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Tom tat

Anh huong ciia birc xa gamma ning lugng cao voi nhiéu liéu lwong khac nhau (0 -10 kGy) tir nguf)n 60Co 1én tinh chét
quang cua cham lugng tir CdSe duoc tién hanh nghién ctru bang cac phuong phap quang phé. Cham luong tir CdSe va
CdSe/CdS 16i/v6 nay duge ché tao bang phuong phdp hoéa udt ¢6 cau tric zine blende kich thude 3.9 nm va 4.4 nm,
tuong tmg. Cac két qua thyc nghiém cho thay rang buc xa gamma da anh huong toi cuong do huynh quang, qua trinh
quang dong hoc cia dién tir va 1am giam chat luong tinh thé cia cac chidm lwong tir. Hién twong hdi phuc mot phan
cudng d6 huynh quang theo thoi gian sau khi chiéu xa gamma dugc quan sat va duoc cho 1a két qua ciia hdi phuc 1éch
mang trong tinh thé. Két qua ciing chi ra rang 16p vo CdS cuia chdm luong tir CdSe/CdS 16i/vo, ngoai viéc giam hiéu
mg bé mit va nang cao hiéu qua luong tir cho CdSe 15i, n6 con ¢6 thé lam giam anh huong ciia buc xa gamma dén
CdSe va kha ning phuc hdi ctia cham lugng tir cdu triic CdSe/CdS 15i/vé t6t hon cau tric CdSe.

Tir khéa: Cham luong tir; CdSe; CdSe/CdS; chiéu xa gamma; UV-Vis; huynh quang; thoi gian sdng huynh quang.
Abstract

The high energy gamma irradiation effects for various doses (from 0 to 10 kGy) using a ®°Co source on the optical
properties of CdSe quantum dots were studied by the spectroscopic methods. These CdSe and CdSe/CdS core/shell
quantum dots were synthesized by wet chemical method with zinc blende structure of size 3.9 nm and 4.4 nm,
respectively. The experimental results show that gamma irradiation affected the fluorescence intensity, the photodynamic
process of electrons and a crystal quality were decreased. A partial recovery of fluorescence intensity over time after
gamma irradiation is observed and it could be a result of the restored lattice in the crystal. The results also pointed out that
the CdS shells of the CdSe/CdS core/shell quantum dots, in addition to reducing the surface effect and enhancing the
quantum efficiency for CdSe core, CdS shells can also reduce the effect of gamma irradiation on the CdSe and the
recovery of the CdSe/CdS core/shell quantum dots was better than that of CdSe structure.
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1. Giéi thiéu

Khoa hoc va Cong nghé nano dugc khoi dau
bang su ra doi cua hudng nghién ciru vé vat ly
nano trong vét 1y chit rn vao cudi nhimng nim
tam muoi cua thé ky 20. Mdi hon mét thap ky
qua di, vat ly nano va ky thuat vi dién tu da
nhanh chéng phit trién thanh mét linh vuc khoa
hoc cong nghé da nganh. Khoa hoc va Cong
ngh¢ nano da lién két vat 1y, héa hoc, khoa hoc
vé su sdng véi cong nghé thong tin, cong nghé
dién tur, cong nghé hoéa hoc va cong nghé sinh
hoc..., d3 sém dat dén trinh do khoa hoc cao
nhét, dua dén nhitng kha ning tmg dung to 16n
va cong ngh¢ nano da thuc sy dugc xem la mdt
cudc cach mang cong nghé trong thé ky 21.

Vat liéu nano co trién vong tmg dung trong
nhiéu linh vuc: trong cong nghiép, y sinh, thiét
bi quang di¢n tur, khoa hoc cudc séng, vil tru...
bo 1a 6ng nano carbon, cac chim lugng tur, cac
hat kim loai, polyme nanocomposit, ddy nano
silic, cac vat liéu gém trén co s& tinh thé nano
Si3N4, SiC... Trong céc hé chdm luong tur thi
chim luong tor dya trén hop chat AnBvi dugc
nghién curu nhiéu hon ca. Cac vat liéu ban dan
nay c6 vung cam thang, phd hip thu nam trong
ving nhin thdy va mot phan nam trong mién tir
ngoai gﬁn, co hiéu suét phat xa 16n, do do thich
hop véi nhiéu ung dung trong thuc té. DBic biét,
chdm luong tir ban din CdSe c6 tiém ning tng
dung trong céc linh vyc da dang, nhu trong cac
linh kién thiét bi quang dién tir [1-5], thiét bi
chiéu sang (dén LED) [6,7], laser [8,9], danh
dau sinh hoc, cam bién (sensor) [10-14], thiét bi
chuyén d6i ning lwong mit troi (solar cell)
[15,16]...

Piéu kién moi trudng anh hudng rat nhicu
dén kha ning, chat luong va tudi tho cua thiét
bi. O nhitng méi truong dic biét khic nghiét
nhu méi trudng vil tru ngoai khi quyén cua trai
dat c6 rat nhiéu loai buc xa nhu proton (90%),
hat anpha, ion ndng, electron, pozitron, notron,
gamma, cic hat co ban... chuyén dong trong

khong gian véi nang luong c6 thé 16n téi 102
eV. Trong sd nay, so voi song radio, vi séng, tia
héng ngoai, anh sang nhin théy, tia cuc tim, tia
X, thi tia gamma c6 budc song thap nhét
(<1072 m) véi tan sd cuc cao, vi vdy ndé mang
nhiéu ning lwong nhit. Tuy nhién, birc xa ning
lugng cao khong chi phd vd hay lam hu hong
vat liéu, ma con cé kha nang cho nhiing hi¢u
ung tich cuc nhu sép xép lai trat tu, tang do bén
co hoc, ting d6 dan dién, chuyén pha hay ting
kich thudc chdm luwong tr dan dén dich dinh
phat xa... theo y mudn [17,18]. Vi vay, hiéu biét
day du vé cac hiéu Gmg birc xa ning luong cao
tac dong dén nhitng dic tinh quang dién cia vat
lidu 1 rat can thiét dé c6 thé khic phuc va lya
chon phu hgp vat li€u trong viéc ché tao cac
thiét bi quang dién tir, tién nhanh t6i ing dung.
Bai bao trinh bay két qua nghién ctru bang
cac phuong phap quang phd (hp thu, huynh
quang, huynh quang phan giai thoi gian) anh
hudng cua birc xa gamma tir ngudn “Co (dai
lidu chiéu: 1, 3, 5, 7, 10 kGy) dén tinh chat
quang (hip thy, huynh quang va thoi gian séng
huynh quang) ctia chdm luong tir CdSe va chim
luong tir CdSe/CdS 16i/vo- ché tao bang phuong
phép hoa uot. Cac két qua nghién ctiru nay gop
phén tién téi cac ung dung thyuc té, nhat 13 moi
trudng vil tru - noi dy bi 4n va tiém nang.
2. Thwe nghiém
2.1. Ché tao chém lwong tir ban dén

C6 nhiéu phuong phap ché tao chim luong
tir ban dan véi hinh dang va kich thudc khac
nhau nhu phun xa, ling dong trong chan khong
bang xung laser (PLD), ling dong hoa hoc
(CVD), phuong phéap nd, sol-gel, thily nhiét,
dong két tua, micelle d4o[16,19-23]... Ching
t6i chon phuong phap hoa w6t dé ché tao cham
luong tr CdSe, CdSe/CdS 106i/vd 1a phuong
phap don gidn, tao dugc cac hat nano cd kich
thudc bé, dd ddng déu cao, tuy gia thanh cao do
d6 tinh khiét cua dung moi.
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Cham luong tir dugc tong hop tai phong thi
nghiém trong diém - Vién Khoa hoc Vat liéu,
Vién Han 1am KH&CN Viét Nam. Dau tién,
cac tién chat O, S, Se, Te dugc hoa tan trong
dung méi octadecene (OED), mudi OA-X duoc
tao thanh tor bot ZnO va CdO hoa tan trong
phdn ung vdi olelamin acid (OA) trong dung
moi ODE & nhiét d§ cao nhu da trinh bay trong
[13]. Tiép dén ching t6i tién hanh:

- Téng hop cham lwong tir CdSe. Dung dich
[Cd] duoc gia nhiét c6 khudy tir dén 280°C
trong khi N2. Tiém nhanh dung dich Se* vao
binh phan ung, khi d6 dung dich hdn hop
chuyén nhanh tir vang sang mau do, d6 dam.
Sau phan Umg 1 phtt, tat bép, nhiét do ha dan
vé nhiét d6 phong, ta thu duoc cham luong tir
CdSe dang hinh cAu, kich thuée 3 - 4 nm ¢6 ciu
truc zinc blende [24].

- Tong hop cham lwong tir CdSe/CdS 16i/vo.
Luong [S] va [Cd] dugc tinh toan tuong tng
vé6i 6 16p vo mong mudn. Pun ODE trong binh
ba cd co khudy tir, trong khi N2 dén 240°C.
Tiém nhanh (trong 10 phat) hat nano
CdSe/ODE va dung dich chua [S] + [Cd] vao
binh cho t6i hét va dé ngudi ty nhién xudng
nhi¢t d§ phong.

2.2. Chiéu xq birc xa gamma

Ly tam mau ché tao duge dé loai bo cac hoa
chét trong dung mdi isopropanol, sau d6 phan
két tiia dugc phan tan trong toluen.

Nguén chiéu xa st dung 1a °°Co cua Trung
tam chiéu xa Ha Noi, thudc Vién Nang luong
Nguyén tir Viét Nam, hoat do nguén tai thoi
diém chiéu 1a 122.53 kCi, ning lugng mdi birc
xa gamma ~ 1.33 MeV. Liéu hép thu L 14 ning
lwong Joules truyén cho vat chét trén mdi don
vi khéi luong kilogram va ki hiéu 1a kGy.
Trong nghién ctru nady, ching t6i khao sat trong
dai lidu chiéu: 1 kGy, 3 kGy, 5 kGy, 7 kGy, va
10 kGy. Liéu chiéu 1a liéu birc xa gamma phat

ra qua lo va xuyén vao mau (khong phai truc
tiép vao bé mat mau).

Qua trinh chiéu buc xa gamma dugc thuc
hién trong budng chiéu nhu minh hoa trong
Hinh 1. Ngudn phong xa 1a cic thanh *°Co
dugc gin ¢b dinh vao thanh trén bang ngudn
song song v&i nhau. H¢ toa d6 Oxyz dugc gén
v6i bang ngudn trong viéc tinh toan lidu hép
thu trong qua trinh chiéu.

Bang ngudn

Nén budng chiéu xa

Hinh 1. So ¢4 minh hoa buf)ng chiéu xa

Pé thu dugc miu chiéu véi litu nhu mong
mudn, mau duoc dit tai cac vi tri (toa d6) tuong
mg véi cudong d6 khac nhau va thoi gian chiéu
t khac nhau (Bang 1).

Béang 1. Toa d¢ vi tri mau khi chiéu buc xa
gamma

Liéu 1 30 5 | 7 |10
chitu L | (kGy)|(kGy) | (kGy) | (kGy) | (kGy)

x(em) | 0 | 40 | 20 | 40 | -20

y (cm) 48 0 0 0 0

z(cm) | 100 | 135 | 135 | 155 | 135

Thot gian
chicuxa | 30 30 30 60 60
(phut)

2.3. Cdc phwong phdp nghién citu ciu tricc va
tinh chit quang

Anh TEM dugc chup trén thiét bi JEM1010
(JEOL) tai Vién Vé sinh Dich té Trung wong
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v6i chum dién tir c6 thé gia toc tdi da & dién thé
120 kV.

Céc phép do quang phd dugc thyuc hién trén
cac thiét bi cua Trung tam Pién t& hoc Lugng
ta, Vién Vat ly, Vién Han lam KH & CN
Viét Nam:

Phé hép thy do trén hé may quang phd UV-
2600 (Shimadzu) dai phd 185 - 900 nm va 220
- 1400 nm (khi do v&i qua cau tich phéan
(ISR-2600Plus), do phan dai (0.1 nm, 0.2 nm,
0.5 nm, 1 nm, 2 nm va 5 nm);

Phé huynh quang duoc ghi trén phd ké
huynh quang Cary Eclipse phan gidi cao
(Variant), véi ngué)n kich thich la dén Xenon
xung (budc soéng phat trong khoang 200 - 900
nm, tin s6 lap lai 80Hz, cong suét xung
75KW). Ngoai ra, thiét bi cho phép do pho kich
thich huynh quang, thoi gian sdng huynh quang
va phd thoi gian séng huynh quang (véi miu c6
thoi gian song huynh quang 16n);

Thoi gian séng huynh quang duoc do trén hé
huynh quang phan giai thoi gian (TRF) trén co
so k¥ thuat dém don photon tuong quan thoi
gian (TCSPC) véi budc song kich thich 405
nm, d¢ phan giai 38 ps [24].

3. Két qua va thao luin

3.1. Hinh thdi cdu tricc ciia chim lwong tiv
CdSe (a) va CdSe/CdS 16i/vo (b)

Anh TEM cua cham luong tir CdSe (a) va
CdSe/CdS 16i/vé (b) trinh bay trong Hinh 2 cho
thiy chdm lugng tir tong hop duoc c6 dang twa
cau, phan tan tbt trong méi truong dung moi
toluen, khong bi két dam, kich thudc hat < 10
nm. Trong qua trinh ché tao, do khong st dung
cac chat hoat héa bé mat TOP, TOPO,... nén
chdm luong tir CdSe va CdSe/CdS 16i/vo ché
tao dugc co cau truc zinc blende khoéng phu
thudc vao nhiét do ché tao cao hay thép [25].

(2 (b)

Hinh 2. Anh TEM cua chdm lugng tir:
(a) CdSe va (b) CdSe/CdS 16i/vd

3.2. Pho hdp thu va phé huynh quang ciia
chim lwong tir CdSe va CdSe/CdS 16i/vé

Hinh 3 biéu dién phd hép thu va huynh
quang ctia chdm luong tir CdSe va CdSe/CdS
16i/vo nhan dugc. Ta thiy phd CdSe c6 2 dinh
hép thu tai 2.092 eV va 2.249 eV va CdSe/CdS
16i/vd ¢6 hai dinh tuong tng 1a 2.022 eV va
2.159 eV. Gia tri ning luong ving cAm quang
tuong ng v6i dinh hap thu thir nhit cia phd
hap thu. Pinh phat huynh quang cta chiam
luong tir CdSe tai 2.065 eV va cua chim luong
tir CdSe/CdS 106i/vo tai 2.003 eV.

—— Core
—— Core/Shell

2.022 eV
T Y\ 2.159 eV

Cuong do (dvty)

420926V
2.249 eV

' 1.8 V 2.0 2.2 2.4
Nang luong (eV)
Hinh 3. Pho huynh quang (nét dirt) va phd hap thu (nét lién)
cta CdSe (hinh dudi) va CdSe/CdS 16i/vo (hinh trén).

Kich thudce hat trung binh, D, cua chdm luong
tir CdSe va CdSe/CdS 15i/vo ¢6 cu tric tinh thé
dang zinc blende duoc tinh tir phd hép thy theo
cong thue ban thuc nghiém ctia Zeger Hens dua
vao ning luong ving cAm quang Ej [26]:

= (1)

0.89— 036" 0402202

E, =174+

Toan bd ké} qud nhan dugc téng két trén
Bang 2. Ta thay, kich thudc hat sau khi boc vo
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da tang 1én 0.5 nm, do rong ving cim quang Eg
va gia tri cia do dich Stock cling giam khi kich
thudc hat tang theo hi€u ung kich thudc phu
hop véi 1y thuyét.

Bang 2. Céc thong s vat 1y cua chim luong
tu CdSe va CdSe/CdS 16i/vo

Mau E, Ept Kich Do
thude hat| dich
Stock

(eV) (eV) | D(mm) | (eV)
CdSe 2.092 | 2.065 3.9 0.027
CdSe/CdS | 2.022 | 2.003 4.4 0.020

3.3. Chim lwong tiv CdSe va CdSe/CdS 16i/vé
khi chiéu birc xa gamma

Cham lugng tir CdSe va CdSe/CdS 16i/vo sau
khi chiéu véi lidu blic xa gamma khac nhau: 1
kGy, 3 kGy, 5 kGy, 7 kGy va 10 kGy tir nguon
%Co duge do phd hép thu, huynh quang va
huynh quang phan giai thoi gian. Toan by cac
két qua do duoc tong két trong Bang 3.

Bang 3. Ning luong dinh hap thy, huynh quang va thoi gian séng trung binh* cia chim lugng tir
CdSe va CdSe/Cds 16i/v6 sau khi chiéu birc xa gamma v&i cac lidu khac nhau (0-10 kGy)

Liéu chiéu binh Dinh Do dich Stock | Thoi gian séng
L (kGy) hap thu huynh quang AE (eV) trung binh
E¢(UV) (eV) E¢(PL) (eV) Ttb (NS)
Chém lugng tir CdSe
0 kGy 2.0920 2.06449 0.02751 13.2
1 kGy 2.1135 2.07855 0.0349 12.2
3 kGy 2.1482 2.10221 0.04599 11.5
5 kGy 2.1958 2.13317 0.06263 8.7
7 kGy 2.2293 2.15572 0.07358 6.6
10 kGy 2.2997 2.23168 0.06802 1.8
Cham luong tir CdSe/CdS 16i/vo
0 kGy 2.0220 2.00277 0.01923 17.1
1 kGy 2.0287 2.00674 0.01413 16.1
3 kGy 2.0370 2.01200 0.02500 9.8
5 kGy 2.0488 2.01920 0.02962 5.0
7 kGy 2.0539 2.02161 0.03229 3.2
10 kGy 2.0642 2.02967 0.03450 2.8

* tinh bang cach lam khép duong cong suy giam huynh quang theo ham stretch

3.3.1. Dich dinh hdp thu va dinh huynh quang.
Hinh 4 biéu dién phd hip thu va huynh
quang cua chim lugng t CdSe (a) va
CdSe/ZnS 16i/vo (b) theo liu chiéu cua buc xa
gamma (0 kGy, 1 kGy, 3 kGy, 5 kGy, 7 kGy,

va 10 kGy). T Hinh 4 va Bang 3 ta thy ca hai
dinh hap thu va huynh quang ctia CdSe va
CdSe/ZnS 16i/vé déu dich vé phia ning luong
cao theo chiéu ting cia lidu chiéu. Pinh huynh
quang dich cang 16n khi liéu chiéu cang 16n, d6
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dich manh nhat 1a 0.167 eV (45 nm) véi liéu
chiéu 10 kGy. Tuong tu, voi CdSe/CdS 15i/vo,
hién tuong dich phia nang luong cao sau khi
chiéu birc xa gamma ciing di nhan duoc. Tuy
nhién so véi CdSe khong boc vd, dinh huynh
quang ctia chAm luong tir CdSe/CdS dich it hon
va do dich 16n nhat 1a 0.027 eV (8 nm) khi
chiéu lidu 10 kGy. C6 thé thdy anh huong cta
blrc xa gamma 1én chim luong tr CdSe manh
hon so véi CdSe/CdS 16i/vo.

Cuong do (dvty)

1.8 1.9 2.0 2.1 22 23 24 25 26
Ning lugng (e.V)

(®)

7 kGy

Cuong do (dvty)

3 kGy

16 17 18 19 20 2.1 22 23 24 25
Nang luong (eV)

Hinh 4. Pho hép thy va huynh quang cua CdSe (a)
va CdSe/CdS 16i/vo (b) theo li€u chiéu biic xa gamma
(0 kGy, 1 kGy, 3 kGy, 5 kGy, 7 kGy va 10 kGy)

Pé so sanh muc d6 anh huong cua buc xa
gamma toi chim luong tir CdSe va CdSe/CdS
18i/vo, su dich dinh hap thy va huynh quang
theo liéu chiéu duogc biéu dién trén Hinh 5. Ta
c6 thé thay toc do dich dinh huynh quang theo
lidu chiéu cua chim lugng tir CdSe nhanh hon
(duong déc hon) so v&i chim lugng tir
CdSe/CdS 16i/vo.

—8—E,-UV (CdSe)
—9—E,,-PL (CdSe)
—8—E,-UV (CdSe/CdS)
—A—E_,-PL (CdSe/CdS)

L
[
S

Nang lugng (eV)

g
S
S

g
=
S

Liéu chiéu (kGy)

Hinh 5. Sy dich dinh hap thy va huynh quang

ve nang luong cao theo li€u chicu buc xa gamma.

Su dich dinh hap thy va dinh huynh quang &
day c6 thé lién quan t6i su thay di kich thudc
D ctia cham lugng tir. Khi chiéu btrc xa gamma,
btrc xa tac dong Ién cac nguyén tir Cd, Se va S
ctia chdm luong tir. Nang lugng cua hat photon
gamma c¢& 1.33 MeV, ning luong nay du dé
lam yéu céc lién két trong mang tinh thé. Chiu
anh huong dau tién 13 nhitng lién két ndm & bén
ngodi cung cua hat. Véi lidu hap thu 16n hay
chinh 1a ning luong hap thy trén mdi g vat chat
16n, thi cang c6 nhiéu phan tir CdSe hodc CdS
bi tach ra khoi hat nano, lam cho hat nano tinh
thé cang bé (kich thudc hat giam) va giam
manh theo liéu chiéu buc xa, diéu nay dan dén
v6i lidu hap thu cang 16n dinh hap thy va huynh
quang cang dich vé phia ning luong cao cang
xa. Diéu nay phu hop véi két qua d6 dich Stock
tinh dugc trong Bang 3- do dich Stock cang 16n
khi lidu chiéu birc xa gamma cang 16n gidng
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nhu kich thudc hat cang bé do dich Stock cang
16n.

Déi v6i cham lugng tir CdSe/CdS 16i/vo, 16p
CdS nhu 16p chin phia ngoai dé bao vé CdSe
phia trong va ban than lién két giita Cd-S ciing
16n hon Cd-Se nén cau tric CdSe/CdS 15i/v6 bi
giam kich thudc it hon so voi CdSe khong boc
vo dudi tac dung cta lidu buc xa gamma.

3.3.2. Suy giam cuong do huynh quang

Hinh 6 biéu dién phd huynh quang ctia chim
luong tir CdSe (a) va CdSe/CdS 161 /vo (b) khi
liéu chiéu birc xa thay doi tir 0-10 kGy.

(a) (b)

200

50

—( kGy (xI)
= 1kGy (xI)
3kGy (x3)
—5kGy (x10)
TkGy (x14)
= 10kGy (x20)

=5
)

Cuong do (dvty)
8

IS
Cuong do (dvty
2

50

25—

0
=T 18 19 20 21 22 23
Nang luong (eV) Nang luong (eV)

Hinh 6. Sy suy giam cuong d6 huynh quang cua CdSe
(a) va CdSe/CdS 16i/vo (b) theo li€u chiéu birc xa gamma

Ta thay lidu chiéu buc xa gamma cang 16n,
do suy giam cuong do huynh quang cang 16n.
Cuong do huynh quang cua CdSe suy giam kha
nhanh theo chiéu tang cta lidu chiéu. Khi chiéu
3 kGy, cuong do huynh quang giam con 15%,
chiéu 5 kGy cuong d6 chi con 2%, véi cac licu
16n hon: chiéu 7 kGy cudng do huynh quang
rat bé va khi chiéu 10 kGy, gan nhu huynh
quang dap tat.

Cuong d6 huynh quang cta CdSe/CdS 16i/vd
suy giam véi toc 46 cham hon. Khi chiéu 5 kGy,
7 kGy va 10 kGy, cuong do huynh quang giam
con 13.5%, 6.5% va 3% tuong tmg. Dicu d6 thé
hién 16 khi biéu dién tich phan cudng do dinh
huynh quang ctia CdSe va CdSe/CdS 16i/vé theo
liéu chiéu xa birc xa gamma (Hinh 7).

CdSe
A CdSe/CdS

= o 4 =
'S =N ) =)
>

Cuodng do chudn hoa (dvty)
=)
3

- A

=4
=)

0 2 X 4 i 6 8 10
Licu chiéu (kGy)

Hinh 7. Tich phan cuong d6 huynh quang chuan hoéa cia
CdSe va CdSe/CdS 16i/v6 theo lieu chiéu buc xa gamma

Nhu vy, khi chiéu xa, ngoai kich thudc hat
gidm nhu phan tich & trén, nhiing hat photon
gamma ciing c6 thé di vao bén trong hat tac
dong 1én cac nguyén tir bén trong hat nano tinh
thé, nhitng nguyén tir bi hat gamma tac dong s&
nhin ning lugng va dich Chuyén ra khoi vi tri
can bang trong trudng mang tinh thé, diéu nay
dan dén chat luong tinh thé giam, nén cuong do
huynh quang ciing suy giam theo. Liéu hép thy
cang 16n, anh hudng cang nhiéu, dan dén
cuong do huynh quang cang bé.

So sanh hai loai chidm luong to¢r CdSe va
chim lugng tir hé CdSe/CdS 16i/vo trén Hinh 7,
tbc do suy giam cuong d6 huynh quang cia
CdSe nhanh hon CdSe/CdS 16i1/vd, vi vung tai
hop phat quang 1a ctia CdSe. Pdi v6i CdSe, birc
xa gamma tac dong tryc tiép, trong khi d6
CdSe/CdS 161/vé c6 16p CdS bén ngoai, 16p nay
can tré mot phan birc xa gamma dé tac dong 1én
vung tai hop CdSe.

3.3.3. Anh huong cia thoi gian song huynh
quang

Puong cong suy gidm huynh quang cua
cham luong tir CdSe (a) va CdSe/CdS 15i/vo (b)
thay di theo liéu chiéu btrc xa gamma do duoc
va biéu dién trong Hinh 8.
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Logar
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(a) (d)
Hinh 8. Buong cong suy giam huynh quang
cua cham luong tir CdSe (a) va CdSe/CdS 161/v6 (b)
véi cac lieu chiéu burc xa gamma khac nhau
Thoi gian séng huynh quang dugc tinh bang
cach lam khép dudng cong suy gidm huynh
quang theo ham stretch:
= Iyexp(—t/ 0)f )
trong d6 t 13 thoi gian song cua dién tir trén
trang thai kich thich va B 1a gia tri nam trong
khoang tir (0-1). Thoi gian séng huynh quang
nhan duoc 1a thoi gian séng trung binh duoc
tinh theo cong thuc:

Zlai *T,.z
Ty = Zl—*T 3)

phu hop v61 md hinh 2 tdm (i=2) phat quang.
Két qua tinh toan thoi gian song huynh quang
dugc trinh bay trong Bang 3.

Bang 3 cho thay thoi gian séng huynh quang
trén cac trang thai kich thich c6 xu hudéng giam
khi liéu chiéu ting, diéu nay 1a phu hop khi ma
kich thudc hat gidm thi sy xen phi ham séng
cia dién tr va 10 tréng ting 1én, dan dén xac
suét tai hop dién tir va 18 trong tang, khi d6 thoi
gian séng trung binh cua dién tir giam. Ngoai
ra, thong thuong khi chim luwong tir c6 nhiéu
sai hong hodc co tap chat thudong dan dén thoi
gian séng ciia dién tir trén cac trang thai kich
thich tang lén, nhung trong truong hop nay, tac
dung cua buc xa gamma khong gay ra céc sai
hong mang tinh thé ma chi ra x6 1éch céac vi tri
nat mang trong mang tinh thé gay ra hé qua la
cuong do huynh quang giam.
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3.3.4. Hién twong hoi phuc cwong do huynh
quang theo thoi gian sau khi chiéu xa gamma

Cham lugng tir CdSe va CdSe/CdS 15i/vo
khong chiéu xa gamma c6 cudng d6 huynh
quang gan nhu khong di theo thoi gian (duong
mau den Hinh 9). Trong khi do, chung ta nhan
thdy ngoai lidu chiéu 10 kGy (khi d6 cudong do
huynh quang ciia CdSe suy giam nhiéu nhat,
gan nhu dap tit va khong c6 kha niang hoi phuc
huynh quang theo thoi gian) thi cudong do
huynh quang cia cic cham luwong tir sau khi
chiéu xa gamma ting dan theo thoi gian va thay
hién twong hdi phuc huynh quang ddi véi cac
lidu chiéu. So sanh tbc do hodi phuc ctua chim
luong tir chiéu 0 kGy, 1 kGy va 3 kGy trong
Hinh 9 ta thay cudong do huynh quang sau 1
ngdy chiéu birc xa di ting rd rét, nhitng ngay
sau taing cham dan va c6 xu hudng bio hoa.

[

g
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—a— OkGy
—e— 1kGy
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20

Cuong d6 huynh quang (%)
3
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(a)
~100f #=—0¢—m"—8— &%——— g =
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—e—1kGy
3kGy

Cuong d6 huynh quang (%
e W N - =] O
=3 =3 (=3 =3 = (=3

(%)
=3
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(b)
Hinh 9. So sanh t¢ d6 hdi phuc cudng d6 huynh quang
theo thoi gian ctia CdSe (a) va CdSe/CdS 16i/vo (b) voi
cac lidu chiéu buc xa gamma 0 kGy, 1 kGy va 3 kGy.
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Xét vé toe do hdi phuc co thé théy, su hdi
phuc nhanh ¢ nhitng ngay dau va cham dan &
nhiing ngay tiép theo. Vi du ddi voi CdSe chiéu
1 kGy, cuong d¢ huynh quang ctia CdSe tang
tir 44.8% (sau khi chiéu) 1én 86.1% (sau 15
ngay) tuc l1a cuong do huynh quang da tang 1én
41.3%, d6i v6i CdSe/CdS 16i/vo, cuong do
huynh quang tang tir 71.8% 1én 91.7 % sau 15
ngay, tirc 1a cudong do huynh quang da tang 1én
19.9%. Cac két qua thu dugc twong tu véi cac
liéu chiéu 3 kGy 5 kGy, 7 kGy, 10 kGy. Toan
b6 két qua duoc tong két trong Bang 4.

Két qua trong Bang 4 cho thdy mau véi lidu
chiéu thap, toc do hdi phuc nhanh hon va kha
nang hdi phuc 16n hon, liéu chiéu xa cang 1én
kha niang héi phuc cang nho, dén mot gisi han
nao do, vi du khi chiéu xa 10 kGy cuong do
huynh quang ctia CdSe hau nhu bi dap tat va
khong c6 kha ning phuc hoi va d6 hoi phuc ctia
CdSe 16n hon CdSe/CdS 151/vo.

Hién tuong phuc héi cudong d6 huynh quang
ctia chdm luong tir sau khi chiéu buc xa gamma
¢6 thé do nhitng 1y do sau:

Birc xa gamma d 1am cho mét sd nguyén tir
1éch khoi nut mang, din dén giam chét lugng
tinh thé va giam cuong do huynh quang. Duéi
tac dong cua dao dong mang trong tinh thé &
nhiét d6 phong va trong gidi han dan hoi cua
mang tinh thé, theo thdi gian, mot phan nguyén
tur bi dich khoi vi tri nit mang dan tro lai vi tri
cli trude khi chiéu xa gamma, din dén hdi phuc
mot phan chat luong tinh thé va ting tro lai
cuong do huynh quang.

Véi liéu chiéu gamma thép, do léch mang
clia nguyén tir khoi vi tri can bang thap, véi lidu
chiéu xa cang cao dJ 1éch mang cang l6n. Khi
do léch mang vuot qua mot gidi han nao do
(trudng hop lidu chiéu 16n nhu méu chiéu 10
kGy), khién khong thé ty hoi phuc vé trang
thai ban dau, khi d6 cAu triic tinh thé bi thay doi
dan dén tinh chat huynh quang bi thay di theo.

Bang 4. Phan tram dién tich cudng d6 huynh
quang cua cham luong tir hdi phuc theo thoi
gian sau chiéu xa.

Thoi Phan trim dién tich cuong d dinh
gian huynh quang phuc hoi (%)
(ngay) | |Gy |3kGy| 5kGy | 7kGy | 10
kGy
Cham lugng tir CdSe
0 44.8 11.4 2.2 1.1

63.3 243 53 2.8

71.7 | 269 6.1 3.2

1
2
3 78.6 | 28.2 6.9 3.6
6 83 29.7 7.9 3.7

10 83.3 30.7 8 3.8

15 86.1 314 8.1 3.9

Cham lugng tir CdSe/CdS 16i/vo

0 71.8 31 14.9 7.1 33

83.3 347 | 193 10.7 8.3

85 36.5 | 20.2 11.1 8.7

1
2
3 91.2 37.1 | 21.1 11.2 9.6
6 92.1 36.6 | 21.6 115 | 11.6

10 90.3 372 | 21.6 11.7 | 12.2

15 91.7 | 385 | 21.8 121 | 133

Viéc ton lai 16p vo CdS bao boc bén ngoai
sinh ra mot ap suat 1én 16 CdSe bén trong, khi
d6 hé s dan hoi clia cac nguyén tir Cd véi Se
tang lén (twong ty nhu 10 xo ting dd cliing cua
nod) va bién d6 dao dong mang tinh thé cia 15i
CdSe trong cau truc 18i/vo cling bé hon CdSe
khi ¢ cung nhiét d9, diéu nay dan dén kha ning
héi phuc ciia CdSe/CdS 16i/vé kém hon CdSe.

Hién tuong hdi phuc huynh quang nay co
cung ban chéat vé6i hién tuong tang hé s6 dan
dién theo thoi gian sau khi chiéu xa proton 1én
LED InGaN/GaN ma bao cdo cua Hong-Yeol
Kim [27] d3 dé cap toi.
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4. Két luén

Cham lugng tir CdSe va CdSe/CdS 15i/vo
duogc ché tao thanh cong bang phuong phap hoa
uét cd ciu tric zinc blende kich thudc 3.9 nm
va 4.4 nm tuong Ung.

Anh huong cia birc xa gamma 1én tinh chat
quang ctia cham luong tir CdSe, CdSe/CdS
161/vo, da duoc khao sat:

- Sy dich dinh huynh quang vé phia ning
luong cao theo liéu chiéu buc xa, dinh huynh
quang ctia chim luong tir CdSe dich manh hon
so voi CdSe/CdS 16i/vé.

- Cudng d6 huynh quang giam theo liéu
chiéu birc xa do chat luong tinh thé kém di sau
chiéu xa gamma, cudng d6 huynh quang cua
cham luong tir CdSe giam manh hon CdSe/CdS
161/vo.

- Thoi gian song cta dién tir trén trang thai
kich thich giam dan theo chiéu ting liéu chiéu
blrc xa gamma.

- Hién tuong hoi phuc mot phén cuong do
huynh quang theo thoi gian sau khi chiéu xa
gamma duoc cho 1a két qua cua hdi phuc léch
mang trong tinh thé. Véi lidu chiéu xa 16n (~10
kGy) CdSe khong c6 kha ning hoi phuc. D
hdi phuc cia chim lugng tir CdSe t6t hon
CdSe/CdS 16i/v6, do phan 16i CdSe chiu mot ap
sudt gay ra boi 16p vo CdS lam cho kha ning
dao dong va dich chuyén kém hon so véi CdSe
khong boc vo.

Cac két qua nay di cho thay buc xa tia
gamma khong gay ra cac sai hong mang tinh
thé ma chi ra x6 1éch céc vi tri nht mang trong
mang tinh thé dan dén cuong d6 huynh quang
giam, anh huéng xdu dén chat luong ciing nhu
hiéu sudt huynh quang cta cac chim lugng ti.
Ngoai ra, anh hudng ctia blrc xa gamma t6i qua
trinh quang dong hoc cua di¢n tir trén cac trang
thai huynh quang cling da dugc chi rd. Trong
nghién ctu nay két qua nghién cu so sanh
cham luong tir CdSe va CdSe co boc vo CdS

cho thiy 16p vo CdS ngoai tac dung giam hiéu
(mg bé mit va ting cudng hiéu suat luong tir
cho CdSe, CdS con c6 thé 1am giam anh hudng
clia buc xa gamma dén CdSe 15i va kha ning
hdi phuc cta cau trac CdSe/CdS 16i/vo tét hon
cau trac CdSe.
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