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(54) TRANZITO HIEU UNG TRUONG, PHUONG PHAP SAN XUAT, VA THIET BI
TRUYEN THONG KHONG DAY VA THE HANG HOA BAO GOM TRANZITO
HIEU UNG TRUONG NAY

(57) Sang ché d& xuét tranzito hiéu ng truong ma c thé thuc hién phu déu bang dung
dich ban dan, giam do tré, va cai tién d6 bén nut cua l6p cach dién cong, va phuong phap
san xudt tranzito hiéu Ung truong nay voi hiéu sudt vuot troi. Sang ché dé xuat tranzito
hi¢u ng truong voi it nhat 1a nén, dién cyc ngudn, dién cuc mang, dién cuc cong, 16p ban
dan tiép xuc véi dién cuc nguon va voi dién cuc mang, va 1op cach dién cong ngan cach
giira 16p ban dan va dién cuc cong, trong d6 16p cach dién cong nay bao gom it nhit 1a
polysiloxan c6 don vi cau trac dugc biéu dién boi cong thirc (1); A! 1a nhom hitu co bao
gdm it nhat hai nhom dugc chon tir nhom carboxy, nhom sulfo, nhom thiol, nhom phenolic
hydroxy, hodc dan xuit ctia cac nhom ndy, hodc bao gdm it nhat mot nhom chirc ¢ cac
nhom nay dugc ngung ty thanh vong trén A! hodc dan xuét cia chung.

ot o

R'n (ORm
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" Linh vwe k§ thuat dwge dé cap

Sang ché dé cap dén tranzito hidu ung trudng, phuong phap san xuét, cling nhur

thiét bj truyén thong khong day va thé hang hoa bao gdm tranzito hidu tmg trudng nay.
Tinh trang ky thuat cia sang ché

Tranzito hiéu Ung truong (FET) st dung chat ban dan hitu co va/hodc vét liéu
cacbon trong 16p ban dén ciia n6 di dugc ddy manh nghién ctru trong nhitng nam gin
day. Vat liéu ban din nhu vy tan duge trong dung méi hitu co, dé mang mong c6 thé
duoc tao ra véi chi phi thip bang phuong phap phti nhu k¥ thuat in phun. Trong trudng
hop nay, dé thu duoc cac dic tinh 4n dinh dién cta FET, can phai tao ra 16p ban dan

dugc pht min va déu.

Mot thanh phén quan trong ctia FET 1a 16p cach dién cbng. Thong thuong, 16p
béan din dugc tao ra tiép xtic véi 16p cach dién cbng; va trong 16p ban dan nay, kénh cho
dong dién di qua dugc tao ra & gﬁn mat phan cach vai 16p cach dién céng. Theo @6, dac

tinh bé mit cia 16p cach dién cdng c6 thé tac dong dang ké dén cac dic tinh ctia FET.

Vit liéu hitu co nhu polyme hitu co ma tan dugc trong dung mdi hitu co cling
dang dugc nghién ctru chu dong lam vat liéu tao 16p cach dién céng. Vi vat liéu nay,
mang mong cb thé dugc tao ra bang phuong phap phit khong t6n tién nhu k¥ thuat pht
khe; va ngoai ra, mang mong nay co thé duoc tao ra trén nén déo bang quy trinh nhiét

d6 thép.

Vi du vé vat liéu loai phii cho 16p cach dién cdng ma tan dugc trong dung méi hitu co
14 polysiloxan c¢6 nhém epoxy dugc dua vao trong d6 da duoc biét dén (vi du, xem Tai
liéu sang ché 1). Tai liéu sang ché 1 chira ring nhom epoxy triét tidu luc dy ciia dung
dich ban dAn nho d6 khong chi c6 thé phti dung dich ban dén 1én trén 16p cach dién cbng
mdt cach @i tdt ma con c6 thé 1am giam do tré.

Trong 16p cach dién cong, 10 ti€p xuc can dugec mad dé thu duoc su dén dién dén
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dién cuc dudi. Dé tao ra mau 16 ctia no, thudng tién hanh quy trinh in 1itd bing cach sir
dung chit can quang. Mit khac, trong polysiloxan c6 dua vao nhém epoxy, mau ndy ¢
thé duoc tao ra bang k¥ thuat in 1itd ma khong sur dung chit can quang bang cach bao
gdm thém chat quang sinh axit.

Ngodi ra, vat lidu 16p cach dién cong st dung hop phan khd nho 4nh sang bao
gdm polysiloxan c6 nhém di vong da duoc biét (vi du, xem Tai liéu sang ché 2). Tai ligu
sang ché 2 da chi ra rang polysiloxan c6 dua vao di vong c6 thé cai thién kha ning phu
ctia chit ban din hitu co cin dugc phu 1én trén 16p cach dién cong.

Mit khac, ciing da biét rang hop phan nhya cam quang st dung polysiloxan bao
gbm don vi organosilan c6 nhém axit ¢6 thé duogc sir dung trong mang phéng ciia tranzito
mang mong (vi dy, xem Tai li€u sang ché 3). Tai lidu sang ché 3 chi ra ring polysiloxan
bao gdm don vi organosilan cé nhom axit c6 thé ting cudng dd phan giai tai thoi diém
tao mAu nho sy hién anh kiém.

Danh muc vién dan
Tai liéu sang ché
Tai liéu sang ché 1: Cong bb don sang ché quéc té s6 2009/116373
Tai lidu séng ché 2: Cong bé don patent chua thim dinh Nhat Ban s6 2015-
198115
Tai liéu séng ché 3: Cong bd don patent chua thdm dinh Nhét Ban s6 2014-
197171
Ban chit k§ thuit ciia sang ché
Vén dé k§ thuat

Theo Tai liéu sang ché 1, do polysiloxan c6 dwa vao nhom epoxy, da co cac hiéu
qua céi thién kha nang pht ctia dung dich ban dan cfing nhu lam giam do tré; tuy nhién,
bai vi cdc polysiloxan twong tac kém véi nhau, 46 bén nitt 1a thip. Theo d6, da xut hién
véAn dé vé su gia ting rd dién. Ngoai ra, khi tao mau d6i v6i 16p cach dién codng bang k¥
thuat in 1itd, d4 xuAt hién vin d& v& do phan giai khong di boi vay khién cho viée tao
mAu chét luong t6t kho thuc hién duge.

Theo Tai lidu sang ché 2, do polysiloxan ¢4 nhém di vong, da c6 hiéu qua cai
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thién kha ning phu ctia dung dich ban dén; tuy nhién, diéu nay 1a khong thoa man khi

xem xét dén sy giam do tre.

Tai liéu sang ché 3 chi ra viéc sir dung polysiloxan bao gom don vi organosilan
¢6 nhém axit cho mang phing clia tranzito mang mong va hi€u qua cta ching trong viéc
cai thién d6 phan giai; tuy nhién, chua tién hanh nghién ciru ndo vé kha ning phu cta
dung dich ban din va v& hiéu qua ddi vé6i cac dic tinh clia tranzito nhu do tré.

Theo @6, sang ché dy kién d€ xuat tranzito hiéu ng trudng ma véi tranzito nay
c6 thé thyc hién viéc phi ddng déu biang dung dich ban dan, lam giam d6 tr&, va cai tién
d6 bén nirt ctia 16p cach dién cong; va ngoai ra con dé xuat phuong phap san xuat tranzito
hiéu ng trudng cé hiéu suat vuot tri.

Giai phap k¥ thuat

Tranzito hiéu ng trudng theo sang ché bao gom it nhat la: nén; dién cuc ngudn;
dién cuc mang; dién cuc cong; 16p ban dAn tiép xuc véi dién cyc ngudn va véi dién cuc
mang; va 16p cach dién cong cach dién giita 16p ban dan va dién cuc cOng, 16p ban dan
bao gbém chat ban din hitu co va/hodc vat liéu cacbon, va 16p cach dién cong bao gom

it nhét 13 polysiloxan c6 don vi cdu tric duoc bidu dién béi cong thirc (1):

ot

R'n (OR’

theo cong thitc chung (1), R! 12 nguyén tir hydro, nhém alkyl, nhém xycloalkyl, nhém
di vong, nhém aryl, nhém heteroaryl, hodc nhém alkenyl; R? 1a nguyén tir hydro, nhom
alkyl, nhém xycloalkyl, hosic nhém silyl; m 1a 0 hodc 1; A! 1a nhém hitu co bao gbm it
nhét hai nhém duge chon tir nhém carboxy, nhom sulfo, nhém thiol, nhém phenolic
hydroxy, hodc dén xut ctia cic nhém nay; khi din xuit ndy 1a cu tric ngung tu vong
dugc tao tir hai nhom trong sb6 cac nhém carboxy, nhom sulfo, nhém thiol, v nhém

phenolic hydroxy, A! 1a nhém hiru co c6 it nhat mét cau tric ngung tu vong.
Hiéu qua c6 loi ctia sang ché

Vi tranzito hiéu Gng trudng theo sang ché, c6 thé thu duogc tranzito hiéu tmg

trudng ma véi tranzito nay c6 thé thuc hién viée phit ddng déu bang dung dich bén dan,
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lam giam dd tré, va cai tien do bén nirt cua 16p cach dién cong; va phuong phap san xuat

tranzito hiéu Ung trudong c6 hi€u suat vuot troi.
M6 ta van tat cac hinh vé

Fig. 1 la hinh chiéu mit cit ngang dang so dd minh hoa cho vi du vé tranzito hiéu

g trudng theo phuong én thyc hién cua sang ché.

Fig. 2 1a hinh chiéu mit cét ngang dang so dd minh hoa cho vi du khac vé tranzito

hiéu Ung trudng theo phuong an thyc hién cla sang ché.

Fig. 3 1a so dd khéi minh hoa cho vi du vé thiét bi truyén thong khong ddy sir
dung tranzito hiéu tng truong theo phuong an thuc hién cta sang ché.
M3 ta chi tiét sang ché

Sau ddy, cac phuong 4n vé tranzito hi¢u ing trudng (FET), phuong phéap san xuét
tranzito hiéu Gng trudong, cling nhu thiét bi truyén théng khong day va thé hang hoa sir
dung tranzito hi¢u ing truong theo sang ché s& dugc 1am 13 chi tiét. Luu y ring sang
ché khong bi giéi han & cac phuong 4n thyc hién sau ddy, va boi vay, sang ché c6 thé
duoc tién hanh cing voi viée sira dbi nhidu phuong an khéc nhau theo muyc dich va tmg

dung ctia chung.

FET theo sang ché 1a tranzito hiéu tmg trudng bao gbm it nhét 12 nén, dién cuc
nguén, dién cuc mang, dién cuc cdng, 16p ban din tiép xtc v6i dién cuc nguén va voi
dién cuc mang, va 16p cach dién cdng ngin cach gifta 16p ban din va dién cuc cdng,
trong do6 16p ban dén bao gdm chét ban dén hitu co va/hodc vét liéu cacbon, va 16p cach
dién cdng bao gbm it nhat 13 polysiloxan c6 don vi chu trac duoc biéu dién bsi cong

thirc chung (1) sau day.

R'm (ORY)1m

Theo cdng thitc chung (1), R! 1a nguyén tr hydro, nhém alkyl, nhom xycloalkyl,
nhém di vong, nhém aryl, nhém heteroaryl, hodc nhém alkenyl. R? 1a nguyén tir hydro,
nhém alkyl, nhém xycloalkyl, hodc nhém silyl. m 1a 0 hodc 1. A! 13 nhém hiru co bao
g(‘A)m it nhat hai nhém duogc chon tir nhém carboxy, nhém sulfo, nhém thiol, nhém
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phenolic hydroxy, hodc din xuét cta cac nhém nay. O day, khi din xuét 14 cu trac
ngung tu vong dugc tao bdi hai nhém trong s6 cac nhom carboxy, nhém sulfo, nhém
thiol, va nhém phenolic hydroxy, A! 14 nhém hitu co c6 it nhit mot cAu tric ngung tu
vong. Khi A! bao gém hai hoidc nhiéu nhém carboxy, nhém sulfo, nhém thiol, nhém
phenolic hydroxy, hoic din xut cia cac nhém nay, bao gdm ca hai phuong 4n trong d6
bao gdm hai nhém giéng nhau (vi dy, bao gdm hai nhém carboxy) va phuong an trong

d6 bao gébm hai nhém khac nhau (vi dy, bao gdm mét nhém carboxy va mot nhom thiol).
<Lép céch dién cong>
(Polysiloxan)

Lép cach dién cong theo séang ché bao gdm polysiloxan va it nhét 13 don vi cdu

triic duoc biéu dién boi cong thirc (1).

Theo cdng thirc chung (1), R! 12 nguyén tir hydro, nhém alkyl, nhém xycloalkyl,
nhém di vong, nhém aryl, nhém heteroaryl, hodc nhém alkenyl. R? 14 nguyén tir hydro,
nhém alkyl, nhom xycloalkyl, hodc nhém silyl. m 1a 0 hozc 1. A! 1a nhém hitu co bao
gdm it nhat hai nhém dugc chon tir nhém carboxy, nhém sulfo, nhom thiol, nhém
phenolic hydroxy, hodc din xuit clia cac nhém nay. G day, khi din xuét 1a cdu tric
ngung tu vong dugc tao bai hai trong sb cac nhom carboxy, nhém sulfo, nhém thiol, va

nhém phenolic hydroxy, Al 1a nhém hitu co ¢6 it nhit mot cAu triic ngung tu vong.

Céc vi du minh hoa vé nhém alkyl bao gdm nhém hydrocacbon béo no nhu nhém
metyl, nhém etyl, nhdm n-propyl, nhém isopropyl, nhém n-butyl, nhém sec-butyl, va
nhém tert-butyl, trong d6 cic nhém nay c6 thé hodc khong nhét thiét phai bao gdm nhém
thé. Nhém thé bd sung tuy y dugc bao gdm trong d6 khdng bi giéi han cu thé, trong d6
c4c vi du minh hoa v& nhém thé nay bao gdm nhém alkoxy, nhém aryl, va nhém hetero-
aryl; va ngoai ra, cac nhém nay con co thé bao gdm nhom thé. S6 lugng cacbon ciia
nhém alkyl khong bi giéi han cu thé; nhung xét vé kha ning d& c6 sin va chi phi, s6
lugng cacbon nay t6t hon néu it nhét 12 1 va 1én dén 20, trong khi t6t hon nita néu it nhat

1a1valén dén 8.

Céc vi du minh hoa v& nhém xycloalkyl bao gdm nhém hydrocacbon vong béo
no nhu nhém xyclopropyl, nhém xyclohexyl, nhém norbornyl, va nhém adamantyl,
trong d6 cdc nhém nay c6 thé hoiic khdng nht thiét phai bao gdm nhém thé. Nhom thé

b sung tity y duge bao gdm trong d6 khong bi gisi han cu thé, trong d6 cac vi du minh
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hoa v& nhém thé nay bao gdm nhém alkyl, nhém alkoxy, nhém aryl, va nhém hetero-
aryl; va ngoai ra, cic nhom nay con co th bao gdm nhom thé. Phan giai thich vé cac
nhém thé nay 13 théng nhit trong phan mé ta sau day. Sb lugng cacbon ctia nhom

xycloalkyl khong bi gi¢i han cu thé, nhung t5t hon néu it nhat 1a 3 va 1én dén 20,

Nhém di vong la nhém thu duge tir vong béo c6 vong chira nguyén tir khac
nguyén tt cacbon, nhu vong pyran, vong piperidin, va vong amit, trong d6 cac nhom
nay c6 thé hoic khong nhét thiét phai bao gdm nhém thé. S6 luong cacbon ctia nhom di

vong khong bi gi6i han cu th, nhung t8t hon néu it nhit 12 2 va 1én dén 20.

Nhém aryl 12 nhém hydrocacbon thom, nhu nhém phenyl, nhém naphtyl, nhom
biphenyl, nhém anthracenyl, nhém phenanthryl, nhém terphenyl, va nhém pyrenyl,
trong d6 c4c nhém nay c6 thé hoic khong nhét thiét phai bao gdm nhom thé. S6 luong
cacbon ctia nhém aryl khong bi gioi han cu thé, nhung t6t hon néu nam trong khoang tir

6 dén 40,

Nhém hetero-aryl 1a nhém thom bao gbm vong chira mot hogic nhiéu nguyén tir
khéc nguyén tir cacbon, nhu nhém furanyl, nhém thiophenyl, nhém benzofuranyl, nhém
dibenzofuranyl, nhém pyridyl, va nhém quinolinyl, trong dé cdc nhém nay c6 thé hodc
khong nhét thiét phéi bao gdbm nhém thé. S5 lwong cacbon ctia nhom hetero-aryl khong
bi gidi han cu thé, nhung t5t hon néu ndm trong khoang tur 2 dén 30,

Nhom alkenyl 14 nhém hydrocacbon béo khéng no bao gdm lién két d6i, nhu
nhém vinyl, nhom alyl, va nhém butadienyl, trong d6 cac nhém nay co thé hozc khong
nhét thiét phai bao gdm nhom thé. S6 lugng cacbon ctia nhém alkenyl khong bi gi6i han

cu thé, nhung tbt hon néu nim trong khoang tir it nhét 14 2 1én dén 20,

Nhém alkoxy duoc goi 1a nhém thé 1a nhém chirc c6 mét trong sb cac lién két
ete ctia nhém duge thé béng nhom hydrocacbon béo, nhu nhom metoxy, nhém etoxy,
hozc nhdm propoxy, trong d6 cac nhom hydrat carbon béo nay c6 thé hodc khong nhat
thiét phai bao gdbm nhém thé. S luong cacbon ctia nhém alkoxy khéng bi gi6i han cu

th8, nhung t6t hon néu nim trong khoang tir it nhét 1a 1 1én dén 20,

Khi polysiloxan c6 don vi cAu trac duoc biéu dién boi cong thirc chung (1) bao
gdm A! 1a nhém hiru co ¢6 it nhat hai nhém dugce chon tir cc nhém carboxy, nhém
sulfo, nhom thiol, nhém phenolic hydroxy, hoac dAn xuét cta cac nhém nay, co thé tao

ra 16p ban din c6 chit ban din hitu co va/hoic vat lidu cacbon duge phi dong déu. Puoc
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cho 1a diéu nay co thé xay ra nho cac nhém chirc phan cuc cé mit trén bé mit cua lép
céch dién gitp kiém so4t tinh thim w6t cia dung dich ban dan, nhd d6 cho phép phi ma
khong c6 luc diy.

Trong trudng hop ma din xuét 1a cdu tric ngung tu vong dugc tao boi hai nhom
trong s6 cac nhém carboxy, nhém sulfo, nhém thiol, va nhém phenolic hydroxy, khi Al
bao gdm nhém hiru co ¢ it nhét mot cdu tric ngung tu vong clia chung, c6 thé thu duoc

hi€u qua tuong tu.

Kha ning phu ctia dung dich ban dan 1én trén 16p cach dién cdng c6 thé duoc
d4nh gia bing cach do géc tiép xic ctia dung dich ban din t6i 16p cach dién cong bang
phuong phap giot khong cubng. Khi xét kha ning phu ddng déu khéng c6 luc ddy, goc
tiép xuc 6t hon néu 1a thdp hon 15°, t6t hon nita néu 1a thip hon 12°, trong khi con tbt
hon nita néu 1a thép hon 10. Mat khéc, boi vi d6 day mang nhét dinh 14 cén thiét dé c6
hoat dong dn dinh trong FET, goc tiép xtic t6t hon néu 1a 4° hoc 16n hon, t&t hon nita

néu 14 5° hoc 16n hon, trong khi con tot hon nita néu 1a 6° hodc 16n hon.

Khi polysiloxan c¢6 don vi cAu trac duoc biéu dién béi cong thirc chung (1) c6 Al
6 tr& c6 thé duge giam bét, va d6 bén nirt c6 thé duge ting cudng.

Do tré 1a khoang dao dong cia gia tri hién tai dbi vai lich sir dién ap, do d6 gia
tri d6 tré cn duoc giam bét dé didu khidn FET mot cach dn dinh. Do tré nay tdt hon
néu 12 20 V hodc thip hon, t6t hon nita néu 14 10 V hoic thap hon, trong khi con t6t hon

nita néu 14 5 V hoic thép hon.

G day, vét nit dugc dinh nghia 1a vét nut duoc tao ra trong 16p cach dién cdng,
trong d6 viéc vét nirt nay c6 duoc tao ra trong 16p cach dién hay khong co thé dugc quan
sat thdy bang kinh hién vi quang hoc hogc twong tu. Sy tao nit nay gy tang dién ro,
ngét dudng truyén, va tuong tu, do d6 viéc giam thiéu tao nit dugc mong doi. Khi ti 1€
clia cac thanh phén ¢ vét nit duge tao ra trong 16p cach dién so voi téng cac thanh phan
dugc biéu dién béng "(%) tdc dd tao niat", "100 — (%) tbc do tao nit" co thé duoc s
dung lam chi s6 ctia d6 bén nat. O day, do bén nitt t5t hon néu 1a 95% hodc cao hon, tdt

hon nita néu 12 98% hodc cao hon, trong khi con tdt hon nita néu 12 100%.

Khi polysiloxan c6 don vi cAu trtic duoc biu didn bai cong thirc chung (1) cd A,

c6 thé thu dugc db tan rat t6t vao dung dich hién anh kiém trong qua trinh in lito ctia 16p
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cach dién céng. Qua do, viéc tao mau cé thé duoc thue hién véi @6 chinh xac cao tuy
theo kich c& duoc thiét k& nhés d6 thu dugc do phan giai cao. D6 phén giai nay ot hon
néu 13 30 um hozc thip hon, t5t hon nita néu 1a 15 um hogc thap hon, trong khi con t6t

hon nita néu 13 5 pm hoic thép hon.

Trong s6 cac din xuit ctia nhom carboxy, nhém sulfo, nhém thiol, va nhom
phenolic hydroxy, cac vi du minh hoa vé cAu trac ngung tu khong phéi dang vong bao
gdm este carboxylat, este sulfonat, thioeste, thioete, va ete phenyl ¢6 nhém hydrocacbon
hodc ¢6 nhém silyl, cling nhu anhydrit axit carboxylic, va hop chat amit hodc hop chét

imit dugc tao béi phan ng cta anhydrit axit carboxylic véi hop chét amin.

Céc vi du minh hoa vé cAu tric ngung tu vong dugc tao tir hai nhém duogc chon
tir nhém carboxy, nhém sulfo, nhom thiol, va nhém phenolic hydroxy bao gbm chu tric
anhydrit axit dang vong, cAu trac este dang vong, cdu tric thioeste dang vong, chu tric

ete dang vong, va cAu tric thioete dang vong.

Su ngung tu bao gbm ca su ngung tu dugc tao ra giita chinh cac polysiloxan va
sy ngung tu thu dugc tir cac nguyén liéu thanh phan khéc. Trong trudong hop su ngung
tu duoc tao ra gitta chinh céac polysiloxan, bao gém ca su ngung tu dugc tao ra trong

chinh phan ti cia n6 va sy ngung tu dugc tao ra véi phén tir khac.

Theo sang ché, nhém hitu co 12 nhém alkyl, nhém xycloalkyl, nhém di vong,
nhém aryl, nhém hetero-aryl, hodc nhom alkenyl da duogc d& cap. Trong sbcac nhom
nay, xét vé d tré thip, nhém alkyl, nhém xycloalkyl, nhém aryl, va nhom alkenyl dugc
wu tién; nhém alkyl va nhém aryl duge uu tién hon, trong khi nhém alkyl duge uu tién

hon ntra.

V6i nhom silyl, chua c6 giéi han cu thé nao do nhém nay 1a nhom chitc ¢6 vi tri
lién két 1a nguyén tir Si. Nhém silyl nay c6 thé c6 nguyén tit hydro, nhém hitu co, hozc
mot nhém silyl khac; hodc co thé duoc tao thanh qua nguyén tr oxy. Polysiloxan cling
c6 thé 1a kha thi.

Xét vé tac dung cai thién vé kha ning phu ctia dung dich ban dan, cling nhu 46
tuong thich ctia ca do tré thip va do bén nit ctia 16p cach dién cdng, A! theo cong thirc
chung (1) t6t hon néu 1 nhém hitu co ¢6 it nhat hai nhém carboxy hodc dan xuét clia
chiing hogc it nhét mot nhom anhydrit axit dang vong, trong khi t6t hon nita néu 12 nhém

duoc bidu dién boi cong thirc chung (2) hoic (3) sau day.
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COOR® o
COOR* o
(2) 3

Theo cong thirc chung (2), X! 1a lién két don, nhom alkylen c6 tur 1 dén 10 nguyén
tir cacbon hoiic nhém arylen c6 tir 6 dén 15 nguyén tir cacbon. R? va R* doc 1ap 1a nguyén
ttr hydro, nhém hitu co, hodc nhom silyl. Theo cong thirc chung (3), X2 13 lién két don,
nhom alkylen c6 tur 1 dén 10 nguyén tir cacbon hodc nhém arylen c6 tir 6 dén 15 nguyén

tr cacbon.

Trong polysiloxan cé don vi cAu trac duoc biu didn boi cong thirc chung (1), xét
vé tinh cai thién v& d6 pht ctia dung dich ban dn, d¢ tuong thich ctia do tré thap va do
bén nitt clia 16p cach dién cdng, va tinh cai thién vé d6 phan giai trong qué trinh in lito
cua 16p céach dién cbng, ti 1¢ ham lugng cta don vi cAu trac duoc biéu dién boi cong
thirc chung (1) ma chiém toan b cac don vi cdu truc silan tét hon néu 14 0,5% theo mol
hodc cao hon, t5t hon nita néu 1a 1,0% theo mol ho#c cao hon, trong khi con t5t hon nita
néu 1a 1,5% theo mol ho#c cao hon. Xét vé viéc tranh ting dién ro do sy hut Am, ti 16
ham luong nay t6t hon néu 1 20% theo mol hogc thép hon, tot hon nita néu 12 15% theo

mol hodc thip hon, trong khi con tot hon nita néu 1 10% theo mol hoic thap hon.

Dién ro 1 dong dién bi 1o t6i mot phin mach khong duge dy tinh trude. DE diéu
khidn FET véi mirc tidu thu dién thip, dién ro cin phai nho, d& dong dién nay t6t hon
néu 1a 30 pA hodc thip hon, t6t hon nita néu 1a 20 pA hoic thdp hon, trong khi con t6t

hon nita néu 12 10 pA hoic thap hon.

Trong polysiloxan c6 don vi cAu tric duge bidu dién bai cong thirc chung (1), ti
1é ham lugng cua don vi cAu truc duoc biéu dién boi cong thitc chung (1) ma chiém
trong toan bd céc don vi chu tric silan co thé thu duge tir >*C-NMR. Trong nhém carboxy
va din xuét cua ching, nguyén tir cacbon ctia nhém cacbonyl xuét hién dic trung trong
ving dich chuyén hod hoc trong khoang tir khoang 170 ppm dén 180 ppm; trong nhém
sulfo va din xuit ciia ching, nguyén tir cacbon dugc lién két véi nguyén tir S xuét hién

d3c trung trong ving dich chuyén hoa hoc trong khoang tir khoang 30 ppm dén 40 ppm;
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trong nhém thiol va din xudt ctia chung, nguyén tit cacbon dugce lién két v6i nguyén tir
S xut hién dic trung trong ving dich chuyén hoa hoc trong khoang tir khoang 10 ppm
dén 20 ppm; va trong nhém phenolic hydroxy va dAn xuét ctia chiing, nguyén ti cacbon,
nam trén vong thom va duge lién két véi nguyén tir O thu duge tir phenolic hydroxit,
xuét hién dic trung trong vung dich chuyén hoa hoc trong khoang tir khoang 140 ppm
dén 170 ppm. Tir ti 18 dién tich pic clia céc pic nay véi cic pic cua nguyén tir cacbon
trong céac don vi cAu tric khac, c6 thé thu duoc ti 16 ham lugng ctia don vi cAu trac duoc

bidu dién boi cong thirc chung (1).

La don vi cAu trac dugc biéu dién boi cong thitc chung (1) duoc sir dung theo
sang ché, vi du cu thé vé cac don vi céu tric nay dudi dang hop chét silan bao gém cac
don vi cAu triic dugc 1iét ké nhu sau. Cu thé, cac don vi cAu triic c6 nhém carboxy hodc
din xult cta chung la: axit dimetoxymetylsilylmetylsucxinic, axit dietoxymetyl
silylmetylsucxinic, axit dimetoxyphenylsilylmetylsucxinic, axit dietoxyphenylsilyl
metylsucxinic, axit trimetoxysilylmetylsucxinic, axit trietoxysilylmetylsucxinic, axit 2-
[dimetoxy(metyl)silyl]etylsucxinic, axit 2-[dietoxy(metyl)silyl]etylsucxinic, axit 2-
[dimetoxy(phenyl)silyl]etylsucxinic, axit 2-[dietoxy(phenyl)silyl]etylsucxinic, axit 2-
(trimetoxysilyl)etylsucxinic, axit 2-(trietoxysilyl)etylsucxinic, axit 3-[dimetoxy(metyl)
silyl]propylsucxinic, axit 3-[dietoxy(metyl)silyl]propylsucxinic, axit 3-[dimetoxy
(phenyl)silyl]propylsucxinic, axit 3-[dietoxy(phenyl)silylJpropylsucxinic, axit 3-
(trimetoxysilyl)propylsucxinic, axit 3-(trietoxysilyl)propylsucxinic, axit 4-[dimetoxy
(metyl)silyl]butylsucxinic, axit 4-[dietoxy(metyl)silyl]butylsucxinic, axit 4-[dimetoxy
(phenyl)silyl]butylsucxinic, axit 4-[dietoxy(phenyl)silyl]butylsucxinic, —axit 4-
(trimetoxysilyl)butylsucxinic, axit 4-(trietoxysilyl)butylsucxinic, axit 5-[dimetoxy
(metyl)silyl]pentylsucxinic, axit 5-[dietoxy(metyl)silyl]pentylsucxinic, axit 5-
[dimetoxy(phenyl)silyl]pentylsucxinic, axit 5-[dietoxy(phenyl)silyl]pentylsucxinic, axit
5-(trimetoxysilyl)pentylsucxinic, axit 5-(trietoxysilyl)pentylsucxinic], axit 6-[dimetoxy
(metyl)silyl]hexylsucxinic, axit 6-[dietoxy(metyl)silyl]hexylsucxinic, axit 6-[dimetoxy
(phenyl)silylJhexylsucxinic, axit 6-[dietoxy(phenyl)silyllhexylsucxinic, axit 6-
(trimetoxysilyl)hexylsucxinic, axit 6-(trietoxysilyl)hexylsucxinic, anhydrit ctia cac hop
chét c6 cAu tric bat ky trong sb cac cAu tric axit sucxinic ndy, va cac don vi chu trac thu

duoc tir hop chét c6 axit gluconic thay vi céc axit sucxinic nay.

Cac don vi cAu trac c¢6 nhém sulfo hoic din xuat cta chung la: 5-

-11-



27652

[dimetoxy(metyl)silyl]pentan-1, axit 2-disulfonic, axit 5-[dietoxy(metyl)silyl]pentan-
1,2-disulfonic, axit 5-[dimetoxy(phenyl)silyl]pentan-1,2-disulfonic, axit 5-[dietoxy
(phenyl)silyl]pentan-1,2-disulfonic, axit 5-(trimetoxysilyl)pentan-1,2-disulfonic, axit 5-
(trietoxysilyl)pentan-1,2-disulfonic, cling nhu cac don vi cAu tric thu dugce tir este metyl,
este etyl, este n-propyl, este isopropyl, este n-butyl, este sec-butyl, va este t-butyl cua

céac don vi cau tric di de cap o trén.

Cac don vi cdu tric c6 nhém thiol hodc din xult cta ching la: 3-[3-
[dimetoxy(metyl)silyl]propyloxy]propan-1,2-dithiol, 3-[3- [dietoxy(metyl)silyl]propyl
oxy]propan-1,2-dithiol, 3-[3-[dimetoxy(phenyl)silyl]propyloxy]propan-1,2-dithiol, 3-
[3-[dietoxy(phenyl)silyl]propyloxy]propan-1,2-dithiol, 3-[3 -(trimetoxysilyl)propyloxy]
propan-1,2-dithiol, 3-[3(trietoxysilyl)propyloxy]propan-1,2-dithiol, cling nhu cac don
vi cAu trac thu dugc tir metyl thioete, etyl thioete, n-propyl thioete, isopropyl thioete, n-
butyl thioete, sec-butyl thioete, va t-butyl thioete ctia cac don vi chu truc da dé cap &

trén.

Céc don vi cdu tric c6 nhém phenolic hydroxy hodc dan xuét cta ching la:
catechin, resorcinol, hydroquinon, hodc floglucinol, cédc don vi nay ¢é nhom 3-
[dimetoxy(metyl)silyl]propyl, nhém 3-[dietoxy(metyl)silyl]propyl, nhom 3-[dimetoxy
(phenyl)silyl]propyl, nhém 3-[dietoxy(phenyD)silyl]propyl, nhom 3-(trimetoxysilyl)
propyl, hodc nhém 3-(trietoxysilyl)propyl, cling nhu cac don vi cAu trac thu dugc tir ete
metyl, ete etyl, ete n-propyl, ete isopropyl, ete n-butyl, ete sec-butyl, va ete t-butyl ctia

céac don vi clu truc da dé cap ¢ trén.

Céac don vi cu tric c6 cip cac nhom khac nhau dugc chon tir nhém carboxy,
nhém sulfo, nhém thiol, nhém phenolic hydroxy, va cac din xuit cta chung la: 1-
carboxy-2-sulfo-5-(trimetoxysilyl)pentan, 1-carboxy-2-mercapto-5-(trimetoxysilyl)
pentan, 1-sulfo-2-mercapto-5-(trimetoxysilyl)pentan, 1-carboxy-2-hydroxy-4-
(trimetoxysilyl)benzen, 1-sulfo-2-hydroxy-4-(trimetoxysilyl)benzen, 1-mercapto-2-
hydroxy-4-(trimetoxysilyl)benzen, cling nhu cac ddng phén vi tri cia cac don vi chu tric
nay ma nhom thé cta ching nam & céac vi tri khac nhau, va ngoai ra, cac don vi cAu tric
thu duoc tir metyl (thio)este, etyl (thio)este, n-propyl (thio)este, isopropyl (thio)este, n-
butyl (thio)este, sec-butyl (thio)este, t-butyl (thio)este, metyl (thio)ete, etyl (thio)ete, n-
propyl (thio)ete, isopropyl (thio)ete, n-butyl (thio)ete, sec-butyl (thio)ete, t-butyl
(thio)ete, (thio)este dang vong, va (thio)ete dang vong.
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Trong sb cac don vi cAu truc nay, xét vé tinh cai thién vé 3o phu cta dung dich
ban dan, va d6 trong thich cta ca do tr& thép va do bén nut ctia 16p cach dién cdng, cac
don vi céu tric thu dugc tir hop chét silan c6 it nhét hai nhém carboxy hodc dan Xuét
cua chung, hoic it nhéit mdt nhém anhydrit axit dang vong dugc uu tién; cac don vi chu
truc thu duogc tir hop chét silan ¢6 céu tric axit sucxinic, anhydrit axit sucxinic, hodc dan
xuét ctia ching dugc wu tién hon; cac don vi cAu trac thu duge tir hop chét silan c6 cdu
trac axit sucxinic hodic anhydrit axit sucxinic dugc uu tién hon nita; axit 3-
[dimetoxy(metyl)silyl]propylsucxinic, axit 3-[dietoxy(metyl)silyl]propylsucxinic, axit
3-[dimetoxy(phenyl)silyl]propylsucxinic, axit 3-[dietoxy(phenyl)silyl]propylsucxinic,
axit 3-(trimetoxysilyl)propylsucxinic, axit 3-(trietoxysilyl)propylsucxinic, cling nhu cac
don vi cAu truc thu dugc tir anhydrit ciia cac axit nay thim chi con duge uu tién hon; va
axit 3-(trimetoxysilyl)propylsucxinic, axit 3-(trietoxysilyl)propylsucxinic, cling nhu céc
don vi cAu tric thu duge tir anhydrit cia cac axit nay duge wu tién déc biét.

Theo sang ché, xét vé tinh cai thién v& do bén nut béng cach dua vao chu tric
lién két chéo, t6t hon néu polysiloxan c6 don vi cAu triic dugc biéu dién béi cong thirc

chung (1) con c6 don vi cAu tric duoc biéu dién boi cong thitc chung (4) sau déy.

Theo cong thitc chung (4), R3 12 nguyén tir hydro, nhém alkyl, nhom xycloalkyl,
nhém di vong, nhém aryl, nhém hetero-aryl, hodc nhém alkenyl. R® 1a nguyén tit hydro,
nhém alkyl, nhém xycloalkyl, hodc nhém silyl. n 1a 0 hogc 1. B! 1a nhém hitu co bao

gbm cAu tric phan ing cong dugce tao thanh trong nhém acryl va/hodc nhom metacryl.

Nhém hitu co bao gdm céu tric phan tng cong dugc tao thanh trong chinh nhém
acryl va/hodc nhém metacryl dugce tao bdi phan ing cong clia nhom acryl va/hodc nhoém
metacryl duoc bao gdm trong hop chét silan c6 nhém acryl vd/hodc nhém metacryl,
trong d6 hop chét silan dua ra don vi cAu tric duge biéu dién boi cong thirc chung (4),
bao gdm nhém acryl va/hodc nhém metacryl trong hop chét dang gbc c6 thé tring hop
dugc mo ta sau ddy ddy. Phan Gng cong 1a phan Ung lién két chéo do qué trinh tring

hop gbc bing cac hinh thircanh sang hodc nhiét.
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Trong polysiloxan c6 don vi cAu tric duge biéu dién boi cong thire chung (1), ti
16 ham luong cia don vi cdu tric duoc bidu didn boi cong thire chung (4) ma chiém
trong toan bd cac don vi cAu tric silan, xét vé tinh cai thién vé d6 bén nut, t5t hon néu
1a 5% theo mol hodc cao hon, t6t hon nita néu 1a 15% theo mol ho#c cao hon, trong khi
con tét hon nita néu 12 25% theo mol hoic cao hon. Khi méat d¢ lién két chéo 14 qua cao,
mang bi co lai trong quy trinh 1am w6t nhu lam hién anh trong quy trinh in lit6 boi vay
gy giam v& @6 phan giai ciia mAu. Xét vé viée tranh diéu nay, ti 16 ham luong ciia ching
tét hon néu 13 50% theo mol hozc thép hon, tot hon nita néu 14 45% theo mol hoc thép

hon, trong khi con tdt hon nita néu 12 40% theo mol hoc thép hon.

Céc don vi cAu tric cu thd duoc biéu dién boi cong thire chung (4) can dugc sir
dung theo sang ché 1a cac don vi cdu tric thu dugce béi phan ing céng ciia nhom acryl
va/hodc nhém metacryl trong sb cac don vi clu tric thu duge tir, dudi dang hop chit
silan, (3-acryloxypropyl) dimetoxy metyl silan, (3-metacryloxypropyl) dimetoxy metyl
silan, (3-acryloxypropyl) dietoxy metyl silan, (3-metacryloxypropyl) dietoxy metyl
silan, (3-acryloxypropyl) dimetoxy phenyl silan, (3-metacryloxypropyl) dimetoxy
phenyl silan, (3-acryloxypropyl) dietoxy phenyl silan, (3-metacryloxypropyl) dietoxy
phenyl silan, (3-acryloxypropyl) trimetoxy silan, (3-metacryloxypropyl) trimetoxy silan,
(3-acryloxypropyl) trietoxy silan, (3-metacryloxypropyl) trietoxy silan, (4-
acryloxybutyl) dimetoxy metyl silan, (4-metacryloxybutyl) dimetoxy metyl silan, (4-
acryloxybutyl) dietoxy metyl silan, (4-metacryloxybutyl) dietoxy metyl silan, (4-
acryloxybutyl) dimetoxy phenyl silan, (4-metacryloxybutyl) dimetoxy phenyl silan, (4-
acryloxybutyl) dietoxy phenyl silan, (4-metacryloxybutyl) dietoxy phenyl silan, (4-
acryloxybutyl) trimetoxy silan, (4-metacryloxybutyl) trimetoxy silan, (4-acryloxybutyl)
trietoxy silan, (4-metacryloxybutyl) trietoxy silan, (5-acryloxypentyl) dimetoxy metyl
silan, (5-metacryloxypentyl) dimetoxy metyl silan, (5-acryloxypentyl) dietoxy metyl
silan, (5-metacryloxypentyl) dietoxy metyl silan, (5-acryloxypentyl) dimetoxy phenyl
silan, (5-metacryloxypentyl) dimetoxy phenyl silan, (5-acryloxypentyl) dietoxy phenyl
silan, (5-metacryloxypentyl) dietoxy phenyl silan, (5-acryloxypentyl) trimetoxy silan,
(5-metacryloxypentyl) trimetoxy silan, (5-acryloxypentyl) trietoxy silan, (5-
metacryloxypentyl) trietoxy silan, (6-acryloxyhexyl) dimetoxy metyl silan, (6-
metacryloxyhexyl) dimetoxy metyl silan, (6-acryloxyhexyl) dietoxy metyl silan, (6-
metacryloxyhexyl) dietoxy metyl silan, (6-acryloxyhexyl) dimetoxy phenyl silan, (6-
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metacryloxyhexyl) dimetoxy phenyl silan, (6-acryloxyhexyl) dietoxy phenyl silan, (6-
metacryloxyhexyl) dietoxy phenyl silan, (6-acryloxyhexyl) trimetoxy silan, (6-
metacryloxyhexyl) trimetoxy silan, (6-acryloxyhexyl) trietoxy silan, va (6-

metacryloxyhexyl) trietoxy silan.

Trong sb cac hop chét nay, xét vé tinh phan tmg clia phan ing cdng, vu tién cac
don vi cdu trac thu dugc béi phan Gng cdng cua the cdu trac thu duge tir (3-
acryloxypropyl) dimetoxy metyl silan, (3-metacryloxypropyl) dimetoxy metyl silan, (3-
acryloxypropyl) dietoxy metyl silan, (3-metacryloxypropyl) dietoxy metyl silan, (3-
acryloxypropyl) dimetoxy phenyl silan, (3-metacryloxypropyl) dimetoxy phenyl silan,
(3-acryloxypropyl) dietoxy phenyl silan, (3-metacryloxypropyl) dietoxy phenyl silan,
(3-acryloxypropyl) trimetoxy silan, (3-metacryloxypropyl) trimetoxy silan, (3-
acryloxypropyl) trietoxy silan, va (3-metacryloxypropyl) trietoxy silan; va uu tién hon
12 cac don vi cdu tric thu dugc béi phan Umg cdng cua cAu trac thu duge tir (3-
acryloxypropyl) trimetoxy silan, (3-metacryloxypropyl) trimetoxy silan, (3-
acryloxypropyl) trietoxy silan, va (3-metacryloxypropyl) trietoxy silan.

Hon nita, theo sang ché, xét vé& d6 tuong thich cua ca tinh chit cach dién cao va
suc can nut cao, tbt hon néu polysiloxan cé don vi cAu tric duoc biéu dién béi cong thirc
chung (1) duoc két hop v6i mot hodc nhiéu don vi cAu tric thu dugc tir hop chét silan
khéc cong thitc chung (1) va (4). Tinh chit cach dién duoc st dung theo sang ché 1a chi
s6 d6 kho trong dong dién, trong d6 mang c6 dién tro sudt thé tich 1a 108Q-cm hodc cao

hon tuong mg véi tinh chét nay.

Céc don vi céu tric thu duge tir cac hop chét sau day c6 thé dugc dé cap cu thé
dudi dang hop chét silan khéc cong thirc chung (1) va (4), cu thé 13 vinyl trimetoxy silan,
vinyl trietoxy silan, metyl trimetoxy silan, metyl trietoxy silan, etyl trimetoxy silan, etyl
trietoxy silan, propyl trimetoxy silan, propyl trietoxy silan, hexyl trimetoxy silan, hexyl
trietoxy silan, octadexyl trimetoxy silan, octadexyl trietoxy silan, phenyl trimetoxy silan,
phenyl trietoxy silan, p-tolyl trimetoxy silan, p-tolyl trietoxy silan, benzyl trimetoxy
silan, benzyl trietoxy silan, o-naphtyl trimetoxy silan, B-naphtyl trimetoxy silan, o-
naphtyl trietoxy silan, B-naphtyl trietoxy silan, 3-aminopropyl trietoxy silan, 3-
aminopropyl trimetoxy silan, N-(2-aminoetyl)-3-aminopropyl trimetoxy silan, 3-

clopropyl trimetoxy silan, N-(2-aminoetyl)-3-aminopropyl trietoxy silan, 3-clopropyl
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trietoxy silan, dimetyl dimetoxy silan, dimetyl dietoxy silan, diphenyl dimetoxy silan,
diphenyl dietoxy silan, metyl phenyl dimetoxy silan, metyl vinyl dimetoxy silan, metyl
vinyl dietoxy silan, 3-aminopropyl metyl dimetoxy silan, 3-aminopropyl metyl dietoxy
silan, N-(2-aminoetyl)-3-aminopropyl metyl dimetoxy silan, N-(2-aminoetyl)-3-
aminopropyl metyl dietoxy silan, 3-clopropy!l metyl dimetoxy silan, 3-clopropyl metyl
dietoxy silan, xyclohexyl metyl dimetoxy silan, xyclohexyl metyl dietoxy silan, 3-
metacryloxypropyl dimetoxy silan, 3-metacryloxypropyl dietoxy silan, octadexyl metyl
dimetoxy silan, octadexyl metyl dietoxy silan, trimetoxy silan, trietoxy silan,
tetrametoxy silan, tetraetoxy silan, trifloetyl trimetoxy silan, trifloetyl trietoxy silan,
trifloetyl triisopropoxy silan, triflopropyl trimetoxy silan, triflopropyl trietoxy silan,
triflopropyl triisopropoxy silan, heptadecaflodexyl trimetoxy silan, heptadecaflodexyl
trietoxy silan, heptadecaflodexyl triisopropoxy silan, tridecaflooctyl trietoxy silan,
tridecaflooctyl trimetoxy silan, tridecaflooctyl triisopropoxy silan, trifloetyl metyl
dimetoxy silan, trifloetyl metyl dietoxy silan, trifloetyl metyl diisopropoxy silan,
triflopropyl metyl dimetoxy silan, triflopropyl metyl dietoxy silan, triflopropyl metyl
diisopropoxy silan, heptadecaflodexyl metyl dimetoxy silan, heptadecaflodexyl metyl
dietoxy silan, heptadecaflodexyl metyl diisopropoxy silan, tridecaflooctyl metyl
dimetoxy silan, tridecaflooctyl metyl dietoxy silan, tridecaflooctyl metyl diisopropoxy
silan, trifloetyl etyl dimetoxy silan, trifloetyl etyl dietoxy silan, trifloetyl etyl
diisopropoxy silan, triflopropyl etyl dimetoxy silan, triflopropyl etyl dietoxy silan,
triflopropyl etyl diisopropoxy silan, heptadecaflodexyl etyl dimetoxy silan,
heptadecaflodexyl etyl dietoxy silan, heptadecaflodexyl etyl diisopropoxy silan,
tridecaflooctyl etyl dietoxy silan, tridecaflooctyl etyl dimetoxy silan, tridecaflooctyl etyl
diisopropoxy silan, p-triflopheny! trietoxy silan, va p-triflophenyl trimetoxy silan.

(Phuong phép diéu ché polysiloxan)

Polysiloxan c6 don vi cAu tric duge biéu dién béi cong thirc chung (1) s& duge
stt dung theo sang ché ¢6 thé thu duoc bﬁng cach, vi du, nhu sau. T4t ca cac hop chét
silan dugc hoa tan vao dung méi; va sau dd, sau khi thém chét xuc tic axit va nudc vao
trong khoang thoi gian tir 1 phut dén 180 phit, tién hanh phan tng thuy phan & nhiét do
15°C to 80°C trong khoang thdi gian tir 1 phit dén 180 phut. Nhiét db tai thoi diém tién
hanh phan tng thuy phan t5t hon nita néu ndm trong khoang tir 15°C dén 55°C. Dung

dich phan tmg nay dugc gia nhiét it nhat 1a 50°C va 1én dén nhiét d6 s6i ciia dung méi
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trong khoang thoi gian tir 1 gio dén 100 gior & tién hanh phan ng ngung tu, & thu duoc

polysiloxan cé don vi cAu trac duge biéu dién boi cong thire chung (1).

Céc diéu kién cua phan tng thuy phan, nhu né)ng d6 axit, nhiét 40 phan tng, va
thoi gian phan tng, duge thiét 1ap bing cach cin nhic, so véi cac diéu kién khac, quy
md ctia phan ng va kich c¢& va hinh dang cta 16 phan ing d8 thu dugc cac tinh chét vat

1y khép voi muc dich st dung.

Céc vi du minh hoa vé chét xuc tic axit s& dugc st dung tfong phan Ung thuy
phén cta hop chét silan bao gém axit formic, axit oxalic, axit hydrochloric, axit sulfuric,
axit axetic, axit trifloacetic, axit phosphoric, axit polyphosphoric, axit carboxylic da hoa
tri hoc anhydrit axit cia chung, va nhya trao d6i ion. Ham luong ctia chét xuc tac axit
t&t hon néu 14 0,05 ph?ln theo khdi luong hodc 16n hon, va t5t hon nita néu 1 0,1 phén
theo khdi luong hodc 16n hon, so véi 100 phén theo khéi lugng cta toan by hop chét
silan, tirc 1a thanh phin copolyme ctia polysiloxan c6 don vi chu triic dugc biéu dién béi
cong thirc chung (1). Ngoai ra, ham luong niy t6t hon néu 1a 10 phin theo khéi lugng
hodic nhé hon, va tdt hon nita néu 14 5 phén theo khdi lwong hosic nho hon. Khi ham
lwong ctia chét xtc tac axit 1a 0,05 phin theo khéi lugng hodc 16n hon, phan tmg thuy
phan c6 thé tién hanh rit diy d0; va khi ham lugng nay 1a 10 phan theo khdi lugng hoic
nho hon, c6 thé ngin can phan ng nhanh.

Dung mbi s& dugc st dung trong phan tng thuy phan t5t hon néu 1a dung mbi
hitu co. Vi du minh hoa v& c4c dung mdi nay bao gdm rugu nhu etanol, propanol, butanol,
va 3-metyl-3-metoxy-1-butanol; glycol nhu etylen glycol va propylen glycol; ete nhu
etylen glycol monometyl ete, propylen glycol monometyl ete, butylen glycol monobutyl
ete, va ete dietyl; xeton nhu metyl isobutyl xeton va diisobutyl xeton; amit nhu
dimetylformamit va dimetylaxetamit; axetat nhu etyl axetat, etyl cellosolve axetat, va
3-metyl-3-metoxy-1-butanol axetat; hydrocarbon thom hodc béo nhu toluen, xylen,
hexan, va xyclohexan; va y-butyrolacton, N-metyl-2-pyrolidon, va dimetyl sulfoxit.
Luong dung mdi tdt hon néu it nhat 1a 50 phan theo khdi lugng va lén dén 500 phén
theo khéi luong so véi 100 phan theo khdi luong cua toan bd hop chét silan, tic 13 thanh
phén copolyme ctia polysiloxan c6 don vi chu trac duge biéu dién boi cong thitc chung
(1). Khi lugng cta ching 1a 50 phan theo khéi lugng hodc 16n hon, c¢6 thé ngan can phan

ung nhanh, va lugng ndy 12 500 phin theo khdi lugng hozc nho hon, phan tng thuy phan
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c6 thé tién trién kha tt.

Nuéc trao d6i ion duoc wu tién 1am nuéce s& duge st dung trong phan tng thuy
phéan. Lugng nuéc co thé duoc tuy chon. Khi hop chét silan c6 chu tric ¢6 thé thuy phan
nhu nhém anhydrit axit hodc nhém epoxy duoc sit dung, ngoai mét duong luong mol
nudc so voi nhém alkoxy trong hop chét silan, thich hop dé thém mot lugng nude nita
bang hozc 16n hon duong luong so véi nhom chire cAn duoc thuy phan. Dé ting mic do
tring hop cta polysiloxan, cling ¢6 thé tién hanh gia nhiét lai hozc bd sung chit xtc tac

bazo.

C6 thé x4c dinh rang polysiloxan c¢6 don vi chu tric duge bidu dién bai cong thirc
chung (1) bao gdm don vi cAu tric duge biéu dién béi cong thire chung (1) va/hodc cong
thirc chung (4) bang nhiéu phuong phap phan tich hitu co khac nhau nhu k¥ thuat phén
tich nguyén t4, k¥ thuat phén tich cong huong tir hat nhéan, va k¥ thuét quang phd hong

ngoai, riéng 1 hodc két hop véi nhau.

Lop cach dién céng theo sang ché c6 thé bao gém mot, hoac hai hodc nhiéu
polysiloxan c6 don vi chu trac duge biéu dién boi cong thire chung (1). Theo mot cach
khac, mdt hodc nhiéu polysiloxan c6 don vi cAu tric duoc bidu dién boi cong thire chung
(1) va mot hodc nhiéu hop chét silan da dé cap ¢ trén co thé duoc str dung dudi dang

hdn hop cuia ching.
(Céc thanh phén khéc)

Xét vé viée giam dién 4p ngudng cua FET va d6 tré, tt hon néu 16p cach dién
cdng theo sang ché bao gdm hop chét kim loai bao gdm lién két giita nguyén tir kim loai
va nguyén tir oxy. Khong c6 gi6i han cu thé v& hop chét kim loai cho t6i thoi diém hién
tai do hop chét kim loai bao gdm lién két giita nguyén tir kim loai va nguyén tir oxy, daé
kim loai oxit, kim loai hydroxit, va trong tu c6 thé dugc 1y lam vi du. Téi nay, nguyén
tir kim loai dugc bao gém trong hop chét kim loai khong bi gi6i han cu thé do né tao ra
chelat kim loai, dé cac vi du minh hoa vé nguyén tir kim loai nay bao gém magié, nhom,
titan, crom, mangan, coban, niken, déng, k&m, gali, ziriconi, ruteni, paladi, indi, hafini,
va bach kim. Trong sb céac kim loai nay, xét vé kha nang d& ¢6 san, chi phi, va do bén

cua chelat kim loai, nhém dugc wu tién.

Luong nguyén tir kim loai tot hon néu it nhét 13 0,5 phan theo khéi lugng va 1én

dén 180 phan theo khdi lwong so véi téng 100 phan theo khéi lugng cia nguyén tir
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cacbon va nguyén tt silic cua polysiloxan chi yéu c6 don vi chu trac duge biu dién bai
cong thirc chung (1) trong 16p céach dién cbng theo sang ché. Trong khoang nay, c6 thé
dat duoc do tuwong thich cta ca dién ap ngudng thip ctia FET va do tré thdp. T6t hon
nita néu nguyén ti kim loai dugc bao gbm it nhét 1 phin theo khdi luong va lén dén 60
phin theo khéi lwong so véi téng 100 phéan theo khéi lugng cia nguyén tir cacbon va
nguyén tu silic. Con t5t hon nita néu nguyén tir kim loai dugc bao gdm it nhit 2 phan
theo khdi luong va 1én dén 30 phan theo khdi lwong so véi tong 100 phan theo khdi
luong cua nguyén tlr cacbon va nguyén tu silic. Trong khoang nay, hiéu qua lam giam

dién 4p ngudng va do tré cé the dugc ting cuong thém nita.

C6 thé xéc dinh ti 16 khéi luong clia nguyén tir kim loai so v&i tdng 100 phan theo
khéi lugng ctia nguyén tir cacbon va nguyén tir silic ctia polysiloxan chu yéu c6 don vi
cAu trac duoc biéu dién boi cong thire chung (1) trong 16p cach dién cbng bang k§ thuat

phb tan sic ning lugng tia X (XPS).

Luu ¥ rang mdi quan hé v& ti 16 ham luong clia cac nguyén tir (nguyén tir cacbon,
nguyén tir silic, va nguyén tir kim loai) trong 16p cach dién cong cho thdy xu huéng gan
dung; va boi vdy, moi quan hé néu trén ludn khong duge thoa mén phu thudc vao, vi du,

cac nguyén tir kim loai.

Lép cach dién cong theo sang ché con cé thé bao gom chat phan Ung cong cua

hop chét dang gbc c6 thé tring hop 1am thanh phén hitu co cam quang.

Hop chét dang gbc c6 thé tring hop 12 hop chit ¢4 nhidu nhém lién két d6i khong
no dang etylen trong phan tir ciia no. Bing céach chiéu xa bang anh sang tir ngoai, sy
tring hop gbc dbi véi hop chit dang gbc c6 thé tring hop xdy ra véi cac loai gbc khéc
nhau ma dugc tao ra tir chit khoi du tring hop bang quang hoc s& duge md ta sau ddy,
tir 46 dAn dén sy ting mat d6 lién két chéo clia 16p cach dién cdng dé c6 thé tang cudong
d6 cing cua chung.

Hop chét dang gbc c6 thé tring hop t6t hon néu 1a hop chét c6 nhém (meth)acryl,
c6 thé sin sang duoc trai qua qué trinh tring hop gde. Xét vé viéc tang cudng do nhay
khi chiéu xa bang anh sang tir ngoai ciing nhu viéc ting cudng dd cung cta 16p cach
dién céng, hop chét c6 hai hodc nhiéu nhém (meth)acryl trong phan tit ctia né duge vu

tién hon.

Céc vi du minh hoa v& nhém c6 thé tring hop gbc bao gdm dietylen glycol
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di(meth)acrylat, trietylen glycol di(meth)acrylat, tetraetylen glycol di(meth)acrylat,
propylen glycol di(meth)acrylat, trimetylolpropan di(meth)acrylat, trimetylolpropan
tri(meth)acrylat, trimetylolpropan di(meth)acrylat dugc etoxy hoa, trimetylolpropan
tri(meth)acrylat dugc etoxy hod, ditrimetylolpropan tri(meth)acrylat, ditrimetylolpropan
tetra(meth)acrylat, 1,3-butandiol di(meth)acrylat, neopentyl glycol di(meth)acrylat, 1,4-
butandiol  di(meth)acrylat,  1,6-hexandiol  di(meth)acrylat, 1,9-nonanediol
di(meth)acrylat, 1,10-decandiol di(meth)acrylat, dimetylol-trixyclodecan
di(meth)acrylat, glycerin tri(meth)acrylat dugc etoxy hoa, pentaerythritol
tri(meth)acrylat, pentaerythritol tetra(meth)acrylat, pentaerythritol tri(meth)acrylat
dugc etoxy hod, pentaerythritol tetra(meth)acrylat dugc etoxy hoa, dipentaerythritol
penta(meth)acrylat, dipentaerythritol hexa(meth)acrylat, tripentaerythritol
hepta(meth)acrylat,  tripentaerythritol  octa(meth)acrylat, tetrapentaerythritol
nona(meth)acrylat, tetrapentaerythritol ~ deca(meth)acrylat, pentapentaerythritol
undeca(meth)acrylat, pentapentaerythritol ~dodeca(meth)acrylat, bisphenol A
di(meth)acrylat dugc etoxy hoa, 2,2-bis[4-(3-(meth)acryloxy-2-hydroxypropoxy)
phenyl]propan, axit 1,3,5-tris((meth)acryloxyetyl)isoxyanuric, axit 1,3-
bis((meth)acryloxyetyl)isoxyanuric, 9,9-bis[4-(2-(meth)acryloxyetoxy)phenyl] floren,
9,9-bis[4-(3-(meth)acryloxypropoxy)phenyl]floren, 9,9-bis[4-(meth)acryloxy phenyl)
floren, cling nhu hop chét da bién dbi axit ctia chung, hop chat da bién dbi etylen oxit,
va hop chét da bién dbi propylen oxit. Xét vé viéc tang cudng do nhay khi chiéu xa bing
4anh sang tir ngoai va viéc tang cuong do cing cia mang da dong rén, céc hop chét sau
day duogc uu tién: trimetylolpropan tri(meth)acrylat, ditrimetylolpropan tri(meth)acrylat,
ditrimetylolpropan tetra(meth)acrylat, pentaerythritol tri(meth)acrylat, pentaerythritol
tetra(meth)acrylat,  dipentaerythritol ~ penta(meth)acrylat, — dipenta  erythritol
hexa(meth)acrylat, tripentaerythritol hepta(meth)acrylat, tripentaerythritol
octa(meth)acrylat, 2,2-bis[4-(3-(meth)acryloxy-2-hydroxypropoxy)phenyl]propan,
1,3,5-tris((meth)acryloxyetyl)isoxyanuric, axit 1,3-bis((meth)acryloxyetyl)isoxyanuric,
9,9-bis[4-(2-(meth)acryloxyetoxy)phenyl]floren, 9,9-bis[4-(3-(meth)acryloxypropoxy)
phenyl]floren, 9,9-bis[4-(meth)acryloxyphenyl)floren, cling nhu hop chét da bién ddi

axit ctia chung, hop chit da bién dbi etylen oxit, va hop chit da bién dbi propylen oxit.

L&p cach dién cdng theo sang ché con c6 thé bao gdm hop chét ma c6 thé tao gbc

bing cach pha v lién két va/hodc phan tng khi 4nh sang tir ngoai duoc ding (sau day
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hop chét nay duoc goi la “chét khoi dAu tring hop bing quang hoc") 1am thanh phén

hitu co cam quang.

Khi chit khéi dau tring hop bang quang hoc dugc bao gdm trong d6, c6 thé xay
ra qua trinh trung hop gbc dbi véi hop chit dang gbc c6 thé tring hop, va c6 thé diéu

chinh phan ng cdng khi chiéu xa bing 4nh sang ti ngoai.

Céc vi du uu tién vé chat khéi dAu trung hop bang quang hoc nay bao gbm chit
khéi ddu tring hop bing quang hoc benzyl ketal, chit khoi dAu tring hop bing quang
hoc a-hydroxyxeton, chét khéi du tring hop bang quang hoc a-aminoxeton, chét khoi
d4u tring hop béng quang hoc axylphosphin oxit, chit khéi ddu tring hop bang quang
hoc este oxim, chat khéi déu tring hop bang quang hoc acridin, chét khoi du tring hop
béng quang hoc titanocene, chit khéi du trung hop bing quang hoc benzophenon, chét
khéi dAu tring hop bang quang hoc axetophenon, chit khéi du tring hgp bang quang
hoc ketoeste thom, va chét khoi dau trung hop béng quang hoc este benzoat. Xét vé viée
ting cudng d6 nhay khi chiéu xa bing anh sang tir ngoai, chit khoi ddu trang hop bing
quang hoc o-hydroxyxeton, chét khoi diu tring hop bang quang hoc a-aminoxeton,
chit khoi ddu tring hop bing quang hoc axylphosphin oxit, chét khoi diu tring hop
bing quang hoc este oxim, chit khoi ddu tring hop bang quang hoc acridin, va chét khoi
dAu trung hop bang quang hoc benzophenon duge wu tién hon, trong khi chit khoi dau
tring hop bang quang hoc o-aminoxeton, chit khoi ddu trung hop bing quang hoc
axylphosphin oxit, va chét khéi ddu trang hop bang quang hoc este oxim con dugc wu

tién hon.

Céc vi du minh hoa vé chit khéi dau tring hop bang quang hoc benzyl ketal bao
gbm 2,2-dimetoxy-1,2-diphenyletan-1-on.

Céc vi du minh hoa v& chét khoi diu tring hop béng quang hoc a-hydroxyxeton
bao gdm 1-(4-isopropylphenyl)-2-hydroxy-2-metylpropan-1-on, 2-hydroxy-2-metyl-1-
phenylpropan-1-on, 1-hydroxyxyclohexyl phenyl xeton, 1-[4-(2-
hydroxyetoxy)phenyl]-2-hydroxy-2-metylpropan-1-on, ~ va  2-hydroxy-1-[4-[4-(2-
hydroxy-2-metylpropionyl)benzyl]phenyl]-2-metylpropan-1-on.

Céc vi du minh hoa v& cht khéi du tring hop bang quang hoc a-aminoxeton
bao gbébm 2-metyl-1-[4-(metylthio)phenyl]-2-morpholinopropan-1-on, 2-benzyl-2-
dimetylamino-1-(4-morpholinophenyl)-butan-1-on, 2-dimetylamino-2-(4-metylbenzyl)

-21-



27652

-1-(4-morpholinophenyl)-butan-1-on, va 3,6-bis(2-metyl-2-morpholinopropionyl)-9-
octyl-9H-carbazol.

Céc vi du minh hoa vé& chit khoi du tring hop bang quang hoc axylphosphin
oxit bao gdm 2,4,6-trimetylbenzoyl-diphenylphosphin oxit, bis(2,4,6-trimetylbenzoyl)-
phenylphosphin oxit, va bis(2,6-dimetoxybenzoyl)-(2,4,4-trimetylpentyl)phosphin oxit.

Cac vi du minh hoa vé& chét khoi dau tring hop bang quang hoc este oxim bao
gdm 1-phenylpropan-1,2-dion-2-(O-etoxycacbonyl) oxim, 1-phenylbutan-1,2-dion-2-
(O-etoxycacbonyl) oxim, 1,3-diphenylpropan-1 ,2,3-trion-2-(0-etoxycacbonyl) oxim, 1-
[4-(phenylthio)phenyl]octane-1,2-dion-2-(O-benzoyl) oxim, 1-[4-[4-(carboxyphenyl)
thio]phenyl]propan-1,2-dion-2-(O-axetyl) ~ oxim, 1-[9-etyl-6-(2-metylbenzoyl)-9H-
carbazol-3-yl]etanon-1-(O-axetyl) oxim, 1-[9-etyl-6-[2-metyl-4-[1 -(2,2-dimetyl-1,3-
dioxolan-4-yl)metyloxy]benzoyl]-9H-carbazol-3-yl]etanon-1-(O-axetyl) oxim, va 1-(9-
etyl-6-nitro-9H-carbazol-3-yl)-1-[2-metyl-4-(1-metoxypropan-2-
yloxy)phenyl]metanon-1-(O-axetyl) oxim.

Céc vi du minh hoa vé chat khéi dAu tring hop bang quang hoc acridin bao gdm
1,7-bis(acridin-9-yl)-n-heptan.

Cac vi du minh hoa v& chét khoi dau tring hop bang quang hoc titanocene bao
gbm titan (IV) bis(n’-2,4-xyclopentadien-1-y1)-bis[2,6-diflo-3-(1H-pyrol-1-yl)phenyl]
va titan (IV) bis(n’-3-metyl-2,4-xyclopentadien-1-yl)-bis(2,6-diflophenyl).

Céc vi du minh hoa vé chat khéi dAu triing hop béng quang hoc benzophenon bao
gdm  benzophenon,  4,4'-bis(dimetylamino)benzophenon,  4,4'-bis(dietylamino)
benzophenon, 4-phenylbenzophenon, 4,4'-diclobenzophenon, 4-hydroxybenzophenon,
benzophenon duoc alkyl hoa, 3,3',4,4'-tetrakis(t-butylperoxycacbonyl)benzophenon, 4-
metylbenzophenon, dibenzyl xeton, va florenon.

Céc vi du minh hoa vé chit khéi du tring hop bang quang hoc axetophenon bao
gbm 2,2-dietoxy axetophenon, 2,3-dietoxy axetophenon, 4-t-butyl diclo axetophenon,
benzal axetophenon, va 4-azidobenzal axetophenon.

Céc vi du minh hoa v& chét khéi ddu tring hop bing quang hoc ketoeste thom
bao gébm metyl 2-phenyl-2-oxyacetate.

Céc vi du minh hoa v& chét khéi dAu tring hop bang quang hoc este benzoat bao
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gbm etyl 4-dirﬁetylaminobenzoat, (2-etyl)hexyl 4-dimetylaminobenzoat, etyl 4-

dietylaminobenzoat, va metyl 2-benzoylbenzoat.

Lop cach dién cbng theo sang ché con ¢6 thé bao gdbm hop chét ma tao axit nho
anh sang (sau day dugc goi la "chit quang sinh axit") 1am thanh phin hitu co cam quang.
Cac vi du minh hoa v& chit quang sinh axit bao gdm hop chit mubi oni, hop chit chira
halogenua, hop chit diazoxeton, hop chit diazometan, hop chét sulfon, hop chét este

sulfonat, va hop chit sulfoimit.

Céc vi du cu thé vé hop chit mubi oni s& dugc sir dung duédi dang chét quang
sinh axit bao gém mudi diazoni, mudi amoni, mudi iodoni, mubi sulfoni, mubi
phosphoni, va muéi oxoni. Céc vi du uu tién vé mudi oni bao gdm diphenyliodoni triflat,
diphenyliodoni pyrensulfonat, diphenyliodoni dodexylbenzensulfonat, triphenylsulfoni
triflat (tén thuong mai "TPS-105", duoc san xuét béi Midori Kagaku Co., Ltd.), 4-t-
butylphenyldiphenylsulfoni triflat (tén thuong mai "WPAG-339", dugc san xuit boi
Wako Pure Chemical Corp.), 4-metoxyphenyldiphenylsulfoni triflat (t€n thuong mai
"WPAG-370", dugc san xuit béi Wako Pure Chemical Corp.), triphenylsulfoni nonaflat
(ttn thwong mai "TPS-109", dugc san xuat bdi Midori Kagaku Co., Ltd.),
triphenylsulfoni hexafloantimonat, triphenylsulfoni naphtalensulfonat, va (hydroxy

phenyl)benzylmetylsulfoni toluensulfonat.

Céc vi du cu thé veé hop chét chira halogenua s& dugc stt dung dudi dang chét
quang sinh axit bao gém hop chét hydrocarbon c6 nhém haloalkyl va hgp chit di vong
c¢6 nhém haloalkyl. C4c vi du uu tién vé hop chét chira halogenua bao gbém 1,1-bis(4-
clophenyl)-2,2,2-tricloetan, 2-phenyl-4,6-bis(triclometyl)-s-triazin, va 2-naphtyl-4,6-

bis(triclometyl)-s-triazin.

Céc vi du cu thé v& hop chét diazoxeton s& duge sit dung dudi dang chét quang
sinh axit bao gdm hop chét 1,3-diketo-2-diazo, hop chit diazo benzoquinon, va hop chét
diazo naphtoquinon. Trong s6 cc hop chét nay, xét vé d6 chinh xéc tao miu va do bén
ntt cta 16p cach dién cdng can c6, hop chét diazo naphtoquinon dugc uu tién. Céac vi
du wu tién v& hop chét diazoxeton bao gbm este cia axit 1,2-naphtoquinondiazide-4-
sulfonic vé&i 2,2,3,4,4'-pentahydroxybenzophenon va este cla axit 1,2-naphto

quinondiazide-4-sulfonic véi 1,1,1-tris(4-hydroxyphenyl)etan.

Céc vi du cu thé v& hop chét diazometan s& duoc st dung dudi dang chét quang
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sinh axit bao gdm bis(triflometylsulfonyl) diazometan, bis(xyclohexylsulfonyl)
diazometan, bis(phenylsulfonyl) diazometan, bis(p-tolylsulfonyl) diazometan, bis(2,4-
xylylsulfonyl) diazometan, bis(p-clophenylsulfonyl) diazometan, metylsulfonyl-p-
toluensulfonyl diazometan, xyclohexylsulfonyl(1,1-dimetyletylsulfonyl) diazometan,

bis(1,1-dimetyletylsulfonyl) diazometan, va phenylsulfonyl(benzoyl) diazometan.

Céc vi du cu thé vé& hop chét sulfon s& dugc st dung dudi dang chét quang sinh
axit bao gdm hop chét B-keto sulfon va hop chét B-sulfonyl sulfon. C4c vi du uu tién vé
hop chét sulfon bao gébm 4-trisphenaxyl sulfon, mesityl phenaxyl sulfon, va
bis(phenylsulfonyl)metan.

Céc vi du minh hoa vé hop chét este sulfonat s& duoc st dung dudi dang chét
quang sinh axit bao gdm alkyl sulfonat este, haloalkyl sulfonat este, aryl sulfonat este,
va iminosulfonat. Céc vi du cu thé vé ching bao gébm benzoin tosylat, pyrogallol

trimesylat, va nitrobenzyl-9,10-dietoxyanthracen-2-sulfonat.

Céc vi du cu thé vé hop chét sulfon imit s& dugc st dung dudi dang chit quang
sinh axit bao gdbm N-(triflometylsulfonyloxy) sucxinimit, N-(triflometylsulfonyloxy)
phthalimit, ~ N-(triflometylsulfonyloxy)  diphenyl  maleimit,  N-(triflometyl
sulfonyloxy)bixyclo[2.2.1]hept-5-en-2,3-dicarboxyimit, N-(triflometylsulfonyloxy)-7-
oxabixyclo[2.2. 1]hépt-5-en-2,3 -dicarboxyimit, N-(triflometylsulfonyloxy)bixyclo
[2.2.1]heptan-5,6-0xy-2,3-dicarboxyimit, N-(triflometylsulfonyloxy) naphtyl dicarboxy
imit, N-(camphorsulfonyloxy) sucxinimit, N-(camphorsulfonyloxy) phthalimit, N-
(camphorsulfonyloxy) diphenyl maleimit, N-(camphorsulfonyloxy)bixyclo[2.2.1]hept-
5-en-2,3-dicarboxyimit, N-(camphorsulfonyloxy)-7-oxabixyclo[2.2.1]hept-5-en-2,3-
dicarboxyimit, N-(camphorsulfonyloxy)bixyclo[2.2.1]heptan-5,6-0xy-2,3-dicarboxy
imit, N-(camphorsulfonyloxy) naphtyl dicarboxyimit, N-(4-metylphenylsulfonyloxy)
sucxinimit, N-(4-metylphenylsulfonyloxy) phthalimit, N-(4-metylphenylsulfonyloxy)
diphenyl maleimit, N-(4-metylphenylsulfonyloxy)bixyclo[2.2.1]hept-5-en-2,3-
dicarboxyimit, N-(4-metylphenylsulfonyloxy)-7-oxabixyclo[2.2.1]hept-5-en-2,3-
dicarboxyimit, N-(4-metylphenylsulfonyloxy)bixyclo[2.2.1]heptan-5,6-0xy-2,3-
dicarboxyimit, N-(4-metylphenylsulfonyloxy) naphtyl dicarboxyimit, N-(2-
triflometylphenylsulfonyloxy) sucxinimit, N-(2-triflometylphenylsulfonyloxy)
phthalimit, N-(2-triflometylphenylsulfonyloxy) diphenyl maleimit, N-(2-triflometyl
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phenylsulfonyloxy)bixyclo[2.2. 1]hept-5-en-2,3-dicarboxyimit, N-(2-triflometylphenyl
sulfonyloxy)-7-oxabixyclo[2.2.1]hept-5-en-2,3-dicarboxyimit, N-(2-triflometylphenyl
sulfonyloxy)bixyclo[2.2.1]heptan-5,6-0xy-2,3-dicarboxyimit, N-(2-triflometylphenyl
sulfonyloxy) naphtyl dicarboxyimit, N-(4-flophenylsulfonyloxy) sucxinimit, N-(2-
flophenylsulfonyloxy) phthalimit, N-(4-flophenylsulfonyloxy) diphenyl maleimit, N-
(4-flophenylsulfonyloxy)bixyclo[2.2.1]hept-5-en-2,3 -dicarboxyimit, =~ N-(4-flophenyl
sulfonyloxy)-7-oxabixyclo[2.2.1 Jhept-5-en-2,3-dicarboxyimit, N-(4-flophenylsulfonyl
oxy)bixyclo[2.2.1]heptan-5,6-oxy-2,3-dicarboxyimit, va N-(4-flophenylsulfonyloxy)
naphtyl dicarboxyimit.

Ngoai cac hop chét néu trén, cac vi du minh hoa vé chét quang sinh axit bao gbm
5-norbornen-2,3-dicarboxyimidyl triflat (tén thuong mai "NDI-105", dugc san xudt boi
Midori Kagaku Co., Ltd.), 5-norbornen-2,3-dicarboxyimidyl tosylat (tén thuong mai
"NDI-101", dugc san xudt bdi Midori Kagaku Co., Ltd.), 4-metylphenyl
sulfonyloxyimino-o.-(4-metoxyphenyl) axetonitril (t€n thuong mai "PAI-101", dugc san
xuit boi Midori Kagaku Co., Ltd.), triflometylsulfonyloxyimino-o-(4-metoxyphenyl)
axetonitril (tén thwong mai "PAI-105", dugc san xut béi Midori Kagaku Co., Ltd.), 9-
camphorsulfonyloxyimino-a.-(4-metoxyphenyl) axetonitril (tén thuong mai "PAI-106",
duoc san xudt boi Midori Kagaku Co., Ltd.), 1,8-naphtalimidyl butansulfonat (tén
thuong mai "NAI-1004", duoc san xuét boi Midori Kagaku Co., Ltd.), 1,8-naphtalimidyl
tosylat (tén thuong mai "NAI-101", duoc san xult boi Midori Kagaku Co., Ltd.), 1,8-
naphtalimidyl triflat (tén thuong mai "NAI-105", dugc san xuét bai Midori Kagaku Co.,
Ltd.), 1,8-naphtalimidyl nonaflobutansulfonat (tén thuong mai "NAI-109", duoc san
xuit béi  Midori Kagaku Co., Ltd.), diphenyl(4-metoxyphenyl)sulfoni
triflometansulfonat (tén thuong mai "WPAG-370", dugc san xuat boéi Wako Pure
Chemical Corp.), tén thuong mai "WPAG-339" (dugc san xuét bdi Wako Pure Chemical
Corp.), tén thuong mai "TPS-105" va tén thuong mai "TPS-109" (dugc san xuét boi
Midori Kagaku Co., Ltd.), va diphenyliodoni pyrensulfonat. Trong sd cac hop chat nay,
TPS-105, WPAG-339, WPAG-370, TPS-109, diphenyliodoni pyrensulfonat, NDI-105,
PAI-101, va NAI-105 duogc wu tién dic biét.

Hon nita, t6t hon néu chét khoi ddu tring hop bing quang hoc va chét quang sinh
axit dugc st dung két hop v6i chit 1am nhay, chinh 1a thanh phan hitu co cdm quang.

Chét 1am nhay khong duoc tao mau béi phan tmg lam m& anh dé c6 thé thu duge do
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nhay cao thdm chi trong 16p cach dién cdng trong khi gitt 46 trong sudt cao. Khong c6
gi6i han cu thé v& chit 1am nhay dé vat liéu da biét bt ky c6 thé dugc sir dung & ddy;

mac du hgp chét 9,10-disubstituted anthracen dugc wu tién dac bigt.

Céc vi du minh hoa v& hop chit 9,10-disubstituted anthracen bao gém 9,10-
diphenyl anthracen, 9,10-bis(4-metoxyphenyl) anthracen, 9,10-bis(triphenylsilyl)
anthracen, 9,10-dimetoxy anthracen, 9,10-dietoxy anthracen, 9,10-dipropoxy anthracen,
9,10-dibutoxy anthracen, 9,10-dipentyloxy anthracen, 2-t-butyl-9,10-dibutoxy
anthracen, va 9,10-bis(trimetylsilylethynyl) anthracen. Trong s6 cac hop chét nay, 9,10-
dimetoxy anthracen, 9,10-dietoxy anthracen, 9,10-dipropoxy anthracen, va 9,10-
dibutoxy anthracen dugc uu tién déc biét.

Lop cach dién cdng theo séng ché con c6 thé bao gém chét phan tng cong clia
chét chuyén mach Iam thanh phan hitu co cam quang.

Chét chuyén mach 14 hop chit ma c6 thé nhan gbe tir d4u polyme dang phat trién
trong mach polyme thu duoc bang cach tring hop gbc khi chiéu xa bang 4nh sdng tlr
ngoai, va sau d6 gian tiép chuyén gbc nay téi mach polyme khac.

Bing cach bao gbm chét chuyén mach, c6 thé ting cuong do nhay khi chiéu xa
bang 4nh sang tir ngoai. Gia st viéc nay xdy ra nho gbc dugc tao ra bing cach chiéu xa
bang 4nh sang tir ngoai di chuyén téi mach polyme khac nho chét chuyén mach, nho d6
lién két chéo gbe véi phan rat sdu trén mang.

Chét chuyén mach thiol dugc vu tién lam chét chuyén mach. Vi du minh hoa vé
ching bao gbm axit B-mercaptopropionic, metyl B-mercaptopropionat, etyl B-
mercaptopropionat, 2-etylhexyl B-mercaptopropionat, n-octyl B-mercaptopropionat,
metoxybutyl ~B-mercaptopropionat, stearyl ~[-mercaptopropionat, isononyl B-
mercaptopropionat, axit B-mercaptobutanoic, metyl B-mercaptobutanoat, etyl B-
mercaptobutanoat, 2-etylhexyl [-mercaptobutanoat, n-octyl [-mercaptobutanoat,
metoxybutyl ~B-mercaptobutanoat, stearyl ~[B-mercaptobutanoat, isononyl B-
mercaptobutanoat, metyl thioglycolat, n-octyl thioglycolat, metoxybutyl thioglycolat,
1,4-bis(3-mercaptobutanoyloxy)butan, 1,4-bis(3-mercaptopropionyloxy)butan, 1,4-
bis(thioglycoloyloxy)butan, etylen glycol bis(thioglycolat), trimetyloletan tris(3-
mercaptopropionat), trimetyloletan tris(3-mercaptobutylat), trimetylolpropan tris(3-

mercaptopropionat),  trimetylolpropan  tris(3-mercaptobutyrat), ~ trimetylolpropan
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tris(thioglycolat), axit 1,3,5-tris[3-mercaptopropionyloxy]etyl]isoxyanuric, axit 1,3,5-
tris[3-mercaptobutanoyloxy]etyl]isoxyanuric,  pentaerythritol  tetrakis(3-mercapto
propionat), pentaerythritol tetrakis(3-mercaptobutyrat), pentaerythritol
tetrakis(thioglycolat), dipentaerythritol hexakis(3-mercaptopropionat), va dipenta
erythritol hexakis(3-mercaptobutyrat).

Hon nita, 16p cach dién cng theo sing ché c6 thé bao gdm chét trc ché tring hop

lam thanh phén hitu co cdm quang.

Chét trc ché tring hop nay 14 hop chit ma bt gitt gbe duoc tao ra khi chiéu xa
béng 4nh sang tir ngoai hodc gbe & dau polyme dang phat trién ctia mach polyme duge
tao bang cach tring hop gbc khi chiéu xa bang anh sang tlr ngoai, tr d6 gift n6 dudi
dang gbc bén dé c6 thé ngimg qua trinh tring hop gbe.

Bing cach bao gdm luong phi hop cua chét tc ché tring hop, lugng du clia gbe
dugce tao ra khi chiéu xa bang anh sang tir ngoai c6 th8 bi trc ché dé ¢6 thé kiém soat qua

trinh tring hop gbe.

Chét trc ché tring hop phenol dugc vu tién lam chit wc ché tring hop. Cac vi du
minh hoa v& chét trc ché tring hop phenol bao gdm 4-metoxyphenol, 1,4-hydroquinon,
1,4-benzoquinon, 2-t-butyl-4-metoxyphenol, ~3-t-butyl-4-metoxyphenol, 4-t-butyl
catechol, 2,6-di-t-butyl-4-metylphenol, 2,5-di-t-butyl-1,4-hydroquinon, 2,5-di-t-amyl-
1,4-hydroquinon, ciing nhu "IRGANOX" (nhén hi¢u da dang ky) 1010, "IRGANOX"
(nhin hiéu d3 dang ky) 1035, "IRGANOX" (nhan hiéu da ding ky) 1076, "IRGANOX"
(nhén hiéu da dang ky) 1098, "IRGANOX" (nhén hiéu da ding ky) 1135, "IRGANOX"
(nhén hiéu da ding ky) 1330, "IRGANOX" (nhan hi¢u di ding ky) 1726, "IRGANOX"
(nhén hiéu d3 dang ky) 1425, "IRGANOX" (nhan hiéu da ddng ky) 1520, "IRGANOX"
(nhén hiéu di ding ky) 245, "IRGANOX" (nhan hiéu dd dang ky) 259, "IRGANOX"
(nhan hidu d3 ding ky) 3114, "IRGANOX" (nhan hiéu dd ddng ky) 565, va "IRGANOX"
(nhén hiéu da dang ky) 295 (tit ca déu duoc san xuét boi BASF Japan, Inc.).

L6p céach dién cong theo sang ché con c6 thé bao gdm hat. Xét vé do phing cuia
16p cach dién céng, duong kinh hat ctia hat nay tdt hon néu 13 100 nm hoic nhé hon, va
t5t hon nita néu 1a 50 nm hoic nhé hon. Pudng kinh kinh hat 13 dudng kinh hat trung
binh dudi dang trung binh s6, trong d6 dudng kinh hat trung binh thu dugc tir dién tich

bé miit cu thé do dugc cia hat thu duoc sau khi da lam khé va nung, nghiém nhién coi
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hat 14 ¢6 dang hinh cAu. Khéng c6 gi6i han cu thé v& thiét bi s& dugc st dung dé do, dé
c6 thé st dung ASAP 2020 (dugc san xuét bdi Micromeritics Instrument Corp.) hoic
tuong ty. Cac vidu cu thé vé hat nay bao gém hat silic oxit, hat titan oxit, hat bari titanat,

hat ziricon oxit, va hat bari sulfat.

Lép cach dién cdng theo sang ché c6 thé bao gdm, khi cin, vét liéu diéu chinh do
nhét, chit bé mat, chit én dinh, hoic twong tw. Thim chi khong c6 van dé gi néu 16p

cach dién cong bao gom dung moéi du.

Céc vi du minh hoa vé chét bé mit bao gém chét bé mit ¢6 géc flo, chit bé mat

c6 gbc silic, chit bé mit ¢6 gbe polyalkylenoxit, va chit bé mat c6 gde acryl.

Céc vi du cu th8 v& chit bé mat c6 gbe flo bao gdbm Megafac F142D, Megafac
F172, Megafac F173, va Megafac F183 (tit ca cac chit bé mat nay dugc san xuét boi
DIC Corp.), cling nhu NBX-15, FTX-218, vi DFX-18 (it ca c4c chat bé mit ndy dugce
san xut bdi NEOS Company Ltd.). Cac vi dy minh hoa vé chét bé mit ¢6 gbe silic bao

gdm BYK-333 (dugc san xudt boi BYK Japan K. K.).

D6 day mang ctia 16p cach dién cdng theo sang ché t6t hon néu it nh4t 13 0,01 um
va 1én dén 5 um, va tét hon nita néu it nhit 1 0,05 pm va Ién dén 1 um. Khi d6 day
mang nam trong khoang nay, c6 thé sin sang tao ra mang méng ddng nhét; va ngoai ra,
dong dién ma khong thé kiém soét duge béi dién ap cdng va 1a dong dién gita ngudn va
mang co thé dugc ngan dé ti 16 mo/dong cua FET c6 thé duoc ting thém. D6 day mang
c6 thé thu dugc tir trung binh s6 hoc ctia cac gid tri do duogc bing phan xa ké quang phé

& 10 hodic nhiéu vi tri khac nhau trong mit phing trén nén.

Trong 16p cach dién cbng theo sang ché, hang s dién méi tuong d6i t6t hon néu
it nhit 12 3 va 1én dén 100. Hing s6 dién méi tuong dbi cang 16n thi dién 4p ngudng clia
FET c6 thé cang giam.

Trong 16p cach dién cbng theo sang ché, t6t hon néu cac ndng d6 ctia kim loai
kiém, kim loai kiém thd, va ion halogenua 14 thip. Cu thé 1a néng d6 cta bat ky trong
s6 kim loai ning va ion halogenua t6t hon néu 13 100 ppm hozc thap hon, t6t hon nira
néu 14 1 ppm hozc thip hon, trong khi con t6t hon nita néu 13 0,1 ppm hoic thip hon,

trong toan vung cua l6p cach dién cong.

L6p cach dién cdng theo sang ché duoc ciu tao tir 16p don, hogc nhiéu 16p. Trong

-28-



27652

trudng hop nhiéu 16p, 16p cach dién nhiéu cdng theo sang ché c6 thé dugc can mong,
hodc 16p cach dién cdng theo sang ché c¢6 thé dugc can mong bang 16p cach dién cbng
d3 biét o day.

Gifta 16p cach dién cbng va 16p ban dan s& duge md ta sau ddy, c6 thé b tri 16p
c6 huéng. Trong 16p c6 hudng, vat lidu di biét trude nhu hop chét silan, hop chat titan,
axit hitu co, va axit hitu co hetero c6 thé duoc sir dung, trong khi hop chét silan hitu co
duogc vu tién dic biét.

<Lép céch dién thir hai>

FET theo phuong 4n thuc hién cta sang ché c6 thé c6 16p cach dién thit hai cach
16p ban din s& dugc md ta sau ddy & phia d6i dién véi 16p cach dién cong. Luu y & ddy
rang "cach 16p ban din & phia d6i dién véi 16p cach dién cdng" ¢6 nghia 13, vi du, phia
thip hon ctia 16p ban dan khi 16p cach dién cdng dugc bb tri ¢ phia trén ctia 16p ban dan.
Béng cach 1am nhu vay, dién 4p nguéng va o tré c6 thé duoc giam dé c6 thé thu duoc
FET hiéu niing cao. V4t liéu s& dugc sir dung trong 16p cach dién thir hai khdng bi gioi
han cu thé, trong d6 vi du cu thé vé vat liéu nay bao gém cac vat liéu v6 co nhu silicon
oxit va alumina, va vét liéu polyme nhu polyimit va dan xuét cua chung, ruou
polyvinylic, polyvinyl clorua, polyetylen terephthalat, polyvinyliden florua, polysiloxan
va dan xut ctia chung, va polyvinyl phenol va din xut ctia chung, ciing nhu hén hop
bdt cuia vat lidu vo co véi vat lidu polyme, va hdn hop ciia vat liéu hitu co ¢6 phén tir
khéi thip véi vat lidu polyme. Lép cach dién ma bao gdm polysiloxan ciing bao gém
16p cach dién céng theo sang ché. Trong s6 cac vat lidu nay, vat liéu polyme ma c6 thé
duoc phti bing cac loai phuong phdp phun hodc tuong tu duge vu tién. Pac biét 1a
polyfloetylen, polynorbornen, polysiloxan, polyimit, polystyren, polycacbonat hodc dan
xut ctia chung, dan xuét cia axit polyacrylic, din xut ctia axit polymetacrylic, hoic
copolyme bao gdm cac vt liéu ndy dugc uu tién do khi ching dugc sit dung, hiéu qua
lam giam dién 4p ngudng va do tré co thé duoc ting cuong, trong d6 dan xuét cla
polyacrylat, dan xuét ctia polymetacrylat, hodc copolyme bao gbm céc dan Xuét nay

duoc uu tién dac biét.

D6 day mang cia 16p cach dién thi hai thuong ndm trong khoang tir SO nm dén
10 pm, va t5t hon néu nim trong khoang tir 100 nm dén 3 um. Lép cach dién thit hai c6

thé 1a 16p don hodc nhiéu 16p. M6t 16p c6 thé dugc tao boi nhiéu vat lidu cach dién, hodc
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biang cach can mong nhiéu vat liéu cach dién.

Phuong phap tao 16p cach dién thir hai khong bi giéi han cu thé. Boi vy, cac
phuong phép kho nhu phuong phép lam bay hoi qua gia nhiét dién tré, phuong phap
bay hoi chum electron, phwong phap phin xa, va phuong phap CVD co thé duoc sir
dung; nhung xét vé chi phi san xut va kha ndng tng dung trén dién rong, phuong phap
tng dung dugc vu tién. Cac vi du minh hoa vé phuong phép ting dung bao gdm phuong
phép tng dung da biét nhu phuong phap phii quay, phwong phép phu ludi dao, phuong
phép pht tao hinh c6 khe, phuong phép in man hinh, phwong phap phu vach, phuong
phap duc, phuong phdp in chuyén, phuong phap nhing va thu hdi, va phuong phép phun

muc.
<Lép ban dan>

Vit liéu ¢6 thé dugc st dung trong 16p ban dAn 1a chét ban dan hitu co va/hoic
vat liéu cacbon. Trong sb céc vat lidu nay, vat lidu ¢ d6 linh dong tai cao t5t hon néu
duoc sir dung, trong d6 vat liéu ma c6 thé duge ding véi phuong phép ung dung, ¢6 chi

phi thép va tién lgi, duge wu tién.

Céc vi du cu thé v& chat ban din hiru co bao gdm: polythiophen nhu poly-3-
hexylthiophen va polybenzothiophen; hop chét bao gdm cac don vi thiophen trong mach
chinh nhu poly(2,5-bis(2-thienyl)-3,6-dipentadexylthieno[3,2-b]thiophen), poly(4,8-
dihexyl-2,6-bis(3-hexylthiophen-2-yl)benzo[1,2-b:4,5-b']dithiophen), ~poly(4-octyl-2-
(3-octylthiophen-2-yl)thiazol), va poly(5,5'-bis(4-octylthiazol-2-y1)-2,2'-bithiophen);
polypyrol; poly(p-phenylen vinylen) nhu poly(p-phenylen vinylen); polyanilin;
polyaxetylen, polydiaxetylen, polycarbazol; polyfuran nhu polyfuran va
polybenzofuran; polyheteroaryl c6 cac don vi cAu tao cta vong thom chtta nito nhu
pyridin, quinolin, phenanthrolin, oxazol, va oxadiazol; hop chét thom da vong dugc
ngung tu nhu anthracen, pyren, naphtacen, pentacen, hexacen, va rubren; hop chit thom
khic loai nhu furan, thiophen, benzothiophen, dibenzofuran, pyridin, quinolin,
phenanthrolin, oxazol, va oxadiazol; dAn xuét ctia amin thom dugc biéu dién boi 4,4'-
bis(N-(3-metylphenyl)-N-phenylamino)biphenyl; dan xuét cta biscarbazol nhu bis(N-
allylcarbazol) va bis(N-alkylcarbazol); dan xudt ctia pyrazolin; hop chét stilben; hop
chét hydrazon; phthaloxyanin kim loai nhu ddng phthaloxyanin; porphyrin kim loai nhu

ddng porphyrin; din xuat cta distyrylbenzen; din xuit cia aminostyryl; dan xuat cla
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axetylen thom,; tetracarboxylic axit diimit dang vong ngung tu nhu naphtalen-1,4,5,8-
tetracarboxylat diimit va perylen-3,4,9,10-tetracarboxylic axit diimit; va chit nhuém
hitu co nhu meroxyanin, phenoxazin, va rhodamin. Cac chit nay c6 thé duge bao gbm

duéi dang hdn hop ciia hai hodc nhiéu chat.

Vi du minh hoa v& vit liéu cacbon bao gdm 6ng nano cacbon (CNT), graphen,
va fullerene, trong do6 xét vé d6 phu cia cac quy trinh ung dung va do tr& thip, CNT

duoc uu tién.

C6 thé st dung bat ky trong s6 CNT don vach trong d6 tim mang cacbon (tim
graphen) duuoc cudn thanh hinh tru, CNT vach d6i trong d6 hai tAm mang graphen dugc
cudn ddng tam, va CNT da véch trong d6 nhiéu tim mang graphen dugc cudn dong tam,
trong do6 ciling c6 thé st dung hai hodc nhiéu tAm két hop. Xét vé viéc biéu hién céc dic
tinh ctia chit ban dn, wu tién stt dung CNT don vach. Cu thé, CNT don vach ma bao
gdm CNT don véch dugc 1am gidu bang chit ¢6 tinh ban dan cao véi luong 12 90% theo
khéi luong hodc 16n hon duge vu tién hon. CNT don vach bao gém CNT don vach duogc
lam giau bang chét c6 tinh ban din cao véi lugng 1a 95% theo khdi lugng hodc 16n hon

duoc uu tién hon nita.

Ti 1é¢ ham luong ctia CNT don véach dugc lam giau bang chét c6 tinh ban din cao
¢6 thé c6 thé duogc tinh toan tir ti 18 dién tich hip thu phd hip thu ving kha kién va can
hdng ngoai. CNT c6 thé thu duge béi phuong phap nhu phwong phép phéng hé quang,
phuong phap ling dong pha hoi (phuong phap CVD), hodc phuong phap mai bang laze.

Vit liéu ghép CNT c6 it nhat mot phin ciia bé mit CNT duoc gan véi polyme
lién hop dugc vu tién dac biét nho do bén tan vuot trdi in dung dich va cé thé c6 do tré

thap.

Trang thai ma polyme lién hop dugc gén vao it nhat mot phe‘in ctia bé mat CNT
1a trang thai ma polyme lién hop nay che phu mot phdn hoic toan bo bé mit CNT. Gia
st polyme lién hgp cé thé che phit CNT béi vi cic ddm méy 7 electron thu duoc tir mdi
cAu truc lién hop chdng 1én nhau, nho d6 tao twong tac voi nhau. Co thé x4c dinh viéc
CNT c6 duge che phu bing polyme lién hop hay khong béng viéc mau phan xa ciia CNT
duoc che phii ¢6 tiép can tir mau ctia CNT khong duoc che phi t6i mau ctia polyme lién
hop hay khong. Theo dinh tinh, sy c6 mét ctia vat liéu dugc gén va ti 18 khéi lugng ctia

vat liéu duge gén vao CNT c6 thé duge nhén dang bang k¥ thuat phan tich nguyén t6,
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k¥ thuét phd tan sic ning luong tia X, va tuong tu. Polyme lién hop can duogc gén vao
CNT c6 thé duogc st dung khong loai trix phén tit khdi, phan bd phan tir khdi, va cdu tric

nao cua chung.

Céc vi du minh hoa vé phuong phép gén polyme lién hgp vao CNT bao gbm: (I)
phuong phap ma CNT dugc thém vao polyme lién hop néng chay, sau d6 1a trén ching;
(II) phwong phap ma CNT dugc thém vao dung dich ctia polyme lién hop dé hoa tan vao
dung mdi, sau d6 1a tron chung; (III) phuong phap ma polyme lién hop duge thém vao
dung dich phén tan CNT d& phén tan truéc trong dung moi bang cac loai séng siéu &m
hodc tuwong tu, sau d6 1a tron ching; va (IV) phuong phap ma polyme li€n hop va CNT
dugc db vao dung mdi, sau d6 1a tron hé tron thu duge béng cach chiéu séng siéu am.

Theo sang ché, cac phuong phap ndy c6 thé duogc két hop.

Theo sang ché, d6 dai ctia CNT t5t hon néu 1a ngan hon khoang cach (d¢ dai kénh
ndi) gitta dién cuc nguén va dién cuc mang. D6 dai trung binh cia CNT t5t hon néu 1a
2 um hodc ngén hon, va t6t hon nita néula 0,5 pm hodc ngén hon, mac du khac nhau
phu thudc vao do dai kénh ndi. C6 su phan bb v& d6 dai cia CNT thudng ¢ ban sén dé
CNT dai hon d6 dai kénh ndi c6 thé duoc bao gém trong d6; va bdi vy, uu tién thém
quy trinh trong d6 d6 dai cia CNT la ngén hon d6 dai kénh ndi. Phuong phéap cit dé lam
CNT thanh soi ngin, nhu xir Iy axit bang axit nitric hogc axit sulfuric, hodc xir ly siéu
4m, hodc phuong phap nghién lanh, 14 c6 hiéu qua. Uu tién hon vé viéc phan tach bang

cac loai loc dugce str dung déng thoi, xét vé viée ting do tinh khiét cia chung.

Duodng kinh ca CNT khong bi gi6i han cu thé, mic du duong kinh nay 6t hon

néu it nhat 12 1 nm va 1én dén 100 nm, va t5t hon nita néu 13 50 nm hodc nhé hon.

Theo sang ché, wu tién c6 quy trinh trong d6 CNT dugc phén tan déu trong dung
mdi, va sau d6, dung dich phén tan duoc loc qua bd loc. Béng cach thu gom tur phﬁn
dich loc, CNT c¢6 kich ¢& nho hon dudng kinh 16 loc, CNT c6 @6 dai ngén hon d6 dai
kénh ndi c6 thé thu dugc mét cach hiéu qua. Trong truong hop nay, bd loc mang t6t hon
néu duogc st dung lam b6 loc. Pudng kinh 16 ctia bo loc s& duoc st dung trong qua trinh
loc c6 thé ¢6 do dai bt ky mién 1a ngdn hon d6 dai kénh ndi; va boi vay, tot hon néu do
dai nay nam trong khoang tir 0,5 um dén 10 pm.

Céc vi du minh hoa v& polyme lién hop & che phtt CNT bao gbm polyme loai
polythiophen, polyme loai polypyrol, polyme loai polyanilin, polyme loai polyaxetylen,
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polyme loai poly-p-phenylen, polyme loai poly-p-phenylen vinylen, va polyme loai
thiophen-heteroarylen c6 don vi thiophen va don vi heteroaryl trong cac don vi ldp lai
cua chung. Cac polyme nay ciing c6 thé duoc sir dung dudi dang hdn hop cua hai hodc
nhiéu polyme. Polyme ma c6 thé duoc sir dung & day c6 thé 1a cac polyme trong d6 SAp
xép céc don vi monome gidng nhau, c4c polyme trong d6 cac don vi monome khac nhau
dugc ddng tring hop thanh khéi, duge ddng tring hop ngu nhién, hodc trung hop ghép,

hoac tuong tu.

Dbi véi 16p ban din, vat liéu ghép CNT va chét ban dén hitu co ¢6 thé duoc tron
va st dung. Khi vat liéu ghép CNT duoc phén tan déu trong cht ban dan hitu co, d6 tré

thip c6 thé dat dugc bang cach giit cac dic tinh vén ¢6 ctia chit ban dan hitu co.

Ham lugng cta vt liéu ghép CNT trong 16p ban din bao gbm vat liéu ghép CNT
va chét ban din hitu co tdt hon ndu it nhét 13 0,01 phéan theo khéi lwong va 1én dén 3
phin theo khéi lugng, va t6t hon nita néu 14 nhé hon 1 phén theo khéi lugng, so véi 100

phan theo khdi luong clia chat ban dén hitu co.

Lép ban din con c6 thé bao g(‘Sm vat liéu cach dién. Cac vi du minh hoa ve vt
liéu cach dién s& dugc st dung & day bao gém vat liéu polyme nhu poly(metyl
metacrylat), polycacbonat, va polyetylen terephthalat, mic du khong bi gi¢i han cu thé
& cac vi du nay.

Lép ban din c6 thé 12 16p don va da 16p bt ky. D6 diy mang ctia ching t6t hon
néu it nhat 1a 1 nm va 1én d&én 200 nm, v t6t hon nita néu 1a 100 nm hodc nhé hon. Khi
do day mang ndm trong khoang nay, c6 thé sin sang tao ra mang mong dong nhét; va
ngoai ra, dong di¢n ma khong thé kiém soat dugc boi dién 4p cdng va 1a dong dién gifta
ngudn va mang c6 thé dugce kiém soét, va ti 1é mé/dong cua FET c6 thé dugc gia ting.
D6 day mang c6 thé do dugc bang kinh hién vi luc nguyén tir, phuong phap do elip,
hodc tuong tu.

<Nén>

La vt lidu s& dugc sit dung 1am nén, vat lidu bat ky ¢6 thé duoc sit dung mién 1a
it nhit bé mat ctia ching ma hé dién cuc dugc b tri vao c6 tinh chit cach dién. Vi du
minh hoa vé ching dugc uu tién str dung bao gém céc vat liéu v6 co nhu dia ban dan
silic oxit, thuy tinh, ngoc bich, va thé alumina nung két, ciing nhu vat liéu hitu co nhu

polyimit, rugu polyvinylic, polyvinyl clorua, polyetylen terephthalat, polyvinyliden
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florua, polysiloxan, polyvinyl phenol (PVP), polyeste, polycacbonat, polysulfon,
polyete sulfon, polyetylen, polyphenylen sulfua, va polyparaxylen.

Ngoai ra, nén c6 nhiéu vat liéu duge can moéng, nhu mang PVP dugc tao trén dia
ban dan silic oxit, mang polysiloxan dugc tao trén polyetylen terephthalat, hodc tuwong

tu, ¢6 thé dugc st dung.
<Pbién cuc>

Céc vi du minh hoa vé vat liéu s& dugc sir dung trong dién cuc céng, dién cuc
nguén, va dién cuc mang bao gém cac oxit kim loai dan dién nhu thiéc oxit, indi oxit,
va indi thiéc oxit (ITO); kim loai cua bach kim, vang, bac, déng, sét, thiéc, kém, nhom,
indi, crom, liti, natri, kali, cesi, canxi, magié, paladi, molypden, silic v6 dinh hinh, va
polysilicon, va hop kim ctia ching; vat ligu din dién vo co nhu ddng iodua va ddng
sulfua; polythiophen, polypyrol, va polyanilin; phttc hop ctia polyetylen dioxythiophen
v6i axit polystyrensulfonic; polyme din dién c6 tinh dan dién ting cudng bang cac hinh
thirc pha tap iot hodc tuong tu; va vét liéu dan dién nhu vt liéu cacbon. Céc vat liéu nay

c6 thé duoc sir dung riéng, hodc lam tdm mong, hodc lam hon hop ctia cic vat liéu nay.

Trong s6 cac vt lidu nay, thé nung két cta bot dan dién bao gém it nhat mot
trong sb trong sb cac vat liéu bac, déng, vang, bach kim, lead, thiéc, niken, nhém,
tungsten, molypden, ruteni oxit, crém, titan, carbon, va indi dugc uu tién. Céc bot dan
dién nay co thé dugc stir dung dudi dang thé don, hop kim, hozc bdt hon hop.

Trong s6 cac vat liéu nay, xét vé tinh dAn dién, bac, déng, va vang duoc wu tién;
trong khi xét vé chi phi va do bén, bac duoc vu tién hon. Hon nita, xét vé viée giam dién
tré suét khi dong rin mang duoc dung & nhiét do thép, viéc sir dung bac va mugi than
duogc wu tién hon nita.

‘ Dudng kinh hat trung binh theo thé tich ca bot din dién s& duoc sir dung trong
dién cuc t6t hon néu it nhét 12 0,02 pum va lén dén 10 um, t5t hon nita néu it nhét 14 0,02
um va lén dén 5 um, trong khi con t6t hon nita néu it nhét 13 0,02 um va 1én dén 2 pm.

Khi dudng kinh hat trung binh theo thé tich 14 0,1 pm hodc 16n hon, xé4c suét tiép
xuc trong sb céac bot dan dién duogc ting dé dién trd sut tuong dbi va xac sudt nut gay
ctia mau dan dién dugc tao cb thé duoc giam bét. Ngoai ra, nhd chum hoat dong ¢o6 thé

truyén dé dang qua mang trong qua trinh phoi sang, c6 thé sin sang tién hanh tao mau
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Khi dudng kinh hat trung binh theo thé tich 1a 10 pm hogc nho hon, d6 min bé
mat, d6 chinh xéc vé mAu, va do chinh xé4c vé kich ¢& cia so dd mach sau khi in cé thé
dugc ting cuong. Ngoai ra, trong qua trinh lam méng mau, duong kinh cta hat can phai
nho hon. Vi duy, khi #ng ten ¢6 d6 day mang 2 pm duoc tao ra, dudng kinh cua hat cling

cén phai 1 2 pm hodc nho hon.

Pudng kinh hat trung binh theo thé tich c6 thé ¢6 thé duoc tinh toan tir hinh anh
ctia phan dién cyc dugc quan sat thdy bang kinh hién vi dién tir quét 3D (SEM) hodc
bang kinh hién vi dién tir truyén qua 3D (TEM).

Ham lugng ctia thé dan dién t6t hon néu it nhét 1a 70% theo khodi lugng va 1én
dén 95% theo khéi lugng, va tét hon nita néu it nhat 1a 80% theo khdi luong va 1én dén
90% theo khéi lugng, so véi tdng khéi lugng ctia vat liéu dién cuc. Khi ham lugng nay
14 70% theo khdi lugng hodc 16n hon, dién tich tiép xtc trong sb chinh cac bt dan dién
nay gia tang khi st dung bt dAn dién lam thé dan dién, dé c6 thé 1am giam dién tré& sudt
twong ddi va x4c sut nirt gy ctia miu dan dién can tao. Khi ham luong 1a 95% theo
khéi lwong hozc nhd hon, chum hoat dong c6 thé truyén dé dang qua mang dic biét 1a

trong qua trinh phoi séng, dé c6 thé sin sang tién hanh tao mau tot.

Ul tién mdi dién cuc ma bao gdm chét két dinh hitu co ngoai the dan dién. Ngoai

ra, t&t hon néu chét két dinh hitu co nay bao gdm thanh phan hitu co cim quang.

Khi chit két dinh hitu co dugc bao gém trong dung dich ban dén, d¢ phu cua
dung dich ban din lén dién cuc c6 thé duoc cai thién dé c6 thé tao ra 16p ban dan dong
nhét duogc dung chét ban dan hitu co va vét liéu cacbon mot cach dé dang. Ngoai ra, khi
chét két dinh hiru co bao gém thanh phén hitu co cam quang, vi€c tao mau dién cuc co
thd duoc tién hanh bing cac hinh thirc in litd ma khong st dung chét can, dé c6 thé cai
thién hiéu suit.

Théanh phén hitu co cam quang bao gdm monome, oligome, polyme, cac chét nay
¢6 lién két khong no c6 thé tring hop bén trong phén tir ctia ching, va/hogc chat phan

ung cong cua ching.

Do monome c6 lién két khong no c6 thé tring hop bén trong phén tir clia chung,

c6 thé str dung hop chét c6 lién két d6i khong no cacbon-cacbon hoat dong. C6 thé str
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dung céc hop chét don chirc hodc da chirc ¢6, nhu nhém chite, nhém vinyl, nhém alyl,

nhém acrylat, nhdm metacrylat, hodc nhom acrylamit.

Trong vét liéu dién cyuc theo sang ché, mot, hoic hai hoic nhiéu thanh phﬁn hitu
co cam quang cO thé dugc sir dung. Ham luong cta thanh phﬁn hitu co cdm quang nam
trong khoang tir 1% theo khdi luong dén 15% theo khdi luong, va t6t hon nita néu ndm
trong khoang tir 2% theo khéi lugng dén 10% theo khbi luong, so voi téng khéi luong
cua vat liéu dién cuc. Khi ham lugng cuia thanh ph?m hitu co cam quang la nhé hon 1%
theo khéi luong, d6 nhay tré nén thép dén muc khoé tao dugc miu mong mudn. Mit khac,
khi ham luong ctia thanh phan hitu co cdm quang 1a 16n hon 15% theo khdi lugng, mang
d3 1am kho tré nén dinh dé cho mang che quang tiép xtic v4i né trong qua trinh phoi
sang, do d6 gay vén dé vé sy tic nghén clia mang che quang va su bét thuong clia bé

mat mang phu.

Oligome hodc polyme c6 lién két khong no c6 thé tring hop bén trong phén tir
ctia chung c6 thé thu dugc bang cach trung hop hodc ddng trung hop mot thanh phan
hodc cac thanh phﬁn duoc chon tir hop chét c6 lién két d6i cacbon-cacbon. Bﬁng cach
thém nhém phan tmg quang hoé vao oligome hodc polyme trong mach bén hoac dAu
phén tir ctia ching, c6 thé thu dugc oligome ho#ic polyme c6 lién két khong no c6 thé

tring hop bén trong phan tlr cia ching.

Lién két khong no c6 thé tring hop duge wu tién néu c6 lién két khong no dang
etylen. Cac vi du minh hoa v& lién két khong no dang etylen ndy bao gbém nhém vinyl,

nhém alyl, nhém acryl, va nhém metacryl.

Do phuong phip thém mach bén nhu vdy vao oligome hodc polyme, c6 mot
phuong phap trong dé hop chét khong no dang etylen c¢6 nhém glyxidyl hodc nhom
isoxyanat, hodc axit acrylic clorua, axit metacrylic clorua, hodc alyl clorua duoc gay
phan {mg cdng v6i nhom mercapto, nhém amino, nhém hydroxy, hodc nhém carboxy
trong oligome hodc polyme. Uu tién rang hop chét khéng no dang etylen c6 nhém
glyxidyl hodc nhém isoxyanat, hodc axit acrylic clorua, axit metacrylic clorua, hodc alyl
clorua dugc gy phan img cong, v6i luong nim trong khoang tir 0,05 dén 1 duong luong
mol, véi nhém mercapto, nhém amino, nhém hydroxy, hodc nhoém carboxy trong

oligome hodc polyme.

Xét vé viée ting cudng thém tac dung tngin ngira sy bong mAu khi gip nén duoc
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gin dién cuc, t6t hon néu thanh phn hitu co cam quang bao gdm hop chét c6 nhém
uretan. Vi du, t6t hon néu oligome hodc polyme néu trén bao gdm hop chét duge bién
di uretan ma duoc tao bang cach phan tng oligome hodc polyme ¢6 nhém hydroxy &

mach bén ctia chung vGi hop chat ¢6 nhém isoxyanat.

Trong oligome hodc polyme c6 lién két khong no c6 thé tring hop bén trong phén
tir clia chung nhu néu trén, t6t hon néu phan tir lugng trung binh khdi (Mw) ndm trong
khoéang nay hoic ndm trong khoang tir 2.000 dén 200.000, va phan t lugng trung binh
s6 (Mn) nam trong khoang tir 1.000 dn 50.000; wu tién hon néu Mw nam trong khoang
tir 5.000 dén 100.000 va Mn ndm trong khoang tir 1.000 dén 30.000. Khi Mw va Mn
nam trong cac khoang da néu, viéc xir ly chung la thuan loi, va sy kho déng déu c6 thé

dat dugc khi déng rin quang.

Vit liéu dién cuc theo sang ché bao gém monome, oligome, hodc polyme, mbi
vat liéu c6 nhom khong no co thé tring hop bén trong phan tr cuia chiing; nhung céac
thanh phan nay khong c6 kha ning hép thu nang luong ctia chum hoat dong, nén chit
khéi dAu tring hop bing quang hoc 1 cAn thiét & déng rin quang. Chat khéi dau tring
hop bang quang hoc duge chon tuy theo ngudn sang s& dugce sir dung dé dong ran quang,
trong d6 chét khoi dau tring hop bing quang hoc dang gdc, chat khoi dau trung hop

béng quang hoc dang cation, hodc tuong tu ¢ thé duoc st dung.

Trong vat lidu dién cuc theo sang ché, mot, hodc hai hodc nhiéu the chét khéi dau
tring hop bang quang hoc ¢6 thé dugc st dung. Ham luong cua chit khéi dau trung hop
bing quang hoc nam trong khoang tir 0,05% theo khéi lugng dén 10% theo khéi luong,
va t6t hon nita néu nam trong khoang tir 0,1% theo khéi lugng dén 10% theo khéi luong,
so vOi téng khdi lugng cua vét liéu dién cuc. Khi luong chit khai dau trung hop béng
quang hoc 13 qua nhd, qua trinh dong ran quang la khéng du; khi lugng chit khoi dau
trung hop bang quang hoc 1a qua 16n, d6 tuong thich c6 thé bi suy giam.

Viéc sit dung ddng thoi chit lam nhay véi chat khoi du tring hop bang quang
hoc ¢6 thé ting cudng d nhay dé c6 thé md rong khoang bude song c6 hiéu quéa doi véi
phan ung.

Trong vét liéu dién cuc theo sang ché, mét, hodc hai hodc nhiéu chét 1am nhay
c6 thé dugc sir dung. Khi vat liéu dién cuc bao gém chét 1am nhay, ham luong ctia chiing

thuong nam trong khoang tir 0,05% theo khdi lugng dén 10% theo khdi luong, va tét

-37-



27652

hon nita néu nam trong khoéang tir 0,1% theo khéi luong dén 10% theo khdi lugng, so
v6i thanh phin hitu co cam quang. Khi lugng chét 1am nhay 13 qua nho, hiéu qua ting
cuong tac dung dong rin quang khong thé biéu hién duogc; khi lugng chét 1am nhay la

qua murc, d§ tuwong thich co6 thé bi suy giam.

Vét liéu dién cuc theo sang ché ¢6 thé duoc dung dudi dang bun. Pé tao ra bun
nay, dung méi hitu co co thé duoc tuy v st dung. Khi dung mdi hitu co duge st dung,
d6 nhét cuia bun c6 thé duoc didu chinh dé c6 thé tang cuong d6 min bé mit chia mang
phu. Vat liéu dién cuc theo sang ché ¢6 thé bao gém chét két dinh hitu co mién 1a Pic
tinh mong doi trong dién cuc khong bi suy giam. Chét két dinh hitu co c6 thé bao gdm
phu gia nhu polyme khéng cam quang khong c¢6 lién két doi khéng no bén trong phin
tir ctia chiing, chat lam déo, chét lam déu mau, chit b mat, cht lién két silan, chit ngén
tao bot, va chit mau. Cac viducu thé vé polyme khong cam quang bao gdm nhua epoxy,

nhua novolak, nhya phenol, tién chét polyimit, va polyimit.

Céc vi du minh hoa vé phuong phép tao dién cuc bao gbém phuong phap ma st
dung cac cong nghé¢ da biét nhu phuong phép 1am bay hoi qua gia nhiét dién trd, bay
hoi chim electron, phtn xa, ma, CVD, pht ma ion, phun muc, va in. Ngoai ra, so v6i
cac phuong phap khac, phuong phap nay da duoc biét trong d6 bun bao gdm thanh phén
hitu co va thé din dién duoc phu 1én trén nén din dién v6i cong nghé da biét nhu phuong
phap phti quay, phuong phap phu ludi dao, phuwong phap phu tao hinh c6 khe, phuong
phap in man hinh, phuong phéap phu vach, phuong phéap duc, phuong phép in chuyén,
va phuong phéap nhing va thu hdi, sau d6 1a lam kho bang cach sir dung 19, tAm néng,
anh sang hdng ngoai, hodc twong tu dé tao dién cyc. Phuong phap nay khong bi giéi han
cu thé mién 1a c6 thé thu dugc tinh dan dién.

D6 rong va d6 day cta dién cuc cling nhu khoang céch gifta dién cuc thu nhét va
dién cuc thir hai la tuy y, mac du t5t hon néu do rong cua dién cuc nay nam trong khoang
tir 5 um dén 1 mm, d day cta ching nim trong khoang tir 0,01 pum dén 100 um, va
khoang cach gitta dién cyc thir nhit va dién cuc thit hai nim trong khoang tir I pm dén
500 pum; nhung cac khoang trén khong bi gidi han & céac gia tri nay.

Phuong phép tao mau dién cuc c6 thé theo phuong phap bit ky trong d6 mang
moéng dién cyc thu dugc boi phuong phap néu trén dugce tao mau thanh dang mé rong

bing cac phuong phép in lito da biét, va phuong phap trong d6 tién hanh tao miu qua

-38-



27652

16p phu ¢6 dang mé rong khi lam bay hoi hodc phun xa dién cuc, day dan, hoic vét liéu
két ndi cac phin. Ngoai ra, c6 thé tién hanh tao miu truc tiép bang cach sir dung phuong

phap phun muc hodc phuong phép in.

Dién cuc cong, dién cyc ngudn, va dién cuc mang c6 thé dugc tao mau riéng,
hodc it nhat hai dién cuc cong c6 thé duge tao mau cing mdt luc. Xét vé viéc giam quy

trinh va sy 1€t n6i mau, vu tién tién hanh tao mau cac dién cuc nay cung mot luc.
<Tranzito hiéu Ung truéng>

Fig. 1 va Fig. 2 hinh chiéu mat cét ngang minh hoa céc vi du vé& FET theo phuong
an thuc hién cia sang ché. Trén Fig. 1, sau khi dién cuc nguén 5 va dién cuc mang 6
duoc tao trén nén 1 ¢6 dién cuc cdng 2 duoc che phi bang 16p cach dién cong 3, 16p ban
dan 4 duoc tao thém trén d6. Trén Fig. 2, sau khi 16p ban dan 4 dugc tao trén nén 1 ¢
dién cuc céng 2 duoc che phu bﬁng 16p cach dién céng 3, dién cuc nguén 5 va dién cuc
mang 6 dugc tao thém trén do.

Trong FET dugc tao ra tir d6, dong dién gitta dién cuc nguén 5 va dién cuc mang
6 c6 thé duoc kiém so4t bing cach thay dbi dién 4p cbng. D6 linh dong ctia FET c6 thé

dugce tinh toan bang cach sir dung cong thitc (a) sau day.
u=(8Id/dVg)L-D/(W-gr-€-Vsd) (a)

O day, Id (A) 1a dong dién gitta dién cuc ngudn 5 va dién cuc mang 6; Vsd (V)
13 dién thé gitra di€n cuc nguén 5 va dién cuc mang 6; Vg (V) la dién ap cbng (dién thé
ctia dién cuc cbng 2); D (m) la d6 day cua 16p c4ch dién cbng 3; L (m) 1 d6 dai kénh
néi (khoang céch giita dién cuc ngudn 5 va dién cuc méang 6); W (m) 1a d6 rong kénh
ndi (d6 rong ctia dién cuc ngudn 5 va dién cuc mang 6); & 1a hing s6 dién mdi twong
dbi cua 16p cach dién cdng 3; va € 1a hing sb dién moi trong chan khong (8,85x1072
F/m).

Ti 16 mé/déng c6 thé thu dugce tir ti 16 ctia Id (dong dién & trang thai mo) tai dién
ap cbng 4m nhét dinh va Id (dong dién & trang thai dong) tai dién ap cdng duong nhat
dinh.

Do tr& c6 thé thu duge tir gid tri tuydt di | Vg!'=Vg?| vé chénh léch giita dién ap
cbng Vg! tai Id=10% A khi dung Vg tir duong dén 4m va dién 4p cong Vg? tai Id=10"% A
khi ding Vg tir 4m dén duong.
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Dién 4p ngudng co thé thu duoc tlr giao diém gifra dudng mo rong cla phan
dudng thing va truc Vgs trén db thi Id-Vg. Gia tri dong dién cong tai Vg =-20 V duoc
coi la dién ro.

<Phuwong phép san xuét FET>

Phuong phap san xuét FET theo phuong 4n thuc hién ctia sang ché bao gdm cac

budc:

(1) budc tao mAu dén dién trén nén,

(II) bude pht dung dich bao gbm it nhat polysiloxan c6 don vi cAu triac duoc biéu
dién bdi cong thirc (1) 1én trén nén c6 mau din dién duge tao ra trén d6, sau d6 1a lam
kho, va

(IIT) bude phu dung dich bao gdm chét ban din hitu co va/hodc vat liéu cacbon
dé tiép xuc véi mau dan dién, sau @6 1a 1am kho.

Tét hon néu phuong phap san xuat FET theo phuwong 4n thuc hién cua séang ché

bao gdm cac budc:
(I) budce tao mau dan dién 1€n trén nén,

(II-A) budce chiéu xa mang bang dén quang hod hoat déng qua mang che quang,
mang dugc thu bﬁng cach phu lén trén nén c6 miu din dién duoc tao ra trén d6 mot
dung dich bao g(‘“)m it nhét 1a polysiloxan c6 don vi cdu truc duogc biéu dién boi cong
thirc chung (1) va bd phén hitu co cam quang kéo theo lam khd, sau do 1a tao mau thanh

khe hé trén mau dan dién bﬁng cach st dung dung dich kiém,
(II-B) bude gia nhiét miu dé tao ra mau da luu hoa, va

(IIT) bude phu dung dich bao gém chét ban dn hitu co va/hodc vat liéu cacbon

dé duogc tiép xuc vi mau dan dién, sau d6 1a lam kho.

Phuong phép san xudt FET c¢6 c4u hinh dugc minh hoa trén Fig. 1 s& dugc lam
1. Luu ¥ ring phuong phép san xuat khong bi giéi han & phuong an duge mé ta sau ddy
day. DAu tién, miu din dién tro thanh dién cuc céng 2 duoc tao trén nén 1. Cac vi du
minh hoa vé phuong phép tao miu dan dién bao gbm cac phuong phéap da biét nhu
phuong phap lam bay hoi kim loai, phuong phap phu quay, phuwong phéap phu ludi dao,
phuong phap phu tao hinh c6 khe, phuong phap in man hinh, phuong phap phu vach,
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phuong phap dac, phuong phap in chuyén, phwong phap nhing va thu héi, va phuong
phap phun muc. O déy, miu co thé dugc tao truc tiépbang cach sir dung 16p pht hoic
tuong tu, hodc dién cuc céng 2 ¢6 thé duoc tao mau béng céach ma sau khi chit can dugc
pht 1én [én trén dién cyc cdng di tao, mang can quang dugc phoi sang dé tao méu du
kién, duoc phat trién, va sau d6 duoc khic mon. Trong truong hop khi bun dan dién c6
thanh phan hitu co cam quang duoc st dung, dién cyc cbng 2 c6 thé duge tao mau chi

tr bun din dién bang cac cach in lito ma khdng sir dung chat can.

Tiép theo, 16p cach dién cdng 3 dugc tao trén nén 1 ¢6 dién cyuc cdng 2 duoc tao
ra trén d6. Cac vi du minh hoa vé phuong phap tao 16p cach dién cbng 3 bao gdm cac
phuong phap di biét trong d6 dung dich bao gdm it nhit lapolysiloxan c6 don vi ciu
tric dugc bidu din béi cong thire (1) duge phit bdi phuong phap nhu phuong phap phu
quay, phuong phap phi ludi dao, phuong phap phu tao hinh c¢6 khe, phuong phap in
man hinh, phuong phéap phu vach, phuong phap duc, phuong phdp in chuyén, phuong
phép nhung va thu héi, hogc phuong phap phun muc.

Déi véi quy trinh 4p dung, dung dich bao gdm polysiloxan cé don vi cAu tric
duoc bidu dién bdi cong thirc chung (1) c6 thé bao gdm dung mdi. Mic du dung mdi
khong bi gidi han cu thé, cac vi du cu thé vé& dung mdi niy bao gdm ete nhu propylen
glycol monometyl ete, propylen glycol mono-n-butyl ete, propylen glycol mono-t-butyl
ete, etylen glycol dietyl ete, va dietylen glycol etyl metyl ete; axetat nhu propylen glycol
monometyl ete axetat, 3-metoxybutyl axetat, 3-metyl-3-metoxybutyl axetat, va etyl
lactat; xeton nhu axetyl axeton, metyl isobutyl xeton, va xyclopentanon; ruou nhu 3-
metyl-3-metoxybutanol va rugu diaxeton; va hydrocacbon thom nhu toluen va xylen.
Cac dung mdi ndy c6 thé dugc sir dung riéng 1, hodc duéi dang hdn hop ctia hai hodc
nhiéu dung moi.

D& thu duoc mang phu, nhiét do 1am khé ciia dung dich dwgc phi t5t hon néu
ndm trong khoang tir 50°C dén 150°C. Nhiét d6 xir Iy nhiét ciia mang pht dé thu duge
16p cach dién cdng 3 t6t hon néu nam trong khoang tir 100°C dén 300°C. Xét vé viéc
tao 16p cach dién cbng 3 trén nén nhya déo, nhiét d6 cia chiing t5t hon nita néu 12 200°C

hoic thap hon.

Trong qué trinh thu nhan 16p cach dién cdng 3 bang cach nhu dd mo ta & trén, c6

thé thyuc hién tao mau c6 cho mang phu ho#c 16p cach dién céng 3. Khi tao mach két
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hop v6i FET theo phuong an thuc hién cua sang ché, dé c6 dugce dd dan dién tir dién
cuc cdng 2 ma cé mit bén dudi 16p cach dién cbdng 3, mAu trd thanh khe mé (16 tiép

xuc) can tao.

S& 1am rd hon d6i véi viée tao mAu 4m ban cta mang phi bang cach st dung hop
phin bao gdm chét tao gbc quang hoc va hop chit dang gdc c6 thé tring hop trong thanh
phén hitu co cam quang. Anh sang quang hoa dugc ding (phoi) qua 16p phti 4m ¢ mau
du kién tir mang phi trén day. Céc vi du vé 4nh sang quang hoa s& dugc st dung dé phoi
sang bao gdm 4nh sang tir ngoai, 4nh séng nhin thdy, chim electron, va tia X; nhung
theo sang ché, dudong i (365 nm), dudng h (405 nm), hodc dudng g (436 nm) cla dén
thuy ngén t6t hon néu duoc sir dung. Tiép theo, phat trién mang phti duge phoi sang tir
d6. Trong qué trinh tao mAu 4m ban, phin dugc phoi sang dugc tao miu lam phin khong
tan, va phan khong duoc phoi sang dugc tao miu lam phin tan. Nhu véi dung dich phat
trién, dung dich nuée ctia hop chét kiém nhu tetrametyl amoni hydroxit, dietanol amin,
dietylamino etanol, trietylamin, natri hydroxit, kali hydroxit, natri cacbonat, hodc kali
cacbonat duoc uu tién, trong d6 mot, hoac hai hodc nhiéu hop chét trén c6 thé duogc bao
gdm trong d6. Pbi voi cac dung dich kiém nay, c6 thé tron dung méi, trong d6 céac vi du
minh hoa vé dung mdi s& dugc sir dung bao gdm dung méi phan cuc nhu N-metyl-2-
pyrolidon va y-butyrolacton; rugu nhu isopropanol; este nhu etyl lactat va propylen
glycol monometyl ete axetat; va xeton nhu xyclopentanon va metyl isobutyl xeton. Sau
khi phat trién, thuong tién hanh trang bang cach sir dung nuéc; nhung ciing c6 thé tién
hanh trang bing nudc duoge bd sung rugu nhu etanol hodc isopropanol, hodc b6 sung

este nhu etyl lactat hodc propylen glycol monometyl ete axetat.

Trong qua trinh tao mau duong ban cua mang phu bang cach st dung hop phén
bao gdm hop chét diazoxeton lam chét quang sinh axit trong thanh phan hitu co cam
quang, anh sang quang hoa duogc dung qua l16p phu duong c6 mAu du kién tir mang phi
trén day. Anh séng quang hod dugc wu tién cling nhu viéc phat trién va xir 1y trang cia
mang phu la gidng véi trong trudng hop ma chét tao gbc quang hoc va hop chét dang
gbc c6 thé tring hop duoc st dung trong thanh phn hitu co cam quang. Trong qué trinh
tao mAu duong ban, phdn dugc phoi sang dugc tao mAu lam phan tan, va phan khong

duogc phoi sang dugc tao mau lam phan khong tan.

L&p cach dién cong 3 ciing c6 thé duge tao miu bdi quy trinh trong d6 phu chat
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can 1én trén 16p cach dién cbng 3, va sau khi mang can quang dugc phoi sang va phat
trién thanh mau du kién, duge xir ly bﬁng dung dich tdm thuc nhu hydrofluoric axit.
Trong phuong phap nay, cé thé tién hanh tao mAu tham chi cho ca hop phin khong bao
gdm thanh phén hitu co cam quang; nhung s6 lwong quy trinh lai gia ting. Béi vay, viéc
tao mAu bang cach sir dung vat lidu cho 16p cach dién cdng bao gdm thanh phén hitu co
cam quang dugc uu tién nho c6 hiéu sudt vuot trdi. Hon nita, xét vé tinh cai thién vé d6
bén nut ctia 16p cach dién cdng 3 cin co, tbt hon néu thanh phan hitu co cdm quang bao

gdm hop chit tao gdc, hop chét dang gbc c6 thé tring hop, va/hoic chat quang sinh axit.

Tiép theo, mau din dién ma trd thanh dién cuc nguén 5 va dién cyc mang 6 dugc
tao ra. Tuong tu nhu dién cuc céng 2, c4c vi du minh hoa vé phuong phép tao mau dan
dién bao gdm céac phuong phép da biét nhu phuong phap lam bay hoi kim loai, phuong
phap phl quay, phuong phép phu ludi dao, phuong phap pht tao hinh c¢6 khe, phuong
phap in man hinh, phuong phap pht vach, phuong phap dtc, phuong phap in chuyén,
phuong phép nhiing va thu hdi, va phuong phép phun muyc. O day, mau c6 thé duoc tao
truc tiépbéng cach str dung 16p phu hodc twong tu, hodc dién cuc nguén 5 va dién cuc
mang 6 co thé duoc tao mau br?mg cach ma sau khi phu chét can 1én trén cac dién cuc da
tao, mang can quang dugc phoi sang va phat trién thanh mau du kién, va sau dé duoc
khic mon. Trong truong hop khi bun din dién c6 thanh phan hitu co cam quang duoc
st dung, dién cuc nguén 5 va dién cuc mang 6 cling co thé duoc tao mau chi tir bun din

dién ma khong st dung chat can bang cac cach in lito.

Tiép theo, 16p ban din 4 duoc tao ra dé san xuét FET. Dé tao ra 16p ban dan 4,
cac phuong phap khd nhu phuong phap lam bay hoi gia nhiét bang dién trd, phuong
phép bay hoi dong electron, phuong phap phin xa, va phuong phap CVD c¢o thé duogc
stt dung, nhung xét vé chi phi san xuit va kha nang tmg dung trén dién rong, phuong
phép ung dung dugc uu tién. Cac vi du minh hoa vé phuong phap ung dung bao gém
phuong phép tng dung da biét nhu phuong phép phtt quay, phuong phap pht ludi dao,
phuong phéap phu tao hinh c¢6 khe, phuong phap in man hinh, phuong phap phu vach,
phuong phép duc, phuong phép in chuyén, phuong phép nhing va thu héi, va phuong
phap phun myc. Phuong phép tng dung co6 thé dugc chon tuy theo dic tinh clia mang
cin ¢6, nhu kidm soéat d6 day mang va hudng. Bang cac loai phuong phép nay, tién hanh
sang ché dé cho tiép xtc véi mau dan dién ma tré thanh dién cuc nguén 5 va dién cuc

mang 6. Tién hanh xu Iy 1am khd dbi véi mang dugc tao ra tir d6 trong diéu kién khong
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khi, diéu kién 4p sudt giam, hoidc diéu kién khi tro (diéu kién khi nito hodc argon). Nhiét

d6 1am khb t6t hon néu nam trong khoang tir 50°C dén 150°C.

Gifta 16p cach dién cdng 3 va 16p ban dan 4, cling c6 thé bd tri 16p c6 huéng. Lép
¢ huéng c6 thé duge tao bdi cling mot phuwong phép nhu phuong phap tao mang phi
dbi véi vat lidu cho 16p cach dién cdng. Lép cach dién thi hai cling c6 thé duuoc bb tri
& 16p ban din 4 & phia ddi dién véi 16p cach dién cdng 3. Lép cach dién thir hai c6 thé
duogc tao boi theo cach gibng nhu 16p ban dén 4.

Phuong phap san xuat FET duogc minh hoa theo cAu hinh cta Fig. 2 ¢6 thé dugc
tién hanh béng céch d4o trinh tu ctia quy trinh tao miu din dién ma try thanh dién cuc
ngudn 5 va dién cyc mang 6 va quy trinh tao 16p ban dan 4 trong phuong phap san xuét
FET dugc minh hoa theo cAu hinh cta Fig. 1. Luu ¥ ring phuong phap san xuit khong
bi gi6i han & phén trén.

FET theo phuong an thuc hién ctia sang ché c6 thé dugc st dung thuan lgi trong
cac thiét bi khac nhau nhu mang mong FET, thiét bi quang dién, thiét bi chuyén mach,
cling nhu bd hién thi, thiét bi truyén thong khong diy, va thé hang hoa, bing cach st

dung céc thiét bi nay.
<Thiét bi truyén thong khong day>

Thiét bi truyén thong khong ddy ma bao gdm FET theo phuong 4n thyuc hién ctia
sang ché s& duoc lam 3. O day, thiét bi truyén thong khong day la thiét bi trong do su
truyén thong dién tir dwoc thuc hién bang cach nhan séng mang dugc ghii tir dng ten
duoc cai ddt trong d4u doc/ghi nhu RFID (bd nhan dang tan sb vo tuyén), chinh la thé
loai khong tiép xuc. Theo hoat ddng cu thé, vi du, tin hiéu vo tuyén dugc gui tur ang ten
duoc cai dat trong dau doc/ ghi dugc nhan boi dng ten cta the RFID, nho d6 chuyén dbi
né thanh dong dién mét chiéu béng cac loai mach chinh luu dé thé RFID dugc nhiém
dién. Tiép theo, thé¢ RFID d& nhidm dién nhan 1énh tir tin hiéu v6 tuyén, va sau d6 déng
vai trd dap 1énh. Sau do, tra 10i két qua dép lai 1énh nay dugc giri tir #ng ten cla thé
RFID t6i dng ten cua dau doc/ ghi béng cac loai tin hiéu vo tuyén. ¢ day, hoat dong dap
1énh duoc tién hanh it nhit 1a bdi cac mach da biét, tirc 1a mach giai diéu bién, mach

logic diéu khién hoat ddng, va mach dicu bién.

Thiét bi truyén thong khong day theo phuong 4n thuc hién ctia sang ché c6 it nhit
la FET va ang ten nhu mo ta trén day. Cu thé hon, cdu hinh cia thiét b truyén thong
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khong ddy c6 thé duoc 14y lam vi dy, vi dy, nhu dwoc minh hoa trén Fig. 3, boi thiét b
ma dugc clu tao tir: don vi tao nguén dién trong do tin hi€u soéng da diéu bién tir bén
ngoai dugc nhén boi ang ten 10 duge chinh luu dé chuyén nguén dién t6i mdi bd phan;
mach gii diéu bién trong d6 tin hiéu séng da diéu bién dugc giai diéu bién dé dugc giri
t6i mach didu khién; mach diéu bién trong do dit liéu duge gui tir mach diéu khién dugc
diéu bién dé dugc giri t6i Ang ten; va mach diéu khién trong d6 dit liéu da giai didu bién
trong mach giai diéu bién dugc ghi trong mach nh¢ va dit liéu dugc doc tir mach nhé dé
duogc gtri téi mach didu bién, trong d6 cac b mach nay dugc két ndi bﬁng dién. Mach
giai didu bién, mach diéu khién, mach diéu bién, va mach nhé dugc ciu tao tir cac thiét
bi ban dan b tro, va ngoai ra, chiing con c6 thé bao gém tu dién, chi tiét dién tro, va
di6t. Mach nhé con bao gdm don vi bd nhé ghi lai khong kha bién nhu EEPROM (b
nhé chi doc c6 thé 1ap trinh x04 dugc béng dién) va FeRAM (b nh¢ truy cap ngau nhién

st dién). O day, don vi tao nguén dién duoc clu tao tir tu dién va diodt.

C6 thé sir dung bét ky trong sb ang ten, tu dién, chi tiét dién trd, diot, va don vi
bd nhd ghi lai khong kha bién thuong sir dung; va vat liéu s& dugc st dung va hinh dang
ctia ching khong bi gi6i han cu thé. C6 thé sir dung vat liéu din dién bat ky ma thudng
c6 thé st dung 1am vat lidu két nbi cac bd phan trén bang dién. Phuong phap két ndi
gifta chung c6 thé 14 phuong phép bit ky mién 1a c6 thé c6 dugc tinh dan dién; va do
rong va do day cta phin két nbi 1a tuy y.

<Thé hang hoa>

Thé hang ho4 bao gdm thiét bi truyén thong khong ddy theo phuong 4n thuc hién
ctia sang ché s& duoc 1am 15, Thé hang hoa nay cé, vi dy, nén va thiét bj truyén théng
khong ddy duogc che phti béi nén nay.

Nén duoc tao tir, vi dy, vat liéu khac kim loai nhu to giéy duogc tao thanh dang
phellng. Vi dy, nén c6 cdu tao véi hai tAm giéy phéng dugc ndi véi nhau, va thiét bi
truyén théng khéng day dugc bd tri gifta hai tAm gidy nay. Trong mach nhé ctia thiét bi
truyén thong khong ddy, vi dy, thong tin nhan dang c4 nhan dé nhan dang hang ho4 riéng
1é duoc luu trit trude.

Su truyén théng khong day dugc thuc hién gifra thé hang hoa va diu doc/ghi.
Déu doc/ghi 1a thiét bi ma dit lidu vao thé hang hod duge doc va ghi khong déy bang
dAu doc/ghi nay, tir d6 trao dbi dit liéu v6i thé hang hoa khi hang hoa dang trong qué
trinh phan phdi hoic tai thoi diém thanh toan tai khoan. Vi dy, ¢6 loai di dong cling nhu
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loai cé dinh duogc b tri trong thiét bi thu ngan. Pau doc/ghi bat ky da biét c6 thé duge
st dung.

Cu th8 12 thé hang hoa duoc cung cip chitc nang tra 16i thong tin nhin dang ma
v6i nd, thdng tin nhdn dang ca nhan da nhé duge trd 101 khong day dé dap lai 1énh tir
dau doc/ghi quy dinh yéu cdu giri thong tin nhan dang c4 nhan. Véi chirc ndng nay, vi
dy, tai khu vuc thu ngdn hang hod, mét lugng 16n hang hod cé thé dugc nhang dang
ddng thoi theo cach khong tiép xtc, dé viéc thanh toén c6 thé duoc diéu khién hodc trd
nén dé dang hon so véi viéc nhan dang bang mé vach.

Vi duy, tai thoi didm thanh toan hang ho4, khi théng tin hang hoa ma dau doc/ghi
doc tir thé hang hoa dugc giri t6i thiét bi ddu cudi POS (hé thdng diém ban hang), viée
dang ky ban hang hoa ma dugc nhan dang béi thdng tin hang hoa c6 thé duoc tao ra &
thiét bi dau cudi POS.

Vi du thye hién sing ché

Sau d4y, sang ché s& dwoc 1am rd qua cac vi du thyc hién sang ché, nhung sang
ché khong bi gidi han boi céc vi du nay. Cc phuong phép danh gié trong phin Vi du
thuc hién sang ché s& duoc 1am 18 trong cac muc tir (1) dén (8) sau day.

(1) San xudt mang phi

Vit lidu 16p cach dién cong duge phi trén dia ban din silic oxit 15,24 cm (6 inch)
hodc trén nén thuy tinh 15,24 cm (6 inch) bang cach loai thiét bi phu quay dé c6 d6 day
mang 0,5 um (sau khi dugce lam kho), sau d6 la lam kho bang cach st dung tim nong
(SCW-636, duoc san xuét boi Dainippon Screen Mfg. Co., Ltd.) & 120°C trong 3 phut

dé thu dugc mang phu.
(2)-1 Chuén bi 16p cach dién cdng (a)

Béng cach st dung vat liéu 16p cach dién céng khong bao gém vat liéu cam quang,
16p cach dién cong dugc chudn bi bdi phuong phap dugc mé ta dusi ddy. Mang phu
duoc chuin bi trén dia ban dn silic oxit 15,24 cm (6 inch) hodc trén nén thuy tinh 15,24
cm (6 inch) theo (1) dugc gia nhiét & nhiét d§ quy dinh trong khoang thoi gian quy dinh
dé thu duoc 16p cach dién cbng.

(2)-2 Chuén bj 16p cach dién cong (b)

Bang cach st dung vét liéu 16p cach dién cong bao gom, ngoai vat liéu cdm quang,
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vét liéu bao gdm chét tao gbc quang hoc va hop chét dang gdc ¢6 thé tring hop, 16p
cach dién cbng dugc chuin bi boi phuong phép duge md ta dudi day. Mang phu trén
dia ban dan silic oxit 15,24 cm (6 inch) hodc trén nén thuy tinh 15,24 cm (6 inch) dugc
tao bdi phuong phap d4 mo ta trén day (1) dugc thiét 1ap vao thiét bi tao bude i-line
(DSW-8000, dugc san xuét bdi GCA Corp.), va sau d6, duoc chiéu buc xa tir mang phi
trén ddy qua 16p pht &m c¢6 miu dy kién v6i lugng phoi sang nam trong khoang tir 100
mJ/cm? dén 800 mJ/cm?. Sau khi phoi sang, nén phu dugc thuc hién PEB trén tim néng
& 90°C trong 1 phut, dugc phat trién v6i dung dich nuéc tetrametyl amoni hydroxit
(TMAH) véi lugng 1a 2,38% theo khdi lwgng (ELM-D, duoc san xuét boi Mitsubishi
Gas Chemical Co., Ltd.) trong 60 gidy, va sau do, trang bang nudc tinh khiét. Mang thu
duoc tir d6 duoc gia nhiét & nhiét d6 quy dinh trong khoang thoi gian quy dinh dé thu

duoc 16p cach dién cdng.
(2)-3 Chuén bj 16p cach dién cong (c)

Bing cach str dung vat lidu 16p cach dién cdng bao gbém, ngoai vat liéu cdm quang,
vt liéu bao gdm hop chét diazo xeton lam chit quang sinh axit, 16p c4ch dién cdng duoc
chuén bi béi phuong phép duge mé ta dudi ddy. Mang pht trén dia ban dan silic oxit
15,24 cm (6 inch) hoac trén nén thuy tinh 15,24 cm (6 inch) dugc tao ra boi phuong
phap d& mo ta trén day (1) dugc thibt 14p vao thiét bi tao budc i-line, va sau d6, nén phu
duoc chiéu xa tir mang phu trén dy qua 16p pht duong c6 miu dy kién v&i luong phoi
sang ndm trong khoang tir 100 mJ/cm? dén 800 mJ/cm?. Sau khi phoi sang, mang duoc
phat trién véi dung dich nudc TMAH véi lugng 1a 2,38% theo khéi lwong trong 60 gidy,
va sau dé, trang bing nudc tinh khiét. Mang thu duoc tir d6 duoc gia nhiét & nhiét do
quy dinh trong khoang thoi gian quy dinh dé thu duoc 16p cach dién cong.

(3) Po d6 day mang ciia 16p cach dién cong

Bing céach sir dung dung cu do d day mang ma sir dung phép do giao thoa quang
hoc (Lambda Ace STM-602, dugc san xuét bai Dainippon Screen Mfg. Co., Ltd.), do
day mang dugc do ¢ 10 vi tri khac nhau trong miit phéng trén nén tai chi sb anh xa 1,55;
va trung binh s6 hoc ctia cac gi tri nay duoc thu lam d6 day mang 16p cach dién cdng.

(4) Phan tich nguyén tb

Tia X mém dugc ding cho mang dbi tuong can duoc do trong diéu kién chan

khong siéu cao; va bdi k¥ thuat phd tan sic ning lugng tia X (Quantera SXM, dugc san
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xuét bdi Physical Electronics, Inc. (PHI)), thiét bi nay do electron quang dugc phat tir

bé mit, thong tin nguyén té va luong nguyén t6 trong mang duoc phan tich.
(5) Panh gia d6 phu ctia dung dich ban din

Dung cu do goc tiép xtic (CA-D type, duoc san xut boi Kyowa Interface Science,
Inc.) duoc st dung. Giot dung dich ban dan véi dudng kinh 1,5 mm dugc tao ra & miii
kim & nhi€t d6 phong; va sau do, dugc tiép xuc 16p cach dién céng trén dia ban dan silic
oxit 15,24 cm (6 inch) that duwoc chudn bi bang cach duge m6 ta theo muc (2)-1, (2)-2,
va (2)-3 dé tao giot trén d6. Géc cua giot da tao véi bé mit cia né duge do lam goc tiép
xuc. Gia tri nay dugc thir nghiém nhu md ta sau dayA, B, va C duoc x4c dinh 1a da vuot

qua thir nghiém nho céc dung dich ban dan nay c6 do phu t6t.
A: Géc tiép xtic it nhit 1a 6° va thap hon 10°,
B: Géc tiép xtc it nhit 1a 5° va thdp hon 6°, hodc it nhét 1a 10° va thdp hon 12°.
C: Goéc tiép xtic it nhat 12 4° va thép hon 5°, hodc it nhat 1a 12° va thép hon 15°.
D: Géc tiép xtc it nhat 12 3° va thép hon 4°, hodc it nhat 13 15° va thp hon 20°.
E: Géc tiép xuc 14 thip hon 3° hozc 20° hogc 16n hon.

(6) Panh gia d6 bén nut ctia 16p cach dién cbng

Mang c6 d6 day 50 nm dugc tao trén mau dién cuc céng v6i khd dong 1a 20 um
bing cac loai img dung dugc md ta vé sau, va dugc gia nhiét trong dong nito & 200°C
trong 30 phit dé thu duogc 16p cach dién cong. T viée quan sit 16p cach dién cong da
tao béng kinh hién vi quang hoc, tdc d6 tao ctia vét nit duoc tao ra gén dién cuc duoc
tinh toan tir téng két qua quan sat ciia mdi chi tiét; va "100 — (% tbc db tao nirt)" duoc
stt dung dudi dang chi s6 ctia 6 bén nit. Gid tri nay duge thir nghiém nhu md ta sau
day. A, B, va C duogc xac dinh 1a d& vuot qua thir nghiém nho céc 16p cach dién céng
nay c6 do bén nit t6t.

A: D¢ bén nirt 1a 100%.

B: D6 bén nitt it nhét 14 98% va thdp hon 100%.

C: Do bén nitt it nhit 1a 94% va thap hon 98%.

D: P06 bén nitt it nhit 13 91% va thap hon 94%.

E: D6 bén nut 14 thip hon 91%.

(7) Danh gia dac tinh ctia FET
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Sau khi thu dugc FET, khi thay dbi dién ap cdng (Vg), dac tinh vé dong dién (Id)

gitra ngudn va mang va dién thé giita ngudn va mang (Vsd) (dic tinh Id-Vsd) duge do.

Trong phép do nay, hé¢ thdng danh gi4 dic tinh cua chét ban dan (loai 4200-SCS, dugc

san xuét boi Keithley Instruments, Inc.) duoc st dung trong didu kién khéng khi (nhiét

6 20°C va d6 Am 35%). D6 tr thu duoc tir gid tri tuyét déi | Vgl=Vg?| v& chénh léch

giita dién 4p cdng Vg! tai Id=10"8 A khi ding Vg tir duong dén 4m va dién 4p cong Vg?

tai Id=10" A khi ding Vg tir 4m dén dwong. Gi4 trj ndy dwoc thir nghiém nhu md ta sau

dayA, B, va C dugc xac dinh la dd vuot qua thtr nghiém nho cdc do tré thép da chira

nay.

A: Do tré 1én dén 5 V.

B: bb 8 14 cao hon 5 V va 1én dén 10 V.
C: D6 tré 13 cao hon 10 V va 1én dén 20 V.
D: D6 tré 1a cao hon 20 V va 1én dén 30 V.
E: D6 tré 1 cao hon 30 V.

Ngoai ra, tir gia tri dong dién cé)ng tai Vg=—20 V, thu dugc dién ro. Gia tri nay

duoc thir nghiém nhu md ta sau ddyA, B, va C duge xac dinh 1a da vuot qua thir nghiém

nho cac dong dién ro kém nay.

A: Dién rd 1én dén 10 pA.

B+: Dién 10 13 cao hon 10 pA va 1én dén 15 pA.
B: Dién 10 1 cao hon 15 pA va 1én dén 20 pA.
C+: Dién 10 1a cao hon 20 pA va 1én dn 25 pA.
C: Dién rd 1a cao hon 25 pA va 1én dén 30 pA.
D: Dién rd 12 cao hon 30 pA va 1én dén 50 pA.
E: Dién 0 1a cao hon 50 pA.

(8) Panh gia cac dac tinh cam quang

Bing cach st dung kinh hién vi quang hoc Lambda Ace STM-602, 6 cam quang

va do phan gidi ciia mang phu dugc tao trén dia ban dan silic oxit 15,24 cm (6 inch)

duoc chudn bi boi phuwong phap duge mé ta theo muc (2)-2 va (2)-3 duge danh gia. 0
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day, lugng phoi sang dé tao mAu dudng thing va khong gian 100 um 1:1 (sau ddy luong
nay dugc goi 1a “luong phoi sang t61 wu") dugc coi 13 d6 cam quang, va c& miu t61 thiéu
sau khi phat trién véi lugng phoi sang t81 wu nay duoc coi 1a d6 phan giai. Gia tri nay
duoc thir nghiém nhu mo ta sau dayA, B, va C dugc xac dinh 1a da vuot qua thir nghiém
nho cac dd phéan giai vugt troi da chi ra nay.

A: D phan giai 12 1én dén 1én d¢én 5 pm.

B: Do phan giai la cao hon 5 um va 1én dén 15 um.

C: D6 phén giai 1a cao hon 15 pm va 1én dén 30 um.

D: D0 phén giai 1a cao hon 30 pm va lén dén 45 pm.

E: D6 phén giai la cao hon 45 pm.

Vidul
(1) Chuén bi dung dich ban dan A

Tai 0,10 g poly-3-hexylthiopen (lap ving; phin t& khdi trung binh s6 (Mn)
13.000 (sau day duoc goi 1a "P3HT"), dugc san xuét boi Aldrich Inc.) vao binh tam gidc
chira 5 mL cloroform; va sau d6, hdn hop nay dugc khudy boi cac loai séng siéu am
béng cach st dung thiét bi 1am sach béng siéu am (US-2; cong suét dau ra 120 W, duoc
san xut béi Tuchi Seieido Co., Ltd.) dé thu dugc dung dich cloroform cua P3HT. Tiép
theo, dung dich nay dugc dua vao pipet; va sau do, dung dich dugc thém nho giot vao
dung dich hén hop ctia 20 mL metanol va 10 mL axit hydrochloric 0,1 N véi lugng 0,5
mL mdi 13n dé thuc hién tai két tua. Chit rin P3HT két tha nho d6 dwoc thu gom bang
cach loc bang cac loai bd loc mang (tetrafloetylen, dugc san xuét bdi PTFE Inc.) c6
duong kinh 16 0,1 pm; va sau do, sau khi chét ran thu duoc duoc trang k¥ bé“lng metanol,
dung mdi dugc loai bd bing cac hinh thire lam kho trong chén khong. MJi quy trinh hoa
tan va t4i két ta duoc 1p lai mot 1an nita dé thu duge 90 mg P3HT da tai két toa.

Tiép theo, 1,5 mg CNT (CNT don véach; d6 tinh khiét 95%, dugc san xuét boi
CNI Inc.) va 1,5 mg P3HT da tai két ttia duoc thém vao 15 mL cloroform; va sau do,
hén hop nay dugc khudy ngudi bang d4 lanh bdi céc loai séng siéu am bang cach sir
dung thiét bi khudy déu bang séng siéu 4m (VCX-500, dugc san xut bai Tokyo
Rikakikai Co., Ltd.) co cong sult dau ra 250 W trong 30 phut. Khi thuc hién chiéu xa
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bing séng siéu 4m trong 30 phiit, quy trinh chibu xa dugc dirng mét lan, va 1,5 mg P3HT
da tai két tha dugc thém nita. Hon hop thu duge duge chiéu xa béng song si€u am thém
1 phat d& thu dugc dung dich A phan tin CNT bao gdm vat liéu ghép CNT c6 P3HT
trén it nhit mot phin cua bé mat CNT (ndng do ctia vat liéu ghép CNT trong dung moi
1a 0,1 g/L). '

Tiép theo, chuén bi dung dich ban din d tao 16p ban dan 4. Dung dich A phén
tan CNT thu dugc dugc loc béng cach s dung bd loc mang (Omnipore Membrane;
dudng kinh 15 10 pm va duong kinh 25 mm, dugc san xudt bsi Millipore Inc.) @ loai
bo vat liéu ghép CNT c6 d6 dai 10 um hozc dai hon. Bang cach thém 45 mL diclobenzen
vao 5 mL dich loc thu dugce tir @6, thu duge dung dich ban dan A (néng dd cua vat liéu

ghép CNT trong dung mdi la 0,01 g/L).
2) Chuén bi dung dich vat liéu 16p cach dién A

215,91 g propylen glycol monometyl ete axetat (PGMEA; nhiét d6 s6i 146°C)
duoc hoa tan 13,12 g (0,05 mol) 3-trimethyoxysilylpropyl anhydrit axit sucxinic (SucSi),
93,73 g (0,40 mol) 3-acryloxypropyl trimetoxy silan (AcrSi), va 109,06 g (0,55 mol)
phenyl trimetoxy silan (PheSi) va sau d6, hon hop nay duoc thém 54,90 g nudce va 0,864
g axit phosphoric trong khi khudy. Dung dich thu dugc dugc gia nhiét & nhiét do bé la
105°C trong 2 gid; va sau d6, nhiét d bén trong dugc ting dén 90°C dé chung cat hét
thanh phan bao gém chu yéu 13 san pham phyu metanol. Tiép theo, dung dich dugc gia
nhiét & nhiét do bé 1a 130°C trong 2 gid; va sau d6, nhiét d6 bén trong duge ting dén
118°C @& chung cAt hét thanh phan bao gdm chil yéu nuéc va metanol. Sau d6, dung
dich duge 1am ngudi xubng nhiét 6 phong dé thu duge dung dich polysiloxan A c6
ndng do thanh phan chit ran 1a 26,0% theo khdi luong. Can 10 g dung dich polysiloxan
A thu duogc tir @6 va tron vé6i 0,83 g PGMEA; va sau do, hdn hop thu duoc duge khqu
& nhiét d6 phong trong 2 gid dé thu duoc dung dich vét liéu 16p céch dién A (ndng do
thanh phan chat rén 1a 24% theo khéi lugng).

(3) San xuét FET

FET duoc minh hoa trén Fig. 1 duoc san xuét. Trén nén 1 1am tir thuy tinh (d6
day mang 0,7 mm), vang dugc lam bay hoi trong chan khong qua 16p phu bang céc hinh
thirc 1am bay hoi qua gia nhiét dién tr& dé tao dién cuc cong 2 c¢6 vang véi do day 1a 50

nm. Tiép theo, dung dich vét li¢u 16p cach dién A da chuén bi trude dugc phu boi cac
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loai phuong phéap phu quay (800 vong/phut trong 20 gidy) 1én trén nén 1 c6 dién cuc
cbng 2 dugc tao ra trén do. Né phu dugc gia nhiét & 120°C trong 3 phut, va gia nhiét
thém & 200°C trong dong nito trong 30 phut @& tao 16p cach dién cong 3 voi 46 day
mang 400 nm. Tiép theo, vang dugc lam bay hoi trong chan khong bang cac hinh thirc
lam bay hoi qua gia nhiét dién tr& dé dua ra d6 day mang 1a 50 nm, ma trén d6 chit can
quang (tén thuong mai "LC100-10cP"; dugc san xuét boi Rohm & Haas Co.) dugc phit
bang cac loai phuong phép phi quay (1.000 vong/phut trong 20 gidy); sau d6 1a 1am kho
bang cach gia nhiét & 100°C trong 10 phut. Mang quang dién tro da chudn bi dugc phoi
mAu qua 16p phu bang cach sir dung bg chinh 16p phu séng song song (PLA-501F, dugc
san xuAt béi Canon Inc.), dugc phét trién voi dung dich nudc tetrametyl amoni hydroxit
ELM-D (tén thuong mai; dugc san xuét béi Mitsubishi Gas Chemical Co., Ltd.) véi
luong 1a 2,38% theo khéi lugng trong 70 gidy bdi cac hinh thic phat trién @6 dén bang
cach st dung thiét bi tu dong phat trién (AD-2000, dugc san xuét bai Takizawa Sangyo
K. K.); va sau do, dugc trang bang nudc trong 30 gidy. Sau d6, mang was dugc khic
mon bing AURUM-302 (tén thwong mai, dugc san xuét boi Kanto Chemical Co., Inc.)
trong 5 phut; va sau do, duoc trang bang nude trong 30 gidy. Tiép theo, chét can dugcloai
b6 bang cach ngdm né trong AZ Remover 100 (tén thuong mai; dugc san xuit boi Merk
Performance Materials Ltd.) trong 5 phut va dugc trang bang nudc trong 30 gidy; sau
d6 1a 1am kho bang cach gia nhiét & 120°C trong 20 phut dé tao dién cuc ngudn 5 va

dién cuc mang 6.

Khd dong cta dién cuc cdng 2 12 20 um. Do rong (46 rong kénh nbi) ca ca dién
cuc ngudn 5 va dién cuc mang 6 1a 100 pum; va khoang cach (d6 dai kénh nbi) giita dién
cuc nguén 5 va dién cuc mang 6 1a 10 pm. Trén nén 1 ma dién cuc nguén 5 va dién cuc
mang 6 dugc tao ra trén do6, 400 pL dung dich ban din A d3 chuén bj truée duge nhod
béng cach str dung thiét bi phun muc (dugc san xuét boi Cluster Technology Co., Ltd.);
va sau d6, dugc gia nhiét trén tAm néng trong dong nito & 150°C trong 30 phut dé tao
16p ban dan 4, tb @6 thu dugc FET. FET thu dugc tir d6 duge danh gia tuy theo cac
phuong phép danh gia tir (3) dén (8).

Vidu?2

Can 10 g dung dich polysiloxan A dugc chuin bi theo Vi du 1; trong dung dich
ndy véi 1,04 g DPHA (dipentaerythrito]l hexaacrylat; tén thuong mai "KAYARAD",
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duogc san xuat boi Nippon Kayaku Co., Ltd.), 0,15 g OXE-01 (tén thuong mai "Irgacure",
duoc san xuét boi BASF J apan Ltd.), va 4,60 g PGMEA; va sau do, hdn hop thu duge
duoc khuéy & nhiét d6 phong trong 2 gio dé thu dugc dung dich vat li€u 16p cach dién
B (ndng d6 thanh phﬁn chét rén 14 24% theo khdi lwong). Ham lugng ctia DPHA trong
dung dich vat liéu 16p céch dién B 1a 40 phéan theo khdi lugng so véi polysiloxan véi
lwong 14 60 phéan theo khéi lugng. Ham lugng ciia DPHA trong dung dich vat liéu 16p
céch dién B 14 3,5 phin theo khdi luong so véi polysiloxan véi lugng 1a 60 phan theo
khéi lugng. Theo muc "(2)-2 Chudn bi 16p cach dién cong (b)", bang cach sit dung dung
dich vat lidu 16p cach dién B bao gdm thanh phin hiru co cam quang, 16p cach dién cong
3 vaFET duoc tao ra va danh gia theo cach giéng véi Vidu 1 ngoai trur vat liéu néu trén.

Céc vi dutir3 dén 15

Bing céch st dung céc dung dich vét liéu 16p cach dién tir C dén O duoc ligt ké
trong bang 1, dung dich ban dan A, va vat liéu dién cuc (Au), cac FET dugce tao ra va
danh gia theo cach gibng véi Vi du 2.

Vidu 16

FET duoc chuén bi va danh gia theo cach gidng v6i Vi du 10 ngoai trit viéc dung
dich vat liéu 16p cach dién P ma sir dung 3-trimetoxysilyl propylglutaricacid anhydrit
(GltSi) dugc sir dung thay cho SucSi.

Vidu 17

FET duoc chuin bi va danh gia theo cach giéng véi Vi du 16 ngoai trir viéc dung
dich v4t liéu 16p cach dién Q ma st dung 3-(3-trimetoxysilylpropyloxy)propan-1,2-
dithiol (DMrcSi) dugc st dung thay cho GItSi.

Vidu 18

FET duoc chuin bi va danh gia theo cach giéng véi Vi du 17 ngoai trix viéc dung
dich vt liéu 16p cach dién R véi ndng do thanh phan chét ran 13 24% theo khéi luong,
khéng dugc bd sung DPHA hodc OXE-01, dugc st dung.

Vidu 19

Cén 10 g dung dich polysiloxan A; va sau do, trdn dung dich nay véi 1,04 g
DPHA, 0,15 g OXE-01, 1,35 g nhdm tris(2,4-pentandionato) (tén thuong mai "Alumi
Chelate A (W)", sau ddy dugc goi la AIA (W); dugc san xuét boi Kawaken Fine
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Chemicals Co., Ltd.), va 7,53 g PGMEA. Hon hop thu dugc dugc khuéy o nhiét do
phong trong 2 gior @ thu duge dung dich vét liéu 16p cach dién S (ndng d6 thanh phan
chét rin 13 24% theo khdi luong). Ham luong ctia AIA (W) trong dung dich vat lidu 16p
cach dién S 1a 28 phin theo khdi luong so véi téng 100 phéan theo khéi luong cua
polysiloxan va DPHA. Béng cach s dung dung dich vat li¢u 16p cach dién S, 16p cach

dién céng 3 va FET duogc tao ra va danh gia theo cach giéng voi Vidu 2.
Vidu 20

L6p cach dién cbng 3 va FET duoc tao ra va danh gia theo cach giéng véi Vi du
19 ngoai trir viéc khi tao ra dung dich ban dan, chi c6 CNT duoc sit dung ma khong st
dung P3HT va dung dich nay dugc sir dung dudi dang dung dich ban din B dé tao 16p

béan dan 4.
Vidu 21

Lé6p céach dién cdng 3 va FET duoc tao ra va danh gia bang cach gidng véi Vi du
19 ngoai trir viéc khi tao ra dung dich ban dan, chi c6 P3HT dugc st dung ma khdng sir
dung CNT va dung dich nay dugc sit dung dudi dang dung dich ban din C dé tao 16p

ban dan 4.
Vidu 22

Bing céach sir dung bun din dién bao gdém thanh phan hitu co cam quang, dién

cuc dugc chuan bi bang cach nhu duge mo ta sau day.

Chai sach 100 mL dugc dua vao 20 g polyme acryl (tén thuong mai "SPCR-69X;
phan tr lugng trung binh khéi 15.000, duoc san xuét bdi Showa Denko K. K.), 4 g chét
khoi du trung hop bang quang hoc (OXE-01, dwoc san xuit boi BASF Japan Ltd.), 0,6
g chét tao axit (SI-110, duoc san xuét béi Sanshin Chemical Industry Co., Ltd.), va 10
g y-butyrolacton (dugc san xuét boi Mitsubishi Gas Chemical Co., Ltd.); va sau d6, hdn
hop nay duogc tron bang cach st dung may tron chan khdng xoay va quay vong (nhin
hidu da ding ky "Awatori-Rentaro ARE-310", dugc san xuét bdi Thinky Corp.) dé thu
duoc 46,6 g dung dich nhya cam quang (ndng d6 thanh phin chét rén 14 78,5% theo khdi
lugng). Hon hop cua 8,0 g dung dich nhya cam quang thu duge véi 42,0 g hat bac véi
duodng kinh hat trung binh 13 2 pm dugc khudy trén véi ba may can (tén thuong mai
"EXAKT M-50", duoc san xudt béi EXAKT GmbH) dé thu dugc 50 g bun Ag cam
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quang.

Bun Ag cam quang nay duoc phi 1én trén nén 1 1am tir thuy tinh bang céc loai
phuong phép in man hinh, va sau d6, dugc sy trudc trong 16 khd & 100°C trong 10 pht.
Sau do, béng cach sir dung thiét bi phoi sang (tén thuong mai "PEM-8M"; dugc san Xuét
bdi Union Optical Co., Ltd.), tién hanh phoi sang véi tht ca cac bude séng qua mang che
quang c6 mau che tuong Ung véi dién cuc c6 lugng phoi sang 1a 70 mJ/cm? (luong
chuyén ddi & bude séng 365 nm), sau d6 1a phét trién nhing trong dung dich 0,5%
NaCO3 trong 30 gidy. Sau khi trang bang nudc rat tinh khiét, tién hanh luu hoa trong
16 kho & 140°C trong 30 phut dé thu dugc dién cuc cong 2. Bang quy trinh tuong ty, tao
ra dién cuc nguén 5 va dién cuc mang 6. Lép cach dién céng 3 va FET duogc tao ra va

danh gia theo cach giéng v6i Vi du 19 ngoai trir cac quy trinh dd mo ta trén day.
Vidu23
DAu tién, chit quang sinh axit duoc tong hop bang cach nhu sau.

Trong dong nito kho, 15,32 g (0,05 mol) Ph-cc-AP-MF (tén thuong mai; duoc
san xuit bdi Honshu Chemical Industry Co., Ltd.) va 37,62 g (0,14 mol) 5-
naphtoquinondiazido sulfonyl clorua dugc hoa tan vao 450 g 1,4-dioxan. Sau khi nhiét
d6 cta dung dich thu dugc dugc thiét lap & nhiét do phong, hdn hop cia 15,58 g (0,154
mol) trietylamin v&i 50 g 1,4-dioxan dugc thém nho giot dé khong lam ting nhiét d
trong hé phan tmg dén 35°C hogc 16n hon. Sau khi thém nho giot, dung dich phan ung
duge khudy & 30°C trong 2 gid. Sau khi mudi amoni trimetyl duoc loai bd bang cach
loc, phan dich loc duge d6 vao nudc. Sau do, két tha d4 phén tach duoc thu gom bang
cach loc. K&t tha nay dugc 1am kho trong thiét bi lam khé6 chan khong dé thu duge hop
chét diazonaphtoquinon (QD-01; tir monoeste dén trimeste ctia 4-[1-(4-hydroxyphenyl)-
1-phenyletyl]-1,2-benzendiol véi axit 6-diazo-5,6-dihydro-5-oxo-naphtalen-1-sulfonic).

Tiép theo, c4n 10 g dung dich polysiloxan A; va sau do, tron dung dich nay véi
1,19 g QD-01, 1,38 g AIA (W), va 7,53 g PGMEA. Hdn hop thu duoc duoc khqu &
nhiét do phong trong 2 gir d& thu dugc dung dich vat lidu 16p céch dién Z (ndng do
thanh phan chét rén 12 24% theo khéi lugng). Ham luong ctia AlA (W) trong dung dich
vat lidu 16p cach dién Z 1a 28 phin theo khdi lugng so véi tong 100 phin theo khdi lugng
cua polysiloxan va QD-01. Bing céach st dung dung dich vt liéu 16p céach dién Z, 16p
cach dién céng 3 dugc chun bi theo quy trinh "(2)-3 Chuén bi 16p cach dién cdng (¢)";
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va sau @6, FET duge chudn bi va danh gi4 theo cach gibng véi Vi du 22.

Viduso sanh 1

FET dugc chudn bj va danh gia theo cach giéng véi Vi du 1 ngoai trir viée st
dung dung dich vt liéu 16p cach dién T ma s dung 0,45 mol 3-trimetoxysilyl
propylthiol (MrcSi) thay vi SucSi va AcrSi.

Vi du so sanh 2

FET duoc chudn bi va danh gia theo cach giéng véi Vi du 2 ngoai trir viéc su
dung dung dich vat liéu 16p cach dién U ma sir dung 0,45 mol MrcSi thay vi SucSi va
AcrSi.

Vit liéu dugc s dung dé san xuét FET trong cac vi du tir 1 dén 23 va vi du so
sanh 1 va 2 dugc tom tit trong cac bang 1 va 2, va cic két qua danh gia khac nhau dugc

toém tit trong cc bang 3 va 4.

0202
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Danh muc ky hi€u chi dan
1Nén
2Pién cyuc cbng
3L6p cach dién cong
4L6p ban dan
5Pién cyc ngudn
6Dién cuc mang

10Ang ten
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YEU CAU BAO HQ

1. Tranzito hiéu tng trudng bao gdm it nhét:

nén;

dién cuc nguén;

dién cyc mang;

dién cuc cbng;

16p ban dan tiép xuc voi dién cuc nguén va véi dién cuc mang; va

16p cach dién cdng ngan cach gifta 16p ban dan va dién cuc cong,

16p ban din bao gdm chit ban din hitu co va/hogc vét liéu cacbon, va

16p cach dién cbng bao gbm it nhit 14 polysiloxan cé don vi chu trac dugc bidu
dién bai cong thire (1):

A‘

%;@

R'n (OR%)im

theo cong thirc chung (1), R! 12 nguyén tir hydro, nhém alkyl, nhém xycloalkyl,
nhém di vong, nhém aryl, nhom heteroaryl, hodc nhom alkenyl; R? 1a nguyén tr hydro,
nhém alkyl, nhom xycloalkyl, hodc nhom silyl; m la 0 hodc 1; A! 1a nhém hitu co bao
gém it nhat hai nhom dugc chon tir nhém carboxy, nhéom sulfo, nhém thiol, nhém
phenolic hydroxy, hodc dAn xuét ctia cac nhom nay; khi dan xuét ndy la cdu tric ngung
tu vong dugc tao tir hai nhém trong sb cac nhém carboxy, nhém sulfo, nhém thiol, va
nhém phenolic hydroxy, A! 1a nhom hitu co ¢6 it nhit mot cdu tric ngung tu vong.
2. Tranzito hiéu Ung truong theo diém 1, trong d6 A! theo cong thic chung (1) 1a
nhém hitu co ¢é it nhit hai nhém carboxy hozc din xudt ctia cic nhém carboxy, hoic

nhém hitu co ¢6 it nhit mot nhém anhydrit axit dang vong.
3. Tranzito hiéu ung truong theo diém 1 hodc 2, trong do:

Al theo cong thitc chung (1) 12 nhém duge biéu dién béi cong thire (2) hodc (3)

sau day:
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COOR’
H/COOR‘

theo cong thirc chung (2), X! 12 lién két don, nhom alkylen c6 1 dén 10 nguyén
tt cacbon hodc nhém arylen c6 tir 6 &én 15 nguyén tit cacbon; R? va R* doc 14p 1a nguyén
tir hydro, nhom hitu co, hogc nhém silyl; theo cong thirc chung (3), X2 14 lién két don,
nhém alkylen c6 tir 1 &én 10 nguyén tir cacbon hodc nhém arylen c6 tir 6 dén 15 nguyén

tir cacbon.

4. Tranzito hiéu Ung truong theo mot trong s6 cac diém tir 1 dén 3, trong d6
polysiloxan bao gbm don vi cAu truc duoc biéu dién boi cong thirc chung (1) véi ti 1€ it

nhét 1a 0,5% theo mol va 1én dén 20% theo mol so v&i toan bd cac don vi cAu truc silan.

5. Tranzito hiéu Ung trudng theo mot trong sb cac diém tir 1 dén 4, trong d6

polysiloxan con c6 don vi cu tric duge biéu dién boi cong thirc chung (4) sau day:

theo cong thirc chung (4), R® 12 nguyén tir hydro, nhém alkyl, nhém xycloalkyl,
nhém di vong, nhom aryl, nhom hetero-aryl, hodc nhom alkenyl; R® 1a nguyén tr hydro,
nhém alkyl, nhém xycloalkyl, hodc nhém silyl; n 1a 0 hodc 1; B! 1a nhém hitu co bao
gbm céu triic phan tng cong dugc tao thanh giita chinh cac nhém acryl va/hodc nhom

metacryl.

6. Tranzito hiéu tng truong theo diém 5, trong d6 polysiloxan bao gbm don vi cu
trac duoc bidu didn boi cong thire chung (4) véi ti 18 it nhat 14 5% theo mol va 1én dén

50% theo mol so véi toan bd cac don vi cau trac silan.

7. Tranzito hidu ing truong theo mét trong s6 cac diém tir 1 dén 6, trong d6 16p ban

din bao gdm 6ng nano cacbon.

8. Tranzito hiéu Gng trudng theo didm 7, trong d6 dng nano cacbon bao gdm vt
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lidu téng hop 6ng nano cacbon c6 polyme lién hop dugc gén véi it nh4t mot phan bé

mét cia Ong nano cacbon.

9. Tranzito hiéu ing truong theo mot trong s6 cac didm tir 1 dén 8, trong d6 dién
cuc nguén, dién cuc mang, va/hodc dién cuc céng bao gém chit két dinh hitu co va than
din dén.

10.  Tranzito hi€u Gng trudng theo mot trong s6 cac diém tir 1 dén 9, trong d6 16p
céch dién cdng bao gdm hop chét kim loai c6 lién két gitta nguyén tir kim loai va nguyén
tlr oxy.

11.  Phuong phap san xuét tranzito hiéu ing truong theo mdt trong s6 cac diém tir 1
dén 10, phuong phép nay bao gbm:

() budc tao mau din dién 1én trén nén;

(II) budc phu dung dich bao gdm it nhit 1a polysiloxan c6 don vi chu tric dugce
biéu dién boi cong thie chung (1) 1én nén c6 miu din dién dugc tao ra trén do, sau d6
la lam kho; va

(IIT) bude phu dung dich bao gdm chit ban din hitu co va/hoic vat liéu cacbon
dé duge tiép xtc véi mAu din dién, sau d6 12 1am khb.

12.  Phuong phép san xuét tranzito hiéu ing truong theo diém 11, phuong phap nay
bao gdm:

(I) budc tao miu din dién 1én trén nén,

(II-A) bude chiéu xa mang bing dén quang hoa hoat dong qua mang che quang,
mang dugc thu bﬁng cach phu lén nén c6 mau dan dién duoc tao ra trén dé dung dich
bao gbm it nhét 13 polysiloxan c6 don vi chu truc duge bidu dién béi cong thirc chung
(1) va thanh phén hitu co cam quang sau d6 lam khd, sau d6 1a tao mau thanh khe hé
trén mAu din dién bang cach sir dung dung dich kiém,

(II-B) budc gia nhiét mau dé tao ra miu da dong ran, va

(IIT) budc phu dung dich bao g6m chét ban dan hitu co va/hodc vat lidu cacbon
dé duoc tiép xuc voi mau din dién, sau d6 1a 1am kho.

13.  Phuong phap san xuét tranzito hiéu ng truong theo diém 12, trong d6 thanh phén

hitu co cam quang bao gém hop chét tao ra gbc nho anh sang va hop chit c6 thé trung
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hop gbe.

14.  Phuong phép san xuét tranzito hiéu ing trudng theo diém 12, trong d6 thanh phan

hitu co cam quang bao gbm hop chit tao ra axit nhd 4nh sang.

15.  Thiét bj truyén thong khong day bao gdm tranzito hiéu tng trudng theo mot trong

sO cac diém tur 1 dén 10.

16.  Thé hang hod bao gdm thiét bi truyén thong khong day theo diém 15.
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