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(57) Sang ché dé cap toi mang hing s6 dién modi thdp va phuong phép ché

tao mang nay, trong d6 epoxy alkan, hop chit silic hitu co va hop chat
siloxan chira flo duoc st dung lam nguyén liu ciia mang hing sé dién mbi
thip, va mang héng sé dién moi thip dugc tao ra trén bé mat nén nho k¥
thuat ling pha hoi héa hoc ting cudng plasma. Do d6, mang c& nano c6 hing

s6 dién moi thap va dic tinh ky nudc dic biét tot duoc tao ra trén bé mat nén.
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42544 42

Linh vyc ky thuat duoc dé cap
Séang ché dé cap téi linh vyc ché tao mach tich hop & quy md rat 16n, cu thé
hon, sang ché dé cap téi mang héng s dién moi thip va phuong phap ché tao mang

\

nay.

Tinh trang ky thuat cia sang ché

Cung v6i viéc ban hanh ti€u chudn 5G théng nhat toan cau, su phat trién cta
linh vuc vo tuyén hodc vi dién ti cang ngay cang nhanh hon, yéu cdu tinh nang d6i
véi chip dién tr gia ting nhanh chéng, va kich thuéc ctia mach tich hop duoc thu
nho lién tuc, nghia la, $6 lugng cda cac thiét bi duoc tich hop trén chip cang ngay
cang 16n hon, yéu cu vé murc d6 tich hop cang ngay cang cao hon.

Khi mtc d6 tich hop ctia cc mach tich hop quy mé 16n cang ngay cang cao
hon, kich thuéc dic trung cia thiét bi giam dan, diéu nay dan t6i su gia ting cta dién
trd ddy dan va dién dung lién day dn va lién 16p, tao ra gia ting cla do tré dién
tré/dién dung (RC), vi thé din dén mot loat cac vén dé nhu d tré truyen tin hiéu, gia
tdng nhidu/tap nhiéu va gia ting tén hao cong suét, didu nay han ché dang ké tinh
ning téc do cao clia thiét bi. Mot trong sd cac phuong phap quan trong dé giam bét
c4c vAn dé nay 12 1am giam hang s6 dién moi (k) cua chét dién moi.

Trong linh vyc cua cong nghé truyén thong vo tuyén, dic biét 1a trong cong
nghé truyén thong cua dai tAn GHz, cac vat lidu tén hao thép co héng s6 dién moi
thap cang ngay cang thu hut nhiéu quan tam.

Noi chung, c¢6 hai cach dé giam bét gia tri k cua vat liéu, cach thu nhét 13 1am
giam kha ning phan cuc phén ti, nghia 13, chon hodc phat trién vat lidu c6 kha ning
phén cuc thép, chéng han, tao ra lién két phéan cuc thép (vi dy, Si-C, Si-F, C-H, v.v.)
trong vat liéu; va cach thur hai 1a lam giam s6 luong N cua cac phan tr phén cuc theo

don vi thé tich, diéu nay c6 thé dat duoc bang cach dua cac 16 x0p c& nano vao vat
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liéu va voéi su gia tang cuia do xbp, hang s6 dién mdi gidm tuong dbi nhanh. Hién tai,
d3 c6 mot s& nghién ctru theo ca hai khia canh trong k¥ thuat da biét.

Theo mét sd nghién ctru da biét, cong nghé hodc phuong phap léng phu hoi
héa hoc ting cuong plasma (PECVD) dugc st dung d8 tao ra mang c& nano co hing
sb dién moi thdp. Theo mot vi dy, thuc hién dua moét hodc nhiéu hop chét silic hitu
co vao budng phan ung lang pht hoi hoa hoc ting cuong plasma, va dua chét tao 15
xOp vao budng phan tmeg. O cong sudt RF khong d6i, cho mdt hogc nhiéu hop chét
silic hitu co phan ung véi chét tao 15 x6p dé ling phu mang hing s dién moéi (k)
thép trén nén ctia budng phan tmg. Hon nfta, thuc hién hau xtr Iy mang héng s dién
mdi (k) thdp dé co ban loai bd chét tao 15 xbp ra khoi mang hing s6 dién moi (k)
thap.

Mic di mot sé mang silic hitru co cb hing s6 dién moi thap da dugc phat trién,
c4c mang hang sb dién moi thip nay gap phai mot sé nhuoc diém khong mong mudn.
Tac gia sang ché d3 thiy rang c6 mot s6 khia canh cta k¥ thut da biét can phai duoc
cai thién.

Theo mdt khia canh, cac vat liéu nay doi héi viéc bd sung chét tao 16 xbp dé
tao ra cac 16 x6p, sau khi hinh thanh cac 16 xdp, chét tao 15 xbp duoc loai bo tiép,
nhung chét tao 16 xbp thuong khong thé duoc loai bé hoan toan, doi khi thdm chi con
lai twong dbi nhidu.

Mit khac, cac vat liéu nay dugc tao ra bang cach truc tiép tao hinh 16p mang
x6p trén nén, va sy hinh thanh cia cac 16 x6p 1am giam do bén lién két ciia 16p mang
véi nén, hoic luc két dinh clia 16p mang véi nén 12 twong ddi thap, va do x6p cao 1am
cho hing s6 dién moi thip hon, nhung do x6p cao cling 1am cho do bén lién két thip
hon, nghia 13, ton tai cac mau thuln gifta hai khia canh nay.

Mit khéc, cac vt liéu ndy co do bén co hoc kém, d6 bén chéng an mon kém,
vi thé 16p mang c¢& nano dé dang bi hu hai trong qué trinh x{r Iy chét ban dan sau dé.

Mit khac, 16p mang dugce gén chit vao nén nho phan tmg cla chét tao 15 xdp
trong budng phan Ung bang cong nghé PECVD, nhung trong khi hinh thanh, tinh

ddng nhét ctia 16p mang & cac vung khac nhau cua nén hoan toan khong thé dugc
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kidém soat, va cac ndng d6 & cac vung khac nhau cia budng phan tng 13 khac nhau,
vi thé d& dang tao ra phan bd khong ddng déu ctia 16p mang trén nén.

Mit khac, dic tinh ky nudc cia mang ¢§ nano héng s6 dién moi thép hién cé
13 kém, khi duoc léng phti trén bé mit nén, trong thir nghiém phun mubi, bé mit nén
d& bi &n mon, vi thé s& khong c6 lgi khi st dung san pham l4u dai, va yéu cau vé moi
truong st dung cling tuong dbi cao.

Cac mb ta trén day chi cung cép thong tin co s& lién quan tdi sang ché va

khong nhat thiét tao thanh k§ thuat da biét.

Ban chat k¥ thuit clia sing ché

Mot uu didm cta sang ché 13 tao ra mang hing sb dién moi thip va phuong
phap ché tao mang nay. Mang héng s6 dién moi thdp bao gdm it nhét hai két cdu 16p,
nho su két hop ca cac két cAu nhiéu 16p, tri s6 k ctia mang héng s dién moi thip c6
thé dugc didu chinh, va luc lién két va/hodc tinh chit co hoc ctia mang hang s dién
mdi thép c6 thé duge cai thién.

Mot wu didm cta sang ché 13 tao ra mang hing s6 dién moi thip va phuong
phap ché tao mang ndy. Theo mét phuong an, phwong phap l4ng phu hoi héa hoc
tang cuong plasma (PECVD) dugc st dung d8 tao ra 16p chéng dn mon va 1ép xbp,
16p chéng an mon dugc gan chit vao nén d tao ra mang hing sd dién moi (k) thap
¢6 lyc lién két tuong d6i manh véi nén, va c6 do bén chéng dn mon tbt.

Mot uu diém cia sang ché 13 tao ra mang hing sd dién moi thip va phuong
phéap ché tao mang nay, trong d6 trong moi truong khi tro, vinyl monome silic hitu co
va vinyl epoxy monome dugc dua vao xu Iy PECVD d8 tao ra 16p chdng an mon.

Mot vu diém cia sdng ché 13 tao ra mang hang sb dién mdi thap va phuong
phap ché tao mang nay, trong d6 theo mét phuong én, 16p chéng an mon 12 composit
thu dugc nho phan Ung cia epoxy alkan chua cac lién két kép cacbon-cacbon chua
bo hoa va siloxan hoic silan chira cac lién két kép chua bao hoa.

Mot uwu diém cla sang ché 13 tao ra mang hang s& dién moi thap va phuong

phap ché tao mang nay, trong d6 dinh vi 16p chdng #n mon giita 16p x6p va nén, sao
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cho phén rdng cta 16p xbp khong hoic hau nhu khong anh hudng dén luc lién két
gilta mang héng sb dién moi thép va nén, va tri s6 k c6 thé dugc tao ra nhé hon béng
cach gia tang do x6p.

Mdt uu diém cua sang ché 13 tao ra mang hing sb dién moi thip va phuong
phap ché tao mang nay, trong d6 st dung phuong phap phi mang dong, vi thé mang
hing sb dién moi thdp duoc gin dong déu hon vao nén, khac biét cua 16p phu mang
& céc vi tri khac nhau cua nén dugc giam bét, cd thé giai quyét vén dé vé do day
khoéng déu gay ra boi cac ndng d6 1ang phu khac nhau & cac ving khéc nhau ctia nén.

Mbt uu diém cia sang ché 13 tao ra mang hing sb6 dién moi thip va phuong
phap ché tao mang nay, trong d6 trong mdi trudng khi don hoac mdi truong khi hon
hop ctia oxy, nito/hydro, thuc hién quy trinh PECVD trong moi truong khi don hodc
moi truong khi hén hop cta silan hitu co, siloxan hitu co d8 tao ra 16p xdp.

Mot wu diém ctia sang ché 13 tao ra mang hing s6 dién mdi thip va phuong
phap ché tao mang ndy, trong dé tao ra flosilicon polyme trén 16p bé mat dé giam
hon nita tri s6 k ciia mang hang s6 dién mdi thép.

Mot wu diém cta sang ché 13 tao ra mang hing sé dién moi thip va phuong
phéap ché tao mang nay, trong do trén 16p bé mit, tao ra flosilicon hitu co bao gdm
nhém thom, st dung cAu triic bén virng cia nhém thom, va cai thién tinh chét co hoc
clia mang hang sb dién moi thap.

Mot wu diém cua sang ché 13 tao ra mang hing sd dién mdi thip va phuong
phap ché tao mang nay. Mang héng sb dién moi thdp c6 bé mat véi flosilicon polyme
¢ nang luong bé mat thap, cé dic tinh siéu ky nudc, va c6 géc tiép xtic tinh 16n khi
nuéc cb trén bé mit.

Mot wu diém cia sdng ché 13 tao ra mang hing sé dién moi thip va phuong
phap ché tao mang nay. Khi mang héng s dién moi thap duogc tao ra, mang c& nano
silic hitu co va silic hitu co/oxy lang pht xen k&. Sau khi 16p silic hiru co dugce tao
ra, oxy dugc dua vao. Phan hydrocacbon cua 16p silic hitu co phan ing vdi oxy dé
tao ra mit nham khong déu. Tiép dé, SIOCNH dugc léng phu trén bé mit, vi thé cac

16 x6p 1én ¢6 dién tich beé mat riéng cao hon duoc tao thuin lgi d€ hinh thanh, va cau
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truc xen k& nay tao diéu kién thuan lgi cho viéc cai thién luc két dinh cia mang hing
s6 dién moi thap va nén.

Mot uu diém cua sang ché 13 tao ra mang hang sé dién moi thip va phuong
phap ché tao mang nay, trong do bing cach didu chinh ham lugng ctia cic nhém
thom chira flo, c6 thé didu chinh cac tinh chAt dién moi va céc tinh chat co hoc cta
mang hing sé dién moi thap.

Mot wu diém cia séng ché 13 tao ra mang hing s6 dién moi thip va phuong
phap ché tao mang nay. Theo mét phuong an, nho quy trinh PECVD, két c4u hai 16p
bao gdm 1ép x6p va 16p chira flo dugc tao ra, vi thé trong khi tri s6 k dugc giam bét,
dic tinh ky nudc cia mang hang s dién moi thap duoc cai thién, do bén chdng &n
mon cta nén di ling pht dugc cai thién.

Mot wu diém cia sang ché 13 tao ra mang hang sé dién méi thip va phuong
phép ché tao mang nay. Theo modt phuong an, nho phwong phap PECVD, két cdu hai
16p bao goém 16p chéng an mon va 16p x6p duoc tao ra, dé, trong khi giam bét tri sd
k, cai thién luc lién két va luc két dinh gitta mang hing sb dién moi thip va nén.

Mot vu diém cia sang ché 14 tao ra mang hing s6 dién moi thap va phuong
phap ché tao mang nay. Theo mdt phuong an, bang cach st dung quy trinh PECVD,
két cAu ba 16p bao gom 16p chéng an mon, 16p xbp va 16p chua flo dugc tao ra, nho
cach bd tri xen k& ctia cac 16p khac nhau, tinh chét dién méi, tinh chit co hoc va dic
tinh ky nudc cia mang hing sb dién moi thip duoc cai thién toan dién, va cach bb tri
xen k& nay 12 c6 loi @& hinh thanh 16p x8p c6 thé tich 15 x6p 16n.

Mbt vu diém cia sang ché 13 tao ra mang hing s6 dién mdi thip va phuong
phép ché tao mang nay, trong d6 khong doi hoi chét tao 15 x&p dé tao ra chu trac 16
x6p, vi thé khong can G nhiét do cao dé loai bd chét tao 18 xdp.

Pé dat duoc it nhat mot trong s6 cac muc dich néu trén, theo mot khia canh,
sang ché dé xuAt mang hang sd dién moi thap, bang cach st dung epoxy alkan, hop
chét silic hitu co, va hop chét siloxan chta flo 14 nguyén li¢u, dugc tao ra trén bé mit
nén nho k¥ thuat léng phu hoi héa hoc ting cuong plasma.

Theo it nhat mot phuong &n cla sang ché, mang hing s6 dién méi thap co 16p
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chéng an mon, dugc lam bing hop chét epoxy alkan A chira cac lién két kép chua
bio hoa va siloxan hoic hop cht silan B chira céc lién két kép chua bdo hoa nho ky
thuat ling phii hoi héa hoc ting cuong plasma trén bé mit nén.

Theo it nhdt mot phuong 4n cia sang ché, mang hing s6 dién moi thap bao
gdm 16p xdp. Lép x6p dugc 1am bang hop chét C 13 silan hitu co va/hodc siloxan hitu
co va hop chét E 12 hop chét alkan va/hodc hop chét benzen nhd k¥ thuét léng phu
hoi héa hoc ting cuong plasma.

Theo it nhdt mot phuong 4n cla sang ché, mang hing s6 dién moi thap c6 16p
chtra flo. L6p chira flo duge lam béng flosilan thom D nho k¥ thuat l4ng phti hoi héa
hoc tdng cuong plasma.

Theo it nhat mot phuong an cia sang ché, mang hing sb dién moi thap c6 16p
day duoc lam bing hop chét vinyl epoxy va hop chét vinyl silic hitu co nho k¥ thuét
léng phi1 hoi héa hoc ting cudng plasma trén bé mat nén.

Theo it nhit mdt phuong 4n clia sing ché, hop chét A 1a m6t hodc nhiéu chat
dugc chon tu nhém bao gdm: vinyl etylen oxit, glyxidyl metacrylat, anlyl glyxidyl
ete, 1,2-epoxy 4-vinylxyclohexan, 2,3-epoxypropyldimetylvinylsilan, va 2,3-
epoxypropyldiclovinylsilan.

Theo it nhat mdt phuong 4n clia sang ché, hop chét B 13 mot hogc nhiu chat
duoc chon tir nhém bao gom: anlyltrimetoxysilan, vinyltrietoxysilan,
trimetylvinylsilan, 3-butenyltrimetylsilan, vinyltributylketoxim silan,
tetrametyldivinyldisiloxan, tetrametyltetravinylxyclotetrasiloxan, 1,2,2-
triflovinyltriphenylsilan, dimetylmetoxyvinylsilan, va 4-styryltrimetoxysilan.

Theo it nhat mdt phuong 4n clia séng ché, hop chét C 12 mdt hodc nhiu chat
duoc chon tr nhém bao gbm: y-glyxidyloxypropyltrimetoxysilan; D4H
xyclotetrasiloxan, hexametylxyclotrisiloxan, tris-(trimetoxysilan) ylphenylsilan, t-
butyldimetylclosilan, phenyletynyltrimetylsilan, biphenylvinyltrimetylsilan,
octaphenylxyclotetrasiloxan, triphenylhydroxysilan,
triflopropylmetylxyclotrisiloxan, 2,2,4 4-tetrametyl-6,6,8,8-

tetraphenylxyclotetrasiloxan, tetrametyltetravinylxyclotetrasiloxan, 3-glyxidyl ete
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oxypropyltrietoxysilan, tetrametyldivinyldisiloxan, tetraetyldisiloxan,
hexametyldisiloxan, phenyltris (trimetylsiloxy) silan, trimetylphenylsilan,
hexametyldisilazan, anlyltriphenylsilan, phenyltriclosilan, phenyltriflosilan,
phenyltrietoxysilan, phenyltrimetoxysilan, metylphenyldimetoxysilan,
dimetoxymetylphenylsilan, 1, 3-diclotetraphenyldisiloxan, phenylvinyltrimetylsilan,
naptylvinyltrimetylsilan, diphenyldihydroxysilan, octametylxyclotetrasiloxan,
hexaphenylxyclotrisiloxan, decametylxyclopentasiloxan, phenyltriclosilan,
metylphenyldiclosilan, phenyldimetylclosilan, metylphenylxyclotrisiloxan,
trimetoxymetylsilan, triflopropylmetylxyclotrisiloxan, tris-(trietoxysilan)
ylphenylsilan, perflooctyletylpentaflophenyldimetoxysilan, va tris-(trietylsilan)
ylphenylsilan.

Theo it nhit mdt phuong 4n cua sang ché, hop chét E 1a mét hodc nhiéu chit
duoc chon tr nhém bao gé)m: xyclobutan, xyclopentan, xyclohexan, benzen, toluen,
va p-xylen.

Theo it nhit mot phuong 4n cla sang ché, hop chéat D 1a mot hodic nhiéu chit
duoc chon tir nhém bao gdm: pentaflophenyltrietoxysilan,
pentaflophenyltrimetoxysilan, pentaflophenyltriclosilan,
pentaflophenyldimetylclosilan, perflooctyl etyl pentaflophenyl diclosilan,
pentaflodiclophenylperflohexyletylsilan, perflooctyldiclophenylsilan,
perflooctyldietoxyphenylsilan, perflooctyletylpentaflophenyldimetoxysilan,
perflobutyletylpentaflophenyldiclosilan, va
perflobutyletylpentaflophenyldimetoxysilan.

Theo it nhit mot phuong an cla sang ché, trong qua trinh léng phu hoi, khi
phu trg dugc dua vao dé phan tng, khi phu trg nay 13 mot hodc nhiéu chit duoc chon
tir nhém bao gém He va Ar.

Theo it nhdt mot phuong 4n cla sang ché, trong quy trinh léng pht hoi, khi
phu trg dugc dua vao dé phan tng, khi phu tro nay 1a mot hoac nhiéu chit duoc chon
tir nhém bao gdm nito/hydro, amoniac, oxy, va cac chét hiru co hydrocacbon.

Theo it nhAt mdt phuong 4n cla sang ché, gia tri hang so dién mdi cua mang
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hing s6 dién moi thip nim trong khoang tir 2,1 t6i 2,2, tir 2,2 t6i 2,3, tlr 2,4 161 2,5,
tr 2,5 t61 2,6, hodc tir 2,6 t61 2,7.

Theo it nhdt mot phuong 4n cla sang ché, mang hing sb dién moi thap c6
médun dan hdi ndm trong khoang tir 10 GPa téi 11 GPa, tir 11 GPa téi 12 GPa, tir 12
GPa téi 13 GPa, tir 23 GPa t6i 24 GPa, tir 26 GPa t6i 27 GPa, tlir 27 GPa t61 28 GPa,
tir 29 GPa t6i 30 GPa, tir 31 GPa t6i 32 GPa, hodc tir 33 GPa t6i 34 GPa.

Theo it nhit mét phuong 4n cla sang ché, mang hing s6 dién moi thip c6 goc
tiép xuc tinh ndm trong khoang tir 110° t61 115°, tir 115° t6i 120°, tir 120° to1 125°,
tir 125° t61 130°, tir 130° toi 135°, tir 135° téi 140°, tir 140° t6i 145°, tir 145° t61
150°, hoac tur 150° té1 155°.

Theo it nhat mot phuong 4n clia sang ché, mang hing sd dién moi thip c6 do
day nim trong khoang tlr 10 t6i 2000 nm.

Theo mot khia canh khéc, sang ché @& xuAt mang hing s6 dién moi thap bao
gdm: 16p xdp, 16p x6p nay duge 1am bing hop chat C 13 silan hitu co va/hosc siloxan
hiru co va hop chit E 13 hop chét alkan vd/hodc hop chét benzen nhd k¥ thuét léng
pha hoi héa hoc ting cudng plasma; va 16p chira flo, 16p chira flo nay duoc 1am bing
flosilan thom D nho k§ thuat 1dng pht hoi héa hoc tang cuong plasma.

Theo it nhit mot phuong 4n cia sang ché, 16p x6p clia mang hang s6 dién moi
thap duoc l&ng phu truc tiép trén bé mit cua nén, va 1ép chira flo dugc léng phu trén
bé mit cua 16p x6p.

Theo it nhit mot phuong 4n clia sdng ché, mang hing s6 dién moi thap c6 16p
chéng an mon. Lép chéng an mon duoc lam bang hop chét epoxy alkan A chira lién
két kép chua bdo hoa va siloxan hodc hop chét silan B chira lién két kép chua béo
hoa nho k§ thuét ling phu hoi héa hoc ting cuong plasma trén bé mat nén. Lép xp
dugc lang pha trén 16p chéng &n mon.

Theo mot khia canh khac, sang ché @& xuét phuong phap ché tao mang hing s6
dién moi thip, phuong phap nay bao gbm cac cong doan:

(A) 1am léng phu hoi 16p chéng an mon trén bé mat ctia nén; va

(B) lam l4ng phit hoi 16p x6p.
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Theo it nhat mdt phuwong 4n cua sang ché, cong doan (A) cua phuong phap ché
tao mang hang sb dién mbi thap bao gom:

(A1) dua hop chét vinyl epoxy alkan A va hop chét vinyl silic hitu co B vao
budng phan tmg cta thiét bj phan tng;

(A2) dua mét khi tro vao budng phan tmg cla thiét bi phan tmg; va

(A3) & cong suét dinh trude, tao ra 16p chéng an mon trén bé mit nén bing
léng phti nhd phan tng cua hop chit A va hop chét B.

Theo it nhat mot phuwong 4n cla sing ché, cong doan (B) ciia phuong phap ché
tao mang hang s6 dién moi thdp bao gdm:

(B1) dua vao hop chét silan hitu co va/hodc siloxan hitu co C va hop chét
alkan va/hoac hop chét benzen E;

(B2) dua vao nito/hydro dang khi, va/hodc amoniac;

(B3) dua vao oxy; va

(B4) & cong suét dinh trudc, tao ra 16p x6p bing cach l4ng phti hoi nhd phan
tng cua hop chét silan hitu co va/hoic siloxan hitu co C va hop chét alkan va/hoic
hop chét benzen E.

Theo it nhit mot phuong 4n cua sang ché, oxy duoc dua vao theo cach khong
lién tuc.

Theo it nhit mdt phuong 4n cua sang ché, phuong phap ché tao mang hang sb
dién moi thap con bao gbém cdng doan (C): lam léng phu hoi 16p chira flo 1én 16p
x0p.

Theo it nhit mot phuwong 4n ctia sang ché, cong doan (C) cuia phuong phap ché
tao mang hang s6 dién moi thip bao gdm:

(C1) dua vao mot khi tro;

(C2) dua vao flosilan thom D; va

(C3) & cong suét dinh trudc, tao ra 16p chira flo bang cach ling pha hoi nho
phén tng cua flosilan thom D.

Theo it nhit mét phuong an cla sang ché, phuong phap ché tao mang hing sb

dién mdi thap con bao gém cong doan 1am sach bé mat nén.
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Theo it nhat mdt phuong 4n cua sang ché, phuong phap ché tao mang hang s6
dién moi thAp con bao gom cong doan diéu khién nén sao cho nén nay di chuyén

trong budng phan mg.

M ta vin tit cac hinh vé

Fig.1 1a hinh v& dang so dd thé hién luu dd ctia phuong phép ché tao mang
hing sb dién moi thip theo mot phuong 4n clia sang ché;

Fig.2 13 hinh v& dang so db thé hién lvu d6 ctia cong doan d8 tao ra 16p chéng
sn mon cua mang hing s dién moi thip theo mdt phuong 4n cia sang ché;

Fig.3 1a hinh v& dang so db thé hién luu dd cia cong doan d8 tao ra 16p x6p
ctia mang hang s6 dién mdi thip theo mdt phuong an cia sang ché; va

Fig.4 1a hinh v& dang so db thé hién luu db cta cong doan dé tao ra 16p chira

flo ctia mang hing sb dién moi thap theo mot phuwong an clia sang ché.

Mo ta chi tiét sang ché

Phan md ta sau day s& boc 10 sang ché dé cho phép ngudi cd hiéu biét trung
binh trong linh vuc k¥ thuat nay ¢ thé ap dung sang ché. Can luu ¥ rang cic phuong
4n uu tién trong phan mo ta sau dy chi 1a cac vi du. Nguoi co hiéu biét trung binh
trong linh vuc k¥ thuét nay cé thé du kién céc thay doi hién nhién khéc. Cac nguyén
1y co ban cua sang ché nhu x4c dinh trong phan md ta sau day cé thé duogc 4p dung
cho cac phuong an, thay dbi, cai bién va thay thé cai bién khac nhau, va cac giai
phap k¥ thuat khac ma khong nim ngoai tinh than va pham vi cla sang ché.

Nguoi co hiéu biét trung binh trong linh vuc k¥ thuat nay can phai hiéu rang,
trong mo ta theo sang ché, céc thuat ngit "chiéu doc", "chiéu ngang", "trén", "dudi",
"trudc", "sau", "trai", "phai", "thing dimg", "ndm ngang", "trén cung", "day", "bén
trong", "bén ngoai" va thuat ngir tuong tu biéu thi cac mdi tuong quan phuong vi
hodc vi tri dua trén céac mbi tuong quan phuong vi hodc vi tri duge thé hién trén cac
hinh v&. Diéu nay du kién chi dé tao diéu kién thuan loi cho mo ta va don gian hoéa

viéc mo ta, va khong biéu thi hodic goi y rang thict bi hodc phan tu lién quan can phai
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c6 trang thai dinh hudng nhéat dinh, duoc chu thanh va van hanh ¢ trang théi dinh
huéng nhit dinh, vi thé cac thuat ngit nhu néu trén khong du kién dé giéi han sang
ché.

CAn phai hidu ring thuat ngit dang s it duoc hiéu 1a "it nhat mot" hodc "mot
hodc nhiéu", nghia 13, theo mot phuong én, s6 luong ctia mot phan tir c6 thé 13 mot
va theo mdt phuong an khac, s6 lugng ctia mot phén tir c6 thé 13 nhiéu, va thuat ngit
dang s6 it nhu vay khong du kién dé giéi han s6 luong cu thé.

Sang ché dé xuht mang hing s6 dién moi thap va phuong phap ché tao mang
nay. Mang hing s6 dién moi thap bao gdm silic, oxy va cacbon. Tét hon 13, mang
héng sb dién moi thap bao gdm silic, oxy, cacbon va flo. Mang héng s6 dién moi thip
6 cac 16 xbp c& nano.

Mang hing sb dién moi thap c6 céc tinh chat dién mbi t6t. Mang hing s6 dién
moi thp co tri sé k nhé hon 2,8. Vi dy, t6t hon 13, mang hing sb dién moi thap co tri
s6 k ndm trong khoang tir 1,9 t6i 2,7. Vi dy, mang héng s6 dién moi thip c6 tri s6 k
nam trong khoang tr 2,0 t6i 2,7. Vi du, mang hing sb dién moi thap c6 tri s6 k nam
trong khoang tir 2,1 téi 2,2, tir 2,2 t6i 2,3, tir 2,4 161 2,5, tir 2,5 t4i 2,6, hodc tr 2,6 téi
2,7.

Mang hing sb dién moi thap c6 cac tinh chit co hoc twong dbi t6t, médun dan
hdi cia mang hing sé dién moi thap 13 16n hon 10 GPa. Tét hon 13, mbédun dan hoi
clia mang hing sd dién moi thip nam trong khoang tir 10 GPa t6i 41 GPa. Vi dy,
modun dan hdi nim trong khoang tir 10 GPa t6i 11 GPa, tir 11 GPa t6i 12 GPa, tr 12
GPa t6i 13 GPa, tir 23 GPa t6i 24 GPa, tir 26 GPa t6i 27 GPa, tlir 27 GPa t61 28 GPa,
tir 29 GPa t6i 30 GPa, tir 31 GPa téi 32GPa hodc tir 33 GPa t6i 34 GPa. Do cung cua
mang hing s6 dién moi thap 13 16n hon 1,5 GPa. Tét hon 13, do ctng cua mang hing
sé dién moi thip nam trong khoang tir 1,6 GPa téi 2,9 GPa. Vi du, d6 cling nam
trong khoang tir 1,62 GPa téi 2,79 GPa.

Mang hing s6 dién moi thap c6 dic tinh ky nuéc déac biét t6t. Goc tiép xtic
finh ctia nuéc bam dinh vio mang hing s dién méi thép 1a 16n hon 110°. Vi dy, géc

tiép xtic tinh 1a 16n hon 120°. Vi du, géc tiép xtc tinh 1a 16n hon 140°. Vi dy, pham
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vi clia cac goc tiép xtc tinh 1a: tir 110° t&i 115°, tir 115° t6i 120°, tir 120° té1 125°, ti
125° t&i 130°, tir 130° t61 135°, tr 135° t6i 140°, tir 140° toi 145°, tir 145° t61 150°
hoic tir 150° t&i 155° hodc tir 155° toi 160°. Nhu vay, mang hing s dién moi thap
c6 d bén chdng in mon tdt. Vi du, khi mang hing sb dién moi thap duoc léng phu
trén bé mat sét kim loai nho thir nghiém phun mudi trong 90 gio, tAm sét khong bi &n
mon hodc chi co s6 luong nho cua cac diém &n mon. Tét hon 13, theo mot s6 phuong
4n, mang hang s& dién méi thip dugc léng pht trén b mit sit kim loai nhd thir
nghiém phun mubi trong 96 gio, tAm st khong bi &n mon.

Mang hing s6 dién moi thap 12 mang c& nano c6 d6 day nam trong khoang tir,
vi dy, nhung sang ché khong bi gi6i han nhu vy, 10 nm to1 2000 nm.

Theo phuong an nady cla sang ché, mang hing s& dién méi thap dugc tao ra
nho k¥ thuat l&ng phu hoi hoéa hoc ting cudng plasma (PECVD) trén bé mit nén.
Nghia 13, nguyén liéu dé tao ra mang hing s6 dién moi thap dugc léng phti nho quy
trinh PECVD trén bé mit nén, dé tao ra trén bé mit nén mang hang s6 dién moi thép.
Vi du, nhung sang ché khong bi giéi han nhu vay, mang héng sb dién moi thip duoc
léng phu trén bé miit clia bang mach ctia mach tich hop quy m6 lon, nhd do cai thién
hién tuong tré RC ctia mach tich hop quy md 16m.

Phuong phép l4ng pht hoi héa hoc tang cuong plasma (PECVD) tao ra plasma
nhd phéng dién phat sang. Phuong phap phong dién co thé 12 mot phuong phép dugc
chon tir nhém bao gbm phéng dién vi séng, phong dién tan sd vo tuyén, phong dién
t{ ngoai, va phong dién tia ltra dién.

Vi dy, mang hang s6 dién mdi thap sir dung epoxy alkan, hop chét silic hitu co
va hop chét siloxan chtra flo 14 nguyén liéu, s€ dugc tao ra bang k¥ thuat lang pht
hoi hoa hoc ting cuong plasma trén bé mit nén.

Mang hing sb dién méi thp c6 két cAu nhiéu 16p. Vi du, mang hing s dién
mdi thép bao gbm 16p chdng an mon, 16p xbp va 16p chira flo. Lép chéng &n mon,
16p x6p va 16p chira flo dugc tao ra nho quy trinh PECVD trén bé mit nén.

Theo mot phuong an cua sang ché, 16p chbéng &n mon 13 polyme silic hitu co.

Hon nita, 16p chbéng dn mon 12 polyme silic hitu co ¢& nano. Vi du, polyme silic hiru
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co hoic nguyén liéu dé tao ra polyme silic hitu co dugc ling pht nho quy trinh
PECVD trén bé mit nén, dé tao ra 16p chéng #n mon cia mang hing sb dién moi
th&p, hodc 16p thir nhat ciia mang hing s dién moi thap.

Vi du, 16p chéng #n mon 1& composit thu dugc nho phéan tng cua hop chét
epoxy alkan A c6 lién két kép cacbon-cacbon chua bdo hoa véi siloxan hoac hop chit
silan B ¢6 lién két kép chua bdo hoa.

Vi dy, 16p chdng dn mon cd thé dugc tao ra tir phan Gmg cla vinyl epoxy alkan
va vinyl silan hiru co hodc vinyl siloxan hitu co, v6i didu kién 12 cong suét dinh trudce
va nhiét d6 dinh truéc ciia thiét bj phan tng, bang cach ling phi PECVD trén bé mat
nén. Vinyl epoxy alkan la chét hitu co bao gom nhém epoxy va lién két kép cacbon-
cacbon, v & 4p suét tiéu chudn c6 diém s6i khong cao hon 400°C. Vinyl silan hodc
vinyl siloxan bao gdm céc silan mach thing, mach vong, céc siloxan chira céc lién
két kép chua bio hoa cacbon-cacbon, va ¢ ap sufit tiéu chuén c6 diém soi khdng cao
hon 300°C.

Vi du, hop chét A 13 mdt hoidc nhiéu chit dugc chon tir nhém bao gbm: vinyl
etylen oxit, glyxidyl metacrylat, anlyl glyxidyl ete, 1,2-epoxy 4-vinylxyclohexan,
2,3-epoxypropyldimetylvinylsilan, va 2,3-epoxypropyldiclovinylsilan.

Vi du, hop chit B 1a mot hodc nhidu chit dugc chon tir nhém bao gém:
anlyltrimetoxysilan, vinyltrietoxysilan, trimetylvinylsilan, 3-butenyltrimetylsilan,
vinyltributylketoxim silan, tetrametyldivinyldisiloxan,
tetrametyltetravinylxyclotetrasiloxan, 1,2,2-triflovinyltriphenylsilan,
dimetylmetoxyvinylsilan, va 4-styryltrimetoxysilan.

Vi du, trong qua trinh tao ra 16p chéng an mon, can phai dua vao mét khi phu
tro dé 1am l4ng phu hoi. Khi phy trg dwge minh hoa bang, nhung sing ché khong bi
gidi han nhu vy, cac khi tro He, Ar, hoac hdn hop cua He va Ar.

Theo mot phuong éan, 16p chéng an mon dugc lam bang composit clia nhya
epoxy va silic hitu co. Vi du, vét liéu nhya epoxy va vat liéu silic hitu co dugc ling
phti bang quy trinh PECVD trén bé mit nén dé tao ra 16p polyme c6 d6 bén chdéng an

mon. Vi du, st dung méi trudng khi don hodc moi truong khi hdn hop cta vinyl
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epoxy alkan, vinyl siloxan, vinyl silan lam ngudn phan Gng, trong mdi trudng plasma
nhiét do thip va ap sudt thip, thuc hién ling pht hoi dé tao ra 16p mang c& nano
composit polyme silic hiru co, nghia 13, 16p chéng &n mon.

Theo mot phuong én, 16p xbp 14 silic hiru co co nhiéu 15 x6p, va do xp cla
16p xp didu chinh tri sé k ciia mang hang s6 dién moi thap. Vi dy, vat liéu silic hitu
co duoc léng phu trén bé mat nén bang quy trinh PECVD dé tao ra 16p c& nano bing
silic hiru co ¢6 cAu trac xbp, nhd d6 tao ra 16p x6p clia mang ¢& nano hing s dién
méi thép, theo cach khac, 16p thtr hai ctia mang hang s6 dién moi thip. Vi dy, trong
qua trinh chuén bi cua 16p xép, can phai dua vao mot khi phu tro dé tao ra 16p xép,
vi du, trong mdi truong khi don hodc moi truong khi hén hop cua nito/hydro,
amoniac, oxy, chat hitu co hydrocacbon, ling pht hoi méi truong khi don hodc moi
truong khi hén hop bao gbm silic hitu co va siloxan hitu co dé tao ra 16p mang c&
nano SiOCNH x6p, nghia 13, 16p xbp clia mang hing sb dién moi thap. Cu thé hon,
chit hitu co hydrocacbon trong khi phu trg chu yéu 13 cac alkan phan nhénh,
xycloalkan, hydrocacbon thom c6 12 hodc it hon nguyén tir cacbon.

Theo mét phuong an, 16p x6p c6 the duge lam bang phéan Ung ctia hop chét C
12 silan hitu co va/hodc siloxan hitu co va hop chét E 12 hop chét alkan va/hodc hop
chét benzen, voi didu kién 13 cong suét dinh trudc va nhiét d6 dinh trudc cua thiét bi
phan ung, bang cach ling phi PECVD trén bé mit cta 16p chéng &n mon. Hop chét
silic hiru co C c6 silan hodc siloxan chudi phan nhanh, mach vong, va la chét 16ng
hodc chét khi c6 didm s6i nhé hon 350°C & 4p suét tiéu chuén.

Vi du, hop chat C 12 mot hodc nhidu chit duoc chon tir nhém bao gém: Y-
glyxidyloxypropyltrimetoxysilan; D4H xyclotetrasiloxan, hexametylxyclotrisiloxan,
tris-(trimetoxysilan) ylphenylsilan, t-butyldimetylclosilan, phenyletynyltrimetylsilan,
biphenylvinyltrimetylsilan, octaphenylxyclotetrasiloxan, triphenylhydroxysilan,
triflopropylmetylxyclotrisiloxan, 2,24 4-tetrametyl-6,6,8,8-
tetraphenylxyclotetrasiloxan, tetrametyltetravinylxyclotetrasiloxan, 3-glyxidyl ete
oxypropyltrietoxysilan, tetrametyldivinyldisiloxan, tetraetyldisiloxan,

hexametyldisiloxan,  phenyltris (trimetylsiloxy)  silan, trimetylphenylsilan,
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hexametyldisilazan,  anlyltriphenylsilan, phenyltriclosilan,  phenyltriflosilan,
phenyltrietoxysilan, phenyltrimetoxysilan, metylphenyldimetoxysilan,
dimetoxymetylphenylsilan, 1,3-diclotetraphenyldisiloxan, phenylvinyltrimetylsilan,

naptylvinyltrimetylsilan, diphenyldihydroxysilan, octametylxyclotetrasiloxan,

hexaphenylxyclotrisiloxan, decametylxyclopentasiloxan, phenyltriclosilan,
metylphenyldiclosilan, phenyldimetylclosilan, metylphenylxyclotrisiloxan,
trimetoxymetylsilan, triflopropylmetylxyclotrisiloxan, tris-(trietoxysilan)

ylphenylsilan, perflooctyletylpentaflophenyldimetoxysilan, va tris-(trietylsilan)
ylphenylsilan.

Vi du, hop chit E 13 mdt hoic nhidu chit dugc chon tir nhom bao gbm:
xyclobutan, xyclopentan, xyclohexan, benzen, toluen, va p-xylen.

Theo mot phuong an, khi ché tao mang hing sé dién moi thap, sau khi léng
phu trén nén, bang phuong phap PECVD, 16p chéng &n mon, tiép tuc trong clng
budng phan Ung, bang phuong phap PECVD, dé lang pht1 16p x6p.

Theo mdt phuong an, khi mang héng sb dién moi thap dugc ché tao, sau khi
tao ra l6p chéng &n mon, trong mdi trudong khi nito/hydro va/hodc amoniac, & tan s6
dinh trudc, oxy dugc dua vao theo cach khong lién tuc, 16p xp dugc tao ra tir phan
ung cua hop chit C va hop chét E bang léng phu.

Cu thé 13, theo mdt phuong 4n cla sang ché, 16p chdng an mon dugce bd tri
gitta 16p x6p va nén, sao cho do xbp cua 16p xbp khong hozc hau nhu khong anh
huéng dén luc lién két clia mang hing sb dién moi thip véi nén, va tri s6 k c6 thé
dugc tao ra nho hon bang cach gia ting do x6p.

Theo mét phuong 4n, 16p chira flo 1a flosilicon polyme. Hon nira, 16p chua flo
13 flosilic hitu co bao gdm nhém thom c6 hing s6 dién mdi thip. Bang cach sir dung
cAu tric chic chin ctia nhém thom, céc tinh chét co hoc cta 16p chira flo dugc cai
thién. Vi dy, theo mot phwong an, 16p chura flo 1a flosilic hitu co bao gdbm phenyl.
Can tré khong gian cua vong benzen la tuong d6i 16n, vi thé dd nhdm cia mang hing
s dién moi thap c6 thé dugc diéu chinh.

Trong qua trinh chudn bi cia mang hang s& dién mdi thap, ham lugng phenyl
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chira flo trong mang hang sé dién madi thap c6 thé dugc thay dbi bing cach thay dbi
ty s gitta cac lugng cua silan hiru co thom chia flo va xyclosiloxan. Bang cach diéu
chinh ham luong ctia nhém thom chira flo, cac tinh chit dién va cac tinh chét co hoc
ctia mang hing s6 dién moi thip 6 thé dugc diéu chinh va tri s6 k cia mang héng sb
dién moi thp c6 thé duge gidm hon nira.

Theo mdt phuong 4n, trong moi trudng khi tro, 16p flosilic bao gbm cAu tric
thom, hodc 16p thit ba ciia mang hing sé dién méi thip, dugc ling phu trén bé mt
cta 16p xp.

Theo mot phuong an thuc hién, 16p chira flo duge lam bang phan tng cla
flosilan thom D, nhd phuong phéap PECVD, bing cach lang phi trén bé mit cua 1ép
x6p. Lop chia flo ¢6 nang luong bé mat thip va dic tinh ky nudc dac biét tbt. Goc
tiép xtc tinh clia nudc trén bé mit cta 16p chia flo 13 tuong dbi 16n. Flosilicon hitu
co bao gdm cac nhém thom dugce tao ra trén bé mit ciia mang hang s& dién mdi thap.
Nho cdu triic chic chén clia cdc nhém thom, tinh chat co hoc ciia mang héng sb dién
mdi thip duoc cai thién.

Vi du, hop chit D 13 mot hodc nhiéu chét duoc chon tir nhém bao gbm:
pentaflophenyltrietoxysilan, pentaflophenyltrimetoxysilan, pentaflophenyltriclosilan,

pentaflophenyldimetylclosilan, — perflooctyl — etyl pentaflophenyl  diclosilan,

pentaflodiclophenylperflohexyletylsilan, perflooctyldiclophenylsilan,
perflooctyldietoxyphenylsilan, perflooctyletylpentaflophenyldimetoxysilan,
perflobutyletylpentaflophenyldiclosilan, va

perflobutyletylpentaflophenyldimetoxysilan.

Khi mang hing s6 dién mdi thap duge ché tao, sau khi tao ra 16p xbp, & cong
suét dinh trude, tiép tuc dua hop chat D dang khi vao cung budng phan g, dé lang
pht trong khoang thoi gian dinh trude, va tao ra 16p bé mit cia mang hing s6 dién
mdi thép.

Theo mot phuong an, trén bé mit cia mang hang s6 dién moi thép nho k§
thu4t 1dng phu hoi héa hoc ting cuong plasma, léng phu silan thom chia flo trong

céc 18 cua 16p phu silic hitu co ba chidu dang xp va trén bé mit cta 16p phu. Silan
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thom chira flo ¢6 hing sb dién mdi tuong dbi thap, va can tré khong gian clia vong
benzen 12 twong ddi 16n, vi thé do nham cua 16p pht c& nano c6 th8 duoc didu chinh.
Do do, trong qué trinh chuén bi ctia mang vt liéu hing sb dién moi thap, ham luong
ctia phenyl chua flo trong phan tir co thé duoc thay dbi bang cach thay d6i ty 18
luong gitta silic hiru co thom chira flo monome va xyclosiloxan. Céc tinh chét dién
va diic tinh khéc ciia mang vat lidu hing sé dién mbi thip duoc diéu chinh bang cach
didu chinh ham luong ctia cac nhém thom chira flo trong cac phan tu.

Cu thé 13, mang hing sb dién moi thip cla sang ché 12 két cAu nhidu 16p,
chéng han c6 hai hodc ba hodc nhéu 16p hon. Theo mét phuong an cua sang ché,
mang hing sb dién moi thp 1a két chu hai 16p. Vi du, theo mdt phuong an, mang
hing s6 dién moi thip bao gom 16p chéng #n mon va 16p x6p dé tao ra két cAu hai
16p. Khi ché tao, trén bé mat nén, trudc hét léng phi hoi hoa hoc hop chit A va hop
chit B dé tao ra 16p chéng an mon, sau do tiép tuc léng phu hoi hoéa hoc hop chit C
va hop chat E d8 tao ra 16p x6p. Lép chéng an mon 13 16p day, va 1ép x6p 12 16p bé
mat. Mang hang sb dién moi thip cia két cAu hai 16p 14 16p chéng an mon va 16p
x6p, trong khi giam bat tri s6 k, diéu nay c6 thé tang lyc lién két va luc két dinh gifta
mang hang sé dién moi thip va nén.

Vi dy, theo mét phuong &n, mang héng sb dién moi thip bao gbm 16p x6p va
16p chura flo d8 tao ra két cdu hai 16p. Khi ché tao, trén bé miit nén trudc hét lang phit
hoi héa hoc hop chét C va hop chit E d tao ra 16p x6p, sau d6 tiép tuc lang phu hoi
héa hoc hop chat D dé tao ra 16p chira flo. LGp xbp 14 16p day, 16p chua flo 13 16p bé
mit. Mang hing sb dién moi thap véi két cAu hai 16p 1a 16p xbp va 16p chira flo,
trong khi giam bét tri sb k, dic tinh ky nudc cua mang hing s dién moi thip c6 thé
duoc cai thién, va cling co thé cai thién do bén chéng in mon cla nén di ling phu.

Vi du, theo mdt phuong én, mang hing sb dién moi thap bao gdm 16p chéng
sn mon, 16p xp va 1ép chira flo 8 tao ra két cAu ba 16p. Khi ché tao, trén bé mit nén
truéc hét 1dng phu hoi héa hoc hop chit A va hop chat B 8 tao ra 16p chdng an mon,
sau d6 tiép tuc ling phi hoi hoa hoc hop chét C va hop chat E 8 tao ra 16p xdp, va
tiép tuc l&ng pht hoi hoa hoc hop chit D trén 16p x6p dé tao ra 16p chura flo. Ldp
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chdng an mon 13 16p day, 16p xbp 12 16p trung gian, 16p chira flo 1a 16p bé mat. Mang
hing sb dién moi thdp véi két cAu ba 16p 1a 16p chéng dn mon, 16p x6p va 16p chira
flo, nho cach bd tri xen k& cia cac 16p khac nhau, cai thién toan dién tinh chét dién
méi, tinh chét co hoc va dic tinh ky nuéc cia mang hing sb dién moi thp, va cach
b tri xen k& dugc wu tién dé tao ra 16p xbp c6 thé tich 13 x6p 16n.

Cu thé 13, cu tric x6p trong mang c& nano hing sb dién moi thip c6 anh
huong tuong d6i 16n dén sy giam cta hang s6 dién moi, trong khi cOn anh hudng dén
tinh chit co hoc va dic tinh ky nude. Vi dy, khi do xép tang, tri s6 k co thé duoc
giam b6t dang ké. Tuy nhién, sy ting do x6p c6 thé cling anh hudng dén tinh ning
ctia nén nhd suy gidm cua do bén co hoc va suy giam cua luc lién két, va khi ¢
nhiéu 18 x6p bé mit, dic tinh ky nudc duge gidm bét. Sy giam hing sb dién méi cua
mang ¢& nano phu thudc vao téng thé tich khong khi sau khi dua vao vat liéu x6p,
bao gbém ba khia canh: (1) thé tich rong do trang thai nap khong hoan toan cua cac
dudng dan 16 x6p SiIOCNH dang xbp; (2) cac 6 trbng dugc tao béi sip xép ngau
nhién ctia cac chudi flosilicon; (3) thé tich tw do dugc tao béi viée bo sung SIOCNH
dang x&p. Theo cac phuong an cia sang ché, mang hing s6 dién moi thp c6 céu trac
hai hodc ba 16p bao gom 16p chéng &n mon, 16p x6p va/hoic 16p chua flo dé lam
giam hang s6 dién moi va cin bang gitta cc tinh chét co hoc va dic tinh ky nuée.

Theo it nhdt mot phuwong 4n cia sang ché, khi mang hing s6 dién mdi thap
duoc tao ra, ling pha xen k& mang c& nano silic hitu co va silic hitu Co/0Xy, OXy
duoc dua vao sau khi 16p silic hitu co dugce tao ra, phan hydrocacbon cua 16p silic
hitu co phan tmg véi oxy dé tao ra mt nhdm khong déu, va tiép d6 SIOCNH duoc
léng phu trén bé mit, vi thé cac 16 xbp 16n véi dién tich bé mit riéng tuong ddi cao
dugc tao thuén loi dé hinh thanh, va chu trac xen k& ndy tao diéu kién thuén loi cho
viée cai thién lyc két dinh ctia mang hing sb dién moi thip va nén.

CAu trGic mang ba chidu cta mang hing sé dién moi thap dugc tao ra bing
cach thuc hién nhiéu 1an k¥ thuét léng pht hoi héa hoc tang cudng plasma. Diéu nay
khong doi hoi sy hinh thanh cua cac 16 xbp Vi tro gitip cia chét tao 18 xbp. Piéu nay

khong doi hoi quy trinh G nhiét do cao dé xir 1y. Mot phuong an cia sang ché thuc
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hién copolyme héa monome silic hitu co mach vong v6i monome khdi ¢ can tré
khong gian tuong d6i 16n. Qué trinh copolyme héa nhu vay dugc thuc hién trong moi
truong khi plasma cua O,. Bing cach kiém soat luong cua O,, lién két Si-O duoc lién
két v6i hydrocacbon, vi thé 16p phti ¢& nano silic hitu co c6 hing s6 dién moi thap va
¢6 chu triac ba chidu c6 thé duoc tao ra co kiém soét.

Theo Fig.1 t&i Fig.4, Fig.1 la so dd khdi thé hién phuong phéap ché tao mang
hing sb dién moi thap theo mot phuong 4n cua sang ché; Fig.2 1a so dd khéi thé hién
cong doan dé tao ra 16p chdng dn mon clia mang hing sb dién moi thip theo mot
phuong an cua sang ché; Fig.3 1a so dd khéi thé hién cong doan d8 tao ra 16p x6p cua
mang hing sb dién méi‘thép theo mot phuong an cla sang ché; va Fig.4 13 so d6 khéi
thé hién cdng doan dé tao ra 16p chura flo ciia mang hing s6 dién moi thip theo mot
phuong an cua sang ché. Mang hang s& dién moi thap duoc tao ra trong thiét bi phan
tmg léng phu hoi héa hoc ting cudng plasma, bang cach thuc hién nhiéu 14n quy
trinh PECVD.

Theo mét phuong an cua sang ché, phuong phap ché tao mang hing s6 dién
mdi thip bao gdm cic cong doan:

cong doan 101: lam l4ng phi hoi 16p chéng 3n mon trén bé mit ctia nén;

céng doan 102: lam l4ng phu hoi 16p xbp; va

cong doan 103: lam l4ng pht hoi 16p chira flo;

trong d6 trong cong doan 101, can phai dua vao hop chét vinyl epoxy A va
hop chét vinyl silic hitu co B d8, bing cach lang phu hoi, tao ra 16p chéng an mon,
cu thé 13, quy trinh tao ra 16p chéng &n mon bao gdm cac cong doan:

cong doan 1011: dua hop chét epoxy alkan A va siloxan hogc hop chét silan B
vio budng phan tng ctia thiét bi phan img;

cdng doan 1012: dua mot khi tro vao budng phan ting clia thiét bi phéan Ung;

cbng doan 1013: didu khién nén;

cong doan 1014: ¢ cong suét dinh trudc, tao ra 16p chéng an mon trén bé mit
nén bing ling phu nhd phan tng cta hop chit A va hop chat B.

Trude cong doan 101, nén co thé con dugc xtr 1y so b, ching han bang cach
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]am sach bé mit nén. Cu thé 13, hoat dong xu 1y so bd cla nén bao gém cac cong
doan:

cong doan 1001: 1am sach béng siéu Am nén, trong d6 dat nén vao thung chira
chira nude d3 khir ion, 1am sach bang siéu am trong khoang thoi gian tir 10 t61 30
phtt, sau do 14y ra va sdy trong 10 sdy; va

cébng doan 1002: rira bé mit nén bing axeton, trong do6 lau bé mat bo phan ba
14n bang gac sach dugc tAm axeton, sau do siy trong 10 sdy.

Trong khi 1am sach, mot hoéc nhiéu phuong phap nhu néu trén c6 thé duogc
chon d& xir 1y so b, va sang ché khoéng bi giéi han theo khia canh nay.

Vi du, quy trinh cta céng doan 101 ¢6 thé bao gém: dat nén v6i bé mit sach
trong budng phan ung cia thiét bi phan Ung ling pht hoi hdéa hoc tang cudng
plasma, sau d6 lién tuc hut chan khoéng budng phan Ung toi &p sudt tir 10 t6i 200
mtorr, va dua vao khi tro He, Ar hodc hdn hop khi He va Ar, mé co cau di chuyén, di
chuyén nén trong budng phan tmg, sau khi ap suét va nhiét do tién dén cac gia tri
dinh trudc, dua hop chét vinyl epoxy A va hop chét vinyl silic hitu co B, diéu chinh
cong sudt plasma t6i cong suét tir 30 t6i 500 W, diéu chinh nhiét d6 cua budng phan
g t&i nhiét do tr 10 toi 100°C, thuc hién k¥ thuat Jéng pht hoi héa hoc tang cudng
plasma, sau khi phan tmg duoc hoan thanh, dimg dua vao céac chit phan tng, ting &p
suit ctia budng phan Gng t6i ap sudt khi quyén. Cong doan 101 c6 thé con duoc goi
1a cong doan xu ly chdng dn mon dé cho phép mang hing sb dién moi thdp co thé
duoc lién két chit hon véi nén, va ngan chin sy an mon clia nén.

Cu thé 13, theo c4c phuong an cla sang ché, trong qué trinh tao thanh cua
mang hing s6 dién moi thdp, phuong phép phu dong dugc sir dung, vi thé mang hing
sb6 dién mdi thép duoc bam dinh dong ddu hon vio nén, khac biét clia cac mang phu
& céc vi tri khac nhau cua nén dugc giam bét, van d@é vé do day khong déu dugc tao
b&i cac ndng d6 lang phi khac nhau & cac ving khac nhau cia nén dugc giai quyét.
Vi duy, trong céng doan 1013, nén di chuyén trong budng phan mg, vi thé 16p chdng
an mon duogc gén chat déng déu vao céc vi tri khac nhau cua nén. Cac ché d6 hoat

dong cua nén c6 thé bao gom nhiéu che do, chang han, nén c6 thé quay quanh tam
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diém cta budng phan ng lam diém chuén hoic truc dinh trudc, quay quanh truc tam
ctia nén hoic truc dinh trudce, hodc quay 14n lugt quanh tryc ngang va truc doc.

Trong cong doan 102, t6t hon 12 tao ra 16p x6p bang cach ling phu hoi cla
hop chét C 1a silan hitu co va/hodc siloxan hitu co va hop chét E 12 hop chét alkan
va/hodc hop chét benzen.

Cu thé 13, theo mot phuong an, céng doan 102 dugc thuc hién sau khi cong
doan 101, nghia 1a, sau khi 16p chéng an mon dugc tao ra, 16p xép duoc tao ra trén
16p chéng &n mon. Tuy nhién, theo mdt phuwong an khac, cong doan 102 c6 thé cling
duoc thuc hién truc tiép, nghia 13, 16p Xép duoc tao ra truc tiép trén bé mat nén ma
khong can tao ra trudce 16p chéng an mon. Cu thé 13, quy trinh tao thanh 16p xbp bao
gdm céc cong doan:

cong doan 1021: dua vao hop chét C 1a silan hitu co va/hoic siloxan hitu co va
hop chat E 1 hop chat alkan vd/hodc hop chét benzen;

cdng doan 1022: dua vao nito/hydro va/hodc amoniac dang khi;

cong doan 1023: dua vao oxy theo cach khong lién tuc; va

cong doan 1024: & cOng suét dinh trudc, tao ra 1op x6p bang cach l4ng phu hoi
nho phan tng cua hop chét C 13 silan hitu co va/hodc siloxan hitu co va hop chatE 13
hop chét alkan va/hodc hop chét benzen.

Vi du, trong cong doan 102, quy trinh tao thanh 16p x6p c6 thé bao gbm cac
cong doan: sau khi xtr 1y chéng &n mon, trong khi tiép tuc dua hop chit C va hop
chit E, dua vao nito/hydro va/hodc amoniac, va con dua vao oxy dang khi theo cach
khong lién tuc, 6 tAn sut tr 10 t6i 600 gidy, nghia 13, oxy dugc dua vao mbi khoang
thoi gian tir 10 t6i 600 gidy, thoi gian phan tng oxy nam trong khoang tir 10 tdi 600
gidy, sau khi phan img duogc hoan thanh, viéc dua vao hop chat C va hop chét E dugc
dimng, nghia 1a, 16p xbp dugc tao ra.

CAn luu ¥ ring, trong cong doan 102, con cb thé c6 cong doan 1013, nghia 13,
cho phép nén c6 thé di chuyén lién tuc trong budng phan mg, nghia 13, tao thanh 16p
xbp & cac diéu kién dong.

Cu thé 13, khi phéan tmg nito/hydro va/hodc amoniac dugc bd sung dé lang phi

221 -



42544 2ja2

16p phu ¢& nano chira nito. Ham lugng nito cua 16p pht ¢& nano duoc xac dinh bang
ham luong nito ctia monome hdn hop va khi hon hop clia nito/hydro va/hodc
amoniac. Luu luong ctia O, la mdt trong cac yéu td anh hudng dén ham luong oxy
caa 16p phu ¢& nano.

Khi mang hing s6 dién moi thip dugc tao ra, léng phi xen k& mang ¢ nano
silic hitu co va silic hitu co/oxy, oxy dugc dua vao theo cach khong lién tuc sau khi
16p silic hitu co dugc tao ra, phan hydrocacbon cta 16p silic hiru co phan ng voi
oxy dé tao ra mat nham khéng déu, va tiép @6 SIOCNH dugc l4ng phti trén bé mit, vi
thé cac 18 x6p 16n véi dién tich bé mit riéng tuong ddi cao dugc tao thuan loi dé hinh
thanh, va cdu tric xen ké nay tao diéu kién thuan lgi cho viéc cai thién luc két dinh
cia mang hing sé dién moi thip va nén.

Trong cong doan 103, 16p chura flo dugc tao ra bang cach léng phu hoi flosilan
thom D. Cu thé 13, quy trinh hinh thanh 16p chua flo ciia cong doan 103 bao gdm cac
cOng doan:

cong doan 1031: dua vao mot khi tro;

cong doan 1032: dua vao flosilan thom D; va

cong doan 1033: & cOng suét dinh trudc, tao ra 16p chua flo béng cach ling
pht hoi nho phan Gng cta flosilan thom D.

Vi dy, trong cdng doan 103, quy trinh tao thanh 16p chua flo c¢6 thé bao gom
cac cong doan: sau khi 16p xép duoc tao ra, dua vao mét khi tro, dung dua vao
nito/hydro va/hodc amoniac, hon nita, dua vao hop chat D, diéu chinh cong suét
plasma té1 cong sut tir 30 téi 150 W, tiép tuc phan Umg polyme héa plasma, sau khi
ling phua hoi trong khoang thoi gian tr 10 t61 60 phut, 14y mau ra, va thu dugc 16p
pht ¢& nano da chirc nang mong mudn, nghia 12 mang hing s6 dién moi thép.

Cu thé 13, cong doan 103 tiép sau cong doan 102, nghia 13, 16p chua flo duoc
tao ra sau khi 16p xép duoc tao ra, hodc 16p chua flo dugc gén chat vao bé mit cia
16p x6p, nhd d6 cai thién dang ké dic tinh ky nudc clia mang hing s6 dién moi thap.

CAn luu ¥ rang, trong cong doan 103, con ¢6 thé c6 cong doan 1013, nghia 13,

didu khién nén di chuyén lién tuc trong budng phan mg, nghia 13, tao thanh 16p chira
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flo & cac diéu kién dong.

Tiép sau cong doan 103, con cd thé c6 cong doan U nhiét do cao. Cén luu N
rang theo cac phuong an cla sang ché, cAu tric x6p duoc tao ra ma khong can tro
giup cua chit tao 16 xép, chéng han norbornadien hodc a-terpineen, va chét tuong tu,
vi thé khong can phai loai bé sau d6 chét tao 15 x4p va quy trinh @ nhiét dd cao la
khong can thiét.

Hon nita, theo mot s6 phuong 4n clia sang ché, thé tich cla budng phan {mg
hodc budng phan tmg phi nim trong khoang tir 10 1it t6i 2000 lit, theo cac yéu cau
phu va thé tich caua budng phan Umg phu, cac tham sd xir 1y ¢c6 thé dugc diéu chinh.
Pham vi c6ng suat ctia phi plasma nam trong khoang tir 0,01 W t6i 500 W, thoi gian
pht tir 30 gidy t6i 7200 gidy, nhiét do khi hoa tr 30°C téi 100°C, nhiét do budng
phan tng tir 20°C t6i 100°C, cac luu lugng cua cac monome 1an lugt duoc chon nam
trong khoang tir 0 t6i 1000 scem. Oxy va/hoic No/H,, NHj, chét hitu co hydrocacbon
c¢6 thé duoc thiét 1ap c6 luu lugng n&m trong khoang tr 1 t6i 200 sccm, pham vi tan
sut dua vao cé thé chon 13 mét 14n cho mdi khoang thoi gian tir 10 gidy t61 500 gidy.

Cacviducu thé duoc minh hoa dudi day.

Vidul

Mot PCB sach dugc léy, va duogc dat trong thiét bi phan ung léng phu hot hoa
hoc ting cuong plasma hodc bo ga cua thiét bi phu plasma. Cac tham s6 dugc thiét
lap theo chuong trinh, trong d6 cong sut 12 100 W, thoi gian phu la 1800 gidy, nhiét
do khi hoa 1a 95°C, nhiét do budng phan tmg 13 nhiét d6 trong phong, mdi truong khi
12 He, luu luong cta He 1a 10 sccm. Céc chit phan tng A va B lan luot 13 vinyl
etylen oxit va trimetyl vinyl silan, va dugc dua vao & cac luu luong 1an lugt 12 100
scem va 100 scem. Sau khi hoan thanh ldng pht 16p day, viéc dua vao monome vinyl
etylen oxit va trimetyl vinyl silan dugc dung, He duoc lién tuc dua vao, va N, cling
dugc dua vao. N ¢ luu luong bang 5 sccm. Céc chét phan tmg C va E 1an luot 13
hexametyldisiloxan va monome xyclohexan, va duoc dua vao & cac luu luong l4n
Iuot 13 100 scem va 100 scem. O, dugce cép theo cach khong lién tuc voi tAn suét 13

mdt 14n cho mdi 300 gidy. Cong suit duoc thay dbi thanh 50 W, thoi gian phu la
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3600 gidy, nhiét do khi hoa 1a 110°C, nhiét do budng phéan tng 1a 25°C, va luu lugng
ctia O, 12 10 sccm. Sau khi thoi gian phu di trdi qua, Oy, N duoc dimg cép. Chat
phan tng D 1a perflooctyl diclophenyl silan duoc dua vao, duy tri cac tham s6 khac
khong thay ddi. Sau khi phu, ap suét khi dugc ting t6i ap suét tiéu chudn. Mau duoc
14y ra dé thu dugc 16p phii c& nano hing sb dién moi thp c6 chu tric xbp theo sang
ché, nghia 13, mang héng sb dién moi thap dugc tao ra trén nén.

Vidu?2

Mot PCB sach duogc 14y, va dugc bd tri trong bd ga cua thiét bi phd plasma.
Céc tham sb duoc thiét 1ap theo chuong trinh, trong d6 cong sudt 13 100 W, thoi gian
phu 13 1800 gidy, nhiét d6 khi hoa 1a 95°C, nhiét d6 budng phan ung 13 nhiét do
trong phong, moi trudng khi 12 He, luu luong cua He 12 10 sccm. Cac chét phan ung
A va B 13n luot 12 vinyl etylen oxit va trimetoxy vinyl silan, va dugc dua vao & cac
luu Tuong 14n Iuot 14 100 scem va 100 scem. Sau khi hoan thanh ling phu 16p day,
viéc dua vao céac chét phan tmg vinyl etylen oxit va trimetyl vinyl silan dugc dung,
He duogc lién tuc dua vao, va N, cling dugc dua vao. N, ¢ luu lugng bang 5 sccm.
Cac chit phan ung C va E lan luot 13 tris-(trimetoxysilan)ylphenylsilan va
xyclobutan, va dugc dua vao & cac luu lugng 1an luot 13 100 scem va 100 scem. O,
duoc cip theo cach khong lién tuc véi tn suét 12 mot 1an cho mdi 300 gidy. Cong
suét dugc thay @i thanh 50 W, thoi gian phu 12 3600 gidy, nhiét d khi héa la 110°C,
nhiét d6 budng phan tng 1a 25°C, luu lugng cua O, 1a 10 sccm. Sau khi thoi gian
phu d3 tréi qua, O,, Ny dugce dung cAp. Chét phan tng D 1a perflooctyl dietoxy
phenyl silan dugc dua vao, duy tri cac tham s& khac khong thay doi. Sau khi phi, ap
suit khi dugc ting toi ap suét tiéu chudn. MAu duoc 14y ra dé thu dugc 16p phu c&
nano hing sé dién mdi thap c6 cAu tric xdp theo sang ché.

Vidu3

Mot PCB sach duogc 14y, va duogc bd tri trong bd ga cua thiét bi phu plasma.
Céc tham sb duoc thiét 1ap theo chuong trinh, trong d6 cong suét 13 100 W, thoi gian
pha 13 1800 gidy, nhiét d6 khi hoa la 95°C, nhiét d6 budng phéan tmg la nhi¢t do

trong phong, moi trudong khi 1a He, luu luong cta He 13 10 scem. Cac chét phan Ung
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A va B 14n luot 13 anlyl glyxidyl ete va trimetyl vinyl silan, va duoc dua vao & cac
Iwu lugng 14n luot 12 100 scem va 100 scem. Sau khi hoan thanh léng pht 16p day,
viéc dua vao cac chét phan tmg anlyl glyxidyl ete va trimetyl vinyl silan dugc dung.
Tiép tuc dua vao He, va NHj cling duoc dua vao. NH; ¢6 luu lugng béng 100 sccm.
Céac chét phan tng C va E 1an luot 13 tris-(trietoxysilan)yl phenylsilan va toluen, va
dugc dua vao & cac luu luong 14n Iuot 1a 100 sccm va 100 sccm. O, duoc cap theo
cach khong lién tuc véi tAn suét 12 mot 1an cho mdi 150 gidy. Cong suat duoc thay
41 thanh 50 W, thoi gian pht 12 3600 gidy, nhigt do khi hoa 1a 110°C, nhiét do
budng phan tng 1a 25°C. Sau khi thoi gian phu di tréi qua, O, va NHs dugce dung
chp. Chat phan ung D la perflooctyl etyl pentaflophenyl diclosilan duoc dua vao.
Cong suat dugc thay dbi thanh 50 W, thoi gian phu dugc thay dbi thanh 1800 gidy.
Ap suét 13 100 mtorr. Nhiét do khi hoa 1a 110°C, nhiét do budng phan tng 12 30°C.
Luu luong cta O, 1a 50 sccm. Sau khi phu, ap sudt khi dugc tang téi ap suit tiéu
chudn. Mau dugc 14y ra dé thu dugc 16p phu c& nano hing sb dién moi thp c6 chu
trac x6p theo séng ché.

Vidu4

Mot PCB sach dugc léy, va dugc bd tri trong bd ga cua thiét bi pht plasma.
Céc tham sé dugc thiét 14p theo chuong trinh, trong do cong suét 1a 100 W, thoi gian
phti 13 1800 gidy, 4p suét 1a 80 mtorr, nhiét do khi héa 1a 95°C, nhiét do budng phan
tmg 13 nhiét d9 trong phong, trong mdi truong khi Ar, luu luong cta Ar la 10 scem.
Cac chét phan tng A va B lin lugt 13 2,3-epoxypropyldimetylvinylsilan va
dimetylmetoxyvinylsilan, va dugc dua vao & cac luu lugng lan lugt 12 80 sccm va
120 scem. Sau khi hoan thanh ling phu 16p day, viéc dua vao cac chét phan tmg 2,3-
epoxypropyldimetylvinylsilan va dimetylmetoxyvinylsilan dugc dung. Tiép tuc dua
vao Ar va céc chét phan ung C va E dugc dua vao. Céac chét phan ung C va E l4n
luot 14 tris-(trietylsilan)ylphenylsilan va xyclohexan, va dugc dua vao & cac luu
luong 13n luot 13 20 sccm va 180 scem. O, dugc cép theo cach khong lién tuc véi tan
sut 12 mdt 14n cho mdi 150 gidy. Cong sut dugc thay d6i thanh 50 W, thoi gian phu
13 3600 gidy, nhiét do khi héa 1a 110°C, nhiét d6 budng phén tmg 13 25°C. Luu luong
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ctia O, 12 30 sccm. Sau khi thoi gian phu d troi qua, O, duoc dimg cap. Chét phan
tmg D 14 perflooctyl etyl pentaflophenyl dimetoxy silan dugc dua vao. Cong suét
duoc thay d&i thanh 50 W, thoi gian phi duge thay doi thanh 1800 gidy. Ap sudt 1a
120 mtorr. Nhiét do khi hoa 1a 110°C, nhiét do budng phan ung 12 30°C. Sau khi phu,
ap suét khi dugc tang téi ap suét tiéu chudn. MAu duoc 1dy ra dé thu duoc 16p phu c&
nano hang s6 dién moi thip c¢6 chu tric x6p theo sang ché.

Vidu 5

Mot PCB sach duogc léy, va duogc bd tri trong bd ga cua thiét bi phl plasma.
Céc tham sd duoc thiét 14p theo chuong trinh, trong d6 cong suét 1a 80 W, thoi gian
phu 1a 3600 gidy, ap suat 13 80 mtorr, nhiét d6 khi hoa 1a 95°C, nhiét do budng phan
tng 13 nhiét d6 trong phong, trong moi trudng khi Ar, luu lugng cta Ar 1a 20 scem.
Céac chit phan ung A va B 1an luot 13 2,3-epoxypropyldimetylvinylsilan va trimetyl
vinyl silan, va dugc dua vao & céac luu luong lan luot 13 80 sccm va 120 scem. Sau
khi hoan thanh ling phu 1ép déy, viéc dua vao cac chit phan tmg 2,3-
epoxypropyldimetylvinylsilan va trimetyl vinyl silan duoc dimng. Tiép tuc dua vao
Ar, va N, va H, cling dugc dua vao & céac luu luong 1an luot 1 30 sccm va 90 scem.
Céac chat phan tng C va E 1an luot 13 tris-(trietylsilan) ylphenylsilan va p-xylen, va
duoc dua vao & céac luu luong lan luot 14 20 sccm va 180 scem. O, dugc cap theo
cach khong lién tuc véi tin suét 13 mdt 14n cho mdi 120 gidy. Cong suit dugc thay
di thanh 90 W, thoi gian phu 13 3600 gidy, nhiét d6 khi héa la 110°C, nhiét do
budng phéan tng 1a 50°C. Luu lugng cta O, 1a 80 sccm. Sau khi thoi gian phua da troi
qua, Oy, N, va H, dugc dung cAp. Chét phan tmg D 12 perflooctyl etyl pentaflophenyl
dimetoxy silan dugc dua vao. Cong suat dugc thay di thanh 80 W, thoi gian phd
duoc thay ddi thanh 1800 gidy. Ap suat 13 120 mtorr. Nhiét d6 khi hoa 1a 110°C,
nhiét 46 budng phan tmg 1a 30°C. Sau khi phu, &p suét khi duoc tang toi ap sudt tiéu
chuin. MAu duge 14y ra dé thu duoc 16p pht ¢ nano hing sé dién moi thip c6 cu
tric x8p theo sang ché.

Vidu6

Mot PCB sach duoc léy, va dugc bd trf trong bd ga cla thiét bi phu plasma.
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Céc tham sé duoc thiét 14p theo chuong trinh, trong d6 cong suét 1a 80 W, thoi gian
phu 1a 3600 gidy, ap suét 12 80 mtorr, nhiét 6 khi hoa 1a 95°C, nhiét do budng phan
g 12 nhiét do trong phong, trong moi trudng khi Ar, luu lugng cta Ar 1a 20 scem.
Céc chét phan (mg A va B lan luot 13 2,3-epoxypropyldimetylvinylsilan va 4-
styryltrimetoxysilan, va duoc dua vao & cc luu luong lan luot 12 80 scem va 120
scem. Sau khi hoan thanh ldng phu 16p day, viéc dua vao cac chét phan tng 2,3-
epoxypropyldimetylvinylsilan va 4-styryltrimetoxysilan duoc dimg. Tiép tuc dua vao
Ar, va N, va H, cling dugc dua vao 6 cac luu luong 1an luot 12 30 scem va 90 scem.
Céc chit phan tng C va E 1an luot 13 tris-(trietylsilan)ylphenylsilan va xyclopentan,
va dugc dua vao & cac luu luong 1an luot 13 20 sccm va 180 sccm. O, dugc cép theo
cach khong lién tuc voi tan suét 13 mot 14n cho mdi 100 gidy. Cong suit duoc thay
d6i thanh 90 W, thoi gian phu 13 3600 gidy, nhiét do khi héa 1a 110°C, nhiét do
budng phan tmg 12 50°C. Luu lugng cua O, la 20 sccm. Sau khi thoi gian phu da troi
qua, O,, N, va H, dugc dung cAp. Chét phan tng D 1a perflobutyl etyl pentaflophenyl
diclosilan duoc dua vao. Cong sudt duoc thay d6i thanh 80 W, va thoi gian phu dugc
thay dbi thanh 1800 gidy. Ap suét 1a 120 mtorr. Nhiét d¢ khi héa 1a 110°C, nhigt do
budng phan tng 13 30°C. Sau khi phu, ap sudt khi duoc ting toi ap suét tiéu chuan.
MAu duoc 14y ra dé thu duge 16p pht ¢& nano hing sb dién moi thdp c6 cau tric x6p
theo sang ché.

Vidu7

Mot PCB sach dugc 14y, va dugc bd tri trong bd ga cua thiét bi phu plasma.
Céac tham sb dugc thiét 1ap theo chuong trinh, trong d6 cong suét 1a 80 W, thoi gian
phu 1a 3600 gidy, ap suét 13 80 mtorr, nhiét do khi hoa 1a 95°C, nhiét do budng phan
tmg 13 nhiét d6 trong phong, trong mdi truong khi Ar, va luu luong cua Ar 1a 20
sccm. Céc chat phan tng A va B 1an luot 13 2,3-epoxypropyl dicloetylen silan va
tetrametyl tetravinyl xyclotetrasiloxan, va dugc dua vao & cac luu luong lan luot 12
150 sccm va 50 sccm. Sau khi hoan thanh ling phii 16p day, viéc dua vao cac chit
phan tmg 2,3-epoxypropyl dicloetylen silan va tetrametyl tetravinyl xyclotetrasiloxan

duogc dimg. Tiep tuc dua vao Ar, va N, va H, cling duoc dua vao & cac luu lugng lan
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lugt 14 30 scem va 90 sccm. Cac chét phan tng C va E 1an lugt 13 triflopropyl metyl
xyclotrisiloxan va benzen, dugc dua vao & cac luu lugng 1an luot 12 50 scem va 150
sccm. O, duge cp theo cach khong lién tuc véi tAn suét 12 mot 1an cho mdi 600 gidy.
Cong suat dugc thay dbi thanh 90 W, thoi gian pht 12 3600 gidly, nhiét do khi hoa Ia
110°C, nhiét do budng phan tng 1a 50°C, luu luong cia O, 12 60 sccm. Sau khi thoi
gian phll d3 tréi qua, O, N, va H, duge dung cAp. Chét phan ung D 1a perflobutyl
etyl pentaflophenyl dimetoxy silan dugc dua vao. Cong suit duoc thay ddi thanh 80
W, thoi gian pht duoc thay dbi thanh 3600 gidy. Ap suét 13 100 mtorr. Nhiét d6 khi
héa 13 110°C, nhiét d6 budng phan tmg 13 30°C. Sau khi phd, 4p sut khi dugc tang
t61 4p suét tiéu chudn. MAu duogc 14y ra dé thu dwoc 16p pht ¢& nano hing sb dién
mdi thip ¢ cau tric x6p theo sang ché.

Vidu 8

Mot PCB sach dugc 14y, va dugc bb tri trong bo ga cta thiét bi phu plasma.
Céac tham sb dugce thiét 1ap theo chuong trinh, trong d6 cong sudt 1a 80 W, thoi gian
pht 13 3600 gidy, ap suat 12 80 mtorr, nhiét do khi hoa 1a 95°C, nhiét do budng phan
g 13 nhiét dd trong phong, trong mdi truong khi Ar, luu luong cua Ar la 20 sccm.
Céc chat phan tmg A va B 1an luot 13 2,3-epoxypropyl dicloetylen silan va tetrametyl
tetravinyl xyclotetrasiloxan, va dugc dua vao & cac luu lugng 1an luot 13 150 sccm va
50 sccm. Sau khi hoan thanh ling phi 16p day, viéc dua vao cac chét phan tng 2,3-
epoxypropyl dicloetylen silan va tetrametyl tetravinyl xyclotetrasiloxan dugc dung.
Tiép tuc dua vao Ar, va N, va H, cling dugc dua vao & cac luu lugng 1an luot 1 30
sccm va 90 scem. Céc chat phan tng C va E 1an luot 13 tris-(trietylsilan)ylphenylsilan
va xyclohexan, va dugc dua vao & cic luu lugng 1an luot 12 20 sccm va 180 scem. O,
dugc clp theo cach khong lién tuc véi tAn suét 12 mot 1an cho mdi 180 gidy. Cong
suét duoc thay ddi thanh 90 W, thoi gian phu 1a 3600 gidy, nhigt do khi hoa 1a 110°C,
nhiét d6 budng phan tng 14 50°C, luu luong cua O, 12 30 sccm. Sau khi thoi gian
pht d3 trdi qua, O,, N, va H; dugc dung cap. Chat phan tng D 1a perflooctyl etyl
pentaflophenyl dimetoxysilan dugc dua vao. Cong suit dugc thay d6i thanh 80 W,
thoi gian pht duge thay doi thanh 1800 giy. Ap suat 1a 120 mtorr. Nhiét do khi hoa

-28 -



42544 20/42

13 110°C, nhiét d6 budng phan tmg 13 30°C. Sau khi phu, ap suét khi duoc tang toi ap
suét tiéu chudn. MAu duoc 14y ra va sau cing dugc u & nhiét do 450°C trong 90 phut
dé thu duogc 16p phi ¢& nano hang s6 dién moi thap co chu truc x6p theo sang ché.

Vidu9

Mot PCB sach dugc 1éy, va duoc bd trf trong bd ga cua thiét bi phu plasma.
Céac tham sb duogc thiét 14p theo chuong trinh, trong d6 cong suét 13 80 W, thoi gian
phu 13 3600 gidy, 4p suét 1a 80 mtorr, nhigt d9 khi hoa 1a 95°C, nhiét do budng phan
g 12 nhiét d6 trong phong, trong moi truong khi Ar, luu luong cia Ar l1a 20 scem.
Céc chit phan tmg A va B 13n luot 12 2,3-epoxypropyl dicloetylen silan va tetrametyl
tetravinyl xyclotetrasiloxan, va dugc dua vao & cac luu luong 1an lugt 14 150 scem va
50 sccm. Sau khi hoan thanh ling phu 16p day, viéc dua vao céac chét phan tmg 2,3-
epoxypropyl dicloetylen silan va tetrametyl tetravinyl xyclotetrasiloxan dugc dung.
Tiép tuc dua vao Ar va cac chét phan tng C va E duoc dua vao. Cac chét phan tmg C
va E 14n luot 12 hexametyldisilazan va xyclopentan, va dugc dua vao & cac luu luong
1an luot 12 50 sccm va 150 scem. O, duge cép theo cach khong lién tuc v6i tan suit 12
mdt 1an cho mdi 150 gidy. Cong suit duoc thay dbi thanh 90 W, thoi gian phu 1a
3600 gidy, luu lugng cua O, 13 20 sccm, nhiét do khi hoéa 12 110°C, nhiét do budng
phan tmg 12 50°C. Sau khi thoi gian phu da tréi qua, O, dugc dung chp. Chét phan
tmg D 14 perflooctyl etyl pentaflophenyl dimetoxysilan dugc dua vao. Cong suét
dwoc thay dbi thanh 80 W, thoi gian phii dugc thay doi thanh 1800 giay. Ap suét 12
100 mtorr. Nhiét d6 khi hoa 1a 110°C, nhiét do buE“)ng phan g 13 30°C. Sau khi phu,
ap sudt khi dugc tang t6i ap sudt tiéu chudn. MAu duoc 14y ra dé thu dugc 16p phu c&
nano hang s dién mdi thap c6 ciu tric xbp theo sang ché.

Viduy 10

So sanh v6i vi du 9, 16p chéng an mon khong dugc tao ra. Mot PCB sach duoc
14y, va dwoc bd trf trong bd g4 clia thiét bj phi plasma. Ar dugc dua vao, cac chét
phan tmg C va E 13 hexametyldisilazan va xyclopentan va dugc dua vao truc tiép &
cac luu lwong 14n luot 12 100 scem va 150 scem. O, dugce cap theo cach khong lién

tuc véi tan suAt 12 mot 1an cho mdi 150 gidy. Cong sudt duoc thay d6i thanh 90 W,
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thdi gian phu 1a 3600 gidy, luu lugng cta O, 12 20 sccm, nhiét do khi hoéa 1a 110°C,
nhiét d6 budng phan ung la 50°C. Sau khi thoi gian phi d3 tréi qua, O, dugc dung
chp. Chét phan tmg D 1a perflooctyl etyl pentaflophenyl dimetoxysilan dugc dua vao.
Cong sult dugc thay dbi thanh 80 W, thoi gian phu dugc thay dbi thanh 1800 gidy.
Ap suét 1a 100 mtorr. Nhiét do khi héa la 110°C, nhiét do budng phan tng 13 30°C.
Sau khi phu, 4p suat khi duoc tang toi 4p sult tiéu chudn. MAu dugc 14y ra dé thu
duoc 16p phu c& nano héng s6 dién moi thip c6 cAu triic xbp theo séng ché.

Hon nita, cac tham sb clia cac phuong an nhu néu trén duoc phat hién.

Do day cua 16p phu ¢& nano dugce do bang cach st dung thiét bi do do day
mang F20-UV clia American Filmetrics. Goc tiép xtc nudc cua 16p phu ¢ nano
dugc kiém tra theo tiéu chuan GB/T 30447-2013.

Hing s dién moi duoc do bang phuong phap khuyén nghi @ do dién tham va
hé s6 ton thét dién moi cua vat liéu cach dién & tAn s nguén dién, tn s6 am thanh va
tan s6 cao (k& ca budc séng cua song mét) theo tiéu chuan GB/T 1409-2006.

Thir nghiém d6 bén phun mudi duoc thyc hién theo tiéu chudn GB/T 2423.18-
2000 lién quan téi phuong phap kiém tra mdi truong san pham dién va dién tir.

Mb6dun dan hdi cua 16p phil ¢& nano dugc xac dinh theo déc ta k§ thuét cua
tiéu chudn JB/T 12721-2016 lién quan téi may kidm tra vét 1dm/xudc tai chd ¢ nano
cua vat licu rén.

Bang 1: c4c tham s6 tinh ning cua cac vi du 1 téi 10

Bang 1
Cicvidu |DPoday | Goctiépxic | Hingsd |Mbddundan | Phun mudi 96 gio
(nm) ) dien mdi | hoi (Gpa)
Vidul 362 124 2,08 12,98 Khong bi dn mon
Vidu?2 465 115 2,03 23,56 Khong bi dn mon
Vidu3 730 121 2,13 26,91 Khong bi &n mon
Vidu4 692 136 2,26 29,35 Khong bi d&n mon
Vidub 537 140 2,39 32,61 Khong bi &n mon
Vidu6 582 134 2,15 35,72 Khong bi d&n mon
Vidu7 538 141 2,27 27,83 Khong bi &n mon
ViduS8 628 134 2,51 31,62 Khong bi &n mon
Vidu9 617 150 2,60 33,86 Khong bi 4n mon
Vidul0 |315 126 2,05 10,17 Xuét hién cac diém
dn mon
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Nguoi co hiéu biét trung binh trong linh vuc k¥ thuét nay can phai hiéu ring,
cic phuong an cua sang ché duogc bdc 16 trong md ta trén ddy va cac hinh v& kem
theo chi nhim muc dich minh hoa va khong nhim dé giéi han sang ché. Muc dich
cla séng ché da dugc thuc hién ddy dt va hiéu qua. Cac nguyén ly vé chuc ning va
két cAu cua sang ché di dugc thé hién va minh hoa theo cac phuong an, va cac
phuong an cua sang ché c6 thé duoc thay dbi hodc cai bién ma khong nam ngoai cac

nguyén ly nhu néu trén.
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YEU CAUBAO HOQ
1. Mang hing s6 dién mdi thip duoc tao ra nho k¥ thudt léng pht hoi hoa hoc tang
cuong plasma trén b& mit nén, va bao gdm 16p chbng &n mon va 16p x6p, 16p chéng
an mon duoc 1am bang hop chét epoxy alkan A chira cic lién két kép chua bdo hoa
va hop chét siloxan hodc silan B chira cac lién két kép chura bio hoa nho k¥ thuét
ling phu hoi héa hoc ting cuong plasma trén bé miit nén, 16p xp dugc lam bang hop
chét silan hitu co C va hop chét alkan E nho k¥ thuét l4ng phti hoi hoa hoc tang
cuong plasma.
2. Mang hing sb dién méi thap theo diém 1, trong d6 hop chét C bao gdm hop chét
siloxan hitu co.
3. Mang hang sé dién mdi thap theo diém 1, trong d6 hop chét E bao gom hop chét
benzen.
4. Mang hang sé dién moi thap theo diém 1, trong d6 mang nay bao gbm 1ép chira
flo, 16p chira flo nay duoc lam bang flosilan thom D nho k§ thuét lang phu hoi hoa
hoc tdng cuong plasma.
5. Mang héng s6 dién mdi thdp theo diém 1, trong d6 mang nay bao gbm 16p day
duoc 1am bang hop chét vinyl epoxy va hgp chét vinyl silic hitu co nho k¥ thuat ling
phti hoi héa hoc ting cudng plasma trén bé mit nén.
6. Mang hing s6 dién moi thap theo diém 1, trong d6 hop chét A bao gdm mét hoic
nhiéu chit dugc chon tir nhém bao gdm: vinyl etylen oxit, glyxidyl metacrylat, anlyl
glyxidyl ete, 1, 2-epoxy 4-vinylxyclohexan, 2, 3-epoxypropyldimetylvinylsilan, va 2,
3-epoxypropyldiclovinylsilan.
7. Mang hang s& dién mbi thap theo diém 1, trong d6 hop chét B bao gdbm mdt hozc
nhiéu chét dugc chon tir nhém bao gdm: anlyltrimetoxysilan, vinyltrietoxysilan,
trimetylvinylsilan, 3-butenyltrimetylsilan, vinyltributylketoximsilan,
tetrametyldivinyldisiloxan, tetrametyltetravinylxyclotetrasiloxan, 1,2,2-
triflovinyltriphenylsilan, dimetylmetoxyvinylsilan, va 4-styryltrimetoxysilan.
8. Mang hang sé dién méi thap theo diém 1, trong d6 hop chét C bao gébm mdt hoic

nhiéu chét dugc chon tir nhém bao gdm: y-glyxidyloxypropyltrimetoxysilan; D4H
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xyclotetrasiloxan, hexametylxyclotrisiloxan, tris-(trimetoxysilan) ylphenylsilan, t-
butyldimetylclosilan, phenyletynyltrimetylsilan, biphenylvinyltrimetylsilan,
octaphenylxyclotetrasiloxan, triphenylhydroxysilan,

triflopropylmetylxyclotrisiloxan, 2,24 4-tetrametyl-6,6,8,8-
tetraphenylxyclotetrasiloxan, tetrametyltetravinylxyclotetrasiloxan, 3-glyxidyl ete
oxypropyltrietoxysilan, tetrametyldivinyldisiloxan, tetraetyldisiloxan,
hexametyldisiloxan, phenyltris (trimetylsiloxy) silan, trimetylphenylsilan,
hexametyldisilazan, anlyltriphenylsilan, phenyltriclosilan, phenyltriflosilan,
phenyltrietoxysilan, phenyltrimetoxysilan, metylphenyldimetoxysilan,
dimetoxymetylphenylsilan, 1,3-diclotetraphenyldisiloxan, phenylvinyltrimetylsilan,
naptylvinyltrimetylsilan, diphenyldihydroxysilan, octametylxyclotetrasiloxan,
hexaphenylxyclotrisiloxan, decametylxyclopentasiloxan, phenyltriclosilan,
metylphenyldiclosilan, phenyldimetylclosilan, metylphenylxyclotrisiloxan,
trimetoxymetylsilan, triflopropylmetylxyclotrisiloxan, tris-(trietoxysilan)
ylphenylsilan, perflooctyletylpentaflophenyldimetoxysilan, va tris-(trietylsilan)
ylphenylsilan.

9. Mang hing s6 dién moi thp theo diém 1, trong d6 hop chét E bao gdm mdt hodc
nhidu chit dugc chon tir nhém bao gbém: xyclobutan, xyclopentan, xyclohexan,
benzen, toluen, va p-xylen.

10. Mang héng s dién moi thp theo diém 4, trong d6 hop chét D bao gdm mot hodc
nhiéu chét duoc chon tir nhém bao gdm: pentaflophenyltrietoxysilan,
pentaflophenyltrimetoxysilan, pentaflophenyltriclosilan,
pentaflophenyldimetylclosilan, perflooctyl etyl pentaflophenyl diclosilan,
pentaflodiclophenyl perflohexyletylsilan, perflooctyldiclophenyl silan,
perflooctyldietoxyphenylsilan, perflooctyletylpentaflophenyldimetoxysilan,
perflobutyletylpentaflophenyldiclosilan, va
perflobutyletylpentaflophenyldimetoxysilan.

11. Mang hang sé dién moi thap theo didm bat ky trong s6 cac diém tir 1 t6i 10, trong

d6 mot khi phu trg dugc dua vao dé phan tmg trong qua trinh léng phu hoi, khi phu
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trg nay 1a mot hodc nhiéu khi duogc chon tir nhém bao g‘6m He va Ar.

12. Mang hing sb dién mbi thap theo diém bét ky trong s6 cac diém tir 1 t6i 10, trong
d6 mot khi phu trg dugc dua vao dé phan ng trong qua trinh l4ng phu hoi, khi phu
tro nay la mot hodc nhiéu khi duoc chon tir nhom bao gém nito/hydro, amoniac, oxy,
va chét hiru co hydrocacbon.

13. Mang hing s6 dién moi thap theo diém bat ky trong s6 cac diém tir 1 t6i 10, trong
d6 gia tri hang s6 dién moi clia mang hing sb dién moi thdp nam trong khoang tir 2,1
t6i 2,2, tir 2,2 t6i 2,3, tir 2,4 t61 2,5, tir 2,5 t6i 2,6, hodc tir 2,6 té1 2,7.

14. Mang hing sb dién moi thip theo diém bat ky trong so cac diém tir 1 t6i 10, trong
d6 mang hang s6 dién moi thdp nay c6 modun dan hdi nim trong khoang tir 10 GPa
t6i 11 GPa, tir 11 GPa t6i 12 GPa, tir 12 GPa t6i 13 GPa, tir 23 GPa tdi 24 GPa, tir 26
GPa t6i 27 GPa, tir 27 GPa t6i 28 GPa, tir 29 GPa t6i 30 GPa, tir 31 GPa tai 32 GPa,
hoac tir 33 GPa téi 34 GPa.

15. Mang hang sé dién moi thép theo diém bét ky trong s cac diém tir 1 t6i 10, trong
d6 mang hing s6 dién moi thip nay c6 goc tiép xtic tinh nam trong khoang tir 110°
t61 115°, tir 115° t61 120°, tir 120° t6i 125°, tir 125° t6i 130°, tir 130° to1 135°, tu
135° t6i 140°, tir 140° t&i 145°, tir 145° t6i 150°, hodc tir 150° t6i 155°.

16. Mang hing s dién méi thap theo diém bét ky trong s cac diém tir 1 t6i 10, trong
d6 mang hing sb dién moi thap nay c6 do day nam trong khoang tir 10 nm téi 2000
nm.

17. Mang héng s6 dién moi thip bao goém:

16p xdp, 16p xbp dugc 1am bing hop chét silan hitu co C va hop chét alkan E nho k¥
thuat ling phi hoi hoa hoc tang cudng plasma; va

16p chtra flo, trong d6 16p chira flo dugc 1am bang flosilan thom D nho ky thuat ling
pht hoi hda hoc tang cudng plasma.

18. Mang hing s6 dién mdi thap theo diém 17, trong d6 hop chét C bao gdbm hop
chét siloxan hitu co.

19. Mang héng s6 dién mdi thp theo diém 17, trong d6 hop chét E bao gom hop chét

benzen.
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20. Mang hang sé dién moi thap theo diém 17, trong d6 16p xbp duogc léng phu truc
tiép trén bé mit ciia nén, va 16p chia flo dugc léng phu trén bé mit cta 16p x6p.

21. Mang hing sé dién mbi thip theo diém 17, trong d6 mang nay bao gom 16p
chéng an mon, 16p chéng an mon dugc lam béng hop chét epoxy alkan A chura céc
lién két kép chua bio hoa va hop chat siloxan hogc silan B chira céac lién két kép
chua bio hoa nho ky thuat 1ng pht hoi héa hoc ting cuong plasma trén bé mait cla
nén, va 16p xbp duge léng phu 1én 16p chng &n mon.

22. Mang hing sé dién mdi thép theo diém 21, trong d6 hop chét A bao gdm mét
hozic nhidu chét dugc chon tir nhém bao gdm: vinyl etylen oxit, glyxidyl metacrylat,
anlyl glyxidyl ete, 1,2 epoxy 4-vinylxyclohexan, 2,3-epoxypropyldimetylvinylsilan,
va 2,3-epoxypropyldiclovinylsilan.

23. Mang hing sd dién moi thp theo diém 21, trong d6 hop chét B bao gdbm mdt
hozc nhidu chét dugc chon tir nhém bao gdm: anlyltrimetoxysilan, vinyltrietoxysilan,
trimetylvinylsilan, 3-butenyltrimetylsilan, vinyltributylketoximsilan,
tetrametyldivinyldisiloxan, tetrametyltetravinylxyclotetrasiloxan, 1,2,2-
triflovinyltriphenylsilan, dimetylmetoxyvinylsilan, va 4-styryltrimetoxysilan.

24. Mang hing s6 dién moi thip theo diém 17, trong d6 hop chét C bao gom mot
ho#ic nhidu chét dugc chon tir nhém bao gbm: y-glyxidyloxypropyltrimetoxysilan;
D4H xyclotetrasiloxan, hexametylxyclotrisiloxan, tris-(trimetoxysilan) ylphenylsilan,
t-butyldimetylclosilan, phenyletynyltrimetylsilan, biphenylvinyltrimetylsilan,
octaphenylxyclotetrasiloxan, triphenylhydroxysilan,
triflopropylmetylxyclotrisiloxan, 2,24 4-tetrametyl-6,6,8,8-
tetraphenylxyclotetrasiloxan, tetrametyltetravinylxyclotetrasiloxan, 3-glyxidyl ete
oxypropyltrietoxysilan, tetrametyldivinyldisiloxan, tetraetyldisiloxan,
hexametyldisiloxan, phenyltris (trimetylsiloxy) silan, trimetylphenylsilan,
hexametyldisilazan, anlyltriphenylsilan, phenyltriclosilan, phenyltriflosilan,
phenyltrietoxysilan, phenyltrimetoxysilan, metylphenyldimetoxysilan,
dimetoxymetylphenylsilan, 1,3-diclotetraphenyldisiloxan, phenylvinyltrimetylsilan,

naptylvinyltrimetylsilan, diphenyldihydroxysilan, octametylxyclotetrasiloxan,
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hexaphenylxyclotrisiloxan, decametylxyclopentasiloxan, phenyltriclosilan,
metylphenyldiclosilan, phenyldimetylclosilan, metylphenylxyclotrisiloxan,
trimetoxymetylsilan, triflopropylmetylxyclotrisiloxan, tris-(trietoxysilan)
ylphenylsilan, perflooctyletylpentaflophenyldimetoxysilan, va tris-(trietylsilan)
ylphenylsilan.

25. Mang hing sé dién moi thip theo diém 17, trong d6 hop chét E bao gdm mot
hozic nhidu chét dugc chon tir nhém bao gdm: xyclobutan, xyclopentan, xyclohexan,
benzen, toluen, va p-xylen.

26. Mang hang sb dién mdi thp theo diém 17, trong d6 hop chét D bao gdm mot
hozc nhiéu chit dugc chon tir nhém bao gdm: pentaflophenyltrietoxysilan,
pentaflophenyltrimetoxysilan, pentaflophenyltriclosilan,
pentaflophenyldimetylclosilan, perflooctyl etyl pentaflophenyl diclosilan,
pentaflodiclophenyl perflohexyletylsilan, perflooctyldiclophenyl silan,
perflooctyldietoxyphenylsilan, perflooctyletylpentaflophenyldimetoxysilan,
perflobutyletylpentaflophenyldiclosilan, va
perflobutyletylpentaflophenyldimetoxysilan.

27. Mang hing s dién moi thép theo diém bét k¥ trong s cac diém tir 17 t6i 26,
trong d6 mét khi phu trg dugc dua vao dé phan tng trong qué trinh l4ng phu hoi, khi
phu tro ndy 1a mot hoac nhiéu khi duoc chon tir nhém bao gém He va Ar.

28. Mang hiing s6 dién moi thAp theo diém bét ky trong sb cac diém tir 17 t6i 26,
trong d6 mot khi phu trg dugc dua vao dé phan tmg trong qué trinh léng phu hoi, khi
phu trg nay 13 mot hodc nhiéu khi dugc chon tir nhém bao gdm nito/hydro, amoniac,
0xy, va chét hitu co hydrocacbon.

29. Mang hing sb dién méi thap theo diém bt ky trong sb cac diem tir 17 t6i 26,
trong do6 gia tri hing s6 dién moi cliia mang héng s6 dién moi thip nam trong khoang
tir 2,1 t6i 2,2, tir 2,2 t6i 2,3, tir 2,4 t6i 2,5, tir 2,5 t6i 2,6, hodc tr 2,6 t61 2,7,

30. Mang hiing sb dién moi thép theo diém bt ky trong s6 céc diém tir 17 t6i 26,
trong d6 mang hing sb dién moi thip c6 mddun dan hdi ndm trong khoang tir 10 GPa

t6i 11 GPa, tir 11 GPa téi 12 GPa, tir 12 GPa t6i 13 GPa, tir 23 GPa t6i 24 GPa, tir 26
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GPa t6i 27 GPa, tir 27 GPa t6i 28 GPa, tir 29 GPa t6i 30 GPa, tir 31 GPa t6i 32 GPa,
hodc tir 33 GPa tdi 34 GPa.
31. Mang hing s6 dién méi thap theo diém bét ky trong s6 cac diém tir 17 téi 26,
trong d6 mang hing s dién moi thp c6 goc tiép xuc tinh nam trong khoang tir 110°
t61 115°, tir 115° t61 120°, tir 120° t61 125°, tir 125° téi 130°, tir 130° toi 135°, tu
135° t4i 140°, tir 140° t6i 145°, tir 145° t6i 150°, hodc tir 150° t61 155°.
32. Phuong phap ché tao mang hing sé dién moi thap, phuong phap nay bao gdm céc
cong doan:
(A) 13m lang pht hoi 16p chbng an mon trén bé mat cua nén, 16p chbng an mon duge
]am bing hop chét epoxy alkan A chua céc lién két kép chua bio hoa va hop chét
siloxan hodc silan B chira céc lién két kép chua bio hoa nho k¥ thuat léng pht1 hoi
héa hoc ting cuong plasma trén bé mat cia nén; va
(B) 1am ldng pht hoi 16p x6p, 16p xbp dugc 1lam bing hop chit silan hitu co C va hop
chét alkan E nho k¥ thuat ling pht hoi hda hoc tang cudng plasma.
33. Phuong phap theo diém 32, trong d6 cong doan (A) bao gbm:

(Al) dua hop chét vinyl epoxy alkan A va hop chét vinyl silic hitu co B vao
budng phan ung cla thiét bi phan tmg;

(A2) dua mdt khi tro vao budng phan Ung clia thiét bi phan tng; va

(A3) & cong suét dinh trudc, tao ra 16p chéng an mon trén bé mat cia nén bang
léng pht nho phan Gng cta hop chit A va hop chat B.
34. Phuong phap theo diém 32, trong d6 cong doan (B) bao gbm:

(B1) dua vao hop chit silan hitu co C va hop chét alkan E;

(B2) dua vao nito/hydro dang khi, va/hodc amoniac;

(B3) dua vao oxy; va

(B4) 6 cong suét dinh trudc, tao ra 16p x6p bang léng phti hoi nhd phan tng
ctia hop chét silan hitu co C va hop chét alkan E.
35. Phuong phap theo diém 34, trong d6 hop chat C bao gom hop chét siloxan hitu
CO.

36. Phuong phap theo diém 34, trong d6 hop chét E bao gdm hop chét benzen.
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37. Phuong phap theo diém 34, trong d6 oxy dugc dua vao khong lién tuc.
38. Phuong phap theo diém 32, trong d6 phuong phéap nay con bao gbm cong doan
(C): 1am ling phu hoi 16p chiza flo 1én 16p xp.
39. Phuong phap theo diém 38, trong d6 cong doan (C) bao gdm:

(C1) dua mot khi tro;

(C2) dua vao flosilan thom D; va

(C3) & cong suét dinh truée, tao ra 16p chura flo béng l4ng pht hoi nhd phan
Ung cta flosilan thom D.
40. Phuong phép theo diém 32, trong d6 phuong phap nay con bao gdm cdng doan:
]am sach bé mit ctia nén.
41. Phuong phép theo diém 32, trong d6 phuong phép nay con bao gdm cdng doan:
didu khién nén sao cho nén nay di chuyén trong budng phan ng.
42. Phuong phép theo diém 33, trong d6 hop chét A bao gdm mot hodc nhiéu chét
duoc chon tir nhém bao gbm: vinyl etylen oxit, glyxidyl metacrylat, anlyl glyxidyl
ete, 1,2-epoxy 4-vinylxyclohexan, 2,3-epoxypropyldimetylvinylsilan, va 2,3-
epoxypropyldiclovinylsilan.
43. Phuong phap theo diém 33, trong d6 hop chét B bao gdm mdt hodc nhiéu chit
dugc chon tir nhom bao gdm: anlyltrimetoxysilan, vinyltrietoxysilan,
trimetylvinylsilan, 3-butenyltrimetylsilan, vinyltributylketoxim silan,
tetrametyldivinyldisiloxan, tetrametyltetravinylxyclotetrasiloxan, 1,2,2-
triflovinyltriphenylsilan, dimetylmetoxyvinylsilan, va 4-styryltrimetoxysilan.
44. Phuong phép theo diém 34, trong d6 hop chét C bao gém mdt hodc nhiéu chit
duoc chon tir nhém bao gbm: y-glyxidyloxypropyltrimetoxysilan; D4H
xyclotetrasiloxan, hexametylxyclotrisiloxan, tris-(trimetoxysilan) ylphenylsilan, t-
butyldimetylclosilan, phenyletynyltrimetylsilan, biphenylvinyltrimetylsilan,
octaphenylxyclotetrasiloxan, triphenylhydroxysilan,
triflopropylmetylxyclotrisiloxan, 2,2,4,4-tetrametyl-6,6,8,8-
tetraphenylxyclotetrasiloxan, tetrametyltetravinylxyclotetrasiloxan, 3-glyxidyl ete

oxypropyltrietoxysilan, tetrametyldivinyldisiloxan, tetraetyldisiloxan,
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hexametyldisiloxan, phenyltris (trimetylsiloxy) silan, trimetylphenylsilan,
hexametyldisilazan, anlyltriphenylsilan, phenyltriclosilan, phenyltriflosilan,
phenyltrietoxysilan, phenyltrimetoxysilan, metylphenyldimetoxysilan,
dimetoxymetylphenylsilan, 1,3-diclotetraphenyldisiloxan, phenylvinyltrimetylsilan,
naptylvinyltrimetylsilan, diphenyldihydroxysilan, octametylxyclotetrasiloxan,
hexaphenylxyclotrisiloxan, decametylxyclopentasiloxan, phenyltriclosilan,
metylphenyldiclosilan, phenyldimetylclosilan, metylphenylxyclotrisiloxan,
trimetoxymetylsilan, triflopropylmetylxyclotrisiloxan, tris-(trietoxysilan)
ylphenylsilan, perflooctyletylpentaflophenyldimetoxysilan, va tris-(trietylsilan)
ylphenylsilan.

45, Phuong phép theo diém 34, trong d6 hop chét E bao gébm mot hodc nhiéu chét
duoc chon tir nhém bao gém: xyclobutan, xyclopentan, xyclohexan, benzen, toluen,
va p-xylen.

46. Phuong phép theo diém 39, trong d6 hop chét D bao gdbm mét hoic nhiéu chét
duoc chon tir nhém bao gém: pentaflophenyltrietoxysilan,
pentaflophenyltrimetoxysilan, pentaflophenyltriclosilan,
pentaflophenyldimetylclosilan, perflooctyl etyl pentaflophenyl diclosilan,
pentaflodiclophenyl perflohexyletylsilan, perflooctyldiclophenyl silan,
perflooctyldietoxyphenylsilan, perflooctyletylpentaflophenyldimetoxysilan,
perflobutyletylpentaflophenyldiclosilan, va
perflobutyletylpentaflophenyldimetoxysilan.

47. Phuong phép theo diém bét ky trong s cac diém tir 32 t&i 46, trong d6 mang
hing sb dién moi thip nay c6 gia tri héng s6 dién moi ndm trong khoang tir 2,1 t6i
2.2, tr 2,2 t6i 2,3, tir 2,4 t6i 2,5, tr 2,5 t6i 2,6, hodc tir 2,6 t61 2,7.

48. Phuong phap theo diém bAt ky trong sd cac diém tir 32 t6i 46, trong d6 médun
dan hdi ctia mang hing sb dién moi thip niam trong khoang tr 10 GPa téi 11 GPa, tur
11 GPa téi 12 GPa, tir 12 GPa t6i 13 GPa, tir 23 GPa t6i 24 GPa, tir 26 GPa t61 27
GPa, tir 27 GPa t&i 28 GPa, tir 29 GPa téi 30 GPa, tir 31 GPa téi 32 GPa hodc tir 33
GPa téi 34 GPa.
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49, Phuong phap theo di8m bAt ky trong s6 cac diém tir 32 t&i 46, trong d6 goc tiép
xtic tinh ctia mang hing sé dién mdi thip ndm trong khoang tir 110° t6i 115°, tir 115°
t&i 1200, tir 120° t6i 125°, tir 125° t&i 130°, tlr 130° t6i 135°, tir 135° t6i 140°, tir
140° t&i 145°, tir 145° t61 150°, hodc tir 150° t61 155°.

50. Phuong phép theo didm bét ky trong sb cac diém tir 32 t6i 46, trong d6 mang

hing s6 dién moi thap nay c6 do day ndm trong khoang tir 10 t&i 2000 nm.
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