn sb vo tuyén (RF) tai 13,56 Mhz. Ngudn duge 4p
dung 1én nhém 1a DC.

Cac diéu kién xtr ly phtn xa ma cau tric cua 16p phi chong phan chi€u duoc

tao ra trong cac diéu kién nay duge thé hién trong bang 6.

Céc 16p 340 va 345A-I ctia phan khoang 3 bao gdm mdt 16p c6 thanh phan co
ban ddng nhét (16p 340) va nhiéu 16p, khi so sanh voi 16p khéc, c6 gradient chi s6 khuc
xa (céc 16p 345A-345T) dugc tao ra bing viée thay ddi thanh phan cta nhiéu 16p tir
mdt 16p nay sang mot 16p tiép giap khac, do d6 chi sb khtc xa gia ting theo timg budc
hoic gia ting don diéu tir 2,015 sang 2,079 sang 2,015, nhu duogc thé hién trong bang
5. Chi s khuc xa cua céc 16p 345B-D va 345F-H khong dugc do, nhung duoc lugng
tinh dua vao cac phuong phép da biét trong linh vuc. Vat phim dugc san xuét theo vi
du 1 thé hién @6 bén chéng mai mon duge cai thién nhiéu so véi d6 bén chéng mai
modn va do bén chdng xude clia nén thity tinh trdn khong phu so sanh cing véi do phan

xa thip hon 1% trén mot phan cia trang thai budc séng quang hoc.

Bang 5: Céu trtic theo vi du 1.

Lép Céc phan Vit lidu Chi s6 khuc | Bé day khong
khoang xa @ 550nm gian dich
Mbi truong Khong khi 1
xung quanh
L6p phtl quang | 1 SiO2 (305) 1,483 87,84nm
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hoc SiuAlyOxNy (310) 2,015 147,92nm
2 Si02 (320) 1,483 20,32nm
SiuAlyOxNy (330) 2,015 49,63nm
3 Si02 (340) 1,483 11,86nm
SiuAlyOxNy (345A) 2,015 84,11nm
SiuAlyOxNy (345B) 2,031%* 88,54 m
SiuAlyOxNy (345C) 2,047* 92,98nm
SiuAlyOxNy (345D) 2,063* 97,41nm
SiuAlyOxNy (345E) 2,079 1219,51nm
SiuAlyOxNy (345F) 2,063* 97,41nm
SiuAlyOxNy (345G) 2,047* 92,98nm
SiuAlyOxNy (345H) 2,031% 88,54nm
SiuAlyOxNy (3451) 2,015 84,11nm
4 Si02(350) 1,483 8,38nm
SiuAlvOxNy (360) 2,015 45,98nm
5 Si02(370) 1,483 33,21nm
SiuAlyOxNy (380) 2,015 24,96nm
6 Si02(390) 1,483 60,1nm
SiuAlyOxNy (392) 2,015 8,78nm
Nén Thuy tinh AS (500) 1,51005
Téng d6 day 16p phu 2444,64nm
Béang 6: Céc diéu kién xut ly phun xa phan img DC/RF trong vidu 1.
(Céc) lop Dong | Dong | Dong Al Al Si P
Ar N2 02 Wrf | Wdc Wrf | (torr)
(scem) | (scem) | (scem)
305, 320, 340, 350, 370, | 30 30 3,3 75 50 500 (4
390
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310, 330, 360, 780,392 |30 30 0,5 200 | 300 500 |4
345A, 3451 30 30 0,5 200 | 300 500 |4
345B, 345H 30 30 0,5 200 [ 300 500 |3.,5
345C, 345G 30 30 0,5 200 {300 500 |3
345D, 345F 30 30 0,5 200 | 300 500 |25
345E 30 30 0,5 200 {300 500 |2

Céc vi du mé phéng 2-3 va vi du mé phong so sdnh 4

Céc vi du md phong 2-3 st dung md phong méu d& chimg minh phd phan xa
ctia céc vat phAm ma bao gdm cic phuong én vé 16p phil quang hoc, nhu dugc md ta &
day. Trong cic vi du md phong 2-5, 16p phil quang hoc bao gbm céc 16p SiuALOxNy
va SiOs, v& nén thiy tinh nhom - silicat ting bén c6 thanh phan danh nghia khoang
58mol% Si0s, 17mol% AlLQOs;, 17mol% NaxO, 3mol% MgO, 0,1mol% SnO, va
6,5mol% P20:s.

Dé x4c dinh cac dudng cong phan tan chi s6 khiic xa ctia vat liéu phu, cac 16p
ctia mdi mot vat liéu phil dugc hinh thanh & trén céc lat silic béng k¥ thudt phun xa
DC, RF hodc RF chéng DC tu dich silic, nhdm, silic va nhdm két hop hoic déng phtn
xa hodc magie florua (tuong tmg) & nhiét do khoang 50°C st dung sy trg gilp cua ion.
Lat dugc gia nhiét t&i 200°C trong khi két tia mot s6 16p va cac dich c6 dudng kinh 3
inso duoc st dung. Cac khi phan tmg dugc su dung bao gbm nito, flo va oxy; argon
dugc st dung lam khi tro. Nguén RF duoc cung cép cho dich silic tai 13,56 Mhz va
ngudn DC dugc cung cép cho dich Si, dich Al va cac dich khéc.

Céc chi s6 khiic xa (& dang ham cua budc séng) cla mdi mot trong s6 cac 16p
tao ra va nén thily tinh duogc do str dung phép do elip quang phd. Céc chi s khuc xa do
theo cach nhu vay sau d6 dugc sir dung d8 tinh toan phd phin xa clia cac vi du md
phong 2-5. Céc vi du mo6 phong sir dung gid tri chi sé khtic xa duy nhét trong céc bang
md ta cla cac vi du nay cho tién lgi, chi ) ndy twong Umg voi diém duoc lua chon tir

cac dudng cong phan tan tai budc séng khoang 550nm.
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Vi du m6 phong 2 bao gbm 16p pht quang hoc 12 16p véi cac 16p duoc b tri
lién tiép 1én trén nhau, dugc bd tri & trén nén thay tinh nhom - silicat ting bén 200,

nhu duge thé hién trong bang 7.

Béang 7: CAu triic trong vi du md phong 2.

Lép Céc Vit liéu Chi s6 B2 day khong gian tao mau
phan khuc xa @
khoang 550nm
Mobi truong Khong khi |1
xung quanh
16p phi phéan | 1 SiOz-a 1,4826 87nm
chiéu quang hoc SiuAlyOxNy | 2,015 149nm
2 SiO2-a 1,4826 20nm
SiuALyOxNy | 2,015 50nm
SiOz-a 1,4826 12nm
Lép SiuAlyOxNy | 2,015 505nm (nhung c6 thé thay doi
chéng ndm trong khoing tir 100nm
xudc dén khoang 5000nm)
3 Si02-a 1,4826 9nm
SiuAlVOxNy | 2,015 48nm
4 SiOz-a 1,4826 33nm
SiuAlyOxNy | 2,015 25nm
5 SiOz-a 1,4826 60nm
SiuALOxNy | 2,015 8nm
Nén Thay tinh | 1,51005
AS
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D06 phan xa cia mgt mit cia vat phém trong vi du m6 phong 2 duoc tinh toan

tai cac goc chiéu sang téi quan sat khac nhau hodc géc chieu sing (“AOI”) va phd

phan xa tao ra dugc thé hién & hinh v& trén Fig.9. Mau phan xa, dua vao dung cu quan

tréc 10° dudi ngudn sang D65 va ngudn sang F2 cling duoc do va cic gia tri a* va b*

duoc vE db thi tai géc chiéu sang t6i hoiic AOI thay ddi tir 0 do dén khoang 60 do tir

gbc t6i vudng goc theo cic tri sb gia tang déu din. D) thi biéu thi mau phan xa dugc

thé hién & hinh vé& trén Fig.10.

Vi du m6 phong 3 bao gdm 16p phtt quang hoc 10 16p v6i cac 16p duge b tri

lién tiép 1én trén nhau, duge bd tri & trén nén thiy tinh nhdm - silicat ting bén 200. Do

day twong dbi ctia cac 16p duge thé hién trong bang 8.

Bang 18: CAu tric trong vi du md phong 3.

Lop Cac phéan Vit ligu Chi s6 Bé& day khong gian tao mau
khoang khtc xa
@ 550nm
Mobi trudng Khoéng khi 1
xung quanh
Lép pht quang | 1 Si02-a 1,4826 79nm
hoc | SRALON, 2,015 | 170nm
Si0z-a 1,4826 12nm
Lép SiuALONy | 2,015 350nm (nhung cé thé thay
chéng d6i nim trong khoang tir
xude 100nm dén khoang 2000nm)
2 SiOz-a 1,4826 6nm
SiuAlyOxNy 2,015 69nm
3 SiOz-a 1,4826 18nm
SiuALOxNy | 2,015 20nm
4 Si0Oz-a 1,4826 23nm
SiuAlvOxNy 2,015 15nm
Nén Thay tinh AS | 1,51005
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Do phan xa clla mdt mdt cua vat phdm trong vi du md phong 3 dugc tinh toan
tai goc chiéu sang téi quan sat khac nhau hodc goc chiéu sang (“AOI”) va phd phan xa
tao ra dugc thé hién & hinh v& trén Fig.11. Mau phan xa, dua vao dung cu quan tréc
10° dudi ngudn sang D65 va ngudn sang F2 cling dugc do va céc gid tri a* va b* duge
v& dd thi tai goc chiéu sang t6i hosic AOI thay dbi tir 0 do dén khoang 60 d9 tir gbc t6i
vudng goc theo cac tri s6 gia ting ddu din. D thi thé hién mau phan xa dugc thé hién

& hinh v& trén Fig.12.

Hiéu suét quang ctia cac vi du mo phong 3 dugce so sanh véi vi du md phong so
sanh 4, vi du nay bao gdm 16p phu chéng phan chiéu 6 16p cia cac 16p Nb2Os va SiOz
xen ké& nhau va 16p phu ki nuéc dugc b6 tri & trén 16p phii chéng phan chiéu. Dé tao ra
vi du mé phéng so sénh 4, ky thuat két tia bing chiim tia dién tir ¢ sw hé trg ciia ion
duoc st dung d& két tia 16p don Nb,Os 1én 1at silic va 1op don SiO; 1én lat silic. Chi sb
khtic xa & dang ham ciia budc séng cua cac 16p ndy duogc do sir dung phép do elip
quang phd. Sau d6, chi s6 khic xa do duoc dugc st dung trong vi du md phéng so
sanh 4. Hiéu sudt quang dénh gié bao gdm d6 phan xa trung binh trén khoang budc
song tir 450nm dén khoang 650nm va do dich chuyén mau (véi viéc tham chiéu dén
cac toa d6 a* va b* (-1, -1), st dung phuong trinh V((@*vi au-(-1))*H(b*vi au-(-1))%)) khi
dugc quan sat & goc chibu séng t¢i nim trong khoang tir 0 do dén khoang 60 d6 tir gbc
t61 vudng goc dudi cac ngudn sang FO2 va D6S. Bang 9 thé hién d6 phan xa trung binh

va d6 dich chuyén mau 16n nhit cua vi du md phéng 3, va vi du mé phong so sanh 4.

Bang 9: D6 phan xa trung binh va d6 dich chuyén mau cta vi du mé phong 3 va vi du

md phong so sénh 4.

Vidu Dy phan xa|Do dich chuyén mau
trung binh quy chiéu theo (a*,b*) =
450-650nm (%) | (-1,-1)

Vi du mé phong 3, SiuAlOxNy 10 | 1,5 1,5
16p hodc AlOxNy / SiO2
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Vi du md phong so sanh 16p phu ki | 0,3 7,9
nudc Nb2Os / SiO2 4, 6 16p

Nhu duge thé hién trong bang 12, trong khi vi du m6 phéng so sanh 4 thé hién
d6 phan xa trung binh thép hon, n6 ciing thé hién do dich chuyén mau 16n hon. Vi du
mo phong 3 thé hién d6 dich chuyén mau it dang ké, mic du dd phan xa dugc gia ting
mot chut. Dua vao viée tao ra va thir nhiém céc 16p phu giéng nhau béng vat liéu
gibng nhau, c6 thé thdy rang, vi du md phong 3 c6 do bén chéng xudc va d6 bén chdng
mai mon cao hon so v&i vi du m6 phdng so sanh 4.

Vidu s

Vi du 5 bao gdm nén thiy tinh nhoém - silicat ting bén c6 thanh phan danh
nghia khoang 58mol% SiO2, 17mol% ALOs, 17mol% Nay0, 3mol% MgO, 0,1mol%
SnO, va 6,5mol% P»0s va 16p pht quang hoc 16 16p bao gdm 16p chbng xuéc 2

micromet, nhu dugc thé hién trong bang 10.

Bang 10: Ciu tric theo vi du 5.

Lép pht/Lép | Céc phan | Vat lidu Chi s§ khuc xa |Bé day
khoang, néu cé (@550nm) khéng gian
thé 4p dung (nm)

Mo6i  truong Khong khi

xung quanh
1 Si0> 1,47503 92,6

AlONy 1,98174 163,8

2 Si0> 1,47503 15,7

Lop phit AIONy 1,98174 72,3
quang hoc 3 SiO2 1,47503 16,5
AlONy 1,98174 62,9

4 Si02 1,47503 22,5

AIONy 1,98174 53,2
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Si0, 1,47503 12,5
Lép chong xude | AIONy 1,98174 2000
5 Si02 1,47503 8,3
AlOxNy 1,98174 46,8
6 Si0, 1,47503 29,1
AlONy 1,98174 27,4
7 Si0, 1,47503 51,3
AlONy 1,98174 9,4
Thuy tinh AS | 1,51005
Téng d6 day 16p phu 26843

Vi du 5 thé hién d6 phan xa chéi trung binh mét mit (tie 13, duoc do tir bé mit
chéng phan chiéu 122) theo trang thai budc séng quang hoc dudi ngudn chiéu séng
D65 & gbc _chiéu séng tGi tai 0°, 30°, 45° va 60°, 14n luot twong Umg 14 0,71%, 0,76%,
1,43%, va 4,83%. Vi du 5 thé hién d6 chéi trung binh do truyén mot mt (tire 13, duoc
do khép toan bd bé mit chdng phan chiéu 122) theo trang thai budc séng quang hoc
duéi ngudn chiéu séng D65 & goc chiéu sang t6i tai 0°, 30°, 45° va 60°, 1an luot twong
mg 14 99,26%, 99,21%, 98,54%, va 95,14%.

Vi du 5 thé hién d6 phan xa chéi trung binh tong cdng (te 13, dugc do tir b
mit chéng phan chiéu 122 va bé mit chinh dbi dién 114) theo trang thai budc séng
quang hoc dudi ngudn chiéu sing D65 & goc chiéu sang t6i tai 0°, 30°, 45° va 60°, 1an
luot tuong Gng 13 4,80%, 4,99%, 6,36%, va 12,64%. Vi du 5 thé hién do truyén chéi
trung binh tdng cong (tic 13, duge do khip toan bd bé mit chong phan chidu 122 va bé
mit chinh d6i dién 114) theo trang thai budc séng quang hoc dudi ngudn chiéu sing
D65 & goc chiéu sang t6i tai 0°, 30°, 45° va 60°, lan luot tuong tmg 1a 95,18%,
94,99%, 93,61%, va 87,33%.

Toa dd mau ctia d§ phan xa va mau truyén ctia mdt bé mit (tic 13, bé mat chéng
phan chiéu 122) va hai bé mit (tuc 13, bé mit chéng phan chiéu 122 va bé mit chinh

114, cua hinh vé& trén Fig.1) cua vi du 5, theo cac goc chiéu sang téi hodc AOI nam
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trong khoang tr 0 d§ dén 60 @ va dudi cac ngudn sang D65 va F2 duoc thé hién trong

cac bang tir 11A dén 11D. Toa dd mau mot bé mit duoc do béng cach khir bd do

truyén hodc do phan xa ra khoi b& mat chinh 114, nhu d& biét trong linh vyc. Do dich

chuyén mau dugc tinh todn sir dung phuong trinh sau: V((a*2-a*1)*+(b*2-b*1)?), voi

a*1, va b*; biéu dién c4c toa do a* va b* clia vat pham khi dugc quan sat & goc toi

vudng goc (tic 13, AOI = 0) va a*z, va b*s bicu dién cac toa do a* va b* cla vat pham

khi dugc quan sat & goc chiéu sang t6i khac hodc tinh tir goc téi vudng gde (tuc 1a,

AOI = 1-60).

Bang 11A: Toa do ciia d6 phin xa va mau truyén qua mdt mat (Y, L*, a* va b*) st

dung ngudn séng D65 trong vi du 5.

Do phan xa, D65

Do truyén, D65

AOI Y L* a* b* AOI Y L* a* b*

0 0,7069 |6,3854 |-2,2225 |-1,0799 | 0 99,2661 | 99,7155 | 0,0176 | 0,246

1 0,7068 | 6,3845 |-2,2203 | -1,0789 | 1 99,2662 | 99,7156 | 0,0175 | 0,2459
2 0,7065 |6,382 | -2,2135|-1,0756 |2 99,2664 | 99,7157 | 0,0172 | 0,2458
3 0,7061 |6,3779 |-2,2023 | -1,0702 | 3 99,2669 | 99,7158 | 0,0167 | 0,2456
4 0,7055 | 6,3723 | -2,1865 | -1,0628 | 4 99,2675 | 99,7161 | 0,016 | 0,2453
5 0,7047 |6,3652 |-2,1662 |-1,0533 |5 99,2683 | 99,7164 | 0,0151 | 0,245

6 0,7037 | 6,3569 |-2,1415 |-1,0419 | 6 99,2692 | 99,7167 | 0,014 | 0,2446
7 0,7027 |6,3475 |-2,1123 | -1,0286 | 7 99,2702 | 99,7171 | 0,0127 | 0,2441
8 0,7016 | 6,3372 | -2,0788 | -1,0136 | 8 99,2713 | 99,7176 | 0,0113 | 0,2436
9 0,7004 |6,3264 | -2,0408 | -0,9969 | 9 99,2725 | 99,718 | 0,0096 | 0,243

10 | 0,6991 |6,3152 |-1,9986 | -0,9787 | 10 | 99,2737 | 99,7185 | 0,0077 0,2423
11 |0,6979 |6,3041 |[-1,9522 |-0,9591 [ 11 | 99,2749 | 99,719 | 0,0057 0,2416
12 | 0,6967 |6,2934 |-1,9016 | -0,9382 | 12 | 99,2761 | 99,7194 | 0,0034 0,2409
13 | 0,6956 |6,2835 |-1,8471|-0,9162 |13 | 99,2772 | 99,7198 0,001 0,2401
14 |0,6947 |6,2749 |-1,7887 | -0,8932 | 14 | 99,2781 | 99,7202 -0,0016 | 0,2393
15 10,6939 |6,2681 |-1,7267 |-0,8694 | 15 | 99,2788 | 99,7205 -0,0043 | 0,2385
16 |0,6934 |6,2636 |-1,6611 | -0,8449 | 16 | 99,2793 | 99,7207 -0,0072 | 0,2377
17 10,6932 6262 |-1,5923 |-0,8199 | 17 | 99,2794 | 99,7207 -0,0103 | 0,2368
18 | 0,6935 | 6,2641 |-1,5205 | -0,7945 | 18 | 99,2792 | 99,7206 -0,0135 | 0,236

19 |0,6942 |6,2705 |-1,4458 | -0,7688 | 19 | 99,2784 | 99,7203 -0,0168 | 0,2351
20 | 0,6955 |6,2819 |-1,3687 | -0,7431 |20 | 99,2771 | 99,7198 -0,0202 | 0,2343
21 10,6974 |6,2993 |-1,2894 | -0,7174 | 21 | 99,2752 | 99,7191 -0,0237 | 0,2335
22 10,7001 |6,3236 |-1,2084 | -0,6919 |22 | 99,2724 | 99,718 -0,0273 | 0,2326
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23 10,7036 |6,3557 |-1,1258 | -0,6665 |23 |99,2688 | 99,7166 | -0,031 | 0,2319
24 | 0,7082 |6,3967 |-1,0423 | -0,6414 |24 | 99,2643 | 99,7148 | -0,0347 | 0,2311
25 | 0,7138 | 6,4477 |-0,9582 | -0,6164 |25 |99,2586 | 99,7126 | -0,0385 | 0,2303
26 | 0,7207 |6,5102 |-0,8741 | -0,5915 |26 | 99,2516 | 99,7099 | -0,0422 | 0,2296
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Bang 11A (tiép tuc)
D6 phan xa, D65 Do truyén, D65
AOI| Y L* a* b* |AOI| Y L* a* b*
27 10,729 |6,5854 |-0,7904 | -0,5664 |27 99,2432 | 99,7066 | -0,0459 | 0,2289
28 0739 |6,675 |-0,7077 |-0,5409 [28 | 99,2333 | 99,7028 | -0,0496 | 0,2281
29 10,7506 | 6,7805 |-0,6266 | -0,5147 |29 99,2215 | 99,6982 | -0,0533 | 0,2274
30 10,7643 | 6,9039 |-0,5476 | -0,4874 |30 | 99,2078 | 99,6929 | -0,0568 | 0,2266
31 |0,7802 | 7,0472 | -0,4712 | -0,4586 | 31 | 99,1919 | 99,6867 | -0,0602 | 0,2257
32 10,7985 | 7,2125 |-0,398 |[-0,4279 |32 |99,1736 | 99,6796 | -0,0635 | 0,2248
33 10,8195 | 7,4024 |-0,3283 [ -0,395 |33 |99,1525 | 99,6714 | -0,0667 | 0,2238
34 10,8435 | 7,6196 |-0,2625 [-0,3596 |34 99,1284 | 99,662 |-0,0697 | 0,2227
35 10,8709 | 7,8669 |-0,2007 [-0,3214 [35 99,101 | 99,6513 | -0,0725 | 0,2214
36 0,902 |8,1468 |-0,1414 |-0,2752 |36 99,0698 | 99,6392 | -0,0752 | 0,2201
37 10,9372 | 8,4567 | -0,0861 [-0,2264 |37 | 99,0346 | 99,6255 | -0,0776 | 0,2186
38 10,9769 |8,7973 |-0,0372 |-0,1764 |38 |98,9948 | 99,61 | -0,0799 | 0,217
39 | 1,0216 |9,1699 |0,0056 |-0,1256 |39 | 98,9501 | 99,5926 | -0,0821 | 0,2153
40 | 1,0718 [9,5758 |0,0426 |-0,0743 |40 [98,8998 | 99,573 |-0,0841 |0,2134
41 | 1,1281 | 10,0162 [0,0743 |-0,0225 [41 |98,8434 | 99,5511 | -0,0859 | 0,2113
42 | 1,1912 | 10,4922 [ 0,101 |0,0294 |42 |98,7803 | 99,5265 | -0,0876 | 0,2091
43 | 1,2617 | 11,0049 [0,1232 |0,0814 |43 [98,7098 | 99,4989 | -0,0892 | 0,2066
44 | 13404 | 11,5553]0,1413 |0,1336 |44 |98,631 | 99,4682 |-0,0907 | 0,2039
45 | 14283 | 12,1444 (0,1557 |0,1858 [45 |98,5431 | 99,4339 | -0,0921 | 0,2009
46 | 1,5261 | 12,7732 | 0,1668 | 0,2381 |46 | 98,4452 |99,3957 | -0,0934 | 0,1976
47 | 1.6351 | 13,4424 0,1751 | 0,2904 |47 |98,3362|99,353 |-0,0946 | 0,194
48 | 1,7564 | 14,1531 |0,1811 |0,3424 |48 |98,2148 | 99,3056 | -0,0957 | 0,1899
49 | 1.8913 | 14,9062 | 0,1854 |0,3938 |49 | 98,0799 | 99,2528 | -0,0968 | 0,1855
50 | 2,0413 | 15,7024 | 0,1885 |0,4444 |50 |97,9299 | 99,194 |-0,0979 | 0,1806
51 | 22079 | 16,5427 | 0,1911 |0,4936 |51 |97,7632 | 99,1286 | -0,0991 | 0,1753
52 123931 | 17,428 |0,1938 |0,5409 |52 |97,5781 | 99,0559 |-0,1003 | 0,1695
53 |2,5987 | 18,3592 [0,197 |0,5859 |53 |97,3724|98,975 |-0,1017 |0,1633
54 |2.827 | 19,3372 |0,2012 |0,6283 |54 |97,1441 | 98,8851 |-0,1033 | 0,1566
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vudng géc (AOI = 0°)
dén AOI = 33- 60°

55 13,0804 [20,363 |0,2067 |0,6676 |55 |96,8908 | 98,7851 |-0,1051 | 0,1495
56 |3,3616 | 21,4375 (02139 |0,7037 |56 |96,6095 | 98,6739 | -0,1073 | 0,1419
57 13,6737 | 22,5619 | 0,2227 |0,7365 |57 | 96,2975 | 98,5503 | -0,1098 | 0,1338
58 |4,0199 |23,73720,2332 |0,7658 |58 |959513 98,4129 |-0,1128 | 0,1252
59 | 4,404 |24,9646 | 0,2453 |0,7917 |59 |95,5672 | 98,26 -0,1163 | 0,1162
60 |4,8302 |26,2453 (10,2587 |0,8141 |60 | 95,1411 | 98,09 -0,1203 | 0,1066
Pham vi dich chuyén | Thép: 0,0024 Pham vi dich chuyén | Thip: 0,0001
mau phén xa tir gbe téi | Cao: 1,9375 mau phan xa tir gbe téi | Cao: 0,1961
vubng gbéc (AOI = 0°) vudng goc (AOI = 0°)

dén AOI = 32° dén AOI = 60°

Pham vi dich chuyén | Thap: 2,0142

mau phén xa tir gbc t6i | Cao: 3,1215

Bang 11B: Toa d6 cia do phan xa va mau truyén qua mot mat (Y, L*, a* va b¥) st

dung ngudn sang F2 trong vi du 5.

Do phan xa, F2

bd truyén, F2

AOI Y L* a* b* AOI Y L* a* b*

0 0,6618 |5,9781 |-0,7261 | -2,007 |0 99,3206 | 99,7367 |-0,0204 | 0,3099
1 0,6618 |5,9776 |-0,7239 |-2,006 |1 99,3207 | 99,7367 | -0,0205 | 0,3099
2 0,6616 |5,9764 |-0,7173 | -2,0029 | 2 99,3208 | 99,7368 | -0,0208 | 0,3098
3 0,6614 |5,9743 |-0,7063 | -1,9975 | 3 99,321 | 99,7369 |-0,0213 | 0,3096
4 0,6611 |5,9715 |-0,6912 | -1,9895 | 4 99,3213 | 99,737 |-0,022 0,3093
5 0,6607 |5,9682 |-0,6721 | -1,9786 | 5 99,3217 99,7371 |-0,0228 | 0,3089
6 0,6603 |5,9644 |-0,6492 | -1,9641 | 6 99,3221 | 99,7373 |-0,0238 | 0,3084
7 0,6599 |5,9604 |-0,623 |-1,9452 |7 99,3225 | 99,7375 |-0,025 0,3077
8 0,6594 |5,9564 |-0,5939 |-1,921 |38 99,323 | 99,7376 |-0,0262 | 0,3067
9 0,659 |5,9526 |-0,5624 | -1,8903 |9 99,3234 | 99,7378 |-0,0276 | 0,3056
10 0,6586 | 5,9495 |-0,5291 | -1,8518 | 10 | 99,3237 | 99,7379 | -0,0291 0,304

11 0,6584 |5,9473 |-0,4947 | -1,804 |11 99,3239 {99,738 |-0,0306 |0,3022
12 | 0,6583 |5,9464 |-0,4602 |-1,7451 |12 |99,324 | 99,738 -0,0321 | 0,2998
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13 0,6584 |5,9474 |-0,4263 | -1,6736 | 13 99,3239 | 99,738 |-0,0336 | 0,2969
14 |0,6588 |5,9507 |-0,3939 |-1,588 |14 |99,3235 |99,7378 | -0,0351 | 0,2935
15 0,6595 |5,9569 |-0,3639 |-1,4872 | 15 99,3228 | 99,7376 | -0,0364 | 0,2893
16 0,6605 |5,9667 |-0,337 |-1,3704 | 16 | 99,3217 | 99,7371 |-0,0376 | 0,2846
17 0,6621 |5,9805 |-0,3138 |-1,2379 | 17 | 99,3201 | 99,7365 |-0,0387 | 0,2791
18 0,6642 |5,9993 |-0,2945 | -1,0907 | 18 99,3181 | 99,7357 |-0,0396 | 0,2731
19 0,6669 |6,0237 |-0,2791 | -0,9313 | 19 99,3153 | 99,7347 | -0,0403 | 0,2665
20 0,6703 | 6,0545 |-0,2671 | -0,7634 | 20 99,3119 | 99,7333 |-0,0409 | 0,2596
21 0,6745 |6,0925 |-0,2576 | -0,5919 | 21 99,3077 | 99,7317 |-0,0414 | 0,2525
22 0,6796 | 6,1387 |-0,2494 | -0,423 |22 |99,3025 | 99,7297 |-0,0419 | 0,2456
23 0,6857 |6,1939 |-0,2409 | -0,2638 | 23 99,2964 | 99,7273 | -0,0423 | 0,2391
24 0,6929 |6,259 |-0,2301 |-0,1213 | 24 99,2891 | 99,7245 | -0,0429 | 0,2334
25 0,7013 | 6,3349 |-0,2156 | -0,0024 | 25 99,2807 | 99,7212 |-0,0436 | 0,2286
26 0,711 6,4227 |-0,1957 | 0,0877 |26 99,271 |99,7174 |-0,0445 | 0,2251
27 0,7222 | 6,5235 |-0,1697 | 0,1461 |27 |99,2598 | 99,7131 |-0,0457 | 0,223

28 0,7349 | 6,6383 |-0,1376 | 0,1729 |28 99,247 99,7081 |-0,0472 | 0,2222
29 0,7493 | 6,7685 |-0,1003 | 0,1718 |29 99,2326 | 99,7025 |-0,0489 | 0,2227
30 |0,7656 | 6,9156 | -0,0602 0,1502 |30 99,2163 | 99,6962 | -0,0507 | 0,224

31 0,7839 | 7,0812 |-0,0203 | 0,1188 |31 99,1979 | 99,689 |-0,0525 | 0,2258
32 0,8046 |7,2676 |[0,0152 |0,0906 |32 |99,1772 | 99,681 |-0,0541 |0,2274
33 0,8277 | 7,4769 |0,042 |0,0793 |33 99,154 |99,672 |-0,0554 | 0,2283
34 0,8538 | 7,712 |0,0557 [0,0975 |34 99,128 |99,6618 |-0,0561 | 0,228

35 0,883 |7,9761 |0,0528 |0,1547 |35 99,0987 | 99,6504 | -0,0561 | 0,226

36 0,9158 |8,2697 |0,0302 |0,2513 |36 | 99,0658 | 99,6377 |-0,0552 | 0,2221
37 0,9527 |8,5911 |-0,0099 |0,3831 |37 99,0289 | 99,6233 |-0,0536 | 0,2164
38 0,9941 |8,9422 |-0,0645 | 0,5402 |38 98,9875 | 99,6072 | -0,0511 | 0,2093
39 1,0405 |9,3246 |-0,129 |0,7072 |39 98,941 |99,5891 |-0,0481 | 0,2012
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Bang 11B (tiép tuc)

D6 phan xa, F2 P truyén, F2
AOI Y L* a* b* AOI Y L* a* b*
40 | 1,0925 |9,7396 |[-0,1976 | 0,8659 |40 | 98,889 | 99,5688 | -0,0446 | 0,193
41 | 1,1507 [10,1883 |-0,2644 | 0,9983 |41 | 98,8308 | 99,5461 | -0,0409 | 0,1855
42 | 1,2155 | 10,6716 | -0,3237 | 1,0895 |42 | 98,7659 | 99,5208 | -0,0374 | 0,1794
43 | 1,2878 | 11,1899 [-0,3713 | 1,1306 |43 |98,6936 | 99,4927 | -0,0342 | 0,1755
44 | 1,3681 | 11,7436 | -0,4048 | 1,1201 |44 | 98,6133 | 99,4613 | -0,0315 | 0,1739
45 | 1,4572 | 12,3332 [-0,4237 | 1,0639 |45 | 98,5242 | 99,4265 | -0,0295 | 0,1749
46 | 1,5559 | 12,9589 [-0,4293 | 0,9737 |46 | 98,4255 99,388 |-0,0281 | 0,1779
47 | 1,6651 | 13,6215 |-0,4245 | 0,8651 |47 |98,3162 | 99,3452 |-0,0272 | 0,1824
48 | 1,786 | 14,3216 | -0,4128 | 0,7541 |48 |98,1953 | 99,2979 | -0,0268 | 0,1876
49 | 1,9198 | 15,0605 |-0,3977 | 0,6554 |49 | 98,0615 | 99,2455 | -0,0265 | 0,1924
50 |2,0679 | 15,8396 |-0,3825 [0,5796 |50 | 97,9134 | 99,1875 | -0,0263 | 0,196
51 2232 | 16,6606 | -0,3695 | 0,5329 |51 |[97,7492 | 99,1231 | -0,0259 | 0,1978
52 | 2,414 | 17,5253 |-0,3598 [ 0,5165 |52 |97,5672| 99,0516 | -0,0251 | 0,1972
53 | 2,6161 | 18,4358 |-0,3537|0,5274 |53 |97,3651 | 98,9721 | -0,024 0,1942
54 | 2,8406 | 19,3939 [ -0,3505 | 0,5593 |54 | 97,1406 | 98,8837 | -0,0226 | 0,1888
55 |3,0901 |20,4013 [-0,3488 [0,6041 |55 96,8911 | 98,7852 |-0,0209 | 0,1816
56 |3,3676 | 21,4598 |-0,347 |0,6535 |56 |96,6136 | 98,6755 | -0,019 0,1731
57 13,6762 | 22,5706 | -0,3435 | 0,6999 |57 |96,3051 | 98,5533 | -0,0172 | 0,164
58 | 4,0192 [23,735 [-0,3371[0,7375 |58 [95,962 |98,4171|-0,0155 |0,1548
50 | 4,4006 | 24,9539 |-0,3267 | 0,7627 |59 | 95,5807 | 98,2654 | -0,0143 | 0,1461
60 | 4,8243 | 26,2282 [-0,3118 [ 0,7741 |60 |95,157 | 98,0963 |-0,0136 | 0,1383
Pham vi dich chuyén Thap: 0,0024 Pham vi dich chuyén Théip: 0,0001
mau phan xa tir goc t6i | Cao: 1,9498 mau phan xa tir goc téi | Cao: 0,1717
vuong goc (AOI = 0°) vudng gbéc (AOI = 0°)
dén AOI = 24° dén AOI = 60°
Pham vi dich chuyén Thép: 2,0685
mau phan xa tir goc téi | Cao: 3,1576
vudng goc (AOI = 0°)
dén AOI =25-60°
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Bang 11C: Toa d¢ cta d phan xa va mau truyén hai bé mat (Y, L*, a* va b*) st dung

ngudn sang D65 trong vi du 5.

D6 phan xa, D65 Do truyén, D65

AOI Y L* a* b* AOI Y L* a* b*

0 4,7958 | 26,145 |-0,7591 | -0,6773 | 0 95,1759 | 98,1039 | 0,0189 | 0,3086
1 4,7958 | 26,1448 | -0,7584 | -0,677 |1 95,176 | 98,1039 | 0,0188 | 0,3085
2 4,7955 | 26,144 |-0,7564 | -0,6761 | 2 95,1763 | 98,104 | 0,0185 | 0,3084
3 47951 | 26,1428 | -0,7531 | -0,6745 | 3 95,1767 | 98,1042 | 0,018 0,3082
4 4,7945 | 26,1412 | -0,7484 | -0,6724 | 4 95,1772 | 98,1044 | 0,0174 | 0,308

5 4,7939 | 26,1392 | -0,7424 | -0,6696 | 5 95,1779 | 98,1046 | 0,0165 | 0,3077
6 47931 {26,137 |-0,7351 | -0,6663 | 6 95,1786 | 98,1049 | 0,0155 | 0,3073
7 4,7923 | 26,1347 | -0,7264 | -0,6625 | 7 95,1794 | 98,1053 | 0,0143 | 0,3068
8 4,7915 | 26,1323 | -0,7164 | -0,6581 | 8 95,1802 | 98,1056 | 0,0128 | 0,3063
9 4,7907 | 26,1301 | -0,705 |-0,6532 |9 95,1809 | 98,1059 | 0,0113 | 0,3058
10 |4,7901 |26,1282 |-0,6924 | -0,6479 | 10 | 95,1816 | 98,1061 | 0,0095 | 0,3052
11 |4,7896 |26,1268 | -0,6785 | -0,6421 | 11 | 95,182 | 98,1063 | 0,0075 0,3045
12 | 4,7894 | 26,1261 | -0,6633 | -0,6359 | 12 | 95,1822 | 98,1064 | 0,0054 | 0,3038
13 | 4,7895 | 26,1265 | -0,6468 | -0,6294 | 13 | 95,1821 | 98,1063 | 0,0031 | 0,3031
14 | 4,7901 |26,1281 | -0,6292 | -0,6225 | 14 | 95,1815 | 98,1061 | 0,0006 0,3024
15 | 4,7912 | 26,1314 | -0,6103 | -0,6153 | 15 | 95,1803 | 98,1056 | -0,002 | 0,3016
16 | 4,7929 | 26,1365 | -0,5904 | -0,6079 | 16 | 95,1785 | 98,1049 | -0,0048 | 0,3009
17 | 4,7955 |26,144 |[-0,5694 |-0,6003 | 17 | 95,176 | 98,1039 | -0,0077 | 0,3001
18 | 4,799 26,1542 | -0,5475 | -0,5924 | 18 | 95,1724 | 98,1025 | -0,0107 | 0,2993
19 |4,8035 |26,1675|-0,5246 | -0,5844 | 19 | 95,1679 | 98,1006 | -0,0139 0,2986
20 | 48093 | 26,1845 [-0,501 |-0,5763 |20 |95,162 | 98,0983 |-0,0172 0,2978
21 | 4,8166 |26,2057 |-0,4766 | -0,568 |21 | 95,1547 | 98,0954 | -0,0206 0,2971
22 | 4,8255 |26,2316 | -0,4516 | -0,5597 |22 | 95,1458 | 98,0918 | -0,024 0,2964
23 | 4,8362 |26,2628 | -0,4262 | -0,5513 |23 | 95,1351 | 98,0875 | -0,0275 0,2957
24 | 4,849 26,3 -0,4004 | -0,5428 |24 | 95,1222 | 98,0824 | -0,0311 | 0,295

25 | 4,8641 |26,344 |-0,3745|-0,5342 |25 |95,107 | 98,0763 | -0,0347 0,2943
26 | 4,8819 | 26,3955 | -0,3485 | -0,5254 |26 | 95,0892 | 98,0692 | -0,0383 0,2937
27 | 4,9025 |26,4553 |-0,3226 | -0,5163 |27 | 95,0685 | 98,0609 -0,0419 | 0,2931
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28 | 4,9265 | 26,5243 [ -0,2971 | -0,5069 |28 | 95,0445 | 98,0513 | -0,0454 | 0,2924
29 | 4,9541 |26,6035 |-0,2721 |-0,497 (29 |95,0168 | 98,0403 | -0,0489 | 0,2918
30 | 4,9857 | 26,6939 |-0,2478 | -0,4866 | 30 | 94,9852 | 98,0276 | -0,0523 | 0,2911
31 | 5,0217 | 26,7965 | -0,2244 | -0,4755 | 31 | 94,9491 | 98,0131 | -0,0557 | 0,2903
32 |5,0627 |26,9127 |-0,202 |-0,4635 |32 | 94,908 |97,9967 | -0,0589 | 0,2895
33 [5,1092 | 27,0435 |-0,1807 | -0,4506 | 33 | 94,8615 | 97,9781 | -0,0619 0,2887
34 |5,1616 |27,1904 | -0,1607 | -0,4368 | 34 | 94,8089 | 97,957 -0,0648 | 0,2877
35 | 52208 |27,3547 |-0,142 |-0,4219 |35 | 94,7497 | 97,9333 | -0,0676 0,2866
36 | 5,2872 | 27,5379 | -0,1245 | -0,4059 | 36 | 94,6832 | 97,9066 | -0,0702 | 0,2854
37 |53617 |27,7415 | -0,1084 | -0,3889 | 37 | 94,6086 | 97,8767 | -0,0726 | 0,2841
38 | 5,4451 | 27,967 |-0,0935|-0,3707 |38 | 94,5252 | 97,8432 | -0,0749 | 0,2826
39 | 5,5382 | 28,2162 |-0,0797 |-0,3515 |39 | 94,432 | 97,8058 |-0,0771 | 0,2811
Do phan xa, D65 Do truyén, D65

AOI Y L* a* b* AOI Y L* a* b*

40 | 5,6421 | 28,4909 [-0,067 |-0,3313 |40 | 94,3281 | 97,764 | -0,0792 0,2794
41 |5,7577 |28,7927|-0,0553 | -0,3099 | 41 | 94,2124 | 97,7175 -0,0811 | 0,2775
42 [5,8862 | 29,1234 | -0,0445 | -0,2874 | 42 | 94,0838 | 97,6658 | -0,083 0,2755
43 | 6,0288 | 29,4851 |-0,0344 | -0,2638 | 43 | 93,9411 | 97,6082 | -0,0848 0,2733
44 | 6,1871 |29,8796 |-0,025 |-0,2391 |44 | 93,7828 | 97,5444 -0,0866 | 0,2708
45 |6,3624 | 30,3088 [-0,0162 | -0,2132 [ 45 | 93,6074 | 97,4736 | -0,0883 0,2682
46 | 6,5564 | 30,7748 |-0,0079 | -0,1862 | 46 | 93,4133 | 97,3951 | -0,09 0,2652
47 |6,7709 |31,2795]0,0001 |-0,1581 | 47 | 93,1987 | 97,3082 -0,0918 | 0,262

48 |7,0079 |31,825 |0,008 |-0,129 |48 |92,9616 | 97,212 -0,0936 | 0,2586
49 | 7.2697 |32,4131(0,0158 |-0,0992 |49 | 92,6997 | 97,1056 | -0,0955 0,2548
50 | 7,5585 | 33,0459 [0,0237 |-0,0687 [ 50 | 92,4109 | 96,988 | -0,0975 0,2507
51 |7,8769 |[33,7253 0,032 |-0,038 |51 |92,0923 96,858 -0,0997 | 0,2463
52 82279 |34,45310,0408 |-0,0072 |52 |91,7413 | 96,7144 -0,1022 | 0,2416
53 |8,6144 |35,23110,0502 |0,0233 |53 |91,3546 | 96,5559 -0,1049 | 0,2367
54 [9,0399 |36,0611 |0,0603 |0,0532 |54 |90,929 |96,3808 -0,108 | 0,2315
55 19,5081 | 36,9447 | 0,0713 |0,0822 |55 | 90,4608 | 96,1876 -0,1116 | 0,2262
56 | 10,0229 | 37,8834 | 0,083 | 0,1101 |56 | 89,946 | 95,9743 -0,1155 | 0,2206
57 | 10,5886 | 38,8787 | 0,0955 |0,1366 |57 | 89,3801 | 95,7391 -0,12 0,2149
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58 | 11,21 39,9319 [ 0,1086 |0,1615 |58 | 88,7586 | 95,4795 | -0,1251 | 0,209

59 | 11,8922 [ 41,0443 [ 0,1221 |0,1847 |59 |88,0763 | 95,1931 | -0,1306 0,2031

60 | 12,6407 | 42,2168 | 0,1358 | 0,206 |60 | 87,3278 | 94,8772 | -0,1368 0,1971

Pham vi dich chuyén | Thap: 0,0007 Pham vi dich chuyén | Thép: 0,0001

mau phan xa tr géc t6i | Cao: 1,2574 mau truyén tir goéc t6i | Cao: 0,1915
vudng goc (AOI = 0 do) vudng goc (AOI = 0)
dén AOI =60 do dén AOIL =60

Bang 11D: Toa d6 cuia d6 phan xa va mau truyén hai bé mat (Y, L*, a* va b*) str dung

ngudn sing F2 trong vidy 5.

D6 phan xa, DF2 Do truyén, DF2
AOI| Y L* a* b* |AOI| Y L* a* b*
0 | 4,7462 |25999 |-0,2777 |-1,0087 |0 | 95,2355 | 98,1277 | -0,0182 | 0,3798
1 47461 | 25,9989 |-0,277 |-1,0084 |1  |95,2355 98,1277 | -0,0183 | 0,3797
2 | 4746 | 25,9985 | -0275 |-1,0075[2 [95,2356 | 98,1277 | -0,0186 | 0,3796
3 | 4,7458 | 25,9979 | -0,2717 [-1,0059 [3 | 95,2358 | 98,1278 | 0,019 | 0,3794
4 | 4,7455 | 25,9971 | -0,2672 | -1,0036 [4 | 95,2361 | 98,1279 | -0,0197 | 0,3792
5 | 47452 | 25,9963 | -0,2615 | -1,0004 | 5 | 95,2364 | 98,128 | -0,0205 | 0,3788
6 | 47449 | 25,9954 | -0,2546 | -0,9961 | 6 | 95,2367 | 98,1281 | -0,0214 | 0,3783
7 | 4,7447 | 25,9947 | -0,2467 [ -0,9906 | 7 | 95,2369 | 98,1282 | -0,0225 | 0,3776
8 | 47445 | 25,9942 |-0,238 [-0,9835[8 |952371 | 98,1283 | -0,0237 | 0,3768
9 | 47445 | 25,9941 |-0,2285[-0,9745 |9  |95,2371 | 98,1283 | -0,025 | 0,3756
10 | 4,7447 | 25,9945 | -0,2184 [ -0,9631 |10 | 95,2369 | 98,1282 | -0,0264 | 0,3742
11 | 4,7451 | 25,9958 | -0,2081 [-0,949 |11 |952365 | 98,1281 | -0,0279 | 0,3725
12 | 47459 | 25,9982 |-0,1977 [ -0,9315 [ 12 | 95,2357 | 98,1277 | -0,0293 | 0,3702
13 | 47471 | 26,0018 |-0,1875 [ -0,9104 | 13 | 95,2344 | 98,1272 | -0,0307 | 0,3675
14 | 4,7489 | 26,0071 | -0,1777 | -0,885 |14 |95,2326 | 98,1265 | -0,0321 | 0,3643
15 | 47513 | 26,0142 | -0,1686 | -0,8551 [ 15 |95,2301 | 98,1255 | -0,0334 | 0,3604
16 | 4,7545 | 26,0237 | -0,1604 | -0,8204 [ 16 | 95,2269 | 98,1242 | -0,0346 | 0,3559
17 | 4,7587 | 26,0359 |-0,1533 [ -0,781 |17 |95,2228 | 98,1226 | -0,0356 | 0,3508
18 | 4,7639 | 26,0511 | -0,1474 [ -0,7373 [ 18 | 95,2176 | 98,1205 | -0,0364 | 0,3452
10 | 4,7703 | 26,0699 | -0,1426 | -0,6899 [ 19 | 95,2111 | 98,1179 | -0,0371 | 0,339
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20 | 4,778 26,0928 [ -0,1389 [-0,6399 |20 | 95,2033 | 98,1148 | -0,0377 | 0,3325
21 |4,7874 |26,1202 | -0,1358 | -0,5888 |21 | 95,1939 | 98,1111 | -0,0382 0,326
22 47985 |26,1528 |-0,1331 |-0,5384 |22 | 95,1828 | 98,1066 | -0,0386 0,3195
23 | 48116 |26,191 [-0,1303 |-0,4909 |23 |95,1697 | 98,1014 | -0,0391 0,3135
24 | 4,8268 | 26,2356 | -0,1268 | -0,4483 | 24 | 95,1544 | 98,0953 | -0,0396 | 0,3081
25 | 4,8445 | 26,287 |-0,1221 |-0,4126 |25 | 95,1367 | 98,0882 | -0,0403 | 0,3038
26 | 4,8648 | 26,3461 |-0,1159 |-0,3852 |26 | 95,1164 | 98,0801 | -0,0412 0,3006
27 |4,8881 |26,4135 |-0,1079 | -0,3671 |27 | 95,0931 | 98,0707 -0,0424 | 0,2987
28 | 4,9146 |26,49 -0,0982 [-0,3579 [ 28 | 95,0665 | 98,0601 | -0,0438 | 0,2981
20 | 4,9446 |26,5764 |-0,087 |[-0,3566 |29 | 95,0364 | 98,0481 | -0,0454 0,2986
30 | 4,9786 | 26,6737 |-0,0751 |-0,3608 | 30 | 95,0024 | 98,0345 -0,0472 | 0,3

31 |5,0169 [26,7828 | -0,0634 |-0,3673 | 31 | 94,9641 | 98,0192 -0,0489 | 0,3018
32 |5,0599 |26,9049 |-0,0531 [-0,3726 |32 | 94,921 | 98,0019 | -0,0504 0,3034
33 |5,1083 |27,0411 | -0,0453 | -0,3727 | 33 | 94,8726 | 97,9825 -0,0516 | 0,3044
34 | 5,1625 |27,1929 [-0,0413 | -0,3643 | 34 | 94,8183 | 97,9608 -0,0523 | 0,3042
35 | 5,233 | 27,3616 | -0,0417 | -0,3452 | 35 | 94,7576 | 97,9364 -0,0523 | 0,3025
36 |5,2912 | 27,5488 | -0,0472 | -0,3145 | 36 | 94,6896 | 97,9092 -0,0516 | 0,2991
37 |5,3672 | 27,7562 | -0,0576 | -0,2729 | 37 | 94,6136 | 97,8787 -0,0502 | 0,2941
38 | 54519 |27,9854 |-0,0722 |-0,2232 |38 | 94,5287 | 97,8446 -0,0481 | 0,2878
39 | 5,5465 | 28,2381 |-0,0899 |-0,1692 |39 | 94,4342 | 97,8067 -0,0455 | 0,2808

Do phan xa, DF2 bo truyén, DF2

AOI Y AOI Y AOI Y AOI Y AOI Y
40 |5,6517 |28,5162 | -0,1092 | -0,1157 | 40 | 94,3289 | 97,7643 -0,0425 | 0,2737
41 | 5,7687 | 28,8214 |-0,1283 | -0,0678 | 41 | 94,2118 | 97,7173 | -0,0395 0,2674
42 |5,8986 |29,1553 | -0,1456 | -0,0298 | 42 | 94,0818 | 97,665 -0,0367 | 0,2625
43 |6,0426 |29,5197 |-0,1596 | -0,0044 | 43 | 93,9378 | 97,6069 -0,0343 | 0,2594
44 | 6,2019 |29,9162 |-0,1696 | 0,0071 |44 | 93,7785 | 97,5427 -0,0324 | 0,2585
45 16,378 30,3467 | -0,175 [0,0059 |45 |93,6024 | 97,4715 | -0,0311 0,2596
46 |6,5723 | 30,8128 |-0,1762 | -0,0052 | 46 | 93,408 | 97,3929 -0,0306 | 0,2625
47 16,7867 | 31,3163 |-0,1736 | -0,0222 | 47 | 93,1935 | 97,3061 -0,0305 | 0,2666
48 | 7,023 31,8593 | -0,1682 | -0,0404 | 48 | 92,9571 | 97,2102 | -0,031 0,2711
49 | 7,2835 |32,4437 |-0,1612|-0,0552 |49 | 92,6967 97,1044 | -0,0318 | 0,2752
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50 |7.5704 | 33,0717 | -0,1534 [ -0,0632 [ 50 [ 92,4097 | 96,9875 | -0,0327 | 0,2782
51 | 7.8865 | 33,7454 | -0,1456 | -0,0622 [ 51 | 92,0935 | 96,8585 | -0,0336 | 0,2797
52 | 82348 | 34,4671 | -0,1382 | -0,0514 [ 52 [91,7452 | 96,7161 | -0,0345 | 0,2793
53 |8.6184 |35,2389 |-0,1315 |-0,0316 | 53 | 91,3615 | 96,5587 | -0,0353 | 0,277
54 | 9,0409 |36,063 |-0,1251 [-0,0045 |54 90,9389 | 96,3849 | -0,0361 | 0,2731
55 19,5062 | 36,9412 | -0,1189 [0,0272 |55 |90,4736 | 96,1929 | -0,0369 | 0,2678
56 | 10,0184 | 37,8753 | -0,1123 [ 0,0609 |56 | 89,9614 | 95,9807 | -0,0378 | 0,2616
57 1105818 | 38,867 |-0,105 [0,094 |57 |89,3978 | 95,7464 | -0,0389 | 0,255
58 | 11,2014 | 39,9175 | -0,0964 | 0,1247 |58 | 88,7782 | 95,4877 | -0,0405 | 0,2484
59 | 11,8821 | 41,028 | -0,0864 | 0,1514 |59 |88,0975 95,202 |-0,0425 | 0,2422
60 | 12,6294 | 42,1994 | -0,0747 | 0,1734 | 60 | 87,3501 | 94,8866 | -0,0452 | 0,2367
Pham vi dich chuyén | Thap: 0,0007 Pham vi dich chuyén | Thép: 0,0001
mau phan xa tir géc t6i | Cao: 1,1994 mau truyén tir géc toi | Cao: 0,1456
vudng gbéc (AOI = 0 do) vudng géc (AOI = 0)

dén AOI = 60 do dén AOI = 60

Vidu6

Vi du 6 bao gdm nén thity tinh nhém - silicat ting bén twong tu nhu trong vi du
5 va 16p phtt quang hoc 12 16p bao gdm 16p chéng xudc 2 micromet, nhu duge thé
hién trong bang 12.

Bang 12: CAu truc theo vi du 6.

L6p pht/Lép | Céc phan Vit liéu Chi sb B& day khong gian
khoang, khuc xa (nm)
néu c6 thé (tai
ap dung 550nm)
Mbi  truong Khong khi
xung quanh
1 SiO2 1,46929 91,46
Lép phu
AlOxNy 1,97879 154,26
quang hoc
2 SiO2 1,46929 21,74

-73-



36218

AION, 1,97879 | 51,85

Si0z 1,46929 | 14,03

L6ép chéng | AIONy 1,97879  |2000

xudc

1 Si02 1,46929 | 8,51
AlONy 1,97879 | 43,16

2 SiO; 1,46929 |28,82
AlON, 1,97879 | 25,49

3 Si02 1,46929 | 49,24
AlONy 1,97879 | 8,49
Thay  tinh | 1,50542
AS

Tbng d6 day 16p phu 2497,06

Vi du 6 thé hién d6 phan xa chéi trung binh mot mat (tic 13, dugc do tir bé mit
chéng phan chiéu 122) theo trang thai budc song quang hoc dudi ngudn chiéu sang
D65 & goc chibu séng t6i tai 0°, 30°, 45° va 60°, lan lugt twong tng 12 0,73%, 0,80%,
1,47%, va 4,85%. Vi du 6 thé hién do choéi trung binh d9 truyén mot mt (tie 1a, duoc
do khép toan by bé mat chéng phan chiéu 122) theo trang thai buéc séng quang hoc
dudi nguén chiéu sang D65 & goc chiéu sang t6i tai 0°, 30°, 45° va 60°, 14n luot tuong

tmg 12 99,26%, 99,18%, 98,52%, va 95,13%.

Vi du 6 thé hién d6 phan xa chéi trung binh tong cong (tirc 13, duoc do tir bé
miit chéng phan chidu 122 va bé mit chinh ddi dién 114) theo trang thdi budc song
quang hoc dudi ngudn chiéu sang D65 & goc chiéu sang t6i tai 0°, 30°, 45° va 60°, lan
luot tuong tmg 13 4,74%, 4,94%, 6,32%, va 12,56%. Vi du 6 thé hién d6 truyén chéi
trung binh téng cong (tic 13, dugc do khép toan bd bé mat chéng phan chiéu 122 va bé
mit chinh ddi dién 114) theo trang thai budc séng quang hoc & goc chiéu sang t6i tai

0°, 30°, 45° va 60°, 1an luot 1a 95,24%, 95,04%, 93,67%, va 87,42%.
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Toa d6 clia @6 phan xa va mau truyén ctia mdt bé mat (tc 13, bé mat chéng

phan chiéu 122) va hai bd mit (tic 1, bé mat chng phan chiéu 122 va bé mit chinh

114, cta hinh vé trén Fig.1) cua vi du 6, theo cac goc chiéu séng t&i hoiic AOI nim

trong khoang tr 0 dd dén 60 @5 va dudi cac ngudn sang D65 va F2 dugce thé hién trong

cac bang tu 13A dén 13D, theo cach tuong tu nhu trong vi du 5. D dich chuyén mau

cling duoc tinh toén theo céch tuong tw nhu trong vi du 5.

Bang 13A: Toa do cua do phdn xa va mau truyén qua mot mat (Y, L*, a* va b*) su

dung ngudn sang D65 trong vi du 6.

bo phan xa, D65 bo truyén, D65

AOI Y L* a* b* AOI |Y L* a* b*

0 0,7252 | 6,5505 | -1,1881 |-1,8063 |0 99,2597 | 99,7131 | -0,0079 | 0,2173
1 0,7251 | 6,5499 |-1,1857 |-1,807 |1 99,2598 | 99,7131 |-0,008 |0,2174
2 0,7249 | 6,5482 |-1,1786 | -1,8091 |2 99.26 | 99,7132 |-0,0083 | 0,2175
3 0,7246 | 6,5454 | -1,1667 |-1,8126 |3 99,2603 | 99,7133 | -0,0088 | 0,2177
4 0,7242 | 6,5415 |-1,1503 | -1,8175 | 4 99,2607 | 99,7134 | -0,0095 |0,2179
5 0,7237 | 6,5368 |-1,1292 |-1,8236 |5 99,2612 | 99,7136 | -0,0105 | 0,2182
6 0,7231 | 6,5313 |-1,1038 |-1,831 |6 99.2618 | 99,7139 | -0,0116 | 0,2186
7 0,7224 | 6,5252 | -1,0741 | -1,8393 |7 99,2625 | 99,7141 |-0,0129 | 0,219
8 0,7217 | 6,5187 | -1,0403 | -1,8487 | 8 99,2632 | 99,7144 |-0,0144 | 0,2195
9 0,7209 | 6,512 |-1,0026 |-1,8588 |9 99,2639 | 99,7147 | -0,016 | 0,22
10 0,7202 | 6,5055 [-0,9613 |-1,8694 | 10 99,2647 | 99,715 | -0,0179 | 0,2206
11 0,7195 | 6,4993 |-0,9166 |-1,8804 | 11 99,2653 | 99,7152 |-0,0198 | 0,2211
12 0,7189 | 6,494 |-0,8689 |-1,8915 | 12 99,2659 | 99,7155 | -0,0219 | 0,2217
13 0,7185 | 6,4898 | -0,8186 |-1,9023 | 13 99,2664 | 99,7156 | -0,0241 | 0,2223
14 0,7182 | 6,4872 | -0,766 | -1,9126 | 14 99,2666 | 99,7157 | -0,0264 | 0,2229
15 0,7181 | 6,4867 | -0,7116 |-1,922 |15 99,2667 | 99,7158 | -0,0288 | 0,2234
16 0,7183 | 6,4887 |-0,6558 |-1,93 |16 99,2664 | 99,7157 | -0,0313 | 0,2239
17 0,7189 | 6,4939 |-0,5991 |-1,9363 | 17 99,2658 | 99,7154 | -0,0338 | 0,2243
18 0,7199 | 6,5028 | -0,542 | -1,9404 | 18 99,2648 | 99,715 | -0,0363 | 0,2247
19 0,7214 | 6,5162 | -0,4851 |-1,9418 | 19 99,2633 | 99,7145 | -0,0389 | 0,2249
20 0,7234 | 6,5348 [ -0,429 |-1,94 |20 99,2613 | 99,7136 | -0,0413 | 0,225

Bang 13A (tiép tuc)
D6 phan xa, D65 Do truyén, D65

AOI Y L* a* b* AOI Y L* a* b*
21 | 0,7262 [6,5593 |-0,3741 |-1,9346 |21 99,2585 | 99,7126 | -0,0438 | 0,225
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22 0,7296 |6,5907 |-0,321 |-1,9251 |22 99,255 | 99,7112 | -0,0462 | 0,2248
23 0,734 6,63 -0,2702 | -1,9109 | 23 99,2506 | 99,7095 | -0,0484 | 0,2244
24 0,7393 |6,6782 |-0,2223 |-1,8917 | 24 99,2453 | 99,7074 | -0,0506 | 0,2238
25 0,7458 |6,7363 | -0,1777 |-1,8669 | 25 99,2388 | 99,7049 | -0,0526 | 0,2229
26 0,7534 | 6,8058 | -0,1368 | -1,8362 | 26 99,2311 | 99,7019 | -0,0544 | 0,2218
27 0,7625 |6,8879 |-0,1001 |-1,7991 | 27 99,222 | 99,6984 | -0,0561 | 0,2205
28 0,7732 | 6,9842 |-0,0679 |-1,7553 | 28 99,2113 | 99,6942 | -0,0576 | 0,2188
29 0,7856 |7,0962 |-0,0403 |-1,7038 | 29 99,1989 | 99,6894 | -0,0589 | 0,2169
30 0,7999 |7,2258 |-0,0178 |-1,6435 | 30 99,1845 | 99,6838 | -0,06 0,2146
31 0,8164 |7,3749 |-0,0005 |-1,5735 |31 99,168 | 99,6774 | -0,0608 | 0,212

32 0,8354 | 17,5457 |0,0115 |-1,4926 |32 99,149 | 99,67 -0,0614 | 0,2091
33 0,8569 | 7,7406 | 0,018 -1,3996 | 33 99,1274 | 99,6616 | -0,0618 | 0,2058
34 0,8815 | 7,9621 0,0189 |-1,2929 | 34 99,1029 | 99,6521 | -0,062 | 0,2021
35 0,9093 |8,2114 | 0,014 -1,1738 | 35 99,075 | 99,6412 |-0,0619 | 0,198

36 0,9407 | 8,4872 | 0,0038 |-1,0477 | 36 99,0436 | 99,629 | -0,0616 | 0,1936
37 0,9761 | 8,791 -0,0111 |-0,9156 | 37 99,0081 | 99,6152 | -0,061 | 0,1887
38 1,016 9,1241 -0,0303 |-0,7785 | 38 98,9682 | 99,5997 | -0,0602 | 0,1834
39 1,0608 | 9,4881 -0,0532 | -0,6376 | 39 98,9234 | 99,5822 | -0,0592 | 0,1777
40 1,1111 |9,8844 |-0,079 |-0,4943 |40 98,8731 | 99,5626 | -0,0579 | 0,1717
41 1,1673 |10,3142 |-0,107 |-0,3501 | 41 98,8168 | 99,5407 | -0,0565 | 0,1652
42 1,2303 | 10,7788 | -0,1365 | -0,2065 | 42 98,7538 | 99,5161 | -0,0548 | 0,1583
43 1,3006 | 11,2795 |-0,1664 |-0,065 |43 98,6835 | 99,4887 | -0,053 | 0,1511
44 1,379 11,8175 |-0,1961 |0,0727 |44 98,605 | 99,4581 |-0,0511 | 0,1436
45 1,4665 | 12,3937 |-0,2245 |0,2053 |45 98,5175 | 99,4239 | -0,049 | 0,1357
46 1,564 13,0093 | -0,251 0,3316 |46 98,42 99,3858 | -0,0468 | 0,1276
47 1,6725 | 13,6652 |-0,2748 | 0,4505 |47 98,3114 | 99,3434 | -0,0447 | 0,1192
48 1,7932 | 14,3625 |-0,2952 | 0,5612 |48 98,1907 | 99,2961 | -0,0425 | 0,1105
49 1,9275 |15,1021 |-0,3117 | 0,663 |49 98,0564 | 99,2436 | -0,0404 | 0,1016
50 2,0767 | 15,8849 |-0,324 |0,7555 |50 97,9072 | 99,1851 | -0,0384 | 0,0925
51 2,2425 | 16,7118 |-0,3317 | 0,8384 |51 97,7414 | 99,12 -0,0366 | 0,0832
52 2,4267 |17,5838 |-0,3348 |0,9118 |52 97,5572 | 99,0476 | -0,035 | 0,0737
53 2,6312 | 18,5019 |-0,3334 |0,9756 |33 97,3527 | 98,9672 | -0,0336 | 0,064

54 2,8583 | 19,4671 |-0,3276 | 1,0302 |54 97,1256 | 98,8777 | -0,0325 | 0,0541
55 3,1103 | 20,4803 |-0,3178 | 1,0758 |55 96,8736 | 98,7783 | -0,0317 | 0,0441
56 3,39 21,5427 |-0,3043 | 1,1128 | 56 96,5939 | 98,6677 | -0,0313 | 0,0339
57 3,7004 | 22,6553 |-0,2875 | 1,1416 |57 96,2835 | 98,5448 | -0,0313 | 0,0235
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Bang 13A (tiép tuc)

D6 phan xa, D65 Do truyén, D65

AOI Y L* a* b* AOI Y L* a* b*
58 4,0449 |23,8193 |-0,268 | 1,1627 |58 95,939 | 98,408 |-0,0316 | 0,0131
59 44271 | 25,0359 |-0,2462 | 1,1766 |39 95,5569 | 98,2559 | -0,0324 | 0,0024
60 4,8511 |26,3063 |-0,2227 | 1,1837 |60 95,1328 | 98,0866 | -0,0336 | -0,0083
Pham vi dich chuyén mau phan xa tir | Thap: 0,0007 | Pham  vi  dich | Thap: 0,0001
gbc t6i vudng goc (AOI = 0 do) dén | Cao: 1,1994 chuyén mau truyén | Cao: 0,2271
AOI =42 d% tr goéc téi vudng

goc (AOI = 0) dén

AOI =60
Pham vi dich chuyén mau phan xa tir | Thap: 2,0189
gbe téi vudng goc (AOIL = 0 do) va | Cao: 3,1420
AOI =43-60 do

Bang 13B: Toa d) cta d6 phan xa va mau truyén qua mdt mat (Y, L*, a* va b*) st

dung ngudn sang F2 trong vi du 6.

Do phan xa, F2 bo truyén, F2

AOI Y L* a* b* AOI Y L* a* b*

0 0,7101 |6,4142 |-0,7229 | -1,0759 | 0 99,2803 | 99,721 |-0,0074 | 0,2018
1 0,7101 | 6,4142 |-0,7216 | -1,0776 | 1 99,2803 | 99,721 |-0,0075 | 0,2019
2 0,7101 | 6,414 |-0,7176 | -1,0828 |2 99,2803 | 99,721 |-0,0077 | 0,2021
3 0,7101 |6,4139 |-0,7111 | -1,0916 |3 99,2803 | 99,721 | -0,008 0,2025
4 0,71 6,4137 |-0,702 |-1,1041 | 4 99,2803 | 99,7211 | -0,0084 | 0,2031
5 0,71 6,4136 | -0,6902 | -1,1207 | 5 99,2803 | 99,7211 | -0,0089 | 0,2039
6 0,71 6,4138 | -0,6757 | -1,1414 | 6 99,2803 | 99,721 | -0,0095 | 0,2048
7 0,7101 |6,4144 |-0,6587 | -1,1666 | 7 99,2802 | 99,721 |-0,0103 | 0,206

8 0,7102 | 6,4154 | -0,6389 | -1,1967 | 8 99,2801 | 99,721 |-0,0111 | 0,2073
9 0,7104 |6,4172 |-0,6165 | -1,2317 |9 99,2799 | 99,7209 | -0,0121 | 0,2089
10 |0,7107 |6,4199 |-0,5914 |-1,272 |10 | 99,2796 | 99,7208 -0,0132 | 0,2108
11| 0,7111 |6,4236 |-0,5637 |-1,3176 | 11 | 99,2792 | 99,7206 -0,0144 | 0,2128
12 |0,7117 |6,4287 |-0,5335 |-1,3683 | 12 | 99,2786 99,7204 | -0,0158 | 0,2152

-77-




36218

13 10,7124 |6,4354 [-0,5008 | -1,4239 | 13 |99,2779 | 99,7201 | -0,0172 | 0,2177
14 |0,7134 | 6,4438 | -0,466 |-1,4836 |14 |99,2769 | 99,7197 | -0,0187 | 0,2204
15 |0,7145 | 6,4544 |-0,4291 |-1,5465 | 15 |99,2757 | 99,7193 | -0,0204 | 0,2232
16 |0,716 |6,4673 |-0,3908 |-1,6112 |16 |[99,2743 | 99,7187 | -0,0221 | 0,2262
17 |0,7177 |6,4829 |-0,3513 [-1,676 |17 |99,2726 | 99,718 |-0,0238 | 0,2292
18 |0,7198 |6,5016 |-0,3112(-1,7386 |18 99,2705 | 99,7172 | -0,0256 | 0,232

19 10,7222 | 6,5238 | -0,2713 | -1,7967 | 19 | 99,268 | 99,7163 | -0,0273 | 0,2347
20 |0,7251 |6,5501 |-0,2323 |-1,8477 {20 |[99,2651 | 99,7151 | -0,029 | 0,2371
21 10,7286 | 6,581 |-0,1949 |-1,889 |21 [99,2617 | 99,7138 | -0,0307 | 0,2391
22 10,7326 |6,6174 |-0,16 [-1,918 |22 [99,2576 | 99,7122 | -0,0323 | 0,2406
23 10,7373 | 6,6601 |-0,1284 |-1,9329 |23 |99,2529 | 99,7104 | -0,0337 | 0,2414

Bang 13B (tiép tuc)
D6 phan xa, F2 Db truyén, F2

AOI| Y L* a* b* |[AOI| Y L* a* b*

24 10,7429 |6,7103 |-0,1008 | -1,9321 [ 24 | 99,2473 | 99,7082 | -0,0349 | 0,2417
25 10,7494 [6,7693 |-0,0778 | -1,9154 | 25 | 99,2408 | 99,7057 | -0,036 0,2412
26 |0,7571 |6,8387 |-0,0598 |-1,883 |26 |99,2331 99,7027 | -0,0368 | 0,2401
27 10,7661 | 6,9201 |-0,047 |-1,8367 |27 |99,224 |99,6992 | -0,0374 | 0,2383
28 10,7767 | 7,0156 |-0,0397 |-1,7786 |28 | 99,2134 | 99,6951 | -0,0378 | 0,2361
29 10,789 |7,1274 |-0,0376 |-1,7112 |29 {99,201 | 99,6902 | -0,038 0,2335
30 | 0,8035 |7,2578 |-0,0409 | -1,6375 |30 | 99,1866 | 99,6846 | -0,0379 | 0,2307
31 | 0,8203 | 7,4094 |[-0,0493 [ -1,5601 |31 |99,1698 | 99,6781 | -0,0376 | 0,2279
32 | 0,.8397 |7,5847 |-0,0628 |-1,4804 |32 |99,1504 | 99,6705 | -0,0371 | 0,2251
33 0,862 |7,7865 |-0,0814[-1,3984 |33 |99,128 |99,6618 |-0,0364 | 0,2223
34 |0,8876 |8,0175 |-0,1055|-1,3122 |34 [99,1024 | 99,6519 | -0,0354 | 0,2197
35 | 009167 |8,277 |-0,132 [-1,2238 (35 [99,0733 | 99,6406 | -0,0342 | 0,2172
36 | 0,0496 | 8,564 |-0,1627 | -1,1341 |36 | 99,0404 | 99,6278 | -0,0328 | 0,2145
37 | 0,9866 |8,8793 |-0,1972 |-1,0402 |37 |99,0033 | 99,6133 | -0,0311 | 0,2116
38 | 1,0281 |9,2231 |-0,2346 | -0,9392 |38 | 98,9619 | 99,5972 | -0,0291 | 0,2083
39 | 1,0743 |9,5959 |-0,2741|-0,8287 |39 | 98,9156 | 99,5792 | -0,0269 | 0,2043
40 | 1,1258 |9,998 |-0,3141[-0,7076 |40 |98,8641 | 99,5591 | -0,0246 | 0,1996

-78-




36218

41 | 1,1828 [10,4299 | -0,3529 | -0,5766 | 41 | 98,8071 99,5369 | -0,0221 0,1942
42 | 1246 |10,8925|-0,3887 | -0,4377 |42 | 98,7438 | 99,5122 -0,0196 0,1879
43 | 1,316 | 11,3867 |-0,4195|-0,2946 |43 | 98,6739 | 99,4849 -0,0172 0,181
44 | 13934 | 11,9138 |-0,4437 | -0,1519 | 44 | 98,5964 | 99,4547 -0,0149 0,1735
45 | 1,4793 | 12,4757 | -0,4603 | -0,014 |45 | 98,5105 99,4212 | -0,0129 0,1658
46 | 1,5745 | 13,0742 |-0,469 |0,1151 |46 | 98,4153 99,384 |-0,0113 0,158
47 |1,6803 | 13,7114 | -0,47 02325 |47 98,3094 | 99,3426 | -0,01 0,1503
48 | 1,798 | 14,3895 | -0,4646 | 0,3374 |48 | 98,1917 99,2965 | -0,0089 0,1427
49 [1,9291 | 15,1106 | -0,4545 | 0,4304 |49 | 98,0607 99,2452 | -0,0082 0,1352
50 |2,0752 | 15,8768 | -0,4419 | 0,5135 |50 | 97,9146 99,188 |-0,0075 0,1277
51 [2238 |16,6898 |-0,4288 | 0,5895 |51 | 97,7517 99,1241 | -0,0069 0,1199
52 | 2,4196 | 17,5511 | -0,4171 | 0,6614 |52 | 97,5701 99,0527 20,0061 0,1116
53 |2,622 |18,4618|-0,4078 |0,7317 |53 | 97,3677 98,9731 | -0,005 0,1026
54 |2,8476 | 19,4228 | -0,4015 | 0,8015 | 54 97,1421 | 98,8843 | -0,0035 0,0926
55 | 3,0986 |20,4347|-0,398 | 0,871 |55 96,8911 | 98,7852 | -0,0017 0,0816
56 |3,3779 |21,4979 | -0,3962 | 0,9389 | 56 96,6118 | 98,6748 | 0,0005 0,0694
57 |3,6883 |22,613 |-0,3949 | 1,0028 |57 96,3014 | 98,5519 | 0,003 0,0564
Bang 13B (tiép tuc)

D6 phan xa, F2 Do truyén, F2
AOI Y L* a* b* AOI Y L* a* b*
58 [4,033 |23,7801|-0,3923 | 1,06 58 95,9568 | 98,4151 | 0,0055 | 0,0427
59 | 4,4155 |25 20,3869 | 1,1077 |59 | 95,5743 | 98,2628 0,0078 | 0,0286
60 | 4,8397 | 26,2731 |-0,3773 | 1,1433 | 60 95,1501 | 98,0935 | 0,0098 | 0,0147
Pham vi dich chuyén | Thép: 0,0021 Pham vi dich chuyén Thap: 0,0001
mau phan xa tir gbc t6i | Cao: 1,9738 mau truyén t¥ goc t6i | Cao: 0,1879
vudng géc (AOI = 0 do) vuéng goc (AOI = 0)
dén AOL =55 do dén AOL =60
Pham vi dich chuyén | Thép: 2,0412
mau phan xa tir goc t6i | Cao: 2,2459

vudng goc (AOI = 0 do)
va AOI = 56- 60 do
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Bang 13C: Toa dd cta d6 phan xa va mau truyén hai bé mat (Y, L*, a* va b*) sir dung

ngudn séng D65 trong vi du 6.

D6 phan xa, D65 Do truyén, D65
AOI| Y L* a* b* [AOI| Y L* a* b*
0 | 47393 | 25,9789 | -0,4402 [-0,9295 [0 [ 95,2449 | 98,1314 | -0,0038 | 0,2771
1 14,7393 | 25,0787 | -0,4395 | -0,9297 | 1 | 95,245 | 98,1315 |-0,0039 | 02771
3 47391 | 25,9782 | -0,4374 | -0,9303 [2 | 95,2452 | 98,1315 | -0,0042 | 0,2772
3 | 47388 | 25,9774 | 0,338 [-0,9314 [3 | 95,2454 | 98,1316 | -0,0047 | 0,2774
4 47385 | 25,9763 | -0,4289 | -0,9328 [4 | 95,2458 | 98,1318 | -0,0054 | 0,2776
5 14738 | 25,975 |-0,4226 | -0,9347 |5 |952462 98,132 | -0,0062 | 0,277
6 147376 | 25,9736 | -0,4149 | -0,9368 | 6 | 95,2467 | 98,1321 | -0,0073 | 0,2783
7 (47371 25,9722 | 0,406 |-0,9393 [7 | 95,2472 | 98,1323 | -0,0085 | 0,2787
8 47367 | 25,971 |-0,3958 | 0,942 [8 | 95,2476 | 98,1325 | -0,0099 | 0,2791
9 147363 | 2507 |-0,3845 | -0945 |9 [95,2479 | 98,1326 | -0,0115 | 0,2796
10 | 4.7361 | 25,0694 | 0,372 | 0,948 |10 |[ 952481 98,1327 |-0,0132 | 0,2801
11 |4.7362 | 25,9695 | -0,3585 | -0,9512 | 11 [ 95248 | 98,1327 | -0,0151 | 0,2807
12 [4.7365 | 25,9704 | -0,3441 | -0,9543 | 12 [ 95,2477 | 98,1325 | -0,0171 | 0,2812
13 [4,7372 | 25,9725 | -0,3289 | -0,9572 | 13 [ 95,247 | 98,1323 | -0,0192 | 0,2818
T4 [47383 25,9759 | 0313 |-096 |14 [952458 98,1318 |-0,0214 | 02823
15 [4.7401 | 25,981 |-0,2965 | -0,9623 [ 15 [ 95,2441 | 98,1311 | -0,0237 | 0,2829
16 |4.7425 | 25,9881 | -0,2795 | -0,9641 [ 16 | 952417 | 98,1301 | -0,026 | 0,2833
17 [4.7457 | 25,9975 | 0,2623 | -0,9653 | 17 [ 95,2384 | 98,1288 | -0,0284 | 0,2837
18 [4.7498 | 26,0098 | 0,245 |-0,9657 | 18 |952343 | 98,1272 | -0,0308 | 0,2841
19 (4755 | 26,0252 | -0,2277 | -0,9651 [ 19 95229 |98,1251|-0,0332 | 0,2843
30 47615 | 26,0443 | -0,2106 | -0,9634 |20 | 95,2225 [ 98,1225 | -0,0355 | 0,2844
31 | 4.7694 | 26,0675 | -0,1939 | -0,9604 |21 | 95,2146 | 98,1193 | -0,0379 | 0,2843
35 4779 | 26,0956 | -0,1778 | 0,9559 | 22 [ 95205 |[98,1155|-0,0401 | 0,2841
33 (47903 | 26,1289 | -0,1624 | -0,0497 | 23 [ 95,1936 | 98,1109 | -0,0423 | 0,2837
34 | 4.3038 | 26,1683 | -0,1478 | 0,9418 | 24 | 95,1802 | 98,1056 | -0,0443 | 0,2831
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Bang 13C (tiép tuc)
Do phan xa, D65 Do truyén, D65
AOI] Y L* a* b* [AOI| Y L* a* b*
75 | 48195 | 262143 | -0,1342 [-0,9319 [25 [ 95,1644 | 98,0993 | -0,0462 | 0,2823
26 | 4.8379 | 26,2679 | -0,1218 | -0,92 [26 [95,146 | 98,0919 |-0,048 | 02812
37 | 4.8592 | 26,3297 | -0,1107 | -0,9058 | 27 | 95,1247 | 98,0834 | -0,0496 | 0,2799
28 | 4.8836 | 26,4006 | -0,1008 | -0,8893 |28 | 95,1002 | 98,0736 | -0,051 | 0,2783
20 49117 | 26,4817 | -0,0924 | -0,8703 [29 95,0721 | 98,0624 | -0,0523 | 0,2764
30 |4.9437 | 26,5739 | -0,0855 | -0,8489 30 [ 95,04 | 98,0495 | -0,0533 | 0,2742
31 | 49802 | 26,6782 | 0,08 | -0,8248 |31 | 95,0036 | 98,0349 | -0,0542 | 0,2717
35 [5.0215 | 26,7959 | -0,0761 | 0,798 |32 | 94,9622 | 98,0184 | -0,0548 | 0,2689
33 15,0682 | 26,9282 | -0,0736 | -0,7686 | 33 | 94,9155 97,9997 | -0,0552 | 0,2657
34 [5.1208 | 27,0763 | -0,0726 | -0,7364 | 34 | 94,8628 | 97,9786 | -0,0554 | 0,2622
35 [5.18 | 27,2417 | -0,0731 | -0,7015 [ 35 | 94,8035 | 97,9549 | -0,0555 | 0,2583
36 | 5.2465 | 27,4257 | -0,0749 | 0,6641 |36 | 94,7371 | 97,9282 | -0,0553 | 0,2541
37 53208 | 27,6299 | -0,0779 | -0,6241 |37 | 94,6627 | 97,8984 | -0,0549 | 0,2495
38 5404 | 27,856 |-0,082 | -0,5817 |38 |94,5795]97,865 |-0,0544 | 0,2446
39 [5.4967 | 28,1055 | -0,0872 | -0,5372 [ 39 | 94,4867 | 97,8278 | -0,0536 | 0,2393
20 15,6001 | 28,3803 | -0,0931 | -0,4909 |40 | 94,3833 | 97,7862 | -0,0528 | 0,2338
41 [5.7151 | 28,682 |-0,0996 | 0,443 |41 |[94,2682 (97,74 |-0,0518 |0,2275
10 |5.8429 [29,0127 | -0,1065 | 0,394 |42 | 94,1404 | 97,6885 | -0,0507 | 0,2217
13 15,0848 | 29,3741 | -0,1134 | -0,3441 |43 [ 93,9984 | 97,6314 | -0,0495 | 0,2153
44 61421 | 29,7683 | -0,1202 [ -0,294 |44 ]93,8411 97,5679 | -0,0484 | 0,2087
35 63164 | 30,1971 | -0,1264 | -0,2439 | 45 | 93,6667 | 97,4975 | -0,0472 | 0,2019
46 |6,5093 30,6627 | -0,1318 | -0,1944 | 46 | 93,4738 [ 97,4196 | -0,0461 | 0,195
47 167226 | 31,1669 | -0,1361 | -0,1458 | 47 | 93,2605 | 97,3332 | -0,0451 | 0,188
28 16,9583 | 31,7118 | 0,139 | -0,0987 |48 93,0247 | 97,2376 | -0,0443 | 0,181
29 | 72186 | 32,2994 | -0,1403 | -0,0532 |49 [ 92,7644 | 97,1319 | -0,0438 | 0,1739
50 75058 | 32,9316 | -0,1398 | -0,0099 | 50 | 92,4772 | 97,015 | -0,0435 0,1668
51 |7.8225 | 33,6104 [-0,1372 [ 0,0311 [51 92,1604 | 96,8858 | -0,0435 0,1598
52 [ 8.1715 | 343376 | -0,1327 | 0,0694 |52 |[91,8113 | 96,7431 | -0,044 | 0,1529
53 18556 35,115 |-0,126 |0,1049 [53 | 91,4268 | 96,5855 | -0,0443 0,146 |
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54 ]89793 |35,9445-0,1174 | 0,1374 |54 | 91,0034 | 96,4114 -0,0462 | 0,1393

55 |9.4451 | 36,8276 |-0,1069 | 0,1667 |55 | 90,5376 | 96,2193 -0,048 | 0,1328

56 19,9574 |37,7659 |-0,0948 | 0,1928 |56 | 90,0252 | 96,0072 -0,0503 | 0,1265

57 10,5205 | 38,7609 | -0,0812 | 0,2157 |57 | 89,4621 95,7732 | -0,0532 | 0,1204

58 | 11,1392 | 39,8139 | -0,0664 | 0,2354 | 58 | 88,8433 95,5149 | -0,0566 | 0,1145

59 | 11,8185 | 40,9263 | -0,0508 | 0,2518 |59 | 88,1639 | 95,2299 -0,0605 | 0,1089

60 | 12,5641 | 42,099 |-0,0347 | 0,2652 |60 | 87,4183 | 94,9155 -0,0649 | 0,1037

Pham vi dich chuyén | Thap: 0,0007 Pham vi dich chuyén | Thap: 0,0001

mau phan xa tir goc tdi | Cao: 1,2616 mau truyén tir goc téi | Cao: 0,1838
vudng goéc (AOIL = 0 do) vudng goéc (AOI = 0)
dén AOT = 60 do dén AOI =60

Bang 13D: Toa d ctia d6 phéan xa va mau truyén hai bé mit (Y, L*, a* va b¥) str dung

ngudn sang F2 trong vi du 6.
D6 phan xa, F2 Do truyén, F2

AOI Y L* a* b* AOI Y L* a* b*

0 4,717 |25,9128 | -0,2697 | -0,7766 | 0 95,2729 | 98,1426 | -0,005 0,2726
1 4,717 | 25,9128 | -0,2693 | -0,7771 | 1 95,273 | 98,1426 | -0,005 0,2726
2 4,717 |25,9128 | -0,2682 | -0,7786 | 2 95273 | 98,1426 | -0,0052 | 0,2729
3 4,717 |259128 | -0,2662 | -0,7812 | 3 95273 | 98,1426 | -0,0055 | 0,2733
4 4,717 |259128 | -0,2634 | -0,7849 | 4 95273 | 98,1426 | -0,0058 | 0,2738
5 4,717 25,9129 | -0,2599 | -0,7897 | 5 95,2729 | 98,1426 | -0,0063 | 0,2745
6 4,7172 |25,9132 | -0,2555 | -0,7958 | 6 95,2728 | 98,1426 | -0,0069 | 0,2754
7 4,7174 | 25,9139 | -0,2503 | -0,8031 | 7 95,2726 | 98,1425 | -0,0076 | 0,2765
8 4,7177 | 25,9149 | -0,2444 | -0,8119 | 8 95,2722 | 98,1423 | -0,0085 | 0,2778
9 47182 |259164 | -0,2376 | -0,8221 | 9 952717 | 98,1421 | -0,0094 | 0,2793
10 |4,719 259186 |-0,23 0,8338 | 10 | 95,271 | 98,1418 | -0,0104 0,2811
11 4,72 25,9217 | -0,2216 | -0,847 |11 95,2699 | 98,1414 | -0,0116 | 0,283

12 | 4,7214 |25,9258 | -0,2124 | -0,8617 | 12 95,2685 | 98,1409 | -0,0129 | 0,2852
13 | 4,7232 | 25,9311 | -0,2025 | -0,8777 | 13 95,2667 | 98,1401 | -0,0142 | 0,2876
14 | 4,7255 |25,9379 | -0,192 | -0,8948 14 |952644 | 98,1392 | -0,0157 | 0,2902
15 |4,7283 | 25,9463 | -0,1808 | -0,9127 | 15 95,2616 | 98,1381 | -0,0172 | 0,2929
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16 |4,7318 [25,9567 |-0,1691 | -0,9311 | 16 | 95,258 | 98,1367 | -0,0188 | 0,2957
17 | 4,7361 |25,9693 | -0,1571|-0,9492 | 17 | 95,2538 | 98,135 -0,0204 | 0,2985
18 | 4,7412 [25,9845 | -0,145 |-0,9666 | 18 | 95,2486 | 98,1329 | -0,0221 0,3012
19 |4,7474 |26,0025 |-0,1329 | -0,9825 | 19 | 95,2425 | 98,1305 | -0,0238 | 0,3 037
20 |4,7546 |26,0239 | -0,1211 | -0,996 |20 | 95,2352 | 98,1275 -0,0254 | 0,306
21 | 4,7632 | 26,0491 | -0,1097 | -1,0064 | 21 | 95,2266 | 98,1241 | -0,027 0,3079
22 | 4,7732 [26,0786 |-0,0992 | -1,0129 | 22 | 95,2166 | 98,1201 -0,0285 | 0,3092
23 | 4,7849 | 26,113 |-0,0896 | -1,015 |23 95,2048 | 98,1154 | -0,0298 | 0,31
24 | 4,7986 |26,153 |-0,0813 | -1,0123 | 24 | 95,1912 | 98,11 -0,031 0,3102
25 | 4,8144 | 26,1993 |-0,0743 | -1,0045 | 25 95,1753 | 98,1036 | -0,032 0,3097
26 |4,8327 |26,2528 |-0,0688 | -0,9919 | 26 | 95,157 | 98,0963 -0,0328 | 0,3086
27 | 4,8539 |26,3144 | -0,0649 | -0,9749 |27 | 95,1358 | 98,0878 | -0,0334 0,307
28 |4,8783 |26,3852 | -0,0625 | -0,9542 | 28 | 95,1114 | 98,0781 -0,0338 | 0,3048
29 14,9063 |26,4662 |-0,0617 | -0,9306 | 29 | 95,0833 | 98,0669 -0,0339 | 0,3024
30 |4,9384 | 26,5586 | -0,0623 | -0,9053 | 30 | 95,0512 | 98,054 -0,0339 | 0,2997
31 | 4,9751 | 26,6637 | -0,0644 | -0,879 |31 95,0145 | 98,0393 | -0,0337 | 0,297
32 |5,0169 | 26,7827 | -0,0678 | -0,8525 |32 | 94,9727 | 98,0226 -0,0332 | 0,2943
33 5,0642 |26,917 |-0,0725 | -0,8262 | 33 94,9253 | 98,0036 | -0,0326 | 0,2917
34 |5,1178 [27,0677 |-0,0785 | -0,8001 | 34 | 94,8718 | 97,9822 -0,0318 | 0,2892
35 5,1781 | 27,2362 | -0,0858 | -0,7738 | 35 94,8114 | 97,958 |-0,0307 | 0,2867
36 |5,2458 | 27,4238 | -0,0943 | -0,7466 | 36 | 94,7437 97,9309 | -0,0295 | 0,2842
37 53215 | 27,6318 | -0,104 |-0,7174 |37 | 94,668 | 97,9005 -0,0281 | 0,2814
38 | 5,406 |27,8614 |-0,1147 |-0,6852 | 38 | 94,5835 | 97,8666 -0,0264 | 0,2782
39 |55 28,1141 | -0,1262 | -0,6492 | 39 | 94,4895 | 97,8289 -0,0246 | 0,2745
Bang 13D (tiép tuc)

Do phan xa, F2 D6 truyén, F2
AOI Y L* a* b* AOI Y L* a* b*
40 |5,6043 |28,3912 |-0,1379 | -0,609 |40 |94,3851 | 97,787 -0,0227 0,2701
41 5,7198 | 28,6943 | -0,1494 | -0,5645 | 41 94,2695 | 97,7405 | -0,0208 0,265
42 |5,8477 |29,025 |-0,1601 |-0,5163 | 42 | 94,1416 97,689 |-0,0189 0,2593
43 15,9892 [29,3852 |-0,1692 | -0,4654 | 43 | 94,0001 | 97,632 -0,0172 0,2531
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44 | 6,1455 | 29,7767

-0,1762 | -0,4132

44 93,8438 | 97,569

-0,0157 | 0,2466

45 16,3183 |30,2017

-0,1807 | -0,3611

45 193,671 | 97,4993

-0,0146 | 0,2399

46 | 6,5092 | 30,6624

-0,1825 | -0,3104

46 93,48 97,4221

-0,0138 | 0,2333

47 16,7202 | 31,1612

-0,1815 | -0,2619

47 193,269 | 97,3367

-0,0135 0,2268

48 |6,9533 | 31,7004

-0,1782 | -0,2162

48 | 93,0359 | 97,2421

-0,0135 0,2205

49 | 7,211 32,2825

-0,173 | -0,1729

49 92,7781 | 97,1375

-0,0138 0,2145

50 | 7,4957 |32,9098

-0,1667 | -0,1317

50 | 92,4934 | 97,0216

-0,0143 0,2085

51 |7,8103 |33,5846

-0,1598 | -0,0917

51 92,1788 | 96,8934

-0,0149 | 0,2024

52 | 8,1575 | 34,3088

-0,153 | -0,0522

52 191,8315| 96,7514

-0,0155 0,1961

53 | 8,5407 | 35,0845

-0,1466 | -0,0127

53 | 91,4483 | 96,5943

-0,0161 0,1894

54 | 8,9632 |359134

-0,1408 | 0,0269

54 | 91,0258 | 96,4207

-0,0165 0,1821

55 |9,4287 | 36,7969

-0,1354 | 0,0662

55 90,5603 | 96,2287

-0,0169 | 0,1744

56 |9,941 37,7364

-0,1301 | 0,1044

56 |90,0479 | 96,0166

-0,0172 | 0,1663

57 | 10,5046 | 38,7332

-0,1243 | 0,1404

57 | 89,4843 | 95,7825

-0,0177 | 0,1581

58 | 11,1238 | 39,7882

-0,1175 | 0,1729

58 | 88,865 |95,524

-0,0184 | 0,1499

59 | 11,8037 | 40,9025

-0,1092 | 0,2009

59 | 88,1851 | 95,2388

-0,0197 | 0,1422

60 | 12,5498 | 42,0769

-0,099 | 0,2235

60 | 87,439 | 94,9242

-0,0215 0,1353

Pham vi dich chuyén
mau phan xa tor goc tdi
vudng goéc (AOI = 0 do)
dén AOL =60 do

Thap: 0,0006
Cao: 1,0146

Pham vi dich chuyén
mau truyén tr goc téi
vudng géc (AOI = 0)
dén AOI = 60

Thap: 0
Cao: 0,1383

Vidu7

Vi du 7 bao gdm nén thity tinh nhdm - silicat téng bén twong tu nhu trong vi du

5 va 16p phu quang hoc 12 16p bao gdm 16p chdng xudc 2 micromet, nhu duge thé

hién trong bang 14.




Béng 14: Cau tric theo vidu 7.
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Lép pho/Lép | Céc phan khoang, Vit ligu Chi sé khuc | Bé day khong gian
néu c6 thé ap xa (tai (nm)
dung 550nm)
Mobi  trudng Khong khi
xung quanh
1 SiO, 1,48623 86,6
SiuAlvOxNy 2,03056 145,8
2 SiOs 1,48623 19,2
SiuAlyOxNy 2,03056 48,0
SiO 1,48623 11,7
Lép pht quang [T5 " chZioxude | SbALONy | 2,03056 2000,0
hoc 1 Si02 1,48623 10,2
SiuAlvOxNy 2,03056 42,0
2 SiOs 1,48623 32,7
SiuAlyOxNy 2,03056 23,6
3 SiO2 1,48623 55,0
SiuAlyOxNy 2,03056 7,4
Thuy tinh AS | 1,511
Tong d6 day 16p phu 2482,16

Céc vi du md phong tir 8 dén 11

Céc vi du m6 phong tir 8 dén 11 stt dung md phong dé chimg minh phd phan xa

clia céc vt phim ma bao gdm céc phuong 4n ve 16p phi quang hoc bén va chong

xuée, nhu duge mo ta & day. Trong cac vi du md phong tir 8 dén 11, 16p phu quang

hoc bao gdm cic 16p AIOxNy va SiOa, va nén thiy tinh nhom - silicat ting bén co
thanh phan danh nghia khoang 58mol% SiO», 17mol% ALOs, 17mol% NaxO, 3mol%
MgO, 0,1mol% SnO, va 6,5mol% P20s, nhu dugc thé hién trong cac bang tir 15 dén

19. Pudng cong chi sb khuc xa phan tan cua cac vét liéu phtl va nén sir dung trong céac
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vi du m6 phong tir 8 dén 11 thu duoc theo cach twong ty nhu trong cac vi du m6 phong

tr 2 dén 5.

Bang 15: CAu tric trong vi du m6 phong 8.

L6p phi/Lép Céc phan Vatlieu | Chisbkhicxa | Bé day khong gian
khoang, néu c6 (tai 550nm) (nm)
thé 4p dung
Mo6i  truong Khong khi 1
xung quanh
1 AlOxNy 2,00605 32
SiO2 1,48114 12
L6p chong xude | AIOxNy 2,00605 2000
Lép phii quang 1 SiO2 1,48114 8,78
hoo AlOxNy 2,00605 44,19
2 SiOs 1,48114 32,41
AlOxNy 2,00605 24,3
3 SiO2 1,48114 58,55
AlOxNy 2,00605 7,47
Thuy tinh AS | 1,50542
Tbng d6 day 16p phu (nm) 2219,7
Béang 16: Céu tric trong vi du md phéng 9.
Lép pht/Lép Céc phan Vit liéu Chi sd khiic xa | Bé day khong gian
khoang, néu c6 (tai 550nm) (nm)
thé 4p dung
Mobi truong Khong khi 1
xung quanh
1 AlOxNy 2,00605 25
Lép pht quang SiO2 1,48114 25
hoc L&p chdng xude | AIOxNy 2,00605 2000
1 SiOs 1,48114 8,78
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AlONy 2,00605 44,19
2 Si02 1,48114 32,41
AlONy 2,00605 24,3
3 Si0, 1,48114 58,55
AlONy 2,00605 7,47
Thuy tinh AS | 1,50542
Tbng d6 day 16p phu (nm) 2225,7
Béang 17: Cu tric trong vi du md phong 10.
Lé6p pht/Lép Céc phan Vatlitu | Chisbkhicxa | Bé day khong gian
khoang, néu c6 (tai 550nm) (nm)
thé 4p dung
Mobi  trudng Khong khi 1
xung quanh
Si0, 1,48114 2
1 AlONy 2,00605 25
Si0, 1,48114 25
Lép chong xude | AIOxNy 2,00605 2000
Lép phit quang | 1 Si0; 1,48114 8,78
hoc AlONy 2,00605 44,19
2 Si0, 1,48114 32,41
AlONy 2,00605 24,3
3 Si0» 1,48114 58,55
AIONy 2,00605 7,47
Thuy tinh AS | 1,50542
Tbng o day 16p phi (nm) 2227,7
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Bang 18: Cu tric trong vi dy m6 phong 11.

Lép pht/Lép Céc phan Vit liéu Chi s§ khic | Bé day khong gian
khoang, néu c6 xa (tai (nm)
thé ap dung 550nm)
Mo6i  trudng Khong khi 1
xung quanh
SiO2 1,48114 100
1 AlOxNy 2,00605 34
Si02 1,48114 15
Lép  chdng | AlIONy 2,00605 2000
xude
Lép phu
quang hoo 1 SiO2 1,48114 8,78
AlOxNy 2,00605 44,19
2 SiO2 1,48114 32,41
AlOxNy 2,00605 24,3
3 Si0, 1,48114 58,55
AlOxNy 2,00605 7,47
Thay tinh | 1,50542
AS
Téng d6 day 16p phu (nm) 2324,7

Hinh v& trén cac Fig.13 dén Fig.14 1dn lugt thé hién phd phan xa theo tinh todn

va mau phan xa theo tinh toan, clia duy nhét b& mit chéng phan chiéu trong vi du md

phong 8. Hinh vé trén céc Fig.15 dén Fig. 16 1an luot thé hién phd phan xa theo tinh

to4n va mau phén xa theo tinh todn, ctia duy nhét bé mit chéng phan chiéu trong vi du

m6 phong 9. Hinh vé trén cac Fig.17 dén Fig. 18 lan luot thé hién phd phan xa theo

tinh toan va mau phan xa theo tinh toén, ctia duy nhét b& mit chdng phan chiéu trong

vi du m6 phong 10.
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Hiéu suét quang ctia cac vi du md phong tir 8 dén 11 duoc tom tat trong bang

22.

Bang 22: Hiéu sult quang ctia cic vi du md phong tir 8 dén 11.

Vi du mé | B6 phan xa | D dich | Luong vat | DO day cua | Luong vat

phong bé mit | chuyén  mau | lidu c6 chi sd | 16p trén cung | liéu c6 chi
chéng phan | theo géc t6i da, | thdp & mit nhdt (am)|sd cao &
chidu, d6|géc nhin tt O | phia khong | (phia ngudi | 16p trén
chéi trung | dén 60 @, D65 | khi ctia 16p | skt dung) c6 | cing
binh (%) | hoic F2, mfu |cimg c6 chi|chi sb thap|500nm cla
(mdt mit) | tham chibu véi | s6 cao day | (vidy, SiO2) | vét pham

chinh né nhat (nm) pht (%)

8 7,85 1,1 12 0 97,6

9 4,9 2,7 25 0 95,0

10 4,9 3,0 27 2 94,6

11 1,3 2,2 115 100 77,0

Nhu dugc thé hién trong hinh vé& trén cac Fig.13, 15, 17, va 19, cac vi du mé

phéng tir 8 dén 11 thé hién d6 phan xa thip (tuc 13, cac gia tri dusi 10% va dudi 8%),

d6i véi cac goéc nhin 8°, 20°, va 40°, v6i do phan xa cua goc nhin 60° cao hon mot

chut, theo trang thai bude séng quang hoc. Vi du minh hoa 11 thé hién d6 phan xa rat

thip dbi véi cac goc nhin 8°, 20°, 40° va 60° (vi du, do phin xa trung binh t6i da
khoang 7% hodc nho hon). Tai c4c géc nhin 8°, 20°, va 40°, d6 phan xa trung binh

tham chi con thip hon (tic 13, nho hon 2%).

Nhu duge thé hién trong hinh vé trén Fig.14 va Fig.20, cdc vi du md phong 8 va

11 thé hién mau phan xa, tai cdc goc nhin tlr goc t6i vudng goc dén 60°, nho hon 2 dbi

v6i ca hai ngudn sang D65 va F2. Nhu dugc thé hién trong hinh v& trén Fig.16 va

Fig.18, vi du m6 phéng 9 va 10 thé hién khoang mau phan xa, tai cic géc nhin tir goc

t61 vudng géc dén 60°, nho hon 3 d6i véi ca hai ngudn sang D65 va F2.
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C6 thé tin ring, cac vi du tir 8 dén 11 cing thé hién cac gid tri d0 cimg mo ta &
day, duoc xac dinh béng thir nghiém do cung theo vét cat 13m Berkovich (va cu thé, do

cting nim trong khoang tir 14 GPa dén khoang 21 GPa).

Hiéu sut quang cua cac vi du md phong tir 8 dén 11 duoc so sanh véi vi du mé
phong so sénh 4. Hi¢u sudt quang d4nh gid bao gdm d6 phan xa trung binh trén khoang
bude song tir 450nm dén khoang 650nm va dd dich chuyén mau (v6i viée tham chiéu
dén cac toa d6 a* va b* (-1, -1), st dung phuong trinh V((@*vi au-(-1))*+(b*vi au=(-1))%))
khi dugc quan sét & goc chiéu séng téi ndm trong khoang tir 0 do dén khoang 60 do tur
g6 t6i vudng goc dudi cac ngudn sang FO2 va D65. Vi du md phong so sinh 4 thé
hién dd phan xa trung binh thép hon, nhung cling thé hién do dich chuyén mau 1én hon

dang ké doc theo céc goc nhin tir 0 d6 dén 60 do.
Vidul2

Vi du 12 bao gdm 16p phu quang hoc 16 16p nhu duoc thé hién trong bang 23,
bao gdm cac 16p dugce b tri lién tiép 1én trén nhau, va dugc b6 tri & trén nén thiy tinh
nhdm - silicat ting bén c6 thanh phin danh nghia khoang 65mol% SiO2, Smol% B20s,
14mol% Al,03, 14mol% NaxO, va 2,5mol% MgO.

Béang 23: Chu tric theo vi du 12.

Bé day khong
Lép Vit lidu Chi s6 khuc xa gian (nm)

Moi truong | Khong khi 1

16 Si0, 1,4952 92,4

15 Si,ALOXNy | 2,08734 150,1

14 Si0, 1,4952 10,1

13 Si,ALONy | 2,08734 96,9

12 Si0, 1,4952 18,9

11 Si,ALONy | 2,08734 41,9

10 Si0, 1,4952 40,1

9 SL,ALONy | 2,08734 37,6

8 Si0, 1,4952 17,4
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7 Si,ALOWNy | 2,08734 2000,0
6 Si0; 1,4952 8,7

5 SiuALOXNy | 2,08734 41,0

4 Si0» 1,4952 29,9

3 SiuALOXNy | 2,08734 23,3

2 Si0» 1,4952 53,6

1 SiuALOxNy | 2,08734 7,2
Nén Thuy tinh 1,50996

Tdng @6 day 2661,9

C4 hai 16p SiO2 va SiyAlyOxNy déu dugce tao ra bing k¥ thuat phin xa phan Gng

trong cong cu két tha phun xa ciia AJA-Industries san xudt. SiO, dugc két tiia bang k¥

thuat phin xa phan ung DC tlr dich Si v6i sy trg giup cia ion; vat liéu SiuAlyOxNy

duoge két ta bang k¥ thuat phiin xa phan tmg DC két hop véi k§ thuat phiin xa DC xép

chdng RF v6i su tro gitp clia ion. Céc dich d6 1a Silic duong kinh 3” va Al dudng

kinh 3”. Céc khi phan tng 13 nito va oxy, va khi “hoat dong” (hodc khi tro) 1a Argon.

Ngudn duoe 4p dung lén Silic ¢6 tAn s8 vo tuyén (RF) tai 13,56 Mhz. Nguon duoc 4p

dung 1én nhom 1a DC.

Diéu kién x1r ly phun xa st dung dé tao ra 16p phu quang hoc ctia vi du 12 dugc

thé hién trong bang 23.

Bang 24: Diéu kién xit Iy phun xa cta vi du 12.

Vit liéu Ngudn | Ngudn Al Nguon | Dong Dong Dong nén T
AIDC | RF W) SiRF Ar N2 0)) ©
(W) (W) (scem) | (sccm) | (scem)
S1uAvIOxNy | 300 200 500 30 30 0,5 200
Si02 50 (van |50 (van | 500 30 30 3 200
dong) dong)
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Vi du 13 thé hién céc dic tinh quang hoc dugc dua ra trong bang 22 va bang 23.
Bang 22 thé hién mau phan xa va mau truyén dugc do tir ca hai bé& mit chdng phan
chidu va bé mit trin d6i dién ctia nén (sir dung d6 phan xa toan thé hodc phép do 2
mit). Bang 23 thé hién mau phan xa khi duoc do tir duy nhét bé mit chéng phan chiéu
(st dung phép do mot mit).

Bang 25: Hiéu suit quang cta vi du 12, dugc do trén bé mit chéng phan chiéu va bao

36218

gdm mt tran doi dién cua nén.

Mau phan xa Mau truyén qua
Nguodn sang D65

CIE X 0,2874 CIE X 0,3163
y 0,3227 y 0,3323
L* 30,00 IL* 07,26
a* -4,10 a* 0,61
b* -3,19 b* 0,96
X 5,55 X 88,59
Y 6,23 Y 93,09
Z 7,53 V4 08,43

Nguon séng A

CIE X 0,4235 CIE X 0,4534
y 0,4082 y 0,4061
L* 29,27 IL* 97,40
a* -4,43 a* 0,76
b* -4,22 b* 1,12
X 6,17 X 104,33
Y 5,95 Y 03,43
Z 2,45 4 32,33

Ngudn séng F2
CIE X 0,3567 CIE X 0,3820
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y 0,3623 y 0,3690
L* 29,34 L 97,38
a* 3,05 a* 0,45
b 3,29 b* 1,02
X 5,88 X 06,67
Y 5,97 Y 93,39
Z 4,63 7 63,00

Bang 26: Hiéu suit quang cta vi du 12, dugc x4c dinh trén duy nhét bé mit chéng

phan chiéu.

D6 phan xa bé 6° 20° 40° 60°
mit thir nhit

Ngudn s+ ppol|s + p pol|s + p pol|s+ppol

sang avg avg avg avg

D65

CIE X 0,2422 0,2383 0,2356 0,2732
y 0,3095 0,3047 0,2694 0,2944
‘L* 17,12 15,88 13,99 25,12
a* -8,84 -8,55 -3,43 -1,27
b* -6,00 -6,48 -10,16 -7,81
X 1,82 1,62 1,51 4,13

2,33 2,08 1,73 4,45

Z 3,37 3,11 3,18 6,54

A

CIE X 0,3640 0,3610 0,3608 0,4067
y 0,4136 0,4058 0,3765 0,3953
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L* 15,59 14,34 12,65 24,36
a* -10,20 -9,35 -5,95 -4,42
b* -8,26 -9,27 -12,66 -8,67
X 1,78 1,59 1,44 4,33
Y 2,02 1,79 1,51 4,21
V4 1,09 1,03 1,05 2,11
F2
CIE X 0,3111 0,3071 0,3038 0,3390
y 0,3523 0,3412 0,3045 0,3362
L* 15,73 14,37 13,00 24,88
a* -6,94 -5,85 -1,41 -1,37
b* -6,41 -7,63 -11,68 -8,55
X 1,81 1,61 1,56 4,41
2,05 1,79 1,56 4,38
Z 1,96 1,85 2,01 4,23

Vi du 12 thé hién d6 cting va moédun Young, duoc do trén bé& mit chéng phan

chiéu, nhu dugc thé hién trong bang 28. Ca hai gia tri dugc do st dung dung cu do vét

cit 1dm Berkovich nhu dugc mo ta & day.

Bang 27: P§ cimg va mddun Young do duge cua vi du 12.

Nguoi ¢ hiéu biét trung binh trong linh vyc s& hiéu rd rang, c4c bien doi, thay

d6i khéac nhau c6 thé dugc dua ra ma khong di tréch khdi tinh than hodc pham vi bao

Modun, GPa Do cing, GPa
Vidul2 169 17,6
Vidu4 65 6,8

ho cua séng che.
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YEU CAU BAO HQ
1. Vat phdm bao gdm:
nén c6 bé mit chinh; va

16p pht quang hoc duoc bé tri & trén b mit chinh va tao thanh bé mat chéng
phan chiéu, 16p phit quang hoc bao gdm 16p phtt chéng phén chiéu,

vat phém nay thé hién dd ctmg 8 GPa hodc 16n hon khi dugc do trén bé miit
chéng phan chiéu bing thtt nghiém d ctimg theo vét cét 1dm Berkovich doc theo dd

sdu vét cit 1om nam trong khoang tir 100nm dén 500nm;

trong d6 vat phim ndy thé hién d6 phan xa 4nh sang trung binh thich img anh
sang moOt mat duoc do tai bé mit chdng phan chiéu 12 9% hodc nhé hon theo trang thai
budc song quang hoc nam trong khoang tir 400nm dén 800nm va mdt hodc ca hai dic

trung:

toa d0 mau truyén qua vat phém trong hé do mau (L*, a*, b*) & goc t6i
yudng goc dudi ngudn séng theo tiéu chuin cta Uy ban Qubc té vé Chiéu sang
(International Commission on Illumination) thé hién d6 dich chuyén mau tai
diém tham chiéu nhé hon 2 tinh tir didm tham chiéu, khi duoc do tai bé mit
chéng phan chiéu, diém tham chiu bao gdm it nhit mot trong s cic toa do

mau (a*=0, b*=0) va toa d¢ mau truyén qua cua nén, va

toa d0 mau phan xa cta vat phém trong hé do mau (L*, a*, b*) & goc t6i
vudng goc dudi ngudn sang theo tiéu chuin cta Uy ban Qudc té vé Chiéu séng
(International Commission on Illumination) thé hién d6 dich chuyén mau tai
didm tham chiéu nho hon 5 tir dim tham chiéu, khi duge do tai bé mit chéng
phan chiéu, diém tham chiéu bao gém it nhit mot trong sb céac toa dd mau

(a*=0, b*=0), toa d0 mau (a*=-2, b*=-2), va toa d0 mau phan xa clia nén,

trong do6 khi diém tham chiéu 12 toa do mau (a*=0, b*=0), d6 dich chuyén mau

duge xac dinh bang V((a*vat pham )* + (b*vat phim )%),
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trong do khi diém tham chiéu 14 toa do mau (a*=-2, b*=-2), d6 dich chuyén

mau duoc x4c dinh bang V((a*vat phimt2 )? + (b*vat phim +2)%),

trong d6 khi diém tham chiéu 14 toa 40 mau cua nén, do dich chuyén mau duoc

X4ac dll’lh bf?lng \/((a*vat phém — a* n‘én)2 + (b*vat phém — b*nén)z)a

frong d6 16p phti chéng phan chiéu bao gdm nhiéu 16p, trong d6 nhiéu 16p bao
gdm 16p thr nhét c6 hé s8 phan chiéu (refractive index — RI) thip va 16p th hai ¢6 RI
cao,

trong d6 16p phu chéng phéan chiéu bao gdm nhiéu phan khoang sao cho 16p thir
nhét c6 RI thip va 16p thit hai c6 RI cao luan phién xen nhau,

trong d6 nguyén liéu dé st dung trong 16p thir nhét c6 RI thip bao gém SiOy,
AlLOs, GeOy, SiO, AlOyNy, SiOxNy, SiuALOxNy, MgO, MgALOs, MgF», BaFa, Cal®,
DyFs, YbFs, YFs, CeF3 hogc t6 hop ciia ching,

trong d6 nguyén li€u dé st dung trong 16p tht hai c6 RI cao bao gbm
SiyAlyOsNy, Ta;0s, Nb2Os, AIN, SisNa, AlOsNy, SiOxNy, HfOz, TiO2, ZrOz, Y20s,

ALOs, MoO3, cacbon giéng kim cuong hodc t6 hop ctia chung, va

trong d6 16p phu chdng phan chidu bao gdbm d6 day vat ly tir 10 nm dén 500

2. V4t phim theo diém 1, trong d6 16p phu chéng phan chiéu con bao goém 16p thix
ba c6 RI thép duoc bé tri trén nhidu 16p, va ngoai ra trong d6 16p thit ba c6 RI thip bao
gdm SiOs, ALOs, GeOs, SiO, AlONy, SiOxNy, SivAlOxNy, MgO, MgALOs, Mgk,
BaF,, CaF,, DyF3, YbF3, YF3, CeFs hodc t5 hop ctia chung.

3. Vat phdm theo diém 1 hojc diém 2, trong d6 d6 day vat ly cua 16p pht chéng

phan chiu 12 tir 10 nm dén 300 nm.

4. Vat phim theo diém 1 hogc diém 2, trong d6 d6 day vét Iy cta 16p phu chéng

phan chiu 12 tir 10 nm dén 450 nm.
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5. Vit phém theo diém 1, trong d6 nén c6 do cimg nhé hon dd cimg cuc dai cua
vét phim.
6. Vit phim theo diém 1, trong d6 vét phdm thé hién d6 bén chdng mai mon sau

500 chu ky mai mon st dung thir nghiém Taber trén bé mit chéng phan chiéu dap tmg

mdt hodc nhiu déc trung bét ky trong s6 cac dic trung (i)-(iv) sau day:

(1) d6 duc bang 1% hoic nho hon, dugc do béng céach sir dung may do do

duc c¢6 mot 13 cira, trong d6 16 ctra c¢6 dudng kinh 8mm,

(i)  d6 nham trung binh Ra, dugc do bing kinh hién vi lyc nguyén tir, bang

12nm hodc nho hon,

(i) cudong do 4nh sang tan xa béng 0,05 (tinh theo cic don vi 1/don vi gbc
khéi) hodc nhé hon, & géc tan xa phin cuc bang 40 d6 hogc nho hon,
duoc do tai goc téi vudng goc trong khi truyén bang cach st dung khdi
cau ghi hinh dé do tan xa, c6 16 cira 2mm tai buge séng 600nm, va

(iv) cudng dd 4nh sang tan xa bang 0,1 (tinh theo cac don vi 1/don vi géc
khdi) hodc nhé hon, & gbc tan xa phan cuc béng 20 d0 hodc nhd hon,
duoc do tai goc t6i vudng goc trong khi truyén bang cach st dung khéi

cdu ghi hinh d do tan xa, c6 16 clra 2mm tai buéc séng 600nm.

7. Vit phim theo diém 1, trong d6 16p phit chéng phan chiéu bao gom 1én t6i 10

phan khoang.
8. Vat phém theo diém 1, trong d6 nén bao gém nén vd dinh hinh hodc nén két
tinh.

9.  Vat phim theo diém 8, trong d6 nén v6 dinh hinh bao gdm thuy tinh duge chon
tr nhém gdm thity tinh natri-canxi, thiy tinh nhom silicat kiém, thay tinh bo silicat

chita kidm va thity tinh nhém - bo silicat kiém.
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10.  Vat phim theo diém 9, trong d6 thuy tinh dugc ting bén theo phuong thic hoa
hoc va bao gdém 16p tmg sult nén (compressive stress - CS) voi ing sudt nén bé mit it
nhét 13 250 MPa, trong d6 16p tmg suét nén (CS) chay dai bén trong thiy tinh duoc
ting bén theo phuong thirc hoa hoc tir bé mit ctia thily tinh duoc ting bén theo phuong
thirc hoa hoc t6i d6 sau ctia 16p (DOL) it nhat 1a bang 10 pm.

11.  Vat phim theo diém 1, con bao gdm 16p phit d& lam sach, 16p phii gidng kim

cuong hodc 16p phu chéng xudc duge b tri trén 16p phit quang hoc.

12. V&t phim theo diém 1, trong d6 16p pht quang hoc bao gbm 16p chdng xudc co

d6 day nim trong khoang tir 1 micromet dén 3 micromet.

13.  Vat phdm theo diém 12, trong d6 16p pht chéng phan chiéu dugc b6 tri gitra 16p

chong xudce va nén.

14.  Vat phim theo diém 1, trong do it nhit mot trong sb cac 16p thi hai ¢6 RI cao
chtra SiyAlyOxNy hodc SiO2/AlOxNy.

15. Vit phim theo diém 1, trong d6 do day vét ly két hop ctia 16p thir nhét c¢6 RI
thip gdm nhiéu 16p bao gdm nhd hon 60% do day vat ly cta 16p phu chéng phan

chiéu.

16.  Vat phim chua:

nén c6 bé mit chinh; va

16p phu quang hoc dugc bd tri trén bé mit chinh nay va tao thanh bé mit chéng
phén chiéu, 16p phu quang hoc nay bao gdm 16p phtt chéng phan chiéu,
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vat phém c6 d6 cung béng 8 GPa hoic 16n hon khi dugc do trén bé mit chéng
phan chiéu bang thtr nghiém d6 ctng theo vét cit 16m Berkovich doc theo dd sau vét

cit 13m nim trong khoang tir 100nm dén 500nm;

trong do vat phém nay thé hién mot ho#ic ca hai trong sd: (a) d6 dich chuyén
mau theo géc khi phén xa nho hon 10 khi quan sat & goc chiéu sang t6i 12 20 do hodc
16n hon, c6 tham chiéu dén goc t6i vudng goc dudi ngudn sang theo tiéu chuén cua Uy
ban Quéc t& vé Chiéu sang (International Commission on Illumination) duoc chon tir
nhém gdm céc ngudn sang loai A, cic ngudn sang loai B, cac ngudn séng loai C, cac
ngudn sang loai D va cac ngudn sang loai F, va (b) d6 dich chuyén mau theo géc khi
truyén qua nho hon 10 khi quan st & goc chiéu sang téi bang 20 d6 hodc 16n hon c6
tham chiéu dén géc t6i vudbng goc theo tieu chudn cia Uy ban Qubc té vé Chiéu séng
duoc chon tr nhém gbm cac ngudn sang loai A, cac ngudn sang loai B, céc ngudn
sang loai C, cac ngudn sang loai D va cic ngudn sang loai F, trong d6 do dich chuyén
mau theo géc dugc tinh bang cach st dung phuong trinh V((a*o—a*;)>+H(b*2-b*1)?), voi
a*; va b*; 1a céc toa do ctia vat thé khi duoc quan sat & goc tdi vudng goc va a*s va b*s

13 céc toa do cua vat thé khi duoc quan sat & goc chiéu sang t&i,

trong d6 16p phu chéng phan chiéu bao gdm nhiéu 16p, trong d6 nhiéu 16p bao
gbm 16p th nhét c6 RI thap, 16p thir hai c6 RI cao,

trong d6 16p phu chdéng phan chiéu bao gdm nhiéu phéan khoang sao cho 16p thi
nhét c6 RI thip va 16p thit hai c6 RI cao luén phién xen nhau,

trong d6 nguyén li€u dé st dung trong 16p tha nhét c¢6 RI thip bao gdm SiOa,
ALO;3, GeOa, SiO, AlOxNy, SiOxNy, SiuAlOxNy, MgO, MgAl,04, Mg, Bal®, CaF,
DyF3, YbF3, YF3, CeFs hodc td hop ctia chiing,

trong d6 nguyén li€u dé st dung trong 16p tht hai c6 RI cao bao gbm
SiyAlONy, Ta0s, NbyOs, AIN, SizNs, AlONy, SiOxNy, HfO,, TiO,, ZrO2, Y203,

AL O3, MoOs, cacbon giéng kim cuong hodc t6 hop ciia chung, va

trong do 16p phu chéng phan chiéu bao gbm d6 day vat ly tir 10 nm dén 500
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17.  Vat phim theo diém 16, trong d6 16p phu chéng phan chiéu con bao gbm 16p
thir ba c6 RI thip dugc bb tri trén nhidu 16p, va ngoai ra trong d6 16p thir ba ¢6 RI thap
chita SiO2, ALO3, GeOs, SiO, AlOxNy, SiOxNy, SiuAlOxNy, MgO, MgALOs, Mgk,
BaF,, CaF», DyF3, YbFs, YF3, CeFs hodc td hop cua chung.

18.  Vat phim theo diém 16 hodc diém 17, trong d6 d¢ day vat Iy cua 16p phti chéng
phan chiéu 13 tir 10 nm dén 300 nm.

19.  Vat phim theo diém 16 hodc diém 17, trong d6 d¢ day vat 1y cta 16p pht chéng
phan chiéu 12 tir 10 nm dén 450 nm.

20.  Vat phém theo diém 16, trong d6 nén c6 do climg nhé hon do cimg t61 da clia

vat pham.

21, Vat phm theo diém 16, trong d6 vat phim ndy thé hién do bén chéng mai mon
sau 500 chu ky mai mon st dung thir nghi¢m Taber trén b& mat chéng phan chiéu dép
img mot hodc nhiéu dic trung bat ky trong s6 cac dic trung (i)-(iv) sau day

(i) d6 duc bing 1% hogc nho hon, duge do bing cach sir dung may do do duc
¢6 mdt 13 cira, trong d6 15 ctra c6 dudng kinh 8mm

(i) 6 nhdm trung binh Ra, dugc do bang kinh hién vi luc nguyén tu, béng
12nm ho#c nhd hon,

(iii) cudng do 4nh séng tan xa béng 0,05 (tinh theo don vi 1/don vi géc khéi)
hodc nhé hon, & goc tan xa phén cuc bang 40 d6 hodc nhod hon, duge do tai goc toi
vudng goc trong khi truyén bang céch st dung khdi cdu ghi hinh d8 do tan xa, c6 15
clra 2mm tai buéc song 600nm va

(iv) cuong do anh sang tan xa béng 0,1 (tinh theo don vi 1/don vi goc khéi)

hodc nho hon, & gbc tan xa phan cuc béng 20 dd hodc nhé hon, dugc do tai goc toi
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vubng goc trong khi truyén bing cach st dung khdi cdu ghi hinh d do tin xa, c6 16

clra 2mm tai budc séng 600nm.

22, Vat pham theo diém 16, trong d6 16p phu chéng phéan chiéu bao gbm 1én t6i 10
phan khoéang.

23.  Vat phém theo diém 16, trong d6 nén bao gém nén vd dinh hinh hodc nén két

tinh.

24.  Vat phém theo diém 23, trong d6 nén vo dinh hinh bao gbm thiy tinh dugc
chon tir nhém gdm thily tinh natri-canxi, thity tinh nhom silicat kiém, thiy tinh bo

silicat chira kidm va thiy tinh nhém-bo silicat kiém.

25. Vit phim theo diém 24, trong d6 thuy tinh dugc ting bén theo phuong thirc hoa
hoc va bao gdm 16p ting sudt nén (CS) véi tng suAt nén bé mit it nhat 1a 250 MPa,
trong d6 l6p ung sult nén (CS) chay dai bén trong thiy tinh dugc tang bén theo
phuong thirc héa hoc tur bé mit cta thiy tinh dugc ting bén theo phuong thitc hoa hoc
t6i d6 sau cta 16p (DOL) biang it nhat 1a 10 pm.

26.  Vat phdm theo diém 16, con bao gém 16p phi d& lam sach, 16p phu gidng kim

cuong hodc 16p phu chéng xuéc duge bb trf trén 16p phu quang hoc.

27.  Vat phim theo diém 16, trong d6 16p phti quang hoc bao gdm 16p chéng xude

¢ d6 day nam trong khoang tir 1 micromet dén 3 micromet.

28. Vit pham theo diém 27, trong d6 16p pht chéng phan chiéu duoc bb tri gitta 16p

chong xudc va nén.
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29.  Vat phdm theo diém 16, trong do6 it nhit mot trong sb cac 16p thit hai ¢6 RI cao
bao gdm SiuAlOxNy hodc SiO2/A10xNy.

30.  Vat phim theo diém 16, trong d6 do day vat Iy két hop ctia 16p thir nhat c6 RI
thdp gdm nhiéu 16p bao gbm nho hon 60% d¢ day vét ly cia 16p phu chéng phan

chiéu.

31. VAt phim bao gom:
nén c¢6 bé mit chinh; va

16p phu quang hoc dugc b tri trén bé mit chinh ndy va tao thanh b& mit chéng
phan chiéu, 16p pht quang hoc nay bao gdm mot 16p phii chéng phan chiéu va mot 16p

chdng xudc,

vat phém c6 d6 cung bang 8 GPa hogc 16n hon khi duge do trén b& mit chdng
phén chiéu bing thir nghiém d6 ctng theo vét ¢t 1dm Berkovich doc theo do siu vét

c&t 16m nim trong khoang tir 100nm dén 500nm;

trong d6 vat phim nay thé hién hé sb phan xa 4nh sing trung binh mo6t mat phd
duoc do & bé mit chbng phan xa 13 9% hodc nho hon theo trang thai bude séng quang

hoc ndm trong khoang tir 400 nm dén 800 nm va mdt ho#c ca hai trong sb cac dic tinh:

toa d6 mau truyén qua vat thé trong hé do mau (L*, a*, b*) ¢ gbc t6i vudng gde
theo tidu chudn ngudn séng ctia Uy ban Qudc té v& Chiéu sang thé hién su chuyén dich
didm mau tham chiéu it hon 2 tir diém tham chiéu nhu duoc xéc dinh & bé mat chéng
phan chiéu, diém tham chiéu bao gém it nht mot trong sb cac toa d6 mau (a*=0,

b*=0), va toa d6 mau truyén qua cla nén, va

toa do mau truyén qua vt thé trong hé do mau (L*, a*, b*) & goc t6i vudng gdec
theo tiéu chuén ngudn sang clia Uy ban Quéc té v& Chiéu sang thé hién sy chuyén dich

didm mau tham chiéu it hon 5 tir didm tham chiéu nhu duoc xéc dinh & bé mét chéng
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phan chiéu, diém tham chiéu bao gém it nhit mot trong sb cac toa do mau (a*=0,
b*=0), toa d0 mau (a*=-2, b*=—2) va toa d0 mau phan xa cta nén

trong do6 khi diém tham chiéu 14 toa dd mau (a*=0, b*=0), d6 dich chuyén mau
duoc xé4c dinh bang V((a*vat pham )> + (b*vat phim )%),

trong d6 khi diém tham chiéu 14 toa d6 mau (a*=-2, b*=-2), do dich chuyén
mau duoc xac dinh bang V((a*vat phamt2 )? + (b*vat phim +2)%),

trong do6 khi diém tham chiéu 13 toa d6 mau cla nén, d6 dich chuyén mau dugc
x4ac dinh b%ll’lg \/((a*vat phém — a*nén)z + (b*vét phdm — b*nén)z),

trong d6 16p phu chdng phan chidu bao gdm nhiéu 16p, trong d6 nhiéu 16p bao
gdm 16p thir nhat ¢ hé s8 phan chiu (refractive index — RI) thip va 16p thi hai ¢6 RI
cao,

trong d6 16p phu chbng phan chiéu bao gdmit nhit mdt phan khoang sao cho
16p thir nhat ¢ RI thap va 16p thir hai c6 RI cao ludn phién xen nhau,

trong d6 nguyén liéu dé str dung trong 16p thir nhit c6 RI thip bao gdm SiO»,
AIZOS, GeOZ, SIO, AIOxNy, SiOxNy, SiuAlvaNy, MgO, MgA1204, MgFZ, Ban, Can,
DyFs, YbFs, YF, CeF3 hogc t hop cua chung,

trong d6 nguyén li¢u dé str dung trong 16p thtt hai ¢6 RI cao va 16p chéng xudc
bao gdm SiyAlOxNy, Taz0s, NbOs, AIN, SiNy, SisNs, AIOxNy, SiOxNy, HfO2, TiO»,
7105, Y203, ALO3, MoOs, cacbon gibng kim cuong hodc t6 hop ciia ching,

16p phit chdng phan chiéu bao gdbm phan tht nhét va phéan thi hai sao cho 16p
chéng xude duge b tri gitta phin thir nhat va phan thi hai ndy, trong d6 d6 day vat ly

ctia 16p chéng xude ndm trong khoang tir 1 nm dén 3 pm, va

trong d6 16p pht chéng phan chiéu c6 do day vat Iy tr 10 nm dén 800 nm.

32. Vat phim bao gém:

nén c¢6 bé mat chinh; va
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16p phti quang hoc dwoc bé tri trén bé mit chinh va tao thanh bé mat chong
phan chiéu, 16p pht quang hoc bao gém mot 16p phu chéng phan chidu va mot 16p
chéng xudc,

vét phim ndy c6 do cimg bang 8 GPa hodc 16n hon nhu duoc do ¢ bé mit
chéng phan chiéu bai thir nghiém do ctmg theo vét cit 16m Berkovich (Berkovich
Indenter Hardness Test) doc theo pham vi d§ sau vét cét 16m tir 100 nm dén 500 nm;

trong do:

16p phu chéng phan chiéu bao gdm nhiéu 16p, trong d6 nhiéu 16p niy bao gdm
16p thir nhit c6 chi s phan chiéu (RI) thap, va 16p thu hai c6 RI cao,

16p phu chdng phan chiéu bao gdm it nhit mot phan khoang ma 16p thir nhét c6
RI thap va 16p tht hai c6 RI cao ludn phién xen k€,

nguyén liéu dé dung trong 16p tha nhét c6 RI thip bao gbm: Si0,, ALO3, GeOs,
Si0, AlOxNy, SiONy, SiuAlOxNy, MgO, MgALO4, Mgk, BaF, CaF, DyFs, YbF3,
YT3, CeF;3 hoic t6 hop clia chung,

nguyén liéu dé dung trong 16p thit hai c6 RI cao va 16p chéng xu6c bao gdbm
SiwALOxNy, Ta20s, NbyOs, AIN, SisNs, SiNx, AlOxNy, SiOxNy, HfO», TiO2, Z10a,
Y,03, ALO3, MoOs, cacbon giéng kim cuong hogc t6 hop ciia ching,

16p phtt chéng phan chiéu bao gdm phan thir nhét va phan th hai sao cho 16p
chdng xude duge bé tri gifta phin thir nhét va phan thtt hai nay, trong d6 d6 day vat ly
ctia 16p chéng xuéce ndm trong khoang tir 1 nm dén 3 um; va

16p chéng phan chiéu c6 d6 day vat Iy tir 10 nm dén 800 nm.
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