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- MO PHONG VA PHAN GIAI PHA
PHO QUANG - PHAN XA CUA BAN DAN InP
VA CAU TRUC PA LOP D| THE

AlxGal-xAs (n)/GaAs (p)



NOI DUNG TRINH BAY

» Quang phan xa (Photoreflectance PR)
 Hiéu rng Franz-Keldysh
% Sai héng bé mat — m&rc Tamm

% Pho hoc bién diéu (Modulation Spectroscopy) va phwong phap quang
phan xa

» MO phoéng va phan giai pha pho quang phan xa clda InP
% Thanh phan dao ddng Franz-Keldysh (FKO)
% Thanh phan Eciton
< Pho6 PR da thanh phan
< Phan giai pha tir pho PR
< Phan gidi pho PR ttr thuc nghiém
% Pho6 PR cla cau truc da l&ép di thé
¢ So sanh voi cac két qua thwc nghiém

> Van dé ton tai



Hiéu trng Franz-Keldysh

/ E -0 \ F#0

E, qFz

Eg X EC
\ ho > E, - sz\ E,

Ph6 hap thu (phan xa) khi cé dién
treong sé dich chuyén vé phia
vung nang lveng thap

Ph6 hép thu




Sai hong bé mat — Mrc Tamm

© © / Tai bé mat:

- Tinh tuan hoan bi gian doan
-B--- - (mdrc Tamm)
- Hap thu nguyén ttr la, sai hong
mang (muc khac)

Ly twédng: khdng cé
trang thai mat ngoai

Dai nang lwvgng mat ngoai bi uén cong I1én &
ban dan loai n S .
Trang thai bé Cong lén
Bat electron mat (n)

e | <

Bat 16 tréng bé mat
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Ban dan

pha tap

Cong xudng

(P)
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Ph6 hoc bién diéu (Modulation Spectroscopy)

Nhirng phép do quang vé&i cung tinh chat gibng nhau la:

Bién diéu ngoai

R, T

Sample

— AR, AT

1]

Bién diéu

Bién diéu trong

- Bién phan xa (Electroreflectance-ER)
- Quang phan xa (Photoreflectance-PL)
- Tr phdan xa (Magnetoreflectance MR)

- Pizo phan xa (Piezoreflectance)

- Nhiét phan xa (Thermoreflectance)

A 4

- Bién diéu dd dai budc song tia téi
- Bién diéu sw phan cuc anh sang toi
- Thay d6i vi tri trén mau



Phwong phap quang phan xa

Laser ofi

"
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4 Hiéu rng Franz-Keldysh A Seraphin va Bottka

ﬁ: Ron -Roff A—;:GSA81+BSA82
R Roff

- Y




Hé do quang phan xa

slit illuminator with
A halogen lamp

E

et
-

Analysing

‘.'\ beam

1
E Modulation
slit illuminator with o peam

xenon lamp
Cut-off filter
AR

Si - detector




Hé do quang phan xa

Xt Iy mau

Hlru co la

Axeton
loang

Lam [E=Nisisis=
kho




M6 phdng pho quang phan xa
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Thanh phan dao dong Franz-Keldysh (FKO)

Seraphin va Bottka

AR
F :OLSAS:L + BSA82

a.,B, lacac hé sd6 Seraphin.

1 oR 1 oR
0(‘s:_— Bs:_— e
R Og, R 0Ok, E(eV)
o = 2n(n*-3k*-1)
) C
g = 2k (3n*-k*-1)
o C

c=(n"+k*)| (n*+k*)" +2k* - 2n° +1]




Thanh phan dao dong Franz-Keldysh (FKO)

Ag,,Ae, Lasw bién thién clia hang sd C2enE, L,
"7 dien moi phic &, +ic, const = (V™)
Eg-E
const (h@)l/ ’ X =
e.(E)= = G(x) 2]
ho = 2°°h0
const(h@))ll2
ASZ(E): F(x) 0. oo \L/3
E? hQ:(q h2F ]
8u
_ ~ 2 WA 2 ATy
F ()= | (A2 (%)= xAi (x)) |- (-%)"U () 11,1
G(x)=n[ Ai(x)Bi (x)-xAi (x)Bi (x)]+x"U (x) WM,

F'(x, ) +iG'(x,T"") = 2n[e ™ "*A '(zy) Al '(0,) + ®yAI(Z,) Al ()] —
_{—x+ (X +1“'2)1’2T2Jr i{x+ (X +F'2)1’2T2

2 2
Z, = X+il" r

o, = Z, exp(—i2n /3) I "0
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Thanh phan dao dong Franz-Keldysh (FKO)

~ Smaller period

-10 -7.5

Ai(2)
0.4
0.2
-2.5 2.5
-0.2
VAR

) PN P A W Ve e
NEGRNNY "_\/// \‘-. . \ll' ;: /
S0
3/2
I'VE-HEg E-Eg
3/2 COS
(7hQ) )
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Thanh phan dao dong Franz-Keldysh (FKO)

Anh hudng cla dién trudng bé mat

M® hinh ly tuwéng

A

[ N S B p T W '
T T T T T b

= —
T

0 del i

Dién trwong bé mat
bat bién theo dd sau

I I I I I I I I I I I
1.27 1.29 1.3 1.33 1.35 1.37 1.39 1.41 1.43 1.45 1.47 14915

E (eV)
" Chu ky Ph6 PR cUla InP v&i dién truong bé mat khac nhau
s Fs Bién do E, =1.344eV ,F, =4x10°Vm™,T" =0meV
1/3
) Zh F2

AR 1 E Eg
“NE)~ o
R( ) E*(E-EQ) U



Thanh phan dao dong Franz-Keldysh (FKO)

Anh hudng clia hé sd gidn nd T

Bién doJ
rt = ,
Chu ky: khong déi

| 1 1 1 i | | | | | |
1.27 1.29 1.31 1.33 1.35 1.37 1.39 1.41 1.43 1.45 1.47 1.49 1.5

E (eV)
Phé PR cla InP vgi théng s6 gidn né khac nhau
E, =1.344eV,F, = 4x10°Vm™
3/2
AR 1 4(E-E
—(E)~—; $ lcos| — J
R E°(E-Eg) 3\ 7Q 15



Thanh phan dao dong Franz-Keldysh (FKO)

Tinh Fs va do cong vung nang luong

3/2
A—R(E)z . 1 exp L E_BEQ COS Q(E—Egj
R E?(E-Eg) (hQ2) 3 70

Cocuctri

A

4
4[E,-E, 1" w55
nm=—| ——2| +0
e
4 3/2 3/2
g(En—Eg) n—(hQ) 0
Hé s6 gbc__

1/3 2 2 1
e’h? 2 _ 88OFS _ st
ikd = ( 3 j s 2n  Zegyn
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Thanh phan dao dong Franz-Keldysh (FKO)

MO hinh da lop

N, =N(F =0,E)+AN,(F,,E)

—  NAgy, +KAe,, —i(nAe,, —kAe,, )
ANv:
2(n2+k2)
d Vo o d, \ o
(pv=2n(7j(N+ANv)=2n(TjNv
Z= E: _AN_J_ - _ _L_(N-'- _1)_ N_L'Nvl
2N +AN; TN +(Ne ) NN
MC\) h\lnh d,a |(’)’p ] N|_+(N+ 1) NL+Nyv N_L:]_
dV:deI/j FV_]_: fv__1+r_\/exp(—2|(|)v) ?V_lz éNvi—AN_V
1+ f,  ,rvexp(-2io,) 2N + Nv-1+ Ny
d,-d, d I _
d v _ “d N—NL 2 AR ‘ro‘z_Re(R))
I:v Fs R): N N_ —(E)Z
TN R Re(R,)

——> [ M6 phéng phé PR ] -




Thanh phan dao dong Franz-Keldysh (FKO)

Hiéu thé vung dién trwong bé mat |

Bon lop Pa lop E, =1.344eV ,F =4x10°Vm™,I" =11.35meV

Dién truong > Dién truong So sanh gilra mo hinh da 16p va don I6p
E, =1.344eV,F =4x10°Vm™, j = 100,del =100nm, " =11.35meV
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Thanh phan dao dong Franz-Keldysh (FKO)

0 del, del, 7

Pién trrong bé mat véi do sau khac nhau

1.2F

0.5+ R

06
0.4+

02k del =100nm

Chu ky
@ ddl {Bién do

I I I 1 1 I I
I 1.27 1.28 1.31 1.33 1.35 1.37 1.38 1.41 1.43 1.45 1.47 14915

Ph6 PR cUa InP khi dd day vung E (eV)
dién truong bé mat thay doi

E, =1.344eV,F, =4x10°Vm™,I" =11.35meV ,dv = 2nm
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Thanh phan dao dong Exiton

(A—:(E)j = C.F”{(E _FEZ%)Z +1}n/2.co{— n.arccot{%} +<pj

Pho Eciton v&i nang lvong Eciton thay doi:

AR E,. =1.338eV

e 4 Pho dich chuyén vé E, =1.340eV
exc phianang lugng cao|

E,. =1.342eV

1.25 1.I2?' 1.|29 'I.|31 1.|33 1.|35 'I.I3F" 1.|39 'I.ll'l 1.113 1.115 'I.ll? 1.:'-191.5
Dang pho Eciton cta InP voi E (eV)

nang lvong Eciton thay doi
—> T =1imeV 0 = 120°
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Pho PR da thanh phan

Pho PR la pho tong hop clia cac thanh phan pho riéng 1é

n AII?

ﬁ _ (ﬁj o Phd tong hop

R R A -
j=1

—
Eciton
R_(oR) (0R)
R R FKO R EXC

I I I I I I I I I I I
128 127 128 131 133 138 13 138 1.4 143 145 147

Pho PR da thanh phan

1
14515

E (eV)

21



Phan giai pha pho PR da thanh phan

Thure nghiém : Co su tré pha trong pho PR gitta tin hiéu PR va
' ' tin hiéu laser

AR 2, AR

j=1

F(E,Fs,r ,w):Z?j(E,Fs)n(

2

tan(6 +5;)=-ot; — [Géc tré pha cla tirng thanh phén}

X(E)zz_%(E)jcos(Sﬁe)

=1 -

v(E)= > 2R (&), sns, +0)

j=1 -

|

Pho PR thu dwoc trén hai
kénh cua lock-in

|

l1-ioT,
1+@r;2)< o) 40
'
y
(2.4.2)
<y R
Laser
5 X!
Y N> PR
Y
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Phan giai pha pho PR da thanh phan

Pho PR 1 thanh phan

Sl ) ; ’ | \j\u//F\\_/ﬁ"Ls'-’“‘“—“—'—““w
\ / \
| .
Fs n { 7 \ K
\ E (eV) \/ E (eV)
e w w1 T4 ]L T e s T8 s 8 = e I o134 13 10 14 147 144 145 140 1T 152 154 1%E 1m 16
Pho PR cua GaAs mot thanh phan Hai kénh X,Y thu duoc tir lock-in

E, =1412eV,F,=344x10°V / mT =12meV,d,100nm, j =100,6 =-45° § =-3.9°
Phan gidipha 1 >,,



Phan giai pha pho PR da thanh phan

Gian do6 pha 2D truyén thong

vt
B

Gian do pha 2D phd PR mot
thanh phan cé dang tuyén tinh

ez -4 2 0 2 4 B

Gian d6 pha 2D trén hai kénh XY

Xay dung gian doé pha 3D
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Phan giai pha pho PR da thanh phan

Gian do6 pha 3D

X(E):A—:(E)COS(S 10)

_AR

Y(E)=(E) sin(3 +0)

()= X (E)+Y*(E)
(2.4.1)
Pho6 PR trén gian do pha
nam trén mot mat phang

gidn do pha 3D hai kénh X, Y, va truc E

—— Co s6 phan giai pha phd PR da thanh phan
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Phan giai pha pho PR da thanh phan

Pho PR 2 thanh phan

~ —[ AR ]
X(E):Z_F(E)jcos(é‘)j +0)]
< a ]
AR .
Y(E)=)  (E), sin(3,+0)
\— j=1 L .
A_R o’
R ' N '
¥ / \‘5
\ .
i / ' ~ Tong hop
o). FAte A
J \ "/ _ FKO
'""__———n___/ f\l ‘ ------- f;’?; ----- \\J/_‘sa_,/—m__ﬂ_
[\ Eciton
: E (eV)

1 1 1 1 1 1 1
15 (=5 1. (=3 133 14 14 134

Pho PR 2 thanh phan cta InP

FKO: E, =1.344eV ,F =4x10°,I" =11.35meV,d, 100nm,sl =100,6 = (5 =—
. =134eV,T = 11meV 0 =0°38 =-30°

EC|ton E..

1 1 1 1 1
CAl 143 Ta4s 144 1AM &

AR
X12(E) = _(E)1,2 COS(S +0 )
j=2 —> -
Yi2(E)= F(E)lzsin(6 +6)
5 n
sl a/ \”\
X
\/'x:;-\c_
I ,rI _________ \\/ﬁ\_/‘_‘x [
| f — - B
A ¢
Voo
\.. ,/ E (eV)

Pho PR trén 2 kénh X, Y

60°
uu:%5



Phan giai pha pho PR da thanh phan

Gian do6 pha 2D truyén thong

H25 Gian d6 pha 2D hai kénh X, Y

Gian do6 pha 2D c6 dang
duong cong

Gian do6 pha 3D: hai kénh X, Y va E
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Phan giai pha pho PR da thanh phan

Phuong phéap xac dinh cac thanh phan trong pho PR
HeY)

& X&c dinh mit phang dao dong
chinh (ABC)

[Mét phang dao dong FKO]

&¢ Tai lan can nang luvong vung .....
cdm (BDF). Néu dinh (D) bi léch NG el
khoi mét phang chinh.

[Cc’) mat thanh phan Eciton]

42 Céc thanh phan khac xéc dinh RO © T Ry
twong tw nhu thanh phan Eciton Gian do pha 3D: hai kénh X, Y VAE  FX
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Phan giai phé PR da thanh phan tir thwe nghiém

1) Téch viung phd chi
gom thanh phan FKO

l Phan tach ra |

R I I 1 I 1 I 1 I I I I I
128 127 129 1.3 133 135 137 138 1.4 143 145 147 14815

E (eV)
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Phan giai phé PR da thanh phan tir thwe nghiém

2) St dung md hinh da lép, hiéu chinh thanh phan dao dong
Franz-Keldysh trén ving pho vira téch ra

AR 2}{10
R

1.5F —

05 —

o5t 4

R 1 1 1 1 1 1 1 1 1 | 1 |
1.25 1.27 1.29 1.31 1.33 1.35 1.37 1.39 1.41 1.43 1.45 1.47 1.491.5

|:> Tinh dién trwong va cac thong s6 bé mat



Phan giai phé PR da thanh phan tir thwe nghiém

3) Tién hanh trir phd (pho tong hop va pho FKO hiéu chinh), tach
thanh phan FKO trong pho tong hop

w1

AR 2
R

1.5 =

05

05+ ]

-1 | | | | | | | | | | | |
1.25 1.27 1.29 1.31 1.33 1.35 1.37 1.39 1.41 1.43 1.45 1.47 14915
E (eV)



Phan giai phé PR da thanh phan tir thwe nghiém

4) Hiéu chinh Eciton ddi v&i phan pho vira triv ra

2 I I I I | | | | I I I |
126 127 129 1.3 1.33 1.3 1.37 139 1.4 143 145 147 149815

E (eV)
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Phan giai phé PR da thanh phan tir thwe nghiém

5) Cong hai thanh phan hiéu chinh ta dwgc phd PR tong hop hiéu chinh

2 I I I I I I I I I I

AR

R PhG thuc nghiém

15 2 Pho hiéu chinh .

-1 |
128 12 129 1.3 133 135 137 133 1.4 143 145 147 14915 (eV)



Pho PR cla cau tric da lop di thé

LASER
632.8nm

0.3um

0.05um

&
Ll |

Al.Ga, ,As(n)/GaAs(p)

GaAs:Si (Subtract)

e

Ll | Be mat B (GaAlAs/GaAs)

" B& mit C (GaAs/GaAs:Si)

Hinh 8: M6 hinh c4u tric da |6p di thé ctia mau do

Ga, oAl isAS/GaAs/GaAs:Si.
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Pho PR cla cau tric da lop di thé
Al.Ga, ,As(n)/GaAs(p)

\ o | .

] SeE e
Tl I S N s s S i __________ E
PP PEBP | g

, | C
GaAs.Si GaAs ! Ga, Al As Air
(P*) : (P) : (n)

So d6 céac dich chuy&n hap thu va birc xa khi chiéu laser 1én mau ban dan da
I6p di thé Ga, Al As/GaAs/GaAs:Si. 35




Pho PR cla cau tric da lop di thé

Al.Ga, ,As(n)/GaAs(p)

Pho PR la pho tong hop clia 3 pho

AR

(El Pho PR clia Al,Ga, , As tai bé mat

AR , i U
(E)'l Pho PR cua Al,Ga,_,As tai lop tiép xuc

AR . , e
(?) Pho PR cua GaAs tai lop tiép xdc
i2

SIRERR RGN

A: ddc trung cho sw hap thu

Xét trvong hop x = 0.05

" o d, =1.242
BE MAT [ . ”m }

F.= 3x10°V/m

W, =108.69nm

LOP W, =0.992 nm
TIEP XUC Ft —2x10°V/m

MO PHONG

36



Pho PR cla cau tric da lop di thé

Al Ga, As (n)/GaAs (p)

(eV)

135 1.4 1.45 1.5 1.585 1.6 1.65 1.7
Ph6 PR clia N— Al .Ga,;As/ p~ —GaAs
F. =3x10°V/m; F, =2x10°/m; j=30
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So sanh v&i pho thwc nghiém cta InP

10"
Ep
it R g
N 1.36,
3 / // \\ ) /\\
j // \\ : 5
I \ / A
\
SV 4 RV
T\ /\ /o
\\\ // b // 1.371
2 \\\ Y // \\\ \_////
Y. ,
3 T 136, '
| | ] | 9 | |E (ev)
134 135 135 1.385 ©36 1.369 1.3 1.375

Pho PR cua InP thu dwoc trén 2 kénh cla
lock-in tai phong thi nghiém Quang —
quang pho, BH KHTN [5]

F =1x10°V/m
[ |

w10
AR P , -
| R ) AN - Ly thuyét
/,r" \\ —— Thuc nghiém
’ /i
PR )
1 A \
Yy
. v X
‘/
1 \ / /
X 7
2 \ 7
\ J
N
: ’ E(eV) ]
1.|34 1.3:45 1.|35 1 3:55 1.|36 1.3185 1.|3T 1.3:?5

Lam khép gitra pho thuc nghiém va ly
thuyét cla InP

E, =1.348eV, I'=7.5x10°meV

F. =15x10°V/m
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So sanh v&i pho thwc nghiém clia
Al,Ga, ,As(n)/GaAs(p)

Thuwc nghiém

AR 6 | | , !

R | —— Thycnghiém | = = GaAs: E, =142,eV
—— Ly thuyét | A
5 5 ’ A|0.047Gao.953AS: Eg :1-487 eV

F.=1.52,x10°V/m
F, =2.23,x10°V/m

Mo phdng
GaAs: E, =1.42,eV
I'=12.5meV

I Y 10T
13 T 1w 4l T3 145 17 T 1S e 18 A|0_048630_952AS: Eg = 1489 eV

Ph6 PR clia Aly xGa, o5AS (N+)/GaAs (p-) ['=13.5mevV
so sanh gitra thuc nghiém va ly thuyét
gitra thurc nghi y thuy F,=1.7x10°V/m

F, =25x10°V/m
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Y kién dé nghi

Pho6 hap thu (phan xa)

[ Hiéu rng Franz-K eldysh \

——| Dich chuyén vé phia

nang lvong thap

[Ly thuyét md phdng pho PR

gFz

v

>EPh6 ... khong dich chuyé’n]

Do vay, chung toi dé nghi khi m6 phong can thay: Eg thanh E;/
Eg = Eg —gFz
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Y kién dé nghi

E’'=E_ - qgFz

g g
wo® o 10
A7R3_ T T AiR L
R o2k R T O2F, j\ . gFz=0.0008 eV
0 0 . / \/\ N N N A i s s ]
Y
0.5F, 0.5F; | qFZ 0.002 eV
0.7F, u \ 0.7F, 7L ~ CIFZ_O 0028 eV
AL f‘f _'&....I/T..\Uﬁ\....,nv.\yc\;;m.:fm.\, : ] l\\ /-“r \ / \_ AV AWAVAVAWA
AR ) Y gFz=0.004 eV
1.0FS i “ / VaN 1.0F, ; i‘nﬁ v/ N q,__ R
!, \ / \ / \ AT e Lo -——_______,’f LA If . \___ . .I,f‘ \_\_ _}_-_ _\_\.._; ra \_\_/-_ \\L/'
\ N NS
E (eV) 7 E (eV)
1.25 1 lz? 1. 29 1. 35 1. 39 1. 41 1. 43 1. 45 1 I4;.r 1_11_91_5 1.26 1.I2? 1.I29 1.I31 ‘I.I33 I1.I35 1 I3? 1 I39 1 :11 1 1'13 1 1'15 1 Id? 1 I=19 14

Pho PR cla InP. Nang lvong ving cam
khong phu thudc vao dién truong

E, =1.344eV K =4x 10°Vm™, T =0meV

Ph6 PR cla InP. Nang lvong ving cam
phu thudc vao dién treong

E, =1.344eV F, =4x10°Vm™
I =0meV,z=10"m
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THE END
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