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Nanophotonic (tam dich la quang tr nano) hoac quang hoc nano la mdn hoc nghién
ctru anh sang ¢ thang nano. N6 la m6t nhanh clia nganh quang hoc, nghién clru
twong tac clia anh sang véi nhitng hat hodc vat chat & kich thuét nhd hon budéc
song. Nhirng ITnh vire nghién clru clia quang hoc nano bao gom: kinh hién vi quang
hoc quét trvong gan (NSOM), kinh hién vi quét hiéu tng chui ngdm duoc kich
thich quang (photoassisted scanning tunnelling microscopy), va quang hoc
Plasmon bé mdt. Kinh hién vi truyén thong sir dung nhi*rng thanh phan phét sinh
nhiéu xa dé ting do phan gidi. Nhung do gi¢i han nhiéu xa (thuong goi la tiéu
chuan Rayleigh), anh sang chi c6 thé hoi tu lai thanh mot vét voi duong kinh
khoang %2 bu6c song anh sang. Cong dong cac nha khoa hoc va ki thuat dang quan
tam dén dac tinh cla nhitng vat liéu va hién tuvong & kich thuét vai nano mét, vi
vay can phai st dung nhirng ki thuat khac véi Ki thuat truyén thong. Kinh hién vi
dau do quét (SPM) sir dung mot dau do (thwong la mdt miii ¢d 16 nhd hodc siéu
nhon), n6 co tac dung kich thich cuc bd mau hodc truyén nhitng thdng tin cuc bo tir
mau dé duoc thu thap va phan tich. Kha ning ché tao nhitng thiét bi cé kich thudt
cd nano trong thoi gian gan day dathic day ITnh vue nghién clru nay.

Pham vi nghién ctru clia nanophotonics bao gom hai chd dé chinh: 1)nghién
ctru tinh chat ki la clia anh sang & kich thwdt nano 2)ché tao ra nhitng thiét bi co
hiéu suat cao cho cac rng dung trong kT thuat.

Nhirng nghién ctru nay da tao ratiém nang to lén dé cach mang héa nganh
vién thong qua viéc cung cdp nhitng thiét bi khong co hiéu tng giao thoa, van téc
cao, tiéu tén nang luong thadp chang han nhw cac cong tac dién quang hodc cong tac
guang hoc trén chip.

Thanh phan ciia mét hé théng nanophaotonic bao gom:

o Ong dan séng

e Céchd ghép

e Cong tac quang hoc

e B0 diéu bién dién quang

e Céac bd don kénh chia bwéc song
e B0 khuéch dai

o |aser

e BOcachli



e Mach tuan hoan quang hoc.

Céc tai liéu bang tiéng Anh vé |inh virc ndy rét nhiéu nhung tai liéu bang tiéng Viét
con thua thdt. Ma day lai 1a mét ITnh vuc cdng nghé méi véi nhirng rng dung day
tiém nang trong twong lai. Vi vay, toi xin duoc gi¢i thiéu véi cac doc gia Cac bai
gidng vé nanophotonics clia giao sv Vladimir M.Shalaev & khoa KT thuat dién va
may tinh, dai hoc Purdue. Khda hoc nay bao gom téng cong 20 bai giang (cac ban
cO thé tdi mién phi cac bai giang ndy bang tiéng Anh tai trang web
http://cobweb.ecn.purdue.edu/~ece695¢ ).

Vi nhiéu li do khach quan vachu quan, toi chua thé dich hét toan bd céc bai
gidng nay machi xin gigi thiéu véi cac ban doc gid 5 chuong dau tién ciiakhda
hoc nay. Giéo trinh nay danh cho cac hoc vién cao hoc chuyén nghanh quang
hoc, vat ly dién tlr (’ng dung vabat ct ai quan tdm dén |inh vuc day tiém nang
nay. Phan bo tuc kién thirc vé séng dién tir do ngudi dich ty thém vao. Ngoai ra
con mot s3 thi nghiém &o vé song dién tir ma cac doc gia co thé dé dang tim duoc
tai trang http:/mientayvn.com/Cao%20hoc%20quang%_20dien
%20tu/Sach/Mot_so_van_de_ve luong_tu_hoc_dien_tu/Nanophotonic/phan_cuc.html

Nguyén Thanh Lam

Lién hé va trao doi vé mdn hoc: thanhlam1910 2006@yahoo.com
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[rong chén khong, ching ta 66 nhimg dicu kien sau)

P=0; M=0; p=0; j53=0. (2.6)
Butung 2176 (2:1c,d) co the Guoe viét 1a)

Vx E = —;IGH and V x H = '_-“E.E (2.7a,b)
[EEekng|l | MGl ||| G atudue]
Vx(VxE)=—uV xH and VxH=¢E. (2.8)
[iriunz tinh ché i todn il | [{ohing 2 fim duge]

—0s0E =V x (Vx E)=V(V-E)-V2E. (2.9)
V6i(2:6),(2:3) v (2:1a) chiing ta thiy ring]

VE =0 (2.10)

VA{2:9) it v& phwong ik s6ng thong thwong, duge viet oho tnrong dienl

I‘FEE — oo =0. (2.11)

E(r.t) = Eqf(kr —wt). (2.12)

T

) 1\ 172
== ( ) =c with k=|k|=27/\. (2.13)
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E(r.t) = Eqexpli(kr — wt)]. (2.14)
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Uph = Ug = C = (ﬁf[iiﬁﬂ)_l’ﬂ (216)
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Hinh 2.1. Séng diéu hoa (a) va bé song (b) duoc hlcu dién tai hai thi diém khac
nhau t va ¢ + At dé minh hoa cho khai niém vin téc pha va van t6¢ nhém.

oo i P
V-E =iFEq- kexpli(kr —wt)] = 0. (2.17)

I Eqlk (2.18)
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H = (wpo) 'k x E = Hoexpli(kr — wt)] (2.19a)

Ho = (wpo) 'k x Eo. (2.19b)

D = Dgexpli(kr — wt)] = sgEq expli(fer — wt)], (2.19¢)
B = Byexpli(kr —wt)] = w™ 'k x Egexp[i(kr — wt)]. (2.19d)
D1kE1B1D. (2.19¢)

E|D and H || B. (2.19f)
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S=ExH (2.21)
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Li thuyét dién tir: PHAS3201, Winter 2008
5. Nhitng phurong trinh Maxwell va séong dién tir

1 Dong dién dich

Chiing ta da c6 hau hét nhimng kién thiec dé phat biéu day du cac phrong trinh Maxwell; tuy nhién, chiing
ta khong xét chi tiét cach mit ra nhimg phurong trinh nay. Dic biét, khi xét treong tir, ching ta da dé cap
rang can phai tinh dén treong dién bién d6i theo thoi gian trong dinh luat Ampere. Chiing ta s& xem xét
thir xem nhimg doi hoi nay dén tir dau, va né c6 thé dwoc hiéu tir phwong trinh lién tuc nhir thé nao.
Chinh xic héa dinh lujt Ampere

e Xét tu dién dang nap véi dong dién I

e Dinh ludt Ampere & dang nguyén thuy cua né la

fB-dl:;me-nda (1)
s

Tich phan duge liy doc theo dudng cong kin C bao quanh diy chira dong dién

Ciing xét hai bé mit khac nhau:

1. B& mat cit day (déng phing véi C)
2. Bé mit khong cit day (cach xa C)

e Nhiing diéu nay s& cho hai ciu tra loi khac nhau
e For 1, we find I, while for 2, we find zero

TAKE NOTES

2 Nhirng phwong trinh Maxwell

Chring ta phat biéu nhimg phuong trinh Maxwell duéi dang vi phan va tich phan, va rit ra phwong trinh
song cho H va E cia nhiing vat liéu tuyén tinh, dang huéng.

Dang vi phiin

e By gior chiing ta ¢6 thé phat biéu tap hop diy du cac phrrong trinh Maxwell

VxH = J+ %3 (Ampere-Maxwell) (2)
VxE = —B_EB (Faraday) (3)
V.D = p(Coulomb-Gauss) 4)

V-.-B = 0(Biot-Savart+) (5)




Dang tich phéin
e Dang tich phan
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Nhiing phwrong trinh song
e Biy gio chiing ta can khao sat trweong dién va tir
e Chung ta can tim mot phirong trinh cho méi trwong
e Gia sir moi truong déng nhét, tuyén tinh va ding huéng
e Thi D=¢Eva B=pH
e Chuing ta bit ddu véi phrong trinh Ampere - Maxwell
e Chuing ta cling gia sir ring méi trieong c6 d6 dan dién déng nhét ¢, sao cho J = gE
TAKE NOTES

Phwong trinh cho H

e Chung ta tim dugc:
ViH _ OH . J*H
Qﬂ—at H 92

e Day la phuong trinh séng cho H, véi su tit dintilé véi g

=0

e Mot dién tré sé tiéu tan ning leong (vi du: kim loai, plasma)
¢ Khi méi trieong khéng dan dién g — 0, ching ta c6:

d9’H
Iy —
VH= g
e Lip lai quy trinh nay cho E

TAKE NOTES

Phwong trinh cho E

e Chung ta tim duoc: 5 o2
E >E
VE —gp— —ep——= =10
TR T
* Diy la phuong trinh séng cho E; nhu trixée, néu ¢ — 0 chiing ta c6:
’E

sz = fru.at—g

e Chuyring vantbc ciaséngla ec= 1/ /e

(6)

(7

(8)

)

(10)

(11)

(12)

(13)

o Chiing ta c6 thé tim cac phurong trinh cho D va B dwa vao méi lién hé tuyén tinh cuia ching véi E va H

e Nghiém s& 12 séng phing:
H(r,t) = Hoe ke r—wnt)

(14)




3 Song phz:mg

M5t chii v chung: ban thay rang ngudi ta ¢ thé ding i va j dé biéu dién /—1. Trong ki thuat thwong dung j.
Nhung ¢ day dung i hay j 1a tiy ban

Giai phwong trinh cho H
e Gia sirring k£ = (0,0,k) ndm doc theo truc z
¢ VZH= —k°H
e ’H/0t? = —w’H
o« Nhur chung ta tién doan, ching ta s& thiy ring néu k?/w? = eju.thi séng phing s&
la nghiénm cta phuong trinh séng cho H
® Vantocphala c=1/\/en
e Dinh luit Faraday cho biét méi quan hé gitta E va B: Nhimng nghiém ciia cac phwong trinh séng

cua chiing c6 lién quan véi nhau nhur thé nao
TAKE NOTES

Song dién tir
¢ Dé thda man dinh luit Faraday thi kg =kp =k
e AlSOwp =wp =w va ¢p = ¢p = ¢
e Moi lién hé gitta trong dién va tir la:
k x Eg =wByg (15)

¢ k nim doc theo phrrong truyén séng

Minh hoa

Hinh 1: Séng dién tir phan cue tuyén tinh hodc phan cuc phing

e B vudng goc véik, E
¢B3iviV - E =ik -E =0, k & E vuéng goc véi nhau.
e Song dién tir 1a song ngang (TEM)

TAKE NOTES



4 Phan cwe
Eq
e Chiing ta da thao luén treong hop dic biét: anh sang phéan cue phing hodc tuyén tinh

o Noi chung,E 1 sb phitc

Chuing ta gia st ring séng truyén theo truc z, k = (0, 0, k)
e L. & I, c6 bién d6 va pha doc 1ap nhau
Eo = Eo.e'%"i+ Ep,e'®*j (16)
e Chingtacé E = Ejetlkz—wt)
e Nhitng thanh phén khac nhau lién hé véi nhau nhw thé nao ?
TAKE NOTES
Quan hé pha
e Phin thye cua E la:

Er. = cos(kz+ ¢.) (Eoycos(wt)i+ Eoycos(wt — @) j)
+  sin(kz 4+ ¢.) (Eogsin (wt) i — Egy sin (wt — @) j) (17)

e Do léch pha gitta Eor & Eoy 1a ¢

e Déu ciia vecto trirong tao thanh dwong xoén dc

Hinh 2: Puéng do dau ciia vecto trirong dién vach ra cua séng dién tir phing phan cue elip

Phan loai
e ¢ = Dhoierr: phén cue phing hoic tuyén tinh
e ¢ =m/2mox37/2 véi Ep, = Ey,: phan cuc tron

e FEy, # Eny. ¢ # 0: Phan cyc elip



“3:311:;‘2
(
\
o=t

Hinh 3: duong dwoc vach ra do vecto treong dién trong mat mat phéng cho trude theo thoi
gian trong phan cuec elip; truyén ra ngoai trang giay

Phan loai

e Néu FEjy, # Eo,d6i v6i phan cuc phing thi mat phing ¢ tai goe € = tan=! (Eyo/E.0)

e Anh sang khéng phén cire co6 nghia 1a @6 phan cyc cua néd bién d6i ngau nhién theo thoi gian
(chi c6 thé cho phé lién tuc)
®* Nhitng nguon sang (diy toc bong dén, mat troi) thude loai nay

¢ Anh sang phan cwre mét phén la hén hop cia nhitng loai dic biét, hodc anh sdng c6 mot mit phing by ap dat
(dung bo loc Polaroid)

Tinh chét co ban 1a quan hé gitra vecto x va y trong trirong
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Cac phuong trinh xoay

Chirng minh phuwong trinh: VxH :a:}—?+J
[

D tang khi nap
dién cho tu
Ampere (1775-1836)
j H-dl :j{%ﬁJr J]'a’s B Tir trudmg duge cam dng do ¥ SF Y @i théng lugng di¢n
t
C

* Dong dién
A
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Hap thu va tan sac s6ng dién tir

Vat lidu trong subt ¢ thé duoc md ta bai hé sé khuc xa thue n

Song dién tU«‘:E(:,r) = Re{E(:,O))exp(—ik:JricJ)r)}

Hethtctansic o’ =k’ m) f=+

n c
Vat liéu hap thu co thé dwoc mo ta bdi n phire: n=n'+in"
O W Q) o:
Suyraik=+ —(n'+in")=% | —n'+i—n" E+ Bi—
c c c 2

—

. | \
Xét dau +: E(:,f):Re{E( Q)exp(—rB —%-H(MJ

Soéng chay Phan ra
Chay: :m_n '=kyn' |:> n’ déng vai tro nhu hé sb khuc xa théng
¢ thudng

(’0 " " - ~ A ~
o =-2—n"==2kmn"m) o lahéso hap thu
c
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Cac phwong trinh va h¢ thirc thwong dung

cD

Phwrong trinh Maxwell Phuong trinh phéanki v.p - Phuong trinh xoay V x H = ~ +J
C
V- B=0 V x E=- B
ot
Hé¢ thie thuong dung: D=gE+P=c,+5yE=¢5,(1+ y)E=5,6,F

B = poH + oM = yoH + pyy H = iy {1+ 7, V H = g, H

Dinh luit Gauss [ Dds = [ eE-dS = [ odv
A A T
"D A
Maxwell (also) JH-di = J.| %—J -dS
c S A

Quan hé dong gitta P va E: P{r.r):50_"?(?!'.\‘{:{—r'}E(r.r':} va P(k.o)=gy(0)E(k.o)

—x

Vélt lléu hEAlp thu va tan sac: E(:.f:] = Re-J,E{:.(f))expi —fﬁ:—§:+fﬁ)r ’ |

L

- ~ [0 f n A A O] " "
odayf=—n'=kn' . hé s6 hap thua =-2—n"=-2kmn
¢ c

- |
44

Cac dinh li toan hoc
Hé thic vecto VxVyE:V(v.E}_GEE
V.eE=&V-E+E-Vg

. (FdS=[V Fdv
Pinh li Gauss [ ' ?

Stokes f:fF -dl ;J(VXF}-d.S'
[

A
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Tat cd nhitng cap (n"van”, y' va ", & va ") mé ta cung mot tinh chat vat li

Trong khi gidi quyét van d& nhiéu khi ngueeri ta thich ding dai lvgng nay hen dai lwong kia

n’ va n” duoc dung khi khao sat su lan truyén séng

. ) o o .
E(z.f)= Re{E{z,m)exp(—rBz—E:+mI]} odiy p=Fn' va o=-—2kn"
- Sw lan truyén pha  Hép thu
:’{= Vé’ I“ N - = - b I z B - - .
L 7 dugre dung khi thao ludan v& ngudn goc cla nhirng hiéu rng quang hoc
e vag

S

Nhu chung ta s& thay hém nay...
Nhirng méi quan hé néi tai _ 7
Chéng han:nvas - J(E V(e ") +e,!
6 abr] et 2
Tun= ., ; va
gor=2nnt 3 ,
1 ' I ‘\/(EJ-'}L +{€,- ll)‘ _Err
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Dac tinh cua d6 phan cwc nguyén tw

Pap (rng cla vat chat (P) khong tire thoi =) phu thudéc vao ®
Po e’ 1

* D phan cuc nguyéntir: oL (O ) = = - ———=dexp 0 (0)
EE;, EmO; -0 —iyO
* Bién do
2 |
4 = € 1 | 4

‘ . v¥nhé hon

sl

* D6 léch pha gitta o voi E: 180, ==
' . . vnhé han
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Ghi nhé: € va n lién hé truec tiép voiX

e phu thude tan so6

*Hg thirc gittaevoiy: £=1+ y=1+—2
(()6 — " —f}/(t)
@,

) ctie"=l+yviy"=l+——>F—
W, — @ —iyw

e(w)

2 2 2

) (0] - o

e'=1+y'(w)=1+ A - )
(0] -0*) +y’ &’ s

- w, Y 1+ w{ $E

e"=y"(w)= 3 N2 - Wy
(0; - @) + P’ 1
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D6 cam dién cua chat ran

Truong cuc bd

* Truréng cuc b EL :E0+EI
t ~
Treong cucbo 1 IPONG ngoai Tat ca nhirng nguyén twr con lai

Trwong lvéng cwe cam tng
. . P o .
* Vi du: Bai véi déi xirng lap phuong: E; = ——  (Trong cac sach vat li chat ran, chang han.
38, Kittel, Ashcroft..)

P - - . 2 . A - A & 3
|:> E,=E;, + "l_ (Hé thire tuong tu ¢é thé rut ra cho bat ki chat ran nao)
JE
0

Pé phan cuc clia chat ran
- Chét ran bao goém nhiéu loai nguyén tr, gia str loai nguyén tr j c6 mat dé N,

P , P
P=¢ > NaE =¢73 Nj.(xj[E0 +?] =&, N,aE + 3 ‘Njaj?
j S j €0 j j :

p."

; ZNJ'&J
1 P .
o) P[l—?ZNJa] =¢,Y N,aE, @) Z=oE " ]
D j "

l—gz NJ.O.’J,.
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Phan loai vat chit

NANG L

UONG —»

CAC ORBITAL CAC ORBITAL . X
NGUYEN TU PHAN TU VUNG NANG LUQNG
&
-~ - -
- — -~ 1 eV
—
~
S —_—
~ T — —
v
L P A 23 L
I NGUYEN TU 2NGUYEN TU 4 NGUYEN TU io NGUYEN TU

» Nguyén li Pauli: Chi hai electron c6 cung trang thai dién tir (mot 1a spin 1/2 va mét 1a spin -1/2)



Nang lugng »

Tréng

Nhirng orbital

ngoai cung ’

Day mot phan
Nhirng orbital
hoa tri

J

Diy
Nhimng lop

g

Khoang cach giira cac nguyén tr —»

Nhirng electron & cac 16p ngoai

cung tuong tac
M) Hinh thanh cic ving ning lugng

Nhirng electron ¢ cac 16p bén trong
khong tuong tac

M) Khong hinh thanh ving



Phan loat vat chat

Pién méi, ban dan, va kim loai

- Phan loai dya trén cau tric vung
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-
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Z
|
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NANG L

DPIEN MOI HOAC
KIM LOAI BAN DAN



T4n xa va hap thu trong dién moi
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Kha kién—> =

[
! I
[
I
| |
P
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hap thu J k
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Chuyén dich dién tr ~ Khoéng chuyén dich Dao dong nguyén tir

Chiét sut
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Nhirng qua trinh hap thu trong ban dan

Phé hép thu cua ban dan dién hinh

HAE: THU CONG E
6 - HUONG MANG
5 e — EclL
4l Phonon
- Photon
— 2 PHO
3 EXCITON
= i ~
09 ol
= - CHE PO
ok DAPHONON e
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- 4 her
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Tinh chit quang hoc ciia kim loai (xac dinhe)

Dong dién dugc cam tng béi trudng dién bién déi theo thoi gian

» Xét truong bién ddi theo thoi gian:

» Phuong trinh chuyén dong ciia electron

trong kim loai:

* Tim nghiém ¢ trang thai dung:

« Thé v vao trong phuong trinh chuyén dong:

« Suy ra:

» Mat d¢ dong dién theo dinh nghia la:

* Vi thé:

E(t) =Re{E(w)exp(—iwt)}

v

d°x dv v
m—s=M—=—m——cE
dt” dt T
thoi gian hdi phuc~ 10 s ;-
v(t)=Re{v(w)exp(-icr)}
—icomv (@) =— (@) —¢E(w)
r
v(o)=———E(0)
m(1/7—iw) -
J(@)=—nev
miét do electron
(nez/m)
J(w)=—=E(w)

(1/7-iw)



Tinh chit quang hoc ciia kim loai
Xéc dinh dién dan suét

2/
« Tt trang trudce: J(w)= ME () (”el/ m) o,

(1/7—iw) =) cr(w)=(1/r_m,) ~ (1-ior)

+ Dinh nghia dién din suit:J () = 0 (@) E (@)

[

gday o,="2"
A 1 A4 <o X 2A . . \ m
Ca electron lién két va electron dan déu dong gép vaoe
« T phuong trinh xody: v« g = a£+J" - de;E (1) +J
ot ot =)
*Déi v6i truomg bin ddi theo thi gian:E (1) = Re{E (@) exp (—iar )}
de,E(t
) VxH-= &k | )+J:—r'we.‘3 (w)E(w)+0(w)E(w)= —f(ugo(gg [a))—@]li‘((u)
} i€,
Dong duge cam ting do truong xoay chiéu duge mo e (@)
EFF

hinh hoa bai €
Déi vai émh'énig'ih thei gian: £ £ g £+'O.
* Doi vdi trudng bi itheo thdigian: Eppr =& ———— =& TI—
A NN £,
Céc electron lién két Céc electron din
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Tinh chét ciia nhém (trudng hep don giin)

0

10

[R8] B co
T L

Ham dién moi

5 10 15

T T T

5 10 15
Ning lugng photon (eV)

@,
£ =g ——E 4
EE P W o't

- Chi céc electron din
dong gop vao: £,

e, =1
o O
£ =l-—2+i—2
EFF Al 2
! W w7
+ Phu hop vot:
£(m)
: {_..l._.-‘f.»




Ag: Cic hi¢u irng chuyén dich lién vung

10

[o2]
o
T

S

-
o
[

D6 phan xa (%)
S 8

0 S
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N_.;I_.LLL..

6
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Ning lugng photon (eV)
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Ning lugng photon (eV)

12

1 » Ag biéu hién tinh chit phan xa li thu

« Ca electron din va electron lién két dong gop

vao gEFF

+ Tinh chat nay la do su }ghuyén dich lién vung
Kich thich céc electron lién két
Lién ving

*  Pdivéi Ag: Ep = Ejf =0
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— P ] P
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Dién tich dao dong phat ra song dién tir

Truong dién va tir phat ra tir sy dao dong dién tich

Te

Puong sirc dién truong bat dau tai cac dién
tich duong va két thuc tai cac dién tich 4m

Su bét dau cua mgt song dién tir

Sau vai chu ki
Burc xa | hudng dao dong



| B A llﬂ%_


1
Highlight


Birc xa phat ra tir dao dong tir Lorentz

Cuodng d0 tan xa tir dao dong tir Lorentz

2_.4 3\
b3 ~ r ~ (U - 2
« Cuong do tan xa do ludng cuc: 7/ = p, —sin~ 0
32r e, cr”
. > T
e |
M6 hinh Lorentz:p = —— —E,
m o, —o° —iyw )
4 4 -
e 1 .
* M6 hinh Lorentz: | [ = — | ———— E}sin* @
2 me,c’r\ oy -0 —iyo A

£ 1A \
Két luan cudng do di vao
« Tan xa manh nhét gin cong hudng

. Tan xa manh nhét khi o cao hon hodc . ngin hon

*Téan xa xuat hién ¢ ca nhitng hudng trudc va sau
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Ché tao tinh thé nano Si bi"mg phwong phap téng hop chum Ion

Téng hop tinh thé nano
« Ciy 5x10'® Si @ 50 keV — 100 nm SiO,
 Luyén nhi¢t1100 °C/10 phut trong chan khong
* Rira bang khi hidro dé¢  1)lam sach nhitng sai hong phat sang

2)Tang phan tinh thé nano nhay cam quang




Piéu chinh bwéc séng phat ra hmission U@ tinh thé nano Si bing qua trinh oxy héa

« Qua trinh oxy héa ciia tinh thé nano Si & T = 1000 °C

10 ——0 phut Céac thong sb thuc nghi¢m
| —— 3 phat ) )

_ 0.8 10 phi P =10 mW/mm
= 15 phif hexc= 458 nm
S 0.6 . -\ 20 ghiu E)_(C
— / / \ 25 phl:ll T=293K
041 ' .\ — 30 phat
o lX \ E.,. Bulk Si
<02} _ \ l
»E ." \
b~ . NN ™

0.0 i il

600 700 800 900 1000 1100 1200
Budc song(nm)



Tinh chat quang hoc phu thudc vao vat liéu va kich thwét

' B_
i~y

Tin hi¢u huynh quang (a.u.)

/ /
N \\\—-—&e-’k\ \
1771 1033 729 564 460
Budc song (nm)

* Vlung dé: Tinh thé nano InAs duwdg kinh 2.8, 3.6, 4.6, va 6.0 nm
* \Vung xanh la cay: Tinh thé nano InP dudng kinh 3.0, 3.5,va 4.6 nm.
* Viing xanh da tr&i: Tinh thé nano dwéng kinh CdSe 2.1,2.4,3.1, 3.6, va 4.6 nm

M.Bruchez va cac céng sw. (Nhém Alivisatos ), Science, 2013, 281 (2014)
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Céu truc vung cua tinh thé hai chiéu

Trudng chuyén vi song song véi cot

O O O
0.808 r

/\2/ o 0 0
0806 ; O 0 O
o

© 05 - Vimehong kni i
:-a-« 0404 | -
2 03 b & 1
‘E 0.202 | ‘MO0 Iz \
S Pz | leee] NI
0.0 °F X M I

Vector song (2n/a)

Vecto séng xac dinh doé léch pha gitra nhitng 6 don vi lan can gan nhat.

X: (0.5*2x/a, 0): Vi thé, nhitng 6 don vi l1an can gan nhat ndm doc theo huéng x léch

pha nhau mét goc 180 d6

M: (0.5*2n/a, 0.5*2n/a): nhitng 6 don vi lan can gan nhat nam doc theo duwéng chéo
I&ch pha nhau mét géc 180 dé
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Phuong trinh Master cho trang thai xac lap trong dién moéi

Biéu dién phuong trinh chi trong tir truong:

1

V x é_('r)vXH(r):(?]:H(r) €= N

Vi thé, d6i voi trang thai xac lap, phurong trinh Maxwell ¢6 thé dwoc bidu
dicn theo bai toan tri riéng, twong tu vdi co hoc lugng tir khi nghién ciru
tinh chat cua electron.

Co hoc lugng tur Dién tir hoc
Truong F(r.)="F(r)’” H(r,t)=H(r)e"
Bai toan tri riéng H¥(r)=E¥(r) OH(r)= [%E}H(l‘)
Toan tir é:_nzszrV(l') O=Vx—Vx

2m &r)




Dién tir hoc nhw bai toan tri riéng
Phuong trinh chinh dinh nghia mét toan tur:
1 / .
@H(l)EVx@Vx H(r)
Quan trong, toan tir @ 1a toan tir Hermit. Néu chiing ta dinh nghia tich noi
cua hai truong vecto F(r) va G(r) la:

(F,G)= J dF (r)-G(r)

thi |
(F.OG) = [diF’ -Vx(—VxGJ

&

:_jdr(vxF)’-(leG]

&



Tinh chit tong quat ciia ché d9 diéu hoa
Véitoan tir © 14 Hermit din dén mot s6 nhitng tinh chat t6t
ve ché dg diéu hoa
2
Gia sir rang H(r) 1a mot ché do riéng, nghia la ©H(r)= [g} H(r)

y

®? thyc (H,@H):{?]h(H,H):(GH,H)=[%]1(HaH)

®? duong

2V 1 2
[?] (H.H)= (H,0H)- j.drEWx H]

Hai ché d6 H,(r) va H,(r) tai hai tan s6 khac nhau o, va o, truc giao nhau,nghia la
(H,Hy,)) =0
(%] (Hl’Hl)=(Hh@Hl):(@Hz’Hl):(%] (stHl)

Vi thé néu o, va o, khac nhau thi (H,, H,) = 0.
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Bat bién ti 1¢
Nghiém tai m§t thang nay xac dinh nghiém tai tat ca nhitng thang d¢ dai con lai.

Ching han, gia sir ring chung ta cé truong dién tir & trang thai xac 1ap
H (r) trong mot cau hinh dién méi &(r)

et v 2w

Thi, trong cAu hinh dién méi, chi 12 mot phién ban nén hoic giin cua
e(r): €'(r) = &(r/s), Dung r' = sr. chung ta c6

g(lr)v <H(r)= (gTH'(r)

V x

A
A

i twong duong
-




Nhirng don vi dwoc chuan héa

Hang sé mang: a

Don vi cia nhirng dai lweng vat li sau tré thanh:
Tan sé: c/a

Tan sb géc: 2nc/a
Vecto sbng: 2n/a

Budc séng: a

Vi du don gidn vé viéc doc gidn dé nang luong

0:8] A ] Viing cém tréi tir 0.2837 c/a t6i 0.4183 c/a

oeb g Tén s6 gitta khe 14 0.3510 c/a
g - H‘q\/ ] L 3T PO SPPPr 2 . .
o 04 i 1 Dé thiét ké mét tinh thé sao cho anh séng
BT TN 1.55 micromet roi vao tdm khe, chung ta co
& o2 el BE,“,;‘ 3R

e — ¢/(1.55micron) = 0.3510 c/a, vi thé
0.6r x M r

a=0.3510 * 1.55 micron = 0.5440 micron
Vector song (2x/a)



Niing lwgng dién tir va nguyén li bién phén

Tix phuong trinh chinh: Hai ving dau tién, trudong
chuyén vi tai diém M

@H@yzvX—l_vXH@y{quHu)
C

&(r) ~
Dang tich phén:
jm \VXHun
= 08

( c] Idr\H(r)| s 0:;: “\\;9
< @ '\.q\ ]
v Ea_ 4

Do tap trung cua cu'orng do dién truong § O:j e P
trong vung c6 hang s0 dién mdi cao lam o2 - %‘x AN
cuc tiéu hoa tan sb. 0.0 X 4 r

r
Vecto song (2n/a)
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Li thuyét Bloch cho dién tir hoc

Trong mdt mdi trudng dién méi tudn hoan, nghia 13 &(r+a)=g(r) nghiém H(r) cia
phuong trinh Master 1a:

1 [(0)2
\Y% VxH(r)=|—| H a
et (r)=[ ) H@) PP
a
phai thda man hé thirc sau: @O0
H(r)=¢“"u, (1) ®@ ®@ @

¢ day u,(r) = u,(r+a) 13 ham tuin hoan.
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Tom tit

*Tinh thé Photonic 1a mét méi trudng
nhén tao c¢é su twrong phan hé soé tuan
hoan.

«Song dién tr trong tinh thé photonic
dwoc mé ta bang cau tric ving, né
cho ta biét mdi quan hé gitra tan sé
cla ché dd va vecto song.

+Co ban vé tinh chéat cua
ché do: bat bién ti &, truc
giao.

Tén s (c/a)

| viing diggrtsi

2l x ses
hé do T™™ )C...

N

i ] ]
—

0.0r
r

X '

Vecto song (2x/a)

r
r



N:ing lrgng dién tir va nguyén li bién phan

Nghiém H(r) ctia phuong trinh Master:

OH(r)=Vxe'(r)VxH(r) = [QJ_H(r)
C

Cuc ticu hoa ham sau:

_1 (H.6H)
Ching minh
£, [ +n]< L (L +HL.OH +0dH)
2 (H+sH.H+dH)

[ 1
1 (5 QRS | (H.0H)+(éH.H)
_2[(H.G)H) (sH.OH) (@H,H){(H‘H) LAY J
1 (HeH) 1 1 _({H‘@H)_(on.ﬂ)(ﬂ.eﬂ)}l_ L (oo (EATXOHH)
2 (H.H) 2 (HH) (H.H) 2 (H.H)_ (H.H)
=%_(H.@)H)=Ef[H]

(HLH)



Ning lwgng dién tir va nguyén li bién phan

Pinh li bién phén cho chiing ta mot sé goi
y v€ nhitng trang thai riéng nam ¢ murc thap.
Boi vi

c

I
H]=5 (HH) E(H.H)'JA(#E

Tir phuong trinh nay, chung ta thiy ham E,
cuc tiéu khi trudong chuyen vi D duogc tap
trung trong viing ¢6 hang sé dién méi cao,

vi thé, ché do béc thap hon c6 khuynh huéng
tap trung trudng chuyén vi cia né trong ving
¢6 hing s6 dién méi cao.

g chuyén

Hai vung dau tién, truon
vl tai diem M
o
. GE?- \ ]
4]
S 0%F Khénkg khi 7
- -\*2;7& ]
w oA J
0'4
L :3-\':‘:2‘::nmﬁi _/'é}\ B
[ *ee b
02 e | 2R\
T™ maces
0.br

T X "

Vecto song (2r/a)

r
r



Cau trlc vung nang lvong ctiatinh thé photonic hai chiéu

1. Tinhthé photonic lagi?
2. Tinhthé photonic mét, hai vabachiéu.

3. Cau tric vung nang lvong clia tinh thé photonic hai chiéu.
1.Tinh thé photonic lagi ?

Loai vat liéu nao cb thé gilp ching ta diéu khién dwoc hoan toan si truyén anh sang? DE tra |0i cau hoi
nay, ching ta dva vao sv thanh cdng clia ching ta khi diéu khién tinh chat dién ctia vat liéu. Mot tinh thé
la mot s sip xép tuan hoan c&c nguyén tir hodc phan tir. Dang hinh hoc dwoc tao ra do sw 1p lai nhitng
nguyén t& hodc phan tir trong khong gian dvoc goi la mang tinh thé. Tinh thé tao ra mdt thé tuan hoan dé
electron truy&n qua nd, va ca thanh phan tinh thé va dang hinh hoc cia tinh thé quyét dinh tinh chét dan
dién cliatinh thé.
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1-D 2-D 3-D

Tuén hoan theo Tuén hoan theo Tuin hoan theo
mét chiéu hai chiéu ba chiéu

Hinh 1: Vi du don gian v tinh thé mét, hai va ba chiéu. Nhirng mau khéc nhau
biéu dién nhirng vt liéu v&i hang s6 dién moi khac nhau. Tinh ndng xac dinh cua
tinh thé photonic 1a su tuan hoan cia vét liéu dién méi doc theo mot hodc nhiéu truc.
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Hinh 1: Tinh thé photonic hai chidu. V4t liéu ndy 1 mét mang vudng goc

céc cOt dién méi, véi ban kinh r va hing s6 dién méi & Vit liéu dong nhit

doc theo truc z (chiing ta tudng tuong nhitng cot rit cao), va tudn hoan doc theo
X va y v&i hing s6 mang a. Hinh nho phia trai biéu dién mang vudng goc tir trén
vai 0 don vi duge dong khung mau do.
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Treong OhU}’éﬂ VI song song Vo'l cot
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Vector song (2n/a)
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