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(54) THIET BI PHAT QUANG LED LAI HOA HUU CO VA VO CO SU DUNG
CHAM LUQNG TU CDSXSE1-X
(57) Thiét bi LED sir dung cham luong tir CdS,Se; (0 < x < 1) duoc ché tao nham muc
dich tao ra anh sang phat quang c6 nhiéu mau sic khac nhau sir dung trong chiéu sang va
hién thi. Do dic diém hop kim nén cac budc soéng anh sang phat quang cé thé diéu chinh
thong qua viéc thay d6i ti 1¢ thanh phan tién chat phan ing, nhung khong lam thay doi kich
thudc cua cham luong tir. Cac thiét bi ¢6 mau sic khac nhau khi két hop véi nhau s€ tao ra
anh sang dong nhat va on dinh dya trén sy twong dong vé kich thude, higu suat phat huynh
quang va do bén ctia cac chdm lugng tir.
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Linh vye k§ thuit dwoe dé cap

Sang ché thudc linh vuc dién t va hoa vat liéu, cu thé 1a sang ché dé cap dén
thiét bi phat quang LED lai hoa hitu co va v6 co sir dung chim luong tir CdS,Sey.y.
Tinh trang k§ thuit clia sang ché

Hién nay cac thiét bi LED st dung céc loai chim luong tir c6 cac cAu tric, mau
sdc va kich thudc khéc nhau da va dang duge nghién ctru rong rai. Trén thé gidi da
c6 mot s tmg dung ctia LED st dung chdm lugng tir trong hién thi va chiéu sang,
nhung cling chi dung lai & quy md tht nghiém trong phong thi nghiém. US
20180294414 md ta quy trinh ché tao thiét bi LED sir dung cac chdm lugng tir
CdS, CdSe, ZnSe, InP, PbS, CsPbCl;, CsPbBr3, CsPbls, CdS/ZnS, CdSe/ZnS, ZnSe,
InP/ZnS, PbS/ZnS, CsPbCls/ZnS, CsPbBriy/ZnS, va CsPbly/ZnS. Cac thiét bi nay co
nhiéu uu diém nhu gam mau cao, tu chiu sang, dién ap khoi dong thap, phan ting
nhanh nén hién tai n6 1a mot huéng nghién ctru rat tiém ning va mang tinh tng dung
cao.

Céc san pham thuc té hién nay chi st dung cham luong tir 1am cic mang quang
hoc dé tao ra cac hinh anh va 4nh sang séc nét va béo hoa. Ngoai van dé vé do bén
ctia cham luong tr thi sy chénh léch kich thude va hiéu suit phat quang da gay ra
mot han ché rat 16n cho viée ung dung cua chdm luong tir trong hién thi va chiéu
sang. Céc chdm luong tir mau do thuong co kich thudce 16n, hiéu suét cao va tudi tho
dai hon so véi cac chim lugng tir mau xanh luc. Do d6 khi két hop ching véi nhau
thi cdc 4nh sang phét quang 14 khong ddng nhét, tao ra hinh anh va 4nh sang cht
lwong thap. Tai Viét Nam van chua c6 nghién ctru nao cu thé vé LED sir dung chdm
luong i, ddc biét 1a viéc 4p dung chiing trong cong nghé chiéu sang.

Do d6, van c¢6 nhu cu phat trién vé loai thiét bi phat quang LED lai héa trén:
co s¢ chdm lugng tir cho phép tao ra duoc thiét bi phat quang véi cac chdm luong

tir ¢6 kich thudc dong déu va cé phd huynh quang ting duoc hiéu sut phéat quang.

Ban chit k§ thuét ciia sing ché
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Sang ché nhim muc dich khic phuc cac nhugc diém néu trén, theo d6 béng
cach cai tién chim luong tir c6 cdu triic dang CdS,Sei véi x tir 0 dén 1 (0<x<i)
dugc boc bdi hdn hop phdi tr bao gdém tri(n-octyl)phosphine (TOP) va
hexadecylamine (HDA) d& tao ra thiét bi phat quang LED lai hoa hitu co va vo co
ddng nht ting hiéu suat phat quang.

Cu thé sang ché dé cap dén thiét bi phéat quang LED lai hoa hitu co va vo co,
trong d6 thiét bi nay bao gdm dé thiy tinh dugc phu 1én 16p dién cuc andt, 16p ban
dan loai p, 16p chdm lugng tir phat quang, 16p ban din loai n va 16p dién cuc catdt,
trong do:

- 16p dé thuy tinh dong vai trd 1am 16p nén cho phép anh sang dugc phat ra tir
16p cham lugng ti phat quang truyén ra ngoai moi trudng;

- 16p dién cuc andt trong subt duoc ché tao tir vat liéu ITO, F:SnO, (FTO),
indium ké&m oxit (IZ0), Al:ZnO, indium ddng oxit (ICO) hodc Cd:ZnO, In,O3 ¢ do
day tir 50 dén 300 nm cho phép 4nh séng truyén qua;

- 16p ban dan loai p dugc ché tao tr vat liéu N,N'-Bis(naphthalen-1-y1)-N,N'-
bis(phenyl)benzidine (NPB), tris(3-methylphenylphenylamino) triphenylamine (m-
MTDATA), poly(9,9'-dioctylfluorene-co-N-(4-butylphenyl) diphenylamine (TFB),
poly[2-methoxy-5-(2"-ethylhexyloxy)-1,4-phenylene  vinylene]  (MEH-PPV),
poly[2-methoxy-5-(3',7'-dimethyloctyloxy)-1,4-phenylene  vinylene] (MDMO-
PPV), PEDOT:PSS, poly-TPD, TPD, poly(N-vinylcarbazole) (PVK), NiO, AICuO,
hodc MoOs ¢ do day tir 10 dén 100 nm cho phép 4nh séng truyén qua;

- 16p cham lugng tir phét quang c6 chu tric CdSySevoi x tir 0 dén 1 (0<x<1)
¢6 kich thuéc khoang 8nm duoc boc bdi hdn hop phdi tir bao gdm tri(n-
octyl)phosphine (TOP) va hexadecylamine (HDA);

- 16p ban dan loai n duoc ché tao tir vat liéu Algs, ZnO, Cs,CO3, TiO,, ZrO,,
SnO, hoac TayOs;

- 16p dién cuc catdt duoc ché tao tir vat liéu LiF/Al, Al, Cu hodc Ag;
trong d6 khac biét & chd:

- cac 1op dién cuc andt va 16p dién cuc catdt c6 thé hoan ddi vi tri cho nhau

dong thoi 16p ban dan loai p va 16p ban dan loai n cling hoan d6i vi tri véi do day
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twong tmg, nhung van giit duge 16p chdm lwong tir phat quang & gitta dé tao nén ciu
trac LED nguoc; va

- 16p chadm luong tir phat quang CdS,Se; dugc téng hop bang cach ling dong
thily nhiét hdn hop bao gébm cadmium axetat trong tri(n-octyl)phosphine (TOP) va
hexadecylamine (HDA) véi hdn hop bao gdm hdn hop bot sulfua va selen trong
tri(n-octyl)phosphine dé tao chdm luong tir CdS,Sey.x ¢6 kich thuéc khoang 8nm va
dugc boc pht boi hdn hop phdi tir bao gdm tri(n-octyl)phosphine (TOP) va
hexadecylamine (HDA).

M0 ta vin tit cAc hinh vé

Hinh 1 13 hinh vé& so d6 mit cit ngang cua thiét bi phat quang LED st dung
chdm Iugng tir CdS,Ser (0 <x < 1).

Hinh 2 13 dnh chuyp kich thuéc ctia tim luong tir CdSg2Seq s st dung kinh hién
vi dién tir truyén qua (TEM).

Hinh 3 13 biéu d6 phd phat quang cta cham lugng tir CdSo2Seg,s mau cam (9)
va phd dién quang ctia thiét bi LED st dung chdm luong tir CdSp,Seps mau cam
(10).

Hinh 4 12 biéu dd thé hién su phu thudc cua mat do dong dién va d chéi vao
dién thé 4p dung.

Mo ta chi tiét sang ché

Sau day, sang ché duoc md ta chi tiét véi cac phuong an va cac vi du thue hién
cu thé c¢6 vién dan dén c4c hinh vé& di kem, tuy nhién cdc phuong an va cac vi du
thuc hién cu thé nay chi nhim lam rd ban chét cua séng ché chit khong nhim gidi
han pham vi yéu cau bao ho cua sang ché.

Sang ché d& cap dén thiét bi phat quang LED lai héa hitu co va vo co véi so db
céu tric nhu duoc d& cép trong Hinh 1. Thiét bi phat quang LED lai hoa hitu co va
v6 co theo sang ché bao gdm dé thiy tinh 1 dugc phu lén 16p dién cuc anbt 2, 16p
ban dan loai p 3, 16p chdm lugng tir phat quang 4, 16p ban din loai n 5 va 16p dién

cuc catdt 6.
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Lé6p dé thuy tinh 1 dong vai trd 1am 16p nén cho phép 4nh sang duge phat ra tir
lépch&nluqngt&[ﬂwiquang41Uuyénrangoﬁmnéiﬁuéng“AnhséngduqcUmwén
theo huéng mii tén tir [6p chdm lugng ti phat quang 4 qua I6p ban din loai p 3, qua
16p dién cuc andt 2 dé phat anh sang ra ngoai mdi truong.

Lop dién cuc andt 2 trong subt duoc ché tao tur vat liéu ITO, F:SnO, (FTO),
indium k&m oxit (IZO), Al:ZnO, indium ddng oxit (ICO) hodc Cd:ZnO, InyOs3 c6 dd
day tir 50 d&én 300 nm cho phép 4nh sang truyén qua.

Lop ban dan loai p 3 duogc ché tao tir vat liéu N,N'-Bis(naphthalen-1-yl)-N,N'-
bis(phenyl)benzidine (NPB), tris(3-methylphenylphenylamino) triphenylamine (m-
MTDATA), poly(9,9'-dioctylfluorene-co-N-(4-butylphenyl) diphenylamine (TFB),
poly[2-methoxy-5-(2'-ethylhexyloxy)-1,4-phenylene  vinylene] (MEH-PPV),
poly[2-methoxy-5-(3",7'-dimethyloctyloxy)-1,4-phenylene  vinylene] (MDMO-
PPV), PEDOT:PSS, poly-TPD, TPD, poly(N-vinylcarbazole) (PVK), NiO, AlCuO,
hodic MoOj; ¢6 do day tir 10 dén 100 nm cho phép anh sang truyén qua.

L6p chédm luong tir phat quang 4 14 16p quan trong nhét ciia thiét bi phat quang
LED lai hoa hitu co va v co. Lép chim luong tir phat quang 4 ndy c6 chu tric
CdS,Sev6i x tir 0 dén 1 (0<x<1) va c6 kich thudc khoang 8nm, duoc boc béi hon
hop phéi tir bao gdm tri(n-octyl)phosphine (TOP) va hexadecylamine (HDA).

Chim luong tir CdSiSe la cac hat tinh thé nano c6 ban kinh nhé hon hoic
gan bang ban kinh exciton Bohr va thudng c¢6 kich thude hat trong khoang tir 1 nm
dén 10 nm. Céac cham luong tir ¢6 hidu tng giam gitt lugng t va phat huynh quang
khi cac dién tir ¢ trang thai kich thich. Hon nita, cac chim lugng tir c6 céac dac tinh
phat quang doc ddo nhu phd kich thich rong, d6 ban rong ctia phd phat xa hep va
phd phét quang ¢ thé diéu chinh dwoc. Chdm luong tir 14 mot nhén t§ ing dung
tiém néng trong céc linh vuc quang phat quang va dién phat quang. Thiét bi phat
quang LED st dung chdm luong tir CdS,Sei., c6 cac mau sic khac nhau lam 16p
phat quang, chiing ndm gitta cac 16p vét liéu ban dan loai n va p va cic dién cuc.
Nguyén Iy hoat dong ctia chdm luong tir trong thiét bi LED 1a duya trén co ché dién

phét quang.
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L6p chdm lugng tir phat quang CdS,Sey., theo sang ché duoc tong hop bing
cach ling dong thuy nhiét hdn hop bao gdm cadmium axetat trong tri(n-
octyl)phosphine (TOP) va hexadecylamine (HDA) v6i hdn hop bao gdm hén hop
bot sulfua va selen trong tri(n-octyl)phosphine dé tao chdm luong tir CdS,Seix ¢6
kich thuéc khoang 8nm ddng déu va duoc boc phii bdi hdn hop phdi tir tri(n-
octyl)phosphine (TOP) va hexadecylamine (HDA). Hon hop phéi tir nay cho phép
chéng lai lién két treo gifta céc chdm luong tu nhim han ché kha nang bi von cuc,
tao su phan tan dong déu, thdng nhét trong mang mong chdm luong tir. Pong thoi
cho phép tao lién két chit chd gilta chdm luong tir va cac 16p ké cén, tao nén sy phén
b6 ddng déu cac chdm luong tir trong mang méng, gop phén gia ting kha ning truyén
dan c4c dién tir va 15 trdng nham day manh tai hop biic xa bén trong chdm lugng ti.

Lép béan dan loai n 5 duogc ché tao tir vt liéu Algs, ZnO, Cs,CO3, TiO,, Z1O,,
SnO, hodc Ta,0:s.

Lop dién cuc catdt 6 duoc ché tao tr vat lidu LiF/Al, Al, Cu hodc Ag.

Theo do, khi di¢n truong mot chiéu 7 duoc cép, dién tu chay dén catdt 6 sau
d6 dugc bom vao 16p cham lugng tir phat quang CdS,Se;.4 thong qua 16p ban dan
loai n 5. Trong thoi gian do, 13 tréng di chuyén vé dién cuc andt 2, di qua 16p ban
dan loai p 3 vao trong 16p chim lugng ti 4. Tai 16p cham lugng tir 4, dién tir va 13
tréng dugc tai hop va phat quang. Anh sang phét quang 8 phat ra ngoai xuyén qua
dé thuy tinh 1 theo huéng mii tén trén Hinh 1.

Vi du thue hién sang ché
Vi du 1. Tong hop chim liwong tiv CdS.Se;.

Dé thir nghiém san xudt thiét bi phat quang LED, tién hanh téng hop chim
lwong tir phat xa mau cam CdS,Sei (v6i x = 0,2) bang phuong phap léng dong thiy
nhiét. Tién hanh hoa tan 40 mg cadmium axetat véi 2,5 mL tri(n-octyl)phosphine
(TOP) va 0,5 g hexadecylamine (HDA) vao trong binh thily tinh 3 ¢6 chira méi
trurong khi nito. Tién hanh gia nhiét 1én dén 260°C.

Chuan bi hdn hop dung dich bao gdm 20 mg bot sulfur va 8 mg bot selen hoa
tan déu trong 1 mL tri(n-octyl)phosphine (TOP) va bom tir tir vao hdn hop ban déu

tai nhiét do 260°C néu trén. Dung dich phan tng chuyén dan sang mau vang. Tiép
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tuc duy tri phan tng trong thoi gian 6 gid va lam ngudi dén 50°C. San pham sau
phan ung dugc rira voi con metanol va quay ly tAm va cudi cling hoa tan trong dung
moi toluen.

Két qua thu dugc cac chim luong tir CdSg,Seps mau cam c6 kich thude trung
binh 14 8 nm dugc boc phti bai hdn hop phdi tir bao gdm tri(n-octyl)phosphine (TOP)
va hexadecylamine (HDA) duoc hién thi bang anh chup cia kinh hién vi dién t
truyén qua (TEM) nhu duoc thé hién trén Hinh 2.

Vi du 2. Pdnh gid khd ndng phdt sdng ciia thiét bi phdt quang LED sir dung chim
lwong tir

Thiét bi phat quang LED duoc ché tao theo so dd nhur néu trong Hinh 1 ¢6 sir
dung chidm luong tir CdSy,Sep g mau cam thu dugc tr Vidy 1. Thiét bi nay duogc ché
tao bao gém mét dién cuc andt trong sudt indium tin oxide (ITO) co chiéu day 200
nm duoc phu Ién trén dé thiy tinh. Lop bom 18 trdng day 50 nm dugc quay phu tir
dung dich chta  Poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate)
(PEDOT:PSS) c6 ndng do thé tich 14 2,4% trong nudce khir ion. Lép truyén 16 trdng
day 20 nm dugc quay phu tu dung dich chira Poly(N,N'-bis-4-butylphenyl-N,N'-
bisphenyl)benzidine (Poly-TPD) c6 néng do 1a 20 mg/ml trong clorobenzen. Lép
chdm luwong tir day 20 nm duoc quay phu tir dung dich chtta chim luong tir
CdSgSeqs trong toluen, ndng do 1 10 mg/ml. Lép truyén dién tir day 40 nm sir
dung hop chét hitu co Tris-(8-hydroxyquinoline)aluminum (Alqs). Lép bom dién tir
LiF c6 do day 0,7 nm. Cudi cung, dién cuc ca tt Al cé chiéu day 100 nm. Cac 16p
Algs, LiF va Al duoc lang dong bang phuong phap bdc bay nhiét.

Két qua thtr nghiém phd huynh quan duoc thé hién trén Hinh 3, trong d6 cho
thdy phd huynh quang 9 ciia chdm lugng tir CdSg,Seps mau cam va phd dién quang
10 cua thiét bi LED str dung chdm luong tir CdSp,Seps mau cam. Cac do ban rong
va dinh ctia phd huynh quang va dién quang do duoc khong tring nhau 13 do su phan
b6 ctia chdm luong tir trong hai méi trudng khéc nhau 13 dung dich chira toluen va

trong mang mong.
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Két qua su phu thudc ctia mat do dong dién 11 va do chéi 12 vao dién thé ap
dung dugc trinh bay trén Hinh 4. Theo két qua thu dugc cac gia tri cuc dai cia mat
do dong dién va do chéi twong tng 12 259 mA/cm? va 761 cd/m?.

Hiéu qua dat dwoc ciia sang ché

Thiét bi phat quang LED lai hoa hitu co va vo co sit dung chim lwong tir
CdS,Sei.x cho phép didu chinh budc séng anh sang phat quang thong qua su thay
ddi ty 16 thanh phan tién chit phan Gng ma khong lam thay déi kich thude ctia chim
luong tu.

Kich thudc cia chim luong tir CdS,Sei thu duge bang cach ling dong thity
nhiét hdn hop bao gdm cadmium axetat trong tri(n-octyl)phosphine (TOP) va
hexadecylamine (HDA) v6i hdn hop bao gdm hdn hop bot sulfua va selen trong
tri(n-octyl)phosphine dé tao chim lugng tir CdS,Sey. (0<x<1) ¢6 kich thudc ddng
déu khoang 8nm dugc boc pht bdi hdn hop phdi tir bao gdm tri(n-octyl)phosphine
(TOP) va hexadecylamine (HDA) cho phép tao ra chdm lugng tir dong déu véi kich
thude khoang 8nm, khong bi két tu. Diéu nay cho phép ting cudng hiéu suét lugng
tr va do bén cua cac thiét bi LED, dong bo ddi véi cac 4nh sang phat quang c6 mau

sac khac nhau.
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YEU CAU BAO HQ

1. Thiét bi phat quang LED lai hoa hitu co va vo co, trong d6 thiét bi nay bao gém
dé thay tinh (1) duoc phu Ién 16p dién cuc andt (2), 16p ban din loai p (3), 16p chdm
lwong tr phat quang (4), 16p ban dan loai n (5) va 16p dién cuc catbt (6), trong do:

16p dé thiy tinh déng vai trd 1am 16p nén cho phép anh séang duge phat ra tir
16p chdm lugng ti phat quang (4) truyén ra ngoai méi trudng;

16p dién cuc andt (2) trong subt duoc ché tao tur vat liéu dugc chon trong nhém
gdém ITO, F:SnO, (FTO), indium kém oxit (IZO), Al:ZnO, indium ddng oxit (ICO)
hodc Cd:Zn0, InyOs5 c6 do day tir 50 dén 300 nm cho phép anh sang truyén qua;

16p ban dan loai p (3) duoc ché tao tir vat liéu dugce chon trong nhéom gém
N,N'-Bis(naphthalen-1-yI)-N,N'-bis(phenyl)benzidine (NPB), tris(3-
methylphenylphenylamino) triphenylamine (m-MTDATA), poly(9,9'-
dioctylfluorene-co-N-(4-butylphenyl) diphenylamine (TFB), poly[2-methoxy-5-(2'-
ethylhexyloxy)-1,4-phenylene vinylene] (MEH-PPV), poly[2-methoxy-5-(3',7'-
dimethyloctyloxy)-1,4-phenylene vinylene] (MDMO-PPV), PEDOT:PSS, poly-
TPD, TPD, poly(N-vinylcarbazole) (PVK), NiO, AICuO; hodc MoOs c6 do day tir
10 dén 100 nm cho phép anh séng truyén qua;

16p chdm lugng tir phat quang (4) c6 cdu tric CdSSeix véi X ndm trong
khoang tir 0 dén 1 (0<x<1) c6 kich thudc khoang 8nm va dugc boc bai hdn hop phéi
tr bao gdm tri(n-octyl)phosphine (TOP) va hexadecylamine (HDA);

16p ban dan loain (5) dugc ché tao tr vat liéu Algs, ZnO, CsyCOs3, TiO,, ZrO,,
SnO; hodc Ta,03;

l6p dién cuc catdt (6) duoc ché tao tir vat lidu duoc chon trong nhom gém
LiF/Al, Al, Cu hoac Ag;
khéac biét & chd:

céc 16p dién cuc andt (2) va 16p dién cuc catdt (6) c6 thé hoan déi vi tri cho
nhau ddng thoi 16p ban dan loai p (3) va 16p ban dan loai n (5) cling hodn d6i vi tri
v6i do day tuong tng, nhung van gitt dugc 16p chdm lugng tir phat quang (4) & giita

dé tao nén cau trac LED nguoc; va
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16p chdm lugng tir phat quang CdS,Se.x dugc tdng hop bang cach 1ing dong
thity nhiét hdn hop bao gdm cadmium axetat trong tri(n-octyl)phosphine (TOP) va
hexadecylamine (HDA) v6i hdn hop bao gém hdn hop bot sulfua va selen trong
tri(n-octyl)phosphine dé tao chidm luong tir CdS,Se;x ¢ kich thudc khoang 8nm
duoc boc phu boi hdn hop phdi tir bao gdm tri(n-octyl)phosphine (TOP) va
hexadecylamine (HDA).
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HINH 1
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HINH 3
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