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TOM TAT

Trong nghién ctiu nay, ching téi st dung phuong phap ly thuyét phiém ham mat dé (DFT) véi
phiém ham tuong quan trao ddi xap xi gradient téng quét Perdew-Burke-Emzerhof (PBE) dé khao
sat tinh chat quang dién t clia cham luong t& phosphorene xanh thuan va khuyét tat dang don.
Nghién cu da chi ra rang cham lugng ti phosphorene xanh thé hién tinh chat ban dan vai do
réng ving cam xap xi 2,56 eV - 2,80 eV va cé xu huéng gidm khi tdng kich thudc chdm lugng t.
Khi c6 su xuét hién cla khuyét tat don, do réng viing cdm cla cham lugng t nay gidm dang ké
so vai vat liéu thuan tuong tng. Béng thai, trong cdu tric vung nang lugng clia cac mau khuyét
tat don, ching toi quan sat dugc su xuat hién cta vach nang lugng trung gian (vach polaron) &
gan muc Fermi. Cac vach nang lugng nay thé hién su giam cam dién tir dia phuong do sy mat
can bang dién t clia trang thai khuyét tat gay ra. Hé s hédp thu quang ctia cham lugng ti khuyét
tat tang 1én dang ké trong vung anh séang kha kién. Su xuét hién ctia vach polaron trong trong
c4u trdc vung nang luong dan dén su hinh thanh dinh phé quang hoc mdi trong viing dnh sang
kha kién. K&t qua nghién cliu nay cho thdy su anh hudng rd nét clia khuyét tat trong viéc thay ddi
hiéu suat chuyén déi nang lugng clia cac tdm pin nang lugng mat trai co tich hgp chadm lugng tur

phosphorene xanh.

Tuwkhoa: cham lugng t, phosphorene xanh, té bao nang lugng mat troi

MG PAU

Vat liéu hai chiéu dau tién dugc biét dén 1a graphene
don 16p dugc gidi thiéu boi Geim va Novoselov nam
20041, Graphene s¢ hitu nhiing tinh néng co, nhiét,
dién dic biét nhd cdu tric t6 ong luc gidc doi xing
dién hinh. C4u tric bén viing ctia graphene (kha ning
chiu nhiét va bién dang tét) hita hen kha ning ting
dung loai vét liéu nay cho nganh cong nghiép ban dan
von cht yéu dya vao céc vét liéu silicon dioxide. Tuy
nhién, do graphene don 16p khong c6 d6 rong viing
cdm nén viéc ting dung loai vét liéu nay vao nganh
codng nghiép bén dan tré nén phic tap hon. Trong
nhiing nam gin day, cic nghién ctu vé vat liéu hai
chiéu (2D) dugc dac biét chd y ca trong tinh toan ly
thuyét 1an thuc nghiém nhu boron nitride2, Mo$, 3,
silicene®...

Nim 2014, vatliéu phosphorene den 1an dau tién dugc
tach 16p thanh cong ti vét liéu khéi” va dugc nghién
ctiu kha chi tiét nhim tich hgp trong céc thiét bi tran-
sistor truong (field effect transistors — FET) va céc
thiét bi quang dién t*’. Song song d6, cAc mé phong
nhiét dong hoc phan ti vé cic qud trinh chuyén pha
cho thay, ngoai cdu truc phosphorene den, phospho-
rene con ton tai & nhiéu dang thit hinh khéc nhau®’
va trong do, c4u tric phosphorene xanh (BlueP) dugc

xem 14 cdu tric 8n dinh nhat>!°. Nim 2016, Zhang
va céc cong su da téng hop thanh cong BlueP bing
phuong phép ling dong chtim tia phén ti phospho-
rene den trén d€ Au (111) !1713, BlueP ciing dugc dy
dodn sé trd thanh mot Ging cl vién sang gid cho loai
vétliéu ban dan thp chiéu véi hang loat cac iing dung
tiém nang trong thiét bi nano quang dién tu trong
tuong lai gan '*~17. BlueP c6 c4u tric t8 ong luc gidc
dién hinh tya graphene nhung BlueP vugt troi hon
graphene vé kha ning truyén dan dién tt véi do rong
viing cim x4p xi 2,0 eV°. Déng thoi, nhd c4u hinh ¢6
dd mép mo cao trong khong gian, d6 linh dong dién
ttt cia BlueP t6t hon nhiéu so véi graphene, vugt hon
10% cm?-V~1.s7! va c6 kha niing thay déi ro nét dudi
cac tac dong 1én cdu truc nhu bién dangu’ls, dat biét
1a cac khuyét tat 1920,

Hon thé niia, ndm 2015, Zhang va cong su da tao
nén budc dot pha véi viéc téng hgp thanh cong chim
lugng tii phosphorene den?!. Chim lugng tl nay c6
cac ddc tinh dién t va quang hoc vugt tri da dugc
khai théc cho cac thiét bi ghi nh62!, céc cAm bién khi
va do 4m?2h22, ciing nhu viéc ting dung vao cac liéu
phép quang nhiét diéu tri>*. Theo cic nghién ctiu da
dugc cong bé trude do, khuyét tat trong vat liéu chdim
lugng ti c6 thé 1am thay d6i d6 rong viing cdm cua
chim lugng tit ZnO?* cling nhu dich chuyén phé hip

Trich dan bai bao nay: Tri€t D M, Duy NV A, Trang N T B, Tudn T Q, Binh V A. Nghién ctu tinh chat
quang-dién ti cia cham lugng ti phosphorene xanh dua trén nguyén ly ban dau. Sci. Tech. Dev. J. -
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thu quang clia chdm lugng tit graphene . Tinh cht
quang dién tli ctia vat liéu chdm lugng ti BlueP c¢6 kha
nang dugc diéu khién thong qua khuyét tat: Mot diéu
phai thiia nhén la trong qua trinh ché tao vat liéu thap
chiéu, khuyét tit la diéu khong thé tranh khoi. Trong
ky thuét, cac khuyét tat c6 thé dé dang dugc tao ra
béng cach chiéu xaion hodc dién i 1én bé mat vétliéu,
céc khuyét tat nay cé thé dugc diéu chinh moét cich
cht dong cho nhiing muc dich ting dung khac nhau.
Diéu tha vi 1a khuyét tat dugc cho la c6 y nghia hon
trong cic ciu tric nano thdp chiéu?®?’. Sy thay déi
tinh chat quang dién tt do khuyét tat c6 thé gop phéan
lam ting cudng hiéu sudt chuyén déi ctia cac thiét bi
dién ti, ddc biét 1a cac tdm pin ning lugng mat troi
chim lugng t&t. Chinh vi vdy, trong nghién ctiu nay,
ching t6i da chu dong tao ra cac khuyét tat dang don
dékhao sat sy anh hudng ctia khuyét tat [én tinh chét
quang-dién tif ctia chdm lugng ti phosphorene xanh.
Duia trén sy thay déi ctia phé hép thu quang hoc cua
chim lugng ti phosphorene xanh thuan va khuyét tat
don, ching t6i c6 thé duy dodn dugc kha ning tng
dung ctia chdm lugng ti phosphorene xanh trong viéc
ché tao cac tdm pin mat trgi thé hé méi.

PHUONG PHAP TiNH TOAN

Trong nghién ctiu nay, ching tdi st dung ly thuyét
phiém ham mét d¢ (DFT) dugc tinh hgp trong phan
mém VASP %29 @€ nghién ctiu tinh chat quang dién
tl ctia chdm lugng tl phosphorene xanh. Ching t6i
sti dung phiém ham tuong quan trao d6i xdp xi gra-
dient t6ng quat GGA duéi dang PBE>? € t6i uu hoéa.
S8 k-point dugc chon trong viung Brillouin 1a diém d6i
xting Gamma, ngudng héi tu cho cac tinh toan truong
tu hop duge dat & 1073 eV/ nguyén tu va diéu kién t6i
uu vé lyc Hellmann - Feynman tdc dong 1én nguyén
tli nho hon 0.01 eV/A. Chung tbi khao sat bdn chim
lugng tti BlueP thuén (BluePQD thuén) v6i hinh dang
va kich thudc khac nhau va b6én chdm lugng ti BlueP
khuyét tat dang don (BluePQD-SV) tuong ting véi
bén méu thuan. Bon ciu hinh BluePQD thudn gom:
hinh tam gidc nho, tam gidc 16n, hinh thoi va luc gidc
16n v6i téng s& nguyén t tuong ting clia méi mau
la 34, 44, 48 va 60. Tit cd cdc mau BluePQD thuin
va BluePQD-SV trong nghién ctiu nay déu dugc thu
dong bién bang cdc nguyén ti hydro nham trung hoa
céc lién két tu do.

KET QUA VA THAO LUAN
Tinh chat quang dién ti ctia cham lugng ti
phosphorene xanh thuan

Cdu tric hinh hoc

Céc ciu hinh cta BluePQD thuén sau t6i wu dugc
trinh bay nhu Hinh 1, cic qua cdu mau hdéng nhat
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dai dién cho céc nguyén ti hydro gidn & bién va cac
qua cdu mau tim tugng trung cho cac nguyén tti phos-
pho. BluePQD c6 cdu truc dang t6 ong gdp khic, dong
nghia céc nguyén tt phospho trong cdc mau nghién
ctiu khong déng phing, diéu nay dé nhén thdy hon
khi quan sat mau tit mat bén (Hinh 1).

Sau khi dugc t6i uu hda, hinh dang va kich thuéc ctia
cdc mau thay d6i khong diang ké, do dai lién két trude
t6i wu ctia P-P 12 2,40 A, sau t6i vu lién két P-P ¢ xu
huéng gidm va d6 dai lién két P-P vao khoing 2,25 A.
DPuong kinh mau (d) trong nghién ctu dugc xdc dinh
12 doan thing dai nhat néilién hai nguyén tt hydro bt
ki (Bang 1). Kich thudc cdc miu BluePQD dugc dinh
nghia theo dudng kinh ctia mau. Bang 1 cho thiy,
kich thudc ctia chdm lugng tli nhin chung ting khi
s6 lugng nguyén ti trong chdm lugng ti ting. Tuy
nhién, s6 lugng nguyén ti trong chdm lugng ti khong
phai la thong s6 quan trong nhéit d€ xac dinh kich
thudc ctia chdm lugng ti. Hinh thai hoc cia chim
lugng ti la yéu t6 cht dao anh hudng dén kich thude
ctia chim lugng ti. Cu thé la, BluePQD P30H14 c6
s6 lugng nguyén tit P nho hon nhiéu so véi BluePQD
P42H18 nhung lai ¢6 dudng kinh chdm lugng tt gdn
tuong dong nhau.

Tinh chdt dién tir

Do rong viing cdm va cdu tric vung ning lugng ctia
cdc mau BluePQD thuén dugc trinh bay 14n lugt nhu
trong Bang 1 va Hinh 2. BluePQD thuén c6 tinh ban
dan v6i do rong viing cim x4p xi 2,56 eV - 2,80 eV, 16n
hon gia tri khoang 2,0 eV ctia BlueP thuan hai chiéu
da dugc cong b trude d6 %1, Nhin chung, & trang
thai co ban, d6 rong viing cdm ctia cdc mau BluePQD
thudn giam khi kich thudc ctia ching dugc ting 1én.
Diéu nay phu hgp véi ly thuyét vé chdm lugng ti va
clia mot s6 loai vatligu khac3!=°. Canluuy ring, c6 2
xu huéng thay d6i d6 rong viing cdm theo kich thuéc
ctia chdm lugng t: & trang théi co ban, d6 rong viing
cém sé giam khi kich thuéc ctia chdm lugng ti ting.
Tuy nhién, & trang thai kich thich, d6 rong viing cam
sé tang khi ting kich thudc ctia chdm lugng ti. Do
rong vung cdm ctia chdm lugng tt & trang thai kich
thich nho hon d¢ rong nay & trang thai co ban nén du
xu huéng d6 rong ving cdm & trang thai kich thich
thay d6i ngugc lai 6 46 rong & trang thdi co ban, haixu
hudng thay d6i nay hoan toan khong méu thuan 1an
nhau. Sy thay d6i d6 rong viing cdm nay da dugc kiém
chiing & chdm lugng tt graphene pha tap Nitrogen
bing thyc nghiém *® va m6 phong DFT?.

Tinh chdt quang
Hé s6 hép thu quang ctia vat liéu 1a két qua ctia qud
trinh chuyén dich céc vach ning lugng tryc tiép tu
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(a) (b) (c) Y/t
X

Top view

P22H12 P30H14 P33H15 P42H18

Hinh 1: Cau hinh t6i uu héa ctia cdc mau chdm lugng ti phosphorene xanh thuan. Hinh (a) va (c) lan lugt la cac
cdu hinh chdm lugng tir thuan hinh tam gidc nhé va Ién, (b) va (d) 1an lugt 1a cac cau hinh ctia chdm lugng té thuan
hinh thoi va luc giac I16n.

Bang 1: Kich thuéc va d6 réng viing cdm ctia cham lugng tir phosphorene xanh thuan.

BluePQD P22H12 P30H14 P33H15 P42H18
d(A) 12,28 17,53 15,49 17,52
Do rong viing cdm (eV) 2,80 2,66 2,65 2,56
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Hinh 2: C4u trdc viing ndng lugng cla cac chdm lugng ti phosphorene xanh bén viing & trang thai thuan va
khuyét tat dang don. Muc Fermi dugc dat & khong.
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ving dan xu6ng vung héa tri, dugc tinh toan thong
qua ham dién moi phitc. Néu nhu phan do ctia ham
dién moi phuic cho biét gid tri vach nang lugng chuyén
doi tuong ling gitia viing dan va viing hoa tri thi phin
thuc ctia ham dién moi phtic sé cho ta biét cic trang
théi kich thich plasmon (néu c6) ctia vat liéu & tin s6
séng ban d4u (tin s6 song bing khong). Khi vat liéu
¢6 tinh chat di hudng, ning lugng kich thich theo cac
phuong khac nhau sé cho d6 thi hdp thu quang khac
nhau. Trong phan nay, chung t6i khao sat hé s6 hap
thu quang ctia cdc mau BluePQD thuédn theo mot ham
ctia ning lugng photon t4i trén ca hai phuong x va y
(Hinh 3). Do c4u truc d6i xting khong gian khd cao
ctia cdc mau BluePQD thuén, nhin chung, hé s6 hip
thu quang trén hai phuong x va y ctia mau BluePQD
thudn c6 sy khéc biét khong qua 16n: dinh hdp thu
quang cao nhat déu ¢ vung nang lugng cao khoing
5,0 eV - 5,4 eV (ving UV-C).

Xét theo ca hai phuong x va y, cdic mau BluePQD
thuin nhay quang va phd hdp thu quang trai dai tu
vung tt ngoai dén vung hong ngoai gan. Tuy trong
ving UV-A va danh sang kha kién c6 xuét hién mot
vai dinh hép thu nhung cac dinh nay hau nhu khong
rd nét. Mau P22H12 c¢6 dinh hdp thu quang cao nhit
vio khoang 7,310* cm™! & ning lugng x4p xi 5,4 eV
va su hdp thu quang c6 xu hudng ting dan ti ving
dnh sdng d6 dén anh sang tim trong toan viing dnh
sang kha kién. Mau P42H18 c6 dinh hép thu cao nhit
khoang 57104cm ™! & néang lugng x4p xi 4,7 eV, dinh
nay dich chuyén gin hon vé vung dnh sang kha kién
s0 v6i cac mau con lai. Hon thé niia, mau luc gidc 16n
nay cho thdy xu hudéng hip thu quang & ving ning
lugng thdp vugt trdi v6i su hinh thanh céc dinh con
trong ving UV-A ciing nhu viing anh sang kha kién,
dic biét 1a dinh hép thu quang gan dat 1,010* cm~! &
muc nang lugng 2,7 eV. Két qué quang phd hip thu
nay tuong dong véi két qua ctia Si Zhou va cac CS 33,
Tinh chat quang dién ti cia cham lugng ti
phosphorene xanh khuyét tat

Cdu tric hinh hoc

Dénghién ctiu sy anh hudng ctia khuyét tit dang don
1én hinh théi hoc, cdu tric quang dién tl ctia chim
lugng tt BluePQD, ching t6i tién hanh thay thé mot
nguyén tt phospho bing mot 16 tréng. Hinh 4a-d
trinh bay cc vi tri khuyét tat don kha di con Hinh 4e-
f thé hién ciu trdc t6i uu bén viing cta tiing chim
lugng ti tuong ting. D€ so sanh d§ bén viing cha cic
cdu trac khuyét tit nay, chung toi tién hanh t6i uu héa
cac chdm lugng tt BluePQD & tét ca cac vi tri kha di
va so sanh ning lugng hinh thanh cta cic chdm lugng
tl nay. Nang lugng hinh thanh khuyét tit SV dugc
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tinh todn theo bidu thic '8, v6i va l4n lugt 12 téng
nang lugng cta BluePQD-SV va BluePQD thuén, 1a
néang lugng ctia mét nguyén tt phospho trong mau
BluePQD thuén. Bang 2 trinh bay kich thudc va nang
lugng hinh thanh ctia cdc mau khuyét tit don dugc
mo ta trong Hinh 4a-d. Gid tri duong ctia nang lugng
hinh thanh chiing té cdc mau khuyét tat don kém bén
viing hon cdc mau thuin tuong ting. Diéu nay tuong
dong véi nghién ciiu gan day ctia Xu va cac CS3°. Mau
c6 gia tri ning lugng hinh thanh nho nhét chinh 1a
mau khuyét tat c6 xac sudt hinh thanh cao nhét, hay
néi cach khac 1a mau khuyét tat bén viing nhét. Diéu
thu vi 13, cdc mau c6 vi tri khuyét tit cang di sdu vao
tam ctia chdm lugng t thi cang bén viing (gid tri ndng
luong hinh thanh cang nho). Kich thudc ctia chdm
lugng tli cing cang nho khi miu cang bén. Khi cé su
xudt hién khuyét tat, cdu hinh ctia cic mau BluePQD-
SV théhién sy méit d6i xting (Hinh 4), dan dén sy thay
d6i tinh chét quang dién ti so v6i BluePQD thudn.

Tinh chdt dién tr

Bang 2 va Hinh 2 cho thdy d¢ rong ving cim clia
cdc mau BluePQD-SV gidm 16 rét so v6i cic mau
BluePQD thuan tuong tng. D¢ rong viing cim dugc
xéc dinh bang khoéng cach ning lugng tit dinh vung
héa tri dén ddy cua vung dan. Dinh viung héa tri
dugc danh ddu bing vung t6 mau xanh trong Hinh 2.
by viing dan dugc xdc dinh ti cac vach nét dit phia
trén muc Fermi. Gian d6 c4u tric viing ning lugng
xung quanh muc Fermi c6 dang dudng théng ching
t0 nang lugng cta electron bi lugng ti hoa, dan dén
céc electron nay ton tai nhu mot nguyén tu co lap.
Diéu dic biét 13, trong ciu tric vung nang lugng &
trang thai khuyét tat don, tit cd cdc mau khao sit déu
6 su xudt hién cac vach nét dit mau do gan véi muic
Fermi va cach xa cdc vach ning lugng khéc trong viing
dan. Diéu nay thé hién cic vach nang lugng nay dugc
giam cim trén vung dan ctia vét liéu hay con dugc
goi la cac “hat nang lugng polaron” hay 1a cac “gia
hat” (quasi-particles). Cac hat polaron nay nim trén
vung dan nén dugc goi 1a cac polaron duong. Céc hat
polaron nay dugc hinh thanh boi sy mat can béng
dién t& xung quanh vi tri khuyét tit do cac hat tai
(charge carriers) va sy léch mang dia phuong (self-
induced distortion) gay ra“’. Cu thé 13, khi thay thé
mot nguyén ti phospho bing mot 16 trdng, 16 tréng
nay sé chiém chd vi tri cia nguyén tit phospho ban
dau, cac nguyén ti phospho xung quanh 16 tréng sé co
cum lai béi luc hit Coulomb lam cho cac nguyén tu
phospho xung quanh sé c6 su léch mang dia phuong
(local distortion). Khi d6, hat polaron duong dugc
hinh thanh. Céc trang thai polaron méi xuét hién
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Hinh 3: Hé s6 hdp thu quang ctia chdm lugng t& phosphorene xanh thuan trén hai phuong x va y. Vung dugc to
mau luc va mau cam Ian lugt biéu thi cho viing dnh séng kha kién va ving UV-A.
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Hinh 4: C4u hinh t6i uu héa ctia cham lugng tir phosphorene xanh khuyét tat. Hinh (e) va (g) lan lugt la cac cdu hinh
chdm lugng t& khuyét tat hinh tam gidc véi hai kich thudc khac nhau, (f) va (h) 1an lugt |a cac cau hinh BluePQD-SV
hinh thoi va luc giac I6n. Nguyén t& phospho bi khuyét tai nhimng vi tri trong dudng tron dit khidc mau do.

Bang 2: Kich thudc, nang lugng hinh thanh khuyét tat va dé rong vung cdm ctia cac chdm lugng tir
phosphorene xanh khuyét tat don. Cac gia tri trong mai ct, tir trai qua phai, tuong ng véi vi tri khuyét tat &
Hinh 4 theo thi tu tir nhé dén I6n.

BluePQD-SV P21H12 P29H14 P32H15 P41H18
d(A) 12,61/12,5 17,94/17,68/16,52 15,67/15,55 17,74/17,65
Ef (eV) 1,92/1,83 1,94/1,89/1,40 2,19/1,91 2,31/2,26
D6 rong vung cim  0,65/0,63 0,47/0,62/1,14 0,46/0,61 0,52/0,72
(eV)
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nay cé vai tro quan trong trong viéc diéu khién qua
trinh khuéch tdn cta cac hat tai dién ty do trong cac
chdm lugng tl cling nhu trong cic vat liéu pin thé hé
méi*’. Déi véi vat liéu nhay quang, cac vach polaron
nay cing dy dodn sy xuét hién ctia cac vach phd hip
thu quang mdi trong ving nang lugng thép.

Tinh chdt quang

Chung t6i tiép tuc khdo sat sy anh hudng ctia khuyét
tat don dén kha ning hip thu quang ctia cic mau
BluePQD-SV. Hinh 5 cho thdy ring d6 thi hdp thu
quang cua chidm lugng td thuin va chdm lugng ti
khuyét tat don tuong dd6i tuong dong nhau va dinh
hép thu quang cua chidm lugng tt khuyét tat nhin
chung (trtt mau P29H14-SV) thip hon dinh hip thu
quang ctia chim lugng ti thudn (Hinh 5 va Bang 3).
Tuy nhién, khi d&i chiéu cdu tric t6i vu cua cac chdim
lugng ti khuyét tat don (Hinh 4) va cac dudng cong
biéu dién cho sy hép thu quang ctia cdc miu nay
(Hinh 5), chiing ta dé dang nhén ra diém tha vila hé s6
hap thu quang ctia mau P29H14-SV dugc tang cuong
dang k€ (Bang 3) khi cdu truc t6i uu cta chdm lugng
tt thé hién tinh bat ddi xiing hinh hoc 16 nét. So véi 3
mau chdm lugng t con lai, mdu P29H14-SV thé hién
su bat doi xiting trén ca hai phuong x va y. Ddc biét,
trén phuong y, mau P29H14-SV thé hién su mdp mo
rd nét (Hinh 4). Chinh vi véy, dinh hdp thu quang hoc
trén phuong y ting 1,8 1an so vé6i dinh hdp thu quang
ctia mau thudn tuong tGng (Bang 3). Tham chi, trong
vung tl ngoai, & miic ning lugng photon 3,4eV, hé
s6 hép thu quang trén phuong y ctia P29H14-SV ting
2,8 1an so v6i hé s6 hép thu quang ctia miu P30H14.
Diéu nay cho thdy, hinh thai hoc ctia chdm lugng ti
quyét dinh kha ning hép thu quang ctia vét liéu.

Xét vé mdt kich thudc, BluePQD-SV ¢6 s6 lugng
nguyén tt P cang 16n thi phé hép thu quang c6 xu
huéng dich chuyén vé€ vung quang phd nhin thdy
nhiéu hon. Tuy nhién, nhu phan tich & trén, cuong
do dinh hdp thu quang khong phu thudc vao kich
thudc ctia chdm lugng ti ma cht yéu phu thudc vao
hinh théi hoc cta ching. Cu thé la, trong khu vuc
anh sang nhin thdy va ving t ngoai, vi cing mot
hinh thai hoc, mau tam gidc nho P21H12-SV va tam
gidc 16n P32H15-SV ¢ phé hép thu quang gan nhu
tuong dong nhau. Trong bén méiu chidm lugng ti
dugc nghién ctiu, mau P42H18 ¢6 s6 lugng nguyén
tt P nhiéu nhdt va cing 12 mau chim lugng t nhay
quang nhat nhung khi c6 sy xudt hién ctia khuyét tét,
hé s6 hép thu quang cia miu P41H18-SV gin nhu
khoéng c6 sy khéc biét rd nét so véi cic mau con lai,
tham chi, hé s6 hip thu quang ctia P41H18-SV con
kém hon mau P29H14-SV. Két qué nay cho thdy kich

2136

thudc cta chdm lugng tt khong phai 13 yéu té quyét
dinh cho kha ning hép thu quang cta vt liéu phos-
phorene xanh khuyét tat don.

KET LUAN

Chung t6i da trinh bay chi tiét cac thong s6 cdu hinh
md phong cho tit c& cdc mau BluePQD thuin va
BluePQD-SV, tinh toan d¢ rong vung cim va hé s
hép thu quang. DPong thoi so sanh céc tinh chét
quang dién tt clia cic mau BluePQD thudn va cac
mau BluePQD-SV tuong ting. Céc két qua cho thiy,
khi tdng kich thudc ctia cidc chdm lugng ti thi do
rong ving cdm cta ching giam nhung d6 chénh léch
khong dang ké. Tuy nhién, cdc mau BluePQD-SV cho
gid tri d6 rong vung cdm thdp hon cdc mau BluePQD
thudn tuong ting khoang 4 14n. Chung tdi cling chi ra
rdng sy thay d6i do rong vung cdm c6 quan hé chit
ché dén sy xuét hién ctia cac hat polaron duong trong
cac chdm lugng tu khuyét tit don. Tinh chat quang
dugc khao sat thong qua hé s6 hip thu quang theo
ham néng lugng ctia photon t6i cho thdy tdim mau
chidm lugng tl trong nghién ctiu déu rat nhay sang,
chuing c6 kha nang hép thu quang tit viing UV-C dén
vung anh sang kha kién va c6 xu hudng hap thu vugt
troi & viing UV-C. Song song d6, cdc mau BluePQD-
SV ¢6 dinh hdp thy quang dich chuyén vé ving UV-
A ciing nhu ving anh sang kha kién, hé s6 hip thu
quang dugc ting cuong va hinh thanh cic dinh tuong
d6i ro nét trong hai ving nay. Pac biét 13, khi chim
lugng ti 6 su bat d6i xting vé mit hinh théi hoc cao,
hé s6 hép thu quang ctia cac chdm lugng tl nay ting
lén r6 rét. Diéu nay c6 y nghia quan trong trong viéc
thiét ké cac thiét bi quang dién tii c6 tich hgp cadc chim
lugng tit nham ting hiéu sudt chuyén d6i quang-dién
cua vt liéu.

DANH MUC TU VIET TAT

BlueP: phosphorene xanh

BluePQD: chdm lugng ti phosphorene xanh
BluePQD-SV: chdm lugng tu phosphorene xanh
khuyét tat dang don (single vacancy)

DFT: density functional theory

GGA: generalized gradient approximation

PBE: Perdew - Burke - Emzerhof - 1996

UV-A: ultraviolet - A

UV-C: ultraviolet - C

VASP: Vienna Ab initio Simulation Package

XUNG POT LO1iCH

Nhoém tac gia cam két khong co bt ky xung dot loi
ich nao lién quan dén cac két qua da cong bé.
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Hinh 5: Hé s6 hap thu quang clia cac cham lugng ti phosphorene xanh thuan va khuyét tat trén hai truc phan
cucanh sangxvay
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Bang 3: Dinh hap thu quang cao nhat cia cac cham lugng tif phosphorene xanh khuyét tat.

Mau

P22H12/P21H12 7,316,0
P30H14/P29H14 4,3/6,1
P33H15/P32H15 4,9/2,8
P42H18/P41H18 5,8/4,1

Trén phuong x (10* cm ™)

Trén phuong y (10* cm~1)
6,8/5,3
4,4/7,9
4,9/3,5

5,8/3,9
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Optoelectronic properties of blue phosphorene quantum dots: A
first principles study
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ABSTRACT
In this research, we used first principles methods with density functional theory (DFT) to evaluate
& simultaneously the electronic and optical properties of defect-free and single-vacancy blue phos-
Use your smartphone to scan this phorene quantum dots. We used the generalized gradient approximation of the Perdew-Burke-
QR code and download this article Ernzerhof (PBE) functional as exchange-correlation functional. We have shown that the band gaps
of these quantum dots can be varies in between 2.56 eV and 2.80 eV and the band gap decreases
with increasing the system sizes. In the presence of single vacancy, the band gap significantly
shrinks resulting from the shift of the conduction band towards the valence band. We also ob-
served additional polaron states close to the Fermi level, indicating the existence of dangling bonds
being established by the unbalanced charge Phosphorous atoms surrounding the defect sites. The
absorption coefficent increased noticably in the visible light range. The appearance of the polaron
states resulted in newly formed absorption peaks in the visible light range. Our results showed the
clear effect of defect on light conversion efficiency of solar panels embedding blue phosphorene
quantum dots.
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