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TOM TAT

Trong béo cdo nay, tic gia trinh bay vé& cic phuong phap do luwong hiéu suit lugng tir cia vét liéu quang
dién tir va tAm quan trong cua dai luong nay trong viée ting cudng do nhay quang cia céc thiét bi sir dung
vat liéu nay nhu photodiode, pin mat trdi, cam bién hinh anh. ... C6 rat nhidu phuong phép thuc nghiém do
hiéu suét luong tr cia vat lidu quang dién tir, véi cac didu kién tmg dung rat da dang nhu kha nang hap thu,
kha nang phat quang cua vat liéu, dai budc song ma vat liéu phat quang. Cac phuong phap nay déu lién
quan dén viéc dém s6 luong photon duoc hap thu va sb photon dugc phat xa béi vat liéu. Nguyén 1y hoat
dong, cac wu va nhuge diém cia cac phuong phap nay duge trinh bay va phan tich cu thé. Nguyén nhan tao
ra cac tin hi€u gia trong phép do hi¢u suét luong tir va cach khéc phuc duoc ban luan.

Tir khéa: nang luong ving cdm thap; hidu suat luong tir; phd phét xa huynh quang; phd hip thu

1. Mé dau

Hién tuong nhan hat tai dién 1a mdt trong nhitng chu dé duoc quan tam d6i véi cac nha nghién cutru vat
liéu quang dién tur. Ddi véi thibt bi st dung vét liéu quang dién tr nhu cac dau do quang, cam bién quang,
pin mat troi, cam bién hinh anh... thi hién tuong nhan hat tai dién giup tang cuong hiéu suét chuyén d6i
quang - dién, tuc la d6 nhay cia thiét bi duoc tang 1én. Hinh 1 giai thich vé qua trinh nhan hat tai dién dién
ra dudi tac dung kich thich quang (Timmerman, D. 2011). Trong hién tuong nay, khi mét dién tir (1) duoc
kich thich & mic nang luong cao dudi tac dung ciia mot photon ¢6 nang lugng i, 16n hon 2 1an nang luong
viing cdm ciia hat nano (hodc cham luong tu), ml'rc nang luong cua dién tir d6i véi day ving dan (mdii tén
mau d6 trén Hinh 1a) vuot qua nang luong ving cam Phan nang luong ndy kich thich mét dién tir (2) ¢ hat
nano lan can, dién tir (1) chuyén muc nang luong Xuong day cua ving dan. Két qua 1a ¢6 hai dién tu (1) va
(2) trén vung dén. Hai dién tir nay sé& tai hop véi hai 16 tréng twong tmg va tao ra 2 photon c6 muc nang
luong Eout thap hon nang luong kich thich &,. Nhu vay, mot photon nang lwong cao hon 2 1an nang luong
viing cdm ¢6 kha nang tao ra 2 cap dién tir - 16 tréng. DSi véi cac vat lidu dang khéi, hién ‘tuong nhan quang
dién cling Xay ra, tuy nhién xé4c suit dién ra thu(mg thip hon nhiéu so v&i vat liéu he thap chiéu. Diéu nay
thay rd nhat dbi véi vat liéu ¢é nang lugng ving cdm xién, do co hleu ung giam cam luong tr ma gian do
nang luong- -Xung luong (E - K diagram) trong vat liéu nay gan gidng nhu trong vat liéu ban dan viing cim
thang, hiéu suét phat xa tang 1én.

EII'l

a)

Hinh 1. Co ché hién tirong nhan hat tai dién trong cdc hat tinh thé nano: Photon nang lwong cao &y
kich thich mét cdp dién tir - 16 trong (a), nang heong trén mire déay vimg dan (mili tén mau do)
tao thém mot cap dién tir - 16 tréng o hat nano bén canh.

Cudi ciing cé hai cdp dién tie 16 tréng o trong 2 hat nano riéng biét (b)

Cac vat liéu quang dién tir thong thuong, nang luong ving qém & ving kha kién hodc can hong ngoai
nén ching chi hap thu viing nang luong tir ngoai va vung nhin thay. Khi ching hoat dong, chung chi chuyén
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ddi duge mot phan nho trong phd phét xa ciia nang luong mat troi. Khi giam nang luong ving cdm, phd
hép thu s& duge kéo dai sang viing budce song dai (can hong ngoal) Do vay, mot phan phd phat xa ciia nang
luong mit troi dugce tan dung va nang cao hiéu suit chuyén déi quang - dién cua vat lidu.

Khi c6 hién tuong nhan hat tai dudi tac dung kich thich ctuia photon anh sang nang lugng cao, sb luong
hat tai dién duoc tang cuong (Weber, G.,1957). Hién tuong nhan hat tai dién duoc xac dinh dinh tinh thong
qua hiéu suét luong tir tuyét déi:

77( ) — Nem(S) (1)

N abs(s)
V& Ny, Ny 13 86 hat photon duoc phat xa va hap thu boi vat lidu quang dién tir duéi tac dung cia nang
luong photon kich thich e.

Cé6 rat nhiéu phuong phap xac dinh hiéu suét luong ti (Valenta, J. 2014; Dam, B.V. 2018, Kubin,
R.F.1982), mdi phuong phap déu ¢é uu, nhuge diém ciing nhu pham vi tng dung nhit dinh. N6i dung cu
thé vé céc phuong phap nay s& duoc trinh bay dudi day. Dé do duoc hiéu suit luong tu tuyét ddi, qua cau
tich phan duogc sir dung dé thu duoc tat ca cdc photon phat xa theo tat ca cic hudng khac nhau, tuy nhién
nhuoc diém cua phuong phép nay 1a ty s6 tin hieu trén nhidu thap. Cac phuong phép khac c¢6 thé khong su
dung qua ciu tich phan hoac Kkét hop véi qua ciu tich phan duogc ap dung dé tinh hiéu sudt lugng tir tuong
ddi, tie 12 biét duoc hé s6 tang ciia hiéu sudt luong tir so véi gid tri hi¢u suit tai mot nang lwong kich thich
nao d6 duogc chon lam gia tri ban dau. Céc phuong phap do hiéu Sut luong tir déu ¢6 céc sai s6 hé thong,
cac cong thire nay dugc thiét 1ap tir [y thuyét, sai s chu yéu dén tir su thing giang ciia cudng do ngudn
sang kich thich trong qué trinh ¢ém sb photon duoc hap thu boi vat liéu.

Dua vao hinh dang cua dd thi thé hién su phu thudc cia hiéu suét luong tir vao nang luong kich thich,
su hién dién cua hién tuong nhan hat tai c6 thé duge du doan. Néu dd thi cé dang “budc nhay bac thang”
theo nang luong kich thich, c6 thé Kkét luan duoc sy hién dién hién twong nhan hat tai dién (Timmerman, D.
2011). Tuy nhién, trong mot sé tru(yng hop mau cé céc sai hong tao nén cac mirc nang luang trung gian
nhu cac “bay” dién tir, lam giam sd photon phat xa, hinh dang “buée nhay bac thang” khong xuét hién mac
du co hién tuong nhan hat tai dlen Trong trudng hop nay, phép do hip thu cam tng (induced absorption)
dung dé do qué trinh phén ra s6 lwong hat tai dién tu do dugc ap dung dé phan tich.

2. Cac phwong phap nghién ciru hiéu suit lwong tir
2.1. Véi hé vit liéu hép thu va phdt xa manh

Dudi tac dung kich thich cia cac photon nang lwong cao, cac dién tu duac kich thich 1én mirc nang luong
phia trén day cta ving dan. Cac dlen tir nay sau do6 duoc di chuyen xuéng muc nang luong thap hon va
ngung ty trong mot thoi gian rat ngan tai day ctia viing dan. Tiép theo, cac dién tir ndy s& chuyén mirc nang
luong thap hon sau khi tdi hop véi 16 tréng va phét ra photon. Do vy, s lugng dién tu sinh ra ty 1& thuan
v&i s6 lugng photon phat ra. Do céc photon duoc phét xa ra cac huéng khéc nhau, qua cau tich phan duoc
st dung dé thu thap duoc toan bo s photon nay, hé do cé chu tao nhu Hinh 2. Hé nay duoc ap dung dé
khéo sat hiéu suat luong tir tuyét d6i do mau hép thu va phat xa manh, ) luong photon h:?ip thu va btrc xa
duoc dém chinh xac.

Qua cu tich phan

G) .I \ / Soi quang

Kinh loc Man chén
Deén kich thich va may don séc

i4An(photon /eV)

Soi quang

# photon
hép thu

# photon phat xa

E(eV)]  rarsicoimeia

May don séc va camera

Hinh 2. Hé do hiéu sudt hrong tir tuyét doz cua vat liéu hap thu manh va phat quang manh sir dung qua
cau tich phan. So photon phat xa tznh bdang dién tich ciia pho phat xa huynh quang (mau do), trong khi so
lirong photon hdp thu tinh bang phan dién tich chénh léch ciia phé anh sang kich thich khi ddt mau va dé
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Céc loai tin hiéu gia co thé ¢6 trong hé do: hé do trén duoc ap dung chu yéu vOi céc vat liéu hép thu
manh va phat xa manh. Thuc té, tin hiéu thu duogc trén may quang phé thue té chi chiém khoang vai ph?m
tram so voi téng tin hiéu thwe do mau phat xa hodc hép thu, ty sb tin hiéu trén nhiéu trong nhiéu truong hop
van 13 vin dé can quan tam. Su thing giang cudng do cia ngudn kich thich anh huong 1én két qua do s6
photon hép thu.
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Hinh 3. Mét vi du két qua do hiéu sudt lwong tik tuyét déi ciia cde cham lwong tit silic trong cac méu
trong dai nang lwong kich thich tir 2.1 den 4.4 eV, sur dung hé do trén Hinh 2

Hinh 3 14 vi du vé két qua do hiéu suét lugng tor tuyét d6i cua cac cac chAm lugng tu silic cé chu tric
nano trong 9 mau da 16p voi cac théng 6 ché tao mAu khéac nhau nhu n6ng d¢ silic phun xa trén dé, nhiét
d6 nung mau (Chung, N.X. 2017), sai s6 ciia céc diém do dugc thé hién trén hinh phan 16n dén tir sai s6
viing hép thu thdp cia mau. Cac bude nhay béac thang thé hién rd trong cic mau #2, #4, trong khi véi cac
mau khéc hién tuong nhan hat tai dién chi la thu yéu va budce nhay bac thang khong thé hién 1.

2.2. Véi vit liéu hdp thu manh, phdt xa yéu

D41 véi cac vat lidu nay thi viée do luong 56 photon phat xa la mot thach thirc. Trong truwong hop nay,
¢6 thé su dung két hop hé do trén Hinh 2 dé do sé photon hap thu, con s6 photon phat xa duoc do trén cam
bién (Chung, N.X. 2018). Khi d6, phan cira ra cua qua cau duoc n01 VO’l soi quang va duoc ndi véi cam
bién. Tai day, cam bién s& thu nhan toan bo sd photon phat xa tur mau, sb photon nhan dugc ty 1€ thuan véi
hiéu dién thé tao ra trén cam bién. CAu tao hé do sb photon phat xa yéu duoc trinh bay trén Hinh 4.

| ] Qua céu tich phan
@ ' \/ Soi quang
N 2T

? " Pén kich thich va may don séc

Banh xe tao tan sé

Man chén

PAu do quang

3

Hinh 4. Hé do s6 photon phdt xa doi voi méu phat xa véu, sé photon hép thu duogc do bang hé do trén

théng qua h¢ s dung qua cau tich phan trén hinh 2. Banh xe (chopper) tao tan sé xung cho anh sang

kich thich. Khuéch dai lock-in diwoc sit dung nham khuéch dai cdc xung dnh sang phdt xa tir mau ma
khong khuéch dai nhiéu

1389



Thue té cam bién c6 do nhay cao hon camera rat nhiéu 14n do dién tich thu tin hiéu cta cam bién 1én
hon dién tich ctia 1 diém anh trén camera, tuy nhién camera cho chi tiét vé& hinh dang phé phat xa, trong
khi cam bién chi cho biét sb photon ma cam bién nhan duge. Ddi véi hé do st dung cam bién, mach khuéch
dai lock-in dugc su dung (Baak, D.V.V. 2014; Libbrecht, K.G. 2003) dé khuéch dai tin hiéu. Anh sang kich
thich duoc chiéu qua mot banh xe ¢é cac khe (chopper) dé anh sang truyén qua. Khi d6, cudng d6 anh sang
kich thich theo thoi gian ¢6 dang xung, va anh sang phét xa ciing ¢6 cung dang xung véi cing tan s6. Mach
khuéch dai lock-in chi khuéch dai énh sang phat xa tr mau ma khong khuéch dai nhidu. Hé st dung khuéch
dai lock-in duoc thé hién trén Hinh 4 va Hinh 5. Hé do nay co uu diém 14 loai trir duoc cac nguén nhiéu tir
bén ngoai, cho phép chi khuéch dai anh sang phét xa tir mau. Tuy nhién, hé van c6 thé o tin hiéu gia néu
dinh phd phat xa dich chuyén khi thay déi buée séng anh sang kich thich, khi d6 phé s& dich vao cac viing
budc séng ma cam bién ¢6 do nhay khac nhau, va sb photon thu duoc khong con ty 1€ thuan vdi tin hiéu
trén cam bién nita.

2.3. Véi hé vit liéu hip thu yéu va phit xq yéu

D41 v6i cac mau c6 kha nang hip thu thp, viéc sit dung qua cau tich phan khéng con phu hop do tin
hiéu truyén qua mau ma may don séc nhan duoc nhé hon nhidu so véi cudng d6 anh sang truyén qua thuc
té Trong truong hop nay, su chénh léch vé cudng do truyén qua ctia 4nh sang kich th1ch khi di qua mau va
dé ¢ rat kho phan biét. Bén canh d6, cudong d6 anh sang kich thich cua dén can pha1 rat n dinh theo thoi gian,
néu su r thang gidng tuong ddi cia cudng do sang kich thich theo thoi gian gan tuong duong véi su hap thu
ctia mau thi sb photon hép thu duge tinh véi sai s6 rat [én va khong tin cay Dé tranh van dé trén, méu dugc
do trong may do hap thu sir dung ché do tia kép cho phép hiéu chinh két qua khi ¢6 su thing giang ciia
nguf‘)n sang kich thich, do vay két qua do dugc c6 do chinh xac rat cao. Sau khi ¢6 duoc phé hap thu cua
mau, sé photon hép thu duogc tinh bang véi tich cta sb photon kich thich (tinh tir cwong d6 anh séng kich
thich va nang luong photon kich thich) va d¢ hép thu cia mau

Hinh 5 thé hién so d4 ctia hé do hiéu suét lu(yng ttr ctia mau véi phd phat xa trong viing hdng ng0a1 gin
(a) va phd phat xa trong ving 4nh sang nhin thay (b). Viéc khao sat phd phat xa ving can hdng ngoai
thu(yng it diing camera hon do gia thanh ciia cic camera hong ngoa1 va may don sic ving hong ngoai tuong
ddi cao. Viée sir dung dau do quang vung hong ngoai (cac dau do sir dung vat liéu nang luong vung cam
thap) du(yc 1am lanh & nhiét d6 thap (giam nhiéu nhlet) Kkét hop véi khuéceh dai lock-in s& glup xac dinh
duoc sé luong hat photon phét xa tir mau. Hé nay yéu cau str dung kinh loc vi déu do cling co thé nhay véi
anh sang kich thich tan xa trén mau. Dbi véi anh sang vung kha kién, camera va may don sic thudong duoc
sir dung do thiét bj ¢ gia khong qua cao trén thi truong. S6 photon dém duoce trén phd ky trén Hinh 5 duoc
tang lén nhiéu 14n so v&i hé trén Hinh 4 do st dung thdu kinh hoi tu véi do mé (numerical aperture) 16n,
bang cach thay déi cac thau kinh v&i do mo khéc nhau, d6 nhay ciia hé duogc cai thién.

Hé do trén Hinh 5 ¢6 uu diém la do nhay cao, do dac nhanh. Tuy nhién, su thay déi tiéu cu cac thau kinh
theo budc séng anh sang kich thich c¢6 thé gy ra hién twong bi mét truc chuan, khi do6 céc phép do tng véi
cac bu(yc song kich thich khéc nhau khéng con thuce hién trong ciing mét diéu kién giéng nhau nita, va dan
téi sai s6 ctia hé do.

‘ ' - Soi quang |
N

Soi quang +

Khuéch dai
Jock-in

Déu do quang LLELL

a) > ! b)

Hinh 5. So dé hé do sir dung khuéch dai lock-in dimg cho mc”;z,; phdét xa vimg héng ngoai gan (a)
va cho mau phat xa vung kha kién (b)

Trong mét sb loai vat liéu c6 hiéu suét phat xa va hap thu manh & ving nay, nhung lai thap & cac vung
khéc, vi vay viée két hop cac phuong phéap véi nhau 1a giai phap tét dé tim ra duoc hiéu suét lugng tir trén
toan dai nang luong kich thich. Hinh 6 thé hién két qua ctia phép do hiéu suat luong tir tuyét ddi cia mau
duoc tao boi cac hat tinh thé nano silic pha tap ddng thoi phdtpho va bo bing ba phuong phap néu & trén
(Chung, N.X. 2018). Nang luong ving cam ctia vat liéu nay khoang 1,08 eV, do vdy nang lwong kich thich
duoc chon tir 1,5 eV tré lén.
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Hinh 6. Hiéu sudt heong ti ciia tinh thé silic pha tap dong thoi phétpho va bo sit dung 3 hé do két hop:
hé do 1 (hé trén Hinh 2), hé do 2 (hé trén Hinh 4) va hé do 3 (hé trén Hinh 5)

D4i véi mau pha tap, mot phén phd phat xa ciia mau dugc thu nhan trén camera do vung kha klen phén
con lai trong viing hdng ngoai dugc ghi trén may phan tich don sic ving hong ngoai, do vay s6 luong
photon phat xa duoc ngoai suy dua trén phd phét xa ndy (cac diém mau d6). PSi véi viing can hong ngoai,
cac diém thuc ngh1em (mau vang st dung hé do trén Hinh 4, cac diém do mau tim sw dung phuong phéap
trén Hinh 5. Ket qua cho thiy cac phuong phap do khac nhau déu két qua thdng nhét véi nhau va nim trong
pham vi sai s§ ciia phép do.

Hinh 7 thé hién két qua do su thay d6i hiéu suat luong tir cua céac vat liéu perovskite tng dung lam pin
mat troi (Wang, Y., 2023). 0] day, hiéu Suét luong tir c6 don vi tuy y do dd thi thé hién su bién thién cua
hiéu suat luong tir so v&i gia tri chuén khi nang luong kich thich dudi 2 1in nang lwong ving cém, khi d6
hién tuong nhan hat tai dién chua xay ra. Nang lu(yng kich thich duoc tinh bang boi sé 1an ciia nang luong
vung cAm dé thé hién cic budc nhay ciia hiéu suét luong tir xay ra tai cac gia tri nang luong kich thich bang
sO nguyén lan nang lwong ving cdm, két qua nay phit hop mé hinh nhan hat tai dién (dudong mau do) duoc
dé xuét boi tac gia Timmerman trude d6 (Timmerman, D., 2011).

BN

t lwong tr (don vj tay )
w

2 L
= L
E " I
@ . i 2
= 2 3 4

Nang lwgng kich thich (Ey)

Hinh 7. Két qua do sw thay doi hiéu sudt lirong tir cuia vat ligu perovskzte theo nang hmng kich thich,
trong do thi nay nang hmng kich thich dwoc tinh bang béi so clia nang hmng vung cam dé thé hién cdac
buée nhay hiéu suat irong tir khi néng hrong kich thich bing sé nguyén lan nang lwong viing cam E,

3. Két luin

C6 rét nhiéu phuong phap do hiéu suét luong tir ciia vat lidu, su két hop giira cac phuorng phap s€ giup
tim ra dugc két qua hoan chmh trong mot dai nang luong kich thich rong va kha thi cho nhiéu vat liéu khéac
nhau. Céc phuong phép can duoc 4p dung trong nhitng pham vi nhét dinh nhu ving phat xa cia vat liéu,
d6 chinh xac cua phép do ma nguoi thue hién céan dat duoc, thoi gian do, chi phi cho thiét bi.... Cac phuong
phép nay can duge xem xét dé ap dung trong cac phong thi nghiém trong nuée cho ph hop véi diéu kién
hién co.
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ABSTRACT
Methods to investigate quantum yield for optoelectronic materials

Nguyen Xuan Chung
Hanoi University of Mining and Geology

Quantum yield which is the one of important physical quantity for optoelectronic materials relates to
carrier multiplication upon a high excitation energy. In this report, the author presents basic knowledge
realting to quantum yield, including its importance in research, the definition, the methods to measure. The
investigation of quantum yield relates to the number of emissed photons and that of absorbed photons with
special combiniation of spectrometers. There are variety of experimental methods to determine quantum
yield with a large number of devices, such as integrating sphere, monochromator, camera, lock-in amplifier
and so on. The signal to noise ratio in optical measurements is improved by using lock in amplifier and
perfect aligment for setup. The conditions to apply, the advantages and disadvantages of these methods are
explained. Besides, the artifacts of each method as well as the solutions to avoid them are presented.

Keywords: Quantum yield; quantum efficiency; carrier multiplication; bandgap energy; photoluminescence
spectrum; absorption spectrum
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