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TOM TAT

Trong nghién ctu nay, ching t6i s&t dung phuong phép ly thuyét phiém ham mat dé (density
functional theory) cé tich hgp vdi hiéu tng spin lugng ti (spin-orbit coupling) dé khao sat tinh
chat quang dién t clia chdm lugng ti loai Il CdTe-ZnSe thuan va chdm lugng tir c6 gén phdi ti
InF3. Chung toi da chi ra rang, khi dinh kém phdi tir InF3 vao cham lugng tit loai Il CdTe-ZnSe, phé
hap thu quang hoc thuc hién chuyén dich xanh vé viing nang lugng cao han so vdi phd hap thu
quang clia chdm lugng ti CdTe-ZnSe thuan. Khi chiing t6i cht dong téng hodc gidm khodng cach
gitra hai chdm lugng tir don bén trong chdm lugng tl loai Il thi d6 rong viing cdm clia chiing cling
tang hodc gidm tuong Ung. Dudi sy anh hudng cta phdi tir InFz, d6 rong ving cdm ctia chdm
lugng t& nay tang so véi mau cham luong ti loai Il thuan ctia ching. Bong thai, khi tang khoang
céch gitra hai cham lugng tir don bén trong chdm luong tir loai Il, phd hap thu quang thuc hién
dich chuyén dé va dinh hédp thu quang clia chdm lugng tlr loai Il 6 phdi tr InF3 dugc tang 1én
manh mé so véi cham lugng t thuan tuong ng. Két qua nghién cu nay cho thay su anh huéng
rd nét clia phdi tir InF3 trong viéc tang cudng kha nang hap thu ndng lugng Mat troi dan dén thay
déi hiéu sudt chuyén déi quang nang thanh dién nang clia cac tdm pin nang lugng mat trdi co tich
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hop cham lugng tl loai Il CdTe-ZnSe.

Tuwkhoa: cham lugng tir loai Il, CdTe-ZnSe, phéi tl InF3, pin mat troi

MG PAU

Trong nhiing ndm gin day, viéc st dung cic chim
lugng ti c6 kich thuédc tit vai nanomet dén vai trim
nanomet d€ cai thién hiéu suit chuyén ddi quang ning
thanh dién ning cho pin Mit troi da dat dugc rét
nhiéu thanh tyu déng quan tdm!~°. Nh¢ hiéu ting
giam cdm lugng ti trong ndi tai cac chdm lugng tu
hoic gitia cdc chim lugng ti lién ké®, khi cac electron
ti ving héa tri nhay 1én viing dan, mot cép electron-
16 tréng sé dugc hinh thanh. Trang thdi lién két cta
cap electron-16 tréng lam phdt quang mot “hat exci-
ton”. Nang lugng ctia hat exciton nay nhé hon d¢ rong
viing cdm cta chdm lugng ti nén viéc hinh thanh
cdc hat exciton nay gitip mé rong phd hép thu quang
hoc vé ving ning lugng thép (chuyén dich do). Diéu
nay lam ting dédng k€ hiéu suit phat quang ctia pin
Mit troi. Nhiing tinh chét dic biét nay giup cho cac
tdm pin nang lugng Mat trdi ¢ tich hgp chdm lugng
td tré nén uu thé hon so véi cac loai vat liéu truyén
thong khac’~'%. Ngoai ra, chim lugng tit con dugc
ung dung rong rai trong ky thuét ché tao cac thiét
bi quang-dién ti nhu LED hodc transitor hiéu tng
truong 12, linh vyc y sinh 1713 14716 va d3c biét 1a
may tinh lugng t 1720,

Chim lugng tl c6 chiia cac nguyén ti IV-VI chalco-
genide nhu Selenium (Se) hodc Tellurium (Te) gan

day dugc dugc nghién ctiu sau rong vé ca vé ly thuyét,
mé phong va thyc nghiém?!~%°. Chung dugc Ging
dung rong rai trong thiét bi quang-dién ti va ca trong
y hoc?227731, Céc chim lugng ti nay thudng dugc
tong hgp bing phuong phap bom 4p suit cao, nhiét
phan céc tién chit hodc dua trén phan ting khi halo-

3233 C4u tric bé mat, hinh thai hoc va

gen, ..
kich thudc cta cic chdm lugng t&t nay cé thé dugc
diéu khién cha dong bing cic ki thuat héa hoc tién
tién 3%, Ngoai cc chdm lugng t& dugc hinh thanh
tl cdc don chat, ching ta con c6 thé két hgp cac
chdm lugng t&t don thanh céc chdm lugng tt di thé,
ttt d6 chung ta c6 thé diéu khién do rong viing cdm
va phé hdp thu quang mét cach chit dong hon 364,
Céc chim lugng tu di thé thudng dugc chia thanh
ba loai gom chdm lugng tt loai I, loai II va loai IIL
Xét vé hinh théi hoc, cdc chdm lugng ti di thé thuong
dugc hinh thanh bang cach ghép cac chim lugng tui
don lai theo dang core-shell, core-crown, core-wings,
core-shell-shell,... *I=**, Bang cich nay, ching ta c6
thé dé dang tao dugc céc chdm lugng t&t di thé loai
I va loai I1*>*¢ § céc dang thi hinh khéc nhau. Dé&
phén loai chdm lugng tt di thé, ngudi ta dya vao do
chéng pht viing nang lugng ctia cdc chdm lugng tu
don thanh phan, cy thé€1a so sanh d¢ léch gitia dinh
viing héa tri (HOMO) va d4y viing din (LUMO) 474,
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Thuc nghiém da chiing to ring, chdm lugng ti loai
II gitp cai thién dédng k€ kha nang hip phu quang
vi dinh viing hoéa tri va ddy viing dan ctia hai chim
lugng tt don thanh phén so le nhau. Loai chdm lugng
td ban din nay cho phép ting cudng tudi tho cua
chung do c6 ty 1é tai t6 hop thip 36,39 Hon thé nita,
tinh chat quang-dién tl ctia cdc chdm lugng ti con
c6 thé dugc diéu khién béng cach tich hgp cac phdi
tt bé mat cha chdm lugng t giup lam ting d6 6n
dinh cdu trac va qud trinh hiéu chinh dic tinh quang-
dién tli ctia chdm lugng tl v6i cac dang thu hinh dac
biot 29:34-36,50,51 52,53

Chinh vi vay, trong nghién ctiu nay, chung toi da st
dung phuong phap m6 phong dya theo nguyén ly ban
dau dé tao ra cic chdm lugng tt di thé loai II Cdg Teg-
ZngSeg va cht dong gan phdi ti InF3 vao céc chim
lugng t& nay véi muc dich khéo sit sy anh hudng
cta phoi ti Ién tinh chat quang-dién tu cta ching.
Dua trén sy thay déi vé cdu tric viing nang lugng va
phd hdp thu quang ctia chdm lugng ti thuin va chdm
lugng tu c6 phdi tu, ching tdi ¢ thé du dodn dugc
tiém nang Ging dung ctia cham lugng tl nay trong viéc
ché tao cac vat liéu phat quang ting dung trong y sinh,
thiét bi quang-dién tt, cac thiét bi Iuu tri nang lugng
va ddc biét 1a cac tdm pin mét trdi thé hé méi.

PHUGONG PHAP TiNH TOAN

Trong nghién ctiu nay, ching toi st dung ly thuyét
phiém ham mat d¢ (DFT) dugc tich hgp trong goi
phin mém AMS2023.101°%% € xac dinh ciu tric
bén viing, khao sat tinh chit quang-dién td ctia chdm
lugng tti loai IT Cdg Teg-ZneSeg thuan va chdm lugng
ti CdgTeg-ZngSeg c6 gan phdi ti InFs. Qud trinh
t6i uu hoda cdu tric cta cac chdm lugng tu dugc thuc
hién thong qua phuong phap t6i uu hinh hoc Quasi
Newton®. Ngudng hoi tu cho cic tinh todn trudng
tu hgp dugc dit & 10~3 Hartree/A va diéu kién t6i
uu vé luc 1a 1073 Hartree. D& néng cao do tin cdy
ctia cac tinh todn Iy thuyét vé phé hép thu quang hoc
ctia cdc chdm lugng tu di ciu truc nay, ngoai phiém
ham tuong quan trao d6i xdp xi gradient téng quat
GGA duéi dang PBE”’, ching t6i sti dung bd ham
co sd triple zeta-potential (TZP) va tich hgp hiéu ting
spin-orbit coupling (SOC)®
dependent density functional theory. Thong qua viéc

va phuong phap time-

tich hgp hiéu ting SOC trong cac tinh todn ly thuyét vé
phé hdp thu quang hoc va ham dién moéi phtc, ching
t6i ¢6 thé du doan chinh xdc trang théi exciton dugc
hinh thanh trong qua trinh phat quang ctia cdc chdm
lugng tl, tuong tu nhu tinh todn gin diy ctia chung
toi vé cho vat liéu kim loai chuyén tiép Rhenium disul-
fide®”. Ngoai ra, d€ ting d6 tin ciy clia cic tinh todn
660

vé d6 rong vung cdm, phiém ham lai HSE06°" cling

dugc st dung cho cdc chdm lugng ti thudn dé doi
chiéu vé6i phiém ham PBE tich hgp hiéu ting spin-
orbit coupling.

KET QUA VA THAO LUAN

Tinh chat quang-dién t& cia chdm lugng ti
thuan

Cdu tric hinh hoc

Dé nghién ctiu tinh chit quang-dién t cta chim
lugng tt di thé loai IT CdgTeg-ZngSeg, chung tdi tién
hanh tao lap va t6i uu hoa ciu truc hai chdm lugng
ti don CdgTeg va ZngSeg. CAu hinh t8i vu héa ctia
hai chdm lugng tt don CdgTeg va ZngSeq dugc thé
hién tuong ting trong Hinh 1(a-b). O co s& clia cic
céu hinh dugc t6i uu hoéa la mot mang luc giac véi
nhém d6i xting khong gian la Dg 4 va rit phu hop véi
cdc cong bo trude 62101, Kich thudc (L) cha cac
mau chim lugng tii trong nghién ctiu dugc xac dinh 1a
doan théng dai nh4t n6i lién hai nguyén tit khéc nhau
trong mdi mau. Kich thudc ctia chdm lugng ti don
CdgTeg va ZngSeq 1an lugt 13 5,48 A va 4,72 A. biéu
nay cho théy, chdm lugng tti ZngSes c6 kich thude
nho hon CdgTeg r6 rét dit ¢ cting s6 lugng nguyén ti.
Két qua nay hoan toan phu hgp véi cic nghién ciiu da
dugc cong b6 trude day°>°3, Tit cdu hinh t5i uu héa
ctia cdc chdm lugng tt don CdgTeg va ZngSeg, chung
toi gdn phdi tit InF3 dé€ tao cdu truc InF3CdgTeg va
ZngSegInF3. Phéi tu InF3 duge gén bdi nguyén ti In
lan lugt vao nguyén ttt Te va Se clia hai chdm lugng
tli don CdgTeg va ZngSeg nhu Hinh 1(c-f). O co s6
ctia céc ciu hinh dugc t6i uu hda van dap tng la mot
mang luc gidc véi nhém d6i xting khong gian la . Kich
thudc ctia chdm lugng tii CdgTegInF3 va ZngSegInF3

lan lugt 12 9,94 A va 8,82 A.

Tinh chat dién tir

Céu truc viing ning lugng ctia cdc miu chidm lugng
tt don CdgTeg va ZngSeq thudn va ¢ gin phdi tu
InF3 dugc trinh bay nhu Hinh 2. Do trang thai nang
lugng ctia cac chdm lugng ti dugc lugng ti héa nhu
nhiing nguyén ti ¢ lap, dé théy cdu tric vung nang
lugng xung quanh muc Fermi ¢ dang dudng thing.
Do rong vung cdm dugc xdc dinh bing do léch ning
lugng tu dinh vung hoéa tri (HOMO) dén day cua
vung dan (LUMO). D¢ rong viing cdm ctia CdgTeg va
ZneSeq & trang thai co ban lan lugt1a 1,90 va 2,57 eV
(PBE+SOC va HSE06), 2,32 va 3,38 eV (PBE+SOC va
HSE06). Két qua nay ctia ching toi phtt hgp véi cac
nghién ctu trudc 6334, T gian d6 cdu tric viing
ning lugng, dé dang thdy vung cdm cta CdgTeg va
ZngSeq so le nhau, cu thé la ddy vung dan va dinh
vung hoa tri cta CdgTeg déu cao hon ZngSes. Vi
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Hinh 1: Cau hinh t6i uu héa ctia bon cham lugng ti don: CdgTeg (a),ZngSeq (b), CdgTegInF3(c, d) va ZngSegInF;
(e, f), trong d6 ¢, d va e, flan lugt la cdu hinh theo hudng nhin ti trén xuéng va nhin tir mat bén.

tri tuong d6i cua viing hoa tri va ving dan nay cho
phép céc electron di chuyén tit viing dan ctia CdgTeg
sang vung din ctia ZngSeg, trong khi 16 tréng sé di
chuyén tit viing héa tri ctia ZngSeq dén viing héa tri
ctia CdgTeg. Mac khic, cc 16 trong ctia CdgTeg 6
thé két hop véi cac dién tl clia ZngSeg tai bé mit
tiép xuc dé tao ra cdc cip electron-16 trdng sén c6 cho
hoat ddng quang xuc tac. Do d6, cham lugng ti loai IT
CdgTeg-ZngSeq ctia chung toi c6 ty 1¢ phan tach dién
tich cuc ki 4n tugng va ty 1é ti t6 hop thap. Tu do,
qua trinh két cip nay gop phén ting cudng tudi tho
ctia céc thiét bi tich hgp cic chdm lugng ti nay.
Hinh 2 ciing trinh bay cdu tric viing nang lugng ctia
cdc chim lugng tii CdgTeg va ZngSeg c6 gin phéi ti
InF3. D¢ réng ving cdm ctia cdc chdm lugng ti nay
lan luot 13 2,07 v 2,87 eV (PBE+SOC va HSE06), va
2,50 va 3,49 eV (PBE+SOC va HSE06). Dudi tac dung
cua phéi ti InF3, d6 rong vung cdm clia cdc chdm
lugng ttt don dugc ma rong khoang dudi 10%. Diéu
tha vi 13, du d¢ rong viing viing cdm dugc md rong
duéi anh hudng ctia phéi ti InF3, ciu tric viing nang
lugng cua céc chdm lugng ttt mai hinh thanh van so
le nhau. Diéu nay gitp ching t6i dé dang x4y dung
chdm lugng ti loai II CdgTegInF3-ZngSegInF3. DE
hiéu r6 vai trd ctia phéi ti trong viéc mé rong d6 rong
vung cdm, chdng t6i tién hanh phén tich lugng dién
t trao ddi gitia phdi ti InF3 va chdm lugng tu thuin
CdgTeg va ZngSeg (Bang 1). So sanh hai loai chdm
lugng ttt, mic HOMO va LUMO ctia cham lugng ttt
ZngSegInF3 giam manh hon so véi chdm lugng ti
CdgTegInF3 dic biét 1a 6 mitc HOMO. Diéu nay thé
hién qua nang lugng tuong tac 16 tréng va electron ctia
ZngSegInF3 16n hon rat nhiéu so véi Cdg TegInF3. Doi
véi tiing chdm lugng ti mic HOMO gidm manh hon
muc LUMO, thé hién r6 ban chit Z-type cta phdi ti
InF3.

Tinh chdt quang

Trong phan nay, ching t6i tién hanh khao sat tinh chat
quang ctia chdm lugng tti don thuin va chdm lugng
tti c6 gan phoi tit InF3. Phé hip thu quang hoc dugc
trinh bay trong bai bao nay dugc khao sat tit ham dién
moéi phiic nhu nhiing cong bé gan day®>%. Dya trén
phé hép thu quang, ching ta dé dang danh gid tiém
néng ting dung cta cic mau chdm lugng tl nay trong
viéc tich hgp vao cac tdm pin ning lugng mit troi thé
hé méi. Hinh 3 trinh bay phé hip thu quang ctia cac
chim lugng ttt don va chdm lugng t don c6 phdi ti.
Rat r6 rang, chdm lugng ti don ZngSeq c6 cudng do
dinh hip thu quang cuc dai gép 3,4 l4n so véi dinh
hép thu quang tuong ting cia CdgTeg. Pinh hip thu
quang ddu tién ctia chdm lugng tit don CdgTeg va
ZneSeg 18n lugt 13 2,20 eV va 2,70 eV. Gid tri nang
lugng nay tuong ting véi dich chuyén thing tit muc
LUMO vé miic HOMO-1. Dat biét la khi co su hién
dién ctia phéi t&t InF3, ph6 hip thu quang cta hai
chdm lugng t& nay dich chuyén vé viing ning lugng
cao do d¢ rong ving cdm tang. Gid tri nang lugng
tai hai dinh hap thu quang déu tién cia chdm lugng
tt c6 phdi ti hoan toan pht hgp véi do rong ving
cdm. Do do, thong qua viéc tich hgp cic phoéi tit InF3
vao chim lugng ttt CdgTeg va ZngSeg, chung ta ¢ thé
cht dong diéu khién trang thai hip thu quang ctia cac
chém lugng tt vé phia viing ning lugng cao hon (dich
chuyén xanh).

Tinh chat quang-dién ti cia chdm lugng ti
loai Il

Cdu truc hinh hoc

Duya trén cdu tric ctia hai chdm lugng t& don CdgTeg
va ZngSeg, chung toi tién hanh tao lap chdm lugng
ttt loai IT CdgTeg-ZngSeg bang cich dit chung gin
nhau va dong phéng dé chuing hinh thanh céc lién két
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Hinh 2: Cau truc vung ndng lugng cta cac cham lugng ti CdgTes, ZngSes, CdgTegInF3 va ZngSegInF3 dugc tinh
toan véi phiém ham PBE c6 tich hgp hiéu ting spin-orbit coupling. Mdic chan khong dugc dat & khong & tat ca cac

z
mau.

Bang 1: Nang lugng tuong tac electron va 16 tréng giita phéi ti InF; va cham lugng ti thuan.
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Hinh 3: Phé hap thu quang ctia cac cham lugng tlr thuan CdgTeg,ZngSes, CdgTegInF3 va ZngSegInF3
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cong héa tri. Sau khi t6i vu héa cdu truc, ciu hinh
ctia ctia chdm lugng ti loai IT CdgTeg-ZngSeg thudn
va ¢6 gan phdi ti dugc trinh bay ¢ Hinh 4 véi d 1a
khodang céch gitia hai nguyén ttt Cd va Se tuong ting
cta hai chdm lugng tit CdgTeg va ZngSeg. Cdu triic
chim lugng tu loai II CdgTes-ZngSeq ¢6 xu hudng
dan nhe sau khi t6i uu héa. Tuy nhién, cdu tric dang
luc gidc ctia cac chdm lugng tii thanh phan van dugc
bao toan, miu chdm lugng tl trong nghién ctu cta
ching t6i cho c&u hinh phtt hgp véi chdm lugng tii loai
IT dién hinh theo tinh todn dya trén ly thuyét phiém
ham mat do¢’. Tuong tu nhu cach tao lap ciu tric
chim lugng tu loai II CdgTeg-ZngSeq thudn, chim
lugng tit loai IT InF3-Cdg Teg-Zng Seg -InF3 cling dugc
hinh thanh tuong tu.

Tinh chdt dién tir

Céc tinh chit quang-dién ti ctia chdm lugng tti loai II
CdgTeg-ZngSeg phu thuc rat 16n vao khoang cach d
gitia cac chdm lugng ti don thanh phan. Néu khoang
cach nay du nho thi hiéu ting tuong tac spin sé dugc
tang cudng, lam tang dang ké cuong d6 hip thu quang
cua vat liéu. Trong Hinh 5, ching t6i trinh bay ciu
truc viing ning lugng ctia cdc mau chim lugng ti loai
IT CdgTeg-ZngSeq dugc khao st theo su tang/giam
khoang cach d gitia hai chdm lugng ti don. Chdm
luong tii loai IT CdgTeg-ZngSeq thudn & trang théi co
ban véi d = 2,62 A, chiing t6i sé ting/gidm khoing
cich dlanluot 0,1 A,0,2 Ava 0,3 A. Két qua cho théy,
khi d giam dan thi d¢ réng viing cdm chdm lugng tu
loai IT ciing gidm dén va ngugc lai. Dd rong viing cdm
clia cdc mau chdm lugng ti loai II ndy dao dong ti
1,75 eV - 1,83 eV, c6 thé tao ra phd hdp thu quang
hoc trong viing anh sang do.

V6i cac chdm lugng tit loai IT ¢6 phéi tt InF3CdgTeg -
ZneSeqInF3, két qua cho thdy su thu hep hay mé rong
d06 rong ving cdm cling phu thudc vao xu huéng ting
hodc gidm tuong ting khoang cach d gitta hai chim
lugng tt thanh phan (Hinh 6). R6 rang, chdm lugng
tu loai II InF3CdgTeg - ZngSegInF3 & trang théi co
ban cé d6 rong viung cdm vao khoang 1,97 eV, gia tri
nay thdm chi con cao hon gia tri 16n nhét & trang théi
kich thich trong mau chim lugng tt loai IT CdgTes-
ZngSeq thudn (1,83 eV). Do rong viing cdm clia cac
mau chdm lugng ti c6 phdi tli cho phép chung toi du
doén ring cac kich thich dién tt sé dugc tao ra mot
cach manh mé trong vung kha kién, tit d6 giap ting
cudng hiéu sudt chuyén d6i nang lugng cua céc loai
vat liéu nay. Két qua vé do rong vung cAm ctia chdm
lugng tli ¢é phoi ti chung toi cho két qua phu hgp
v6i cac nghién ctiu vé€ chdm lugng ti c6 pha tap trudc
dos.

Tinh chdt quang

Tuong tu nhu viéc khao sat phd hép thu quang ctia
chim lugng ttt don, phd hidp thu quang cta chim
lugng tui loai IT thudn va c6 gin phdi ttt InF3 cing dya
trén phén thuc va do ctia ham dién moi phiic. Hinh 7
trinh bay phd hdp thu quang ctia chdm lugng tu loai
II thudn. Gid tri dinh hdp thu quang hoc déu tién
ctia cdc mau phit hop véi do rong viing cdm cac mau
chdm lugng tii loai I thudn dugc trinh bay & Hinh 5
va tuong déng véi két qua trinh bay trong TLTK 4%,
Dékhio sat hiéu ting giam cAm lugng tii ctia cdc chdm
lugng tt don bén trong chdm lugng tu loai II, chung
toi khdo sdt phé hép thu quang ctia chim lugng tu
loai II CdgTeg-ZngSeq theo khoang cach d. Hinh 7
cho thdy, vi tri dinh phd & viing niang lugng thip ting
khi khoéang cach d tang, tuong ting v6i phd hip thu
quang c6 xu huéng dich chuyén vé€ viing dnh sang do
hon va dinh hép thu quang cuc dai c6 gia tri x4p xi
4601 tai muc nang lugng 1,71 eV. Khi gidm d thi dinh
phd quang & viing nang lugng thdp cé cudng do giam
déan (Bang 2).

biéu thu vi 1a duéi anh hudng cua phdi tu, sy dich
chuyén dinh quang xay ra theo chiéu ngugclai. Cu thé
la cac dinh hép thu quang c6 xu hudng dich chuyén
do khi tang khoang cach d va chuyén xanh khi giam
khoéng cach d. Hon thé niia, d6i v6i cdc chdm lugng
tt loai IT InF3CdgTeg - ZngSegInF3 cé khoang cach
d giam, sy phan bd dinh c¢6 phén cuc b hon véi su
hién dién ctia hai dinh & viing 4nh sang cam va luc.
Gid tri dinh phd hdp thu quang l6n nhat dat 4152 &
nang luong xdp xi 2,38 eV ttic viing anh sang xanh
luc trong vung dnh sdng kha kién. Hinh 8 cho thy
6 thay d6i dang ké vé vi tri dinh ciing nhu cudng do
hép thu quang khi khoang cach gitia hai chdm lugng
ttt don trong chdm lugng tit loai II ting lén. Bang 2
trinh bay chi tiét vé gia tri dinh phd hép thu quang cta
chim lugng ti loai IT c6 phdi tii. Su ton tai ctia phoi tu
InF; gitp tao ra cic trang thai phat quang exciton doi
dao hon trong chdm lugng ti loai IT Cdg Teg-ZngSeg.
Diéu nay cho thiy hiéu sudt chuyén d6i quang-dién
cla pin ndng lugng Mit troi cé tich hgp chdm lugng
tu loai II vé6i phoi tit InF3 dugc cai thién r6 nét. Két
qué nghién ctiu nay rt phu hgp véi két qua quan sat
thuc nghiém trong TLTK”® va tuong ty nhu chim
lugng tii perovskite c6 tich hgp phdi tii loai Z CsPbIz
trong TLTK”!. D& hiéu r6 ban chit clia sy ting cudng
hay giam b6t cuong do hép thu quang, chung toi tién
hanh phan tich ning lugng tuong tic dién tu electron
va 16 tréng gitia cic chdm lugng ti CdTe va ZnSe khi
c6 va khong c6 phdi tii. Bang 3 cho théy, khi CdgTeq
nhén thém dugc nang lugng 16 tréng tit ZneSeq, phd
hép thu quang thé hién sy dich chuyén do ching to
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(d)

Hinh 4: Cau hinh t6i uu héa clia caéc mau cham lugng tit loai Il thuan Cdg Teg-Zng Seg (@, b) va c6 cham lugng ti loai
I c6 phdi ti Cdg TegInF3-ZngSegInF3(c, d) 1an lugt theo hudng nhin tir trén xudng va nhin ti mat bén.
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Hinh 5: Cau tric ving nang lugng clia cac cham lugng ti loai Il CdgTeg-ZngSeg theo khodng cach d. Muc Fermi
dugc dat 6 khong
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Hinh 6: Cau trdc viing nang lugng clia cac cham lugng ti loai Il cé phoi tr CdgTegInF3-ZngSegInF; theo khoang

cach d. Muc Fermi dugc dét & khong

trang thai exciton dugc hinh thanh. Trong trudng
hgp tich hgp phéi tii loai Z InF3, do phdi tt InF3 chi
tuong tac véi electron ¢ dinh viing hoa tri, khi ZngSeg
nhéan thém dugc ning lugng electron tit CdgTeg, phé
hép thu quang thé hién sy dich chuyén do6 va cudng
d6 phd hdp thu quang dugc ting 1én ddng ké. Diéu
nay tuong dong véi viéc hinh thanh trang thai exci-
ton trong mau. Két qua nay cho théy vai tro dic biét
ctia phoi tit InF3 trong viéc cai thién hiéu sudt hdp thu
quang ctia chdm lugng tii loai II ¢6 tich hgp phoi ti va
phu hop vé6i két qua quan sat thyc nghiém dugc cong
b6 gin day’°.

KET LUAN

Chung tdi da trinh bay chi tiét cdc thong s6 cdu hinh
md phong, so sanh tinh chit quang-dién td cta cac
mau chdm lugng tt loai II CdgTeg-ZngSeq thudn va
cac mau chdm lugng ti c¢6 gan phdi ti InF3 tuong
ung. Céc két qua cho thiy, khi taing khoang céch gitia
cac chdm lugng td thanh phén thi d6 rong viing cdm
ctia cac chdm lugng ti loai II ciing ting va ngugc lai.

Hon thé nita, cdc mau chdm lugng ti loai II ¢6 phdi
ttt InF3 cho gid tri d6 rong ving cdm 16n hon cic mau
thuén tuong tGing. Ching t6i ciing chi ra ring su thay
d6i do rong ving cdm cé quan hé chit ché dén su
xudt hién cua cdc kich thich dién ti trong cic hiéu
ung quang-dién t&. Tinh chat quang dugc khao sat
thong qua phé hép thu quang da cho thdy cic mau
chém lugng ti trong nghién ctiu déu cé xu hudng
hinh thanh céc trang thai phat quang trong vung anh
sang d6 dén xanh luc. Song song do, cdc mau chim
lugng tti loai IT ¢6 phdi ti InF3 c6 dinh hdp thu quang
dich chuyén siu vao vung kha kién, cudng d¢ phat
quang dugc tang cudng va hinh thanh cac dinh tuong
doi ro nét trong vung nay. Pac biét, khi chdm lugng
tt gan phoi ti ¢6 sy thay d6i khoang cach d tuong déi
nho, cudng do hip thu quang ctia cac chdm lugng ti
nay ting 1én ro6 rét giup cai thién dang k€ hiéu suit
chuyén déi quang-dién cta vat liéu phuc vu cho cac
thiét bi luu tri va chuyén déi ning lugng nhu pin mit
troi.
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Bang 2: Dinh hap thu quang ctia cham lugng tit loai Il CdgTes-ZngSes thuan va cé phdi ti InF;

Mau

CdGTe6—Zn6Se6

CdgTegInF3-
ZngSegInF3

d-03
d-0,2

d-0,1

d+0,1
d+0,2
d+0,3
d-03
d-0,2

d-0,1

d+0,1
d+0,2

d+0,3

binh cuong do

dao dong déu tién
/Nang lugng (eV)

2129/1,63
2190/1,62
2256/1,61
2318/1,60
2337/1,57
2255/1,54
2059/1,50
2639/2,12
2451/2,10
2236/2,06
2107/2,01
2039/2,00
1998/1,90

1966/1,84

DPinh cudng do
dao dong tht hai/
Nang luong (eV)

939/1,79

635/1,76

377/1,72

2940/1,84
3456/1,80
4029/1,75
4601/1,71
1003/2,24
3475/2,38
1730/2,14
2190/2,13
2656/2,10
3044/2,05

3364/2,00

binh cuong do
dao dong thu ba/
Nang lugng (eV)

2167/1,97
2354/1,93
2548/1,88
1681/1,94
1828/1,91
1843/1,88
1731/1,85
4152/2,38
2389/2,28
2724/2,23
3192/2,19
3639/2,14

4021/2,08

Bang 3: Nang lugng tuong tac electron va 16 tréng trao d8i gilia cac thanh phan trong chdm lugng tit loai Il

CdgTeg-ZngSes thuan va cé phéi ti InF;

Mau

CdgTeg-ZngSeq

CdG Te6 InF3 -Zn6Se6 InF3

d-03
d-0,2

d-0,1

d+0,1
d+0,2
d+0,3
d-03
d-02

d-0,1

d+0,1
d+0,2

d+0,3

Ning lugng tuong tic 16 tréng
tlt Zn6Se6 ° CdgTeg (eV)

0,085
0,094
0,102
0,107
0,110
0,111
0,110
0,237
0,240
0,239
0,234
0,224
0,209

0,188

Ning lugng tuong tac
electron tii CdgTeg °

ZngSeg (eV)
0,306
0,249
0,197
0,150
0,108
0,071
0,038
0,267
0,304
0,343
0,381
0,420
0,457

0,492
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Hinh 8: Phé hap thu quang ctia chdm lugng tur

DANH MUC TU VIET TAT

DFT: density functional theory

AMS: Amsterdam Modeling Suite

ADF: Amsterdam Density Functional
TZP: triple zeta-potential

SOC: spin-orbit coupling

GGA: generalized gradient approximation
PBE: Perdew — Burke — Emzerhof - 1996

XUNG POT LOI iCH
Cac tac gia dong y khong co bat ky xung dot lgi ich
ndo lién quan dén cac két quéa da cong bo.

PONG GOP CUA TAC GIA

Nguyén Thi Bao Trang viét ban thao bai bdo va phan
tich két qua mo phong

Nguyén Vo Anh Duy tao m6 hinh, thuc hién céc thao
tac mo phong, xti Iy két qua mé phong

Nguyén Vin Phim phan tich két qua m6 phong
Pham Vi Nhét kiém chuing lai cdc két qua tinh toan
Déng Minh Triét 1én y tudng va chiu trach nhiém
chinh ctia nghién ctu, kiém chiing lai cdc két qua tinh
toan, chinh stia va ndp ban théo bai bao
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Optoelectronic properties of small type Il CdTe-ZnSe quantum
dots passivated by InF; ligands

Nguyen Thi Bao Trang’, Nguyen Vo Anh Duy’, Nguyen Van Phim?, Pham Vu Nhat?, Dang Minh Triet?>"

[Ehae
”E@f“@'g:} ABSTRACT

T In this study, we employ first-principles methods with density functional theory including the
spin-orbit coupling effect to investigate the optoelectronic properties of pristine and InF3-ligand-
Use your smartphone to scan this assisted CdTe-ZnSe type Il quantum dots. We show that when attaching InFs ligands to type |I
QR code and download this article CdTe-ZnSe quantum dots, the optical absorption spectra of these dots is red-shifted towards the
lower energy range with respect to that of the pristine CdTe-ZnSe quantum dots. When we actively
increase or decrease the distances between the two single dots inside a type Il quantum dot, their
band gaps also increase or decrease accordingly. Upon attaching InFs ligands, the band gap of this
quantum dot performs a small blue shift compared to the corresponding pristine quantum dot
sample. By increasing the distances between the two interior CdTe and ZnSe portions inside the
CdTe-ZnSe dots, due to the charge transfer from the ligands to the interior portions, the absorp-
tion spectra exhibit a red-shift with a significant increase of the absorption intensity with respect to
the case of the pristine type Il quantum dots. The results demonstrate the essence of InF3 ligands
to enhance the light absorption capacity resulting in improving the light-to-electricity conversion
efficiency of solar panels embedding CdTe-ZnSe type Il quantum dots.
Key words: type Il quantum dots, CdTe-ZnSe, InF3 ligands, solar cells
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