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PHUONG PHAP PHAN TICH
QUANG-PHAT QUANG TRONG BE
MAT VA MAT PHAN CACH

(Photoluminescence In Analysis Of Surfaces And Interfaces)



NOi dung trinh bay
1/ Gi&i thiéu phuong phap.

2/ UYu diém- han ché.

3/ Phuwong phap quang- phat quang:
3.1. Kich thich quang phat quang.
3.2 . Pho quang phat quang.

3.3 Cuong db6 guang phat quang



Phwong phap quang phat quang trong phan tich bé mat va
mat phan cach

U'u diém

Han ché

¢

- Phat hién sai hong, tap chat trén

bé mat va mat phan cach.
PL phu thudc vao kha
- C0 do nhay cao. nang blc xa cua vat liéu.

- Khdng phéa hdy mau.

- Phan tich PL theo thoi gian la

rat nhanh
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Figure 1 Typical experimental set-up for PL measurements.

Hinh 1: So do bo tri TN hé do PL



|. Sw Kich thich quang phat quang

/\

1.N&ng lwong kich thich 2.Cwong do kich thich.
/ \
?u@ Dich chuyén Stoke

D0 xuyén sau ;

cang lén Xac
Xuat

Do hap thu cda tai

mau cang hop

giéi”' lon.

Xac xuat tai hop
giam.



- Pho PL & nang lvong kich thich :

Ban dan sach Ban dan co sai hong, tap chat

l bé mat. l

Pho PL khdng phu thudc vao E,, Pho PL thay d6i khi E,, thay doi.

- P06 dich chuyén Stoke :

O mat phan céch gilra cac 16p ban
mmmm) 1 ddy ho6 lugng tor (QWS)

dan cé cau trac di thé.

Khi c6 kich thich. s Sy chénh léch gira dinh hdp thu va dinh phat xa.

!

P06 dich chuyén Stoke = TONn hao PL



2. Curong do kich thich

Cuong do anh sang toi ah

. Mat do e/h duoc kich thich quang.

- Mat db trang thai mat phén cach :
Khi nbng do6 hat tai thap :

4

Phép do bi chi phdi bdi sai hong va tap chat.

!

Tai hop Schockley-Read-Hall

‘SRH)

Téc do tai hop N




Khi méat do hat tai cao:

4

Xay ra thém hién twong tai hop Auger

4

Tdc do tai hop u n3
- Van toc tai hop & mat phan cach : S

Bé day cua 1&ép quang hoat.
+S — ¢ <

Mat do hat tai.

Trang thai tw nhién clia mau,

tS —> e chét lwong mét phan cach.

NEu co 2 mat phén cach tham gia vao qua trinhPL —> S=S, + S,



Két luan:

Tang PL <—> Giam s tai hop khong burc xa

4

Pé xac dinh S

Mau phai dat yéu cau Thiét bi may mdc tinh vi



- Su phu thuoc cua tin hiéu PL vao cwong do kich thich trén

1 cau tric di thé InGaAsP/InP

Pbuwong PL —— Ti & tuyén tinh v&i cdng suat kich thich

Nhung qua thi nghiém & vai mau nghién ctru

4

1 kich thich @ mirc trung binh thi dwong PL lai tang vot

¢

Hinh 2
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Hinh 2: Cwong do PL phu thudc vao céng suét kich thich ctia hai mau
khac nhau (Komiya).



- CONng suat kich thich :

Anh sang (photon).
Khi kich thich vao mau <
Nhiét (phonon).

—> TangluongPL <>  Giam lwvong nhiét.

~— Cuwong do anh sang phat ra
—> < —> (Cong suat kich thich.

_ S bién thién nhiét dé

¥

Po cbng suat birc xa tuyét doi trén cau trac di thé InGaAs/InP. (Hinh 3)
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» Hinh 3:Moi tvong quan gitra_so do twong doi cua tin
hiéu phat quang va thay doi cua nhiét do,



7o

40 +

External efficiency (%)

30—+

10™ 10" 10" 10"
Electron—hole pair generation/
recombination {5_1}

Hinh 4: Sv phu thudc cua_hiéu suét phat xa lvgong t&r voi toc dd phat sinh/ tai hop
cla cap e —h & trang thai bén



- PP PLS3: dé danh gia su_phu thudc cua I vao |,

Khi tai hop bi chi ph6i bdi cac by & trang thai bio hoammy Ipg ~ I,
Khi tai hop btc xa chiém da s6. I I, ~1

X

IpL/O

E, =0 E;

Excitation intensity
Hinh 5 : Sy phu thudc hiéu suét PL vao I, cho ham mat do trang

thai co dang hinh chir U twong tng.



Ung voi ving dan nhd nhat & vang hoa tri 1on
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Figure 6 Tvpell band alignment where electrons and holes Blueshift phu thU(,_jC Vao

collect on opposite sides of a semiconductor interface. The

small QWs that form near the interface lead to a substantial ‘ 4
(Vignaud ) kich thich trong PL

excitation-dependent blueshift in the PL,
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|1. Pho quang phat quang :

«*Muc dich

+«Phat hien nhdng sai hong va tap chat.

+Xac fionh ABdc thanh phan cau tao cua hdp kim chat ban dan.

+Phat hien dau hieu cua cac gieng hoac rao 6 mat phan cach



1. Céc vi tri dinh pho PL :

Sai hong

vatapchst — Pha v& trat ti tuan hoan clia mang tinh thé

v

Cac mirc nang luvong & ving cdm (céac bay).

Mke donor &, Murc acceptor E,



Conduction band
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Figure 7 (a—c) Radiative recombination paths: {a) band-to-
band; (b) donor to valence band; (c)conduction band to
acceptor. (d) Nonradiative recombination via an intermediate
state.

Khi cac hat tai nay tai hgp bir'c xa =g Phat ra buc xa.

v

Nang lugng cua murc sai hong Phan tich 4 . ,
. <= an tich anh sang phat ra.
hay tap chat. gp
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Hinh 8:

(a-c):Ph6 PL clia 3 mau Si epitaxi
(d) : Pho PL cuia chat nén.

!

Chi ra cac duong pho cé
lién quan dén tap chat

Ga, As, Al, PvaB.
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Figure 8 PL spectra of thres epitaxial Si samples (8—-c) and
he substrate material (d) showing spectral lines associated with
si, As Al P, end B impurities. =



<KV thuat khac &n mon :

L3 k¥ thuat loai bd vat liéu tir chit nén bang phan (ng héa

hoc hay ban pha ion

Wet etch Plasma (dry) etch

OJ

|sotropic

)
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- Phuong phap an mon ion phan tng (RIE ): (Radiation lon Etching)
Phwrong phap mo ta sw két hop cltia cong cu plasma voi st

dung khiﬁhén rng.

Khi ion duoc tang toc bai treong dién tir roi ban pha vao
|&p vat liéu can an mon

Two €electrodes (1 and 4) -
o 3 L L P |l Ml Tl T
that create an electric field \ F F F F F~
(3) meant to accelerate ions 3
(2) toward the surface of NN N NS NN N NS NN

the samples (5).




%- Dung pho PL fie nghien c6u tac fiong cua nhding plasma khac

nhau len be mat tinh the:

Phan tich pho PL la rat hitu
dung trong viéc xac dinh va
diéu khién cac sai hong do RIE

gay ra.

Fhotoluminescence intensity (a.u.)
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Figure 9 PL spectra of B-doped Si after the following plasma
exposures: (a) 80% He-20% HBr; (b) CF4; (c) Ars (d) Ar-Da:
{E} DE.I“EE'I



4- No day cua mau :

Ghep hai mang khong can xdng

U —> Do day cua lop InGaAs
trong cau truc do the InGaAs/ GaAs Y P

—.

- !
Mong Vuot qua do day tdi han.
! Trang thai cang Su lech mang
Phat xa sau
Quan sat PL sau trong Po pho nhd la mot ham cua fio
—
he InGaAs/ GaAs day 10p InGaAs

C060ng Ao cua phat xa sau tang nhanh khi [6p fat fiol day toi hain



- Dung PL fie nghien céu fac tinh cua I6p bao phu tinh the

co kich thobc nano :

S dung pho PL dé nghién ctru dac tinh cua 16p ma CuSe tren tinh

the CdSe co kich thooc nano.

Tinh the CdSe khong fi66c bao phu —s Cho PL rong va

d60i vung cam

Tang 1 160ng nho CuSe ——> PL rong va d0di vung cam
tren loi CdSe giam idn fieu fong thai

tang fieu PL vung bien.



2. D0 rong va sv tach duong PL :

S m& rong vach pho:

dTrang thai gb ghé & cac mat phan cach cé xu huéng tao
sy m& rong va phan tach duong pho trong ho lvong tir.

ASuw mé rébng dudng la do nhirng rung déng khdng biét
trréc bén trong hé luvong ti.

Su mat trat tw

Sw m& rong vach pho

Tinh chat bé mat
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Figure 10 Models of interface structure relative to the size
of the exciton wavefunction: (a) two rough interfaces; (b) one
smooth and one rough interface; (c) two smooth interfaces.

Hinh 10: M6 hinh cla cau tric bé mat co lién
quan véi kich thwdc cua ham séng exciton.




U's =~ 3rm

- Su tach pho :

hK

Phot olumines cence intensity (arbitrary units)
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\
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x 20
Figure 11 PL spectra of a GaAs/AlGaAs single QW measured x50

at the temperatures indicated. The peak labeled I disa

P H.rs 1 1 1 1 1
with increasing temperature, whereas Eyyyy; rises Elﬂﬂdil}’.[ﬂ? 1000 1636 1500 1676 1700
E (eV)
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Figure 12 Experimental (dots) and theoretical (solid line) full
width at half-maximum (fwhm) of the exciton recombination
line in InGaAs/GaAs QWs. Interface roughness (vi,, dotted
ling) and alloy disorder (vay, dashed line) contributions to the
theoretical result are shown separately,™

Hinh 12 :
P06 rong
ban rong
pho phu
thudc vao
d6 réng ho

lvong te.



3. Cuong do quang phat quang

T tin hiéu PL = c6 thé phan tich dwoc tinh chat mat phan cach trong
cac chat ban dan.

3.1 Sv phu thudc cua thé ap vao — dién thé bé mat
3.2 Su phu thudc khéng gian — sy dong nhat mat phan cach

3.3 Su phu thudc thoi gian — tdc do tai hop



3.1 Su phu thubc cua thé ap vao — dién thé bé mat

Mat ngoai clia bét ky loai ban dan nao ciing déu ton tai cac khuyét tat = tao
ra cac mirc nang lvong mat ngoai ( cac trang thai bé mat )

Cac trang thai mat ngoai nay sé lam cho truong thé nang tuan hoan clia mang
tinh thé bi vi pham

Céc trang thai bé mat sé co thé bat thém dién ti hay bi mat bt dién ti¢ =>1am
udn cong vung dan va vung hoéa tri & khu vuc gan bé mat vat liéu = xuat
hién vung dién tich khong gian gan bé mat vat liéu.



Vung nang luvong bi udn cong trng voi dién thé bé mat Vs

m[

Surface

Energy

(@)

Figure 13 (a) When electrons accumulate in surface levels
(denoted E.), the conduction and valence bands bend upward
near the surface. (b)) Accumulation of holes bends the bands
downward. The magnitude of the effect is characterized by the

surface potential V..

5 =

Surface
/r E.
........................................ N
By

=

¥

Fos ition
(bl



Bé mat sach - mat do trang thai bé mat thap : cwong dd PL cao

Mat dé trang thai bé mat 1én : cwong doé PL gidm do c6 vung dién tich
khéng gian 16n két hop voi suw tai hop bé mat .

- Do cuwdng do PL cé thé xac dinh dwoc sy thay doi trang thai bé mat
clia vat liéu
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Thé bé mat ( lién quan dén do réng vung dién tich khdng gian ) thay
doi khi c6 su kich thich ( chiéu sang ) lam thay do6i cuong dd PL

- Su gidm cuong do PL chirng t6 c6 sy tang mat do trang thai bé mat



3.2 Su phu thudc khdng gian — su dong nhat mat phan cach

Po PL bang cach quét kich thich quang 1én bé mat mau, sau do thu tin

hiéu quang & thang pm.

AV =
e
—y ) o e
R A
o e i s —

= S

(B)

Figure 15: PL images of InP
treated with NH,OH : (a) as
treated; (b) annedled at 350°C ;
(c) annealed at 450°C . PL
intensity scalein (b) and (c) is
10 times smaller than in (a)



Sw phu thudc khong gian clia phd PL cho ta danh gia dwoc sy dong
nhat vé thanh phan cta hgp kim

So sanh s phat trién cla InP/Si vi InP/InP
- Su léch mang cua InP/Si lam giam tin hiéu PL
- Ung suat lam ma rong peak PL cla InP/Si



3.3 Suv phu thudc thoi gian — toc doé tai hop

« Khi mau duoc kich thich bang mot xung laser ngan, nong do
hat tai phu thudc manh vao thoi gian . Vx xung laser ¢6 thé
nho hon thoi gian tai hop trung bxnh-> hat tai dugc sinh ra hau
nhu Ia tic thoi

 Phép do do phan giai PL dugc str dung dé xdc dinh thoi gian
song cua hat tai va dé€ nhan biét cic co ché tai hop khac nhau
cua vat liéu.

« Thoi gian song cua hat tai thu duoc bang cach theo doi nh+ng
tin hi€u PL sau khi kich thich xung.



« C6 ba co ché€ chung cho su tdi hop trong chat ban dan : Su chuyén SHR
qua trang thai trung gian, SU biic xa va tan xa Auger. Thoi gian song cua
hat tai khong can bang:

1.2, 8o
t d N

« Khi muc kich thich duogc t'ng Ién, bo qua tan xa Auger

 Gia sir nong do hat tai riéng nhé - & muc kich thich thép, bic xa ty 1€ véi
n la yéu

d khong phu thuoc cuong do kich thich, chi phu thudc vao

T=—"— bé day Iép phan cach
2S
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Figure 18 Recombination rate vs. the reciprocal of the active
layer thickness in Zn-doped AlGalnP/GalnP double het-
erostructures. Symbols representing different doping levels are
specified in the plot.“®



