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Khong thé gidi bai todn tong quat va m \
Cé4c phép gan ding : ' |

7.
> Phép gan ding doan nhiét (//f)\;\%\.\\a

> Phép gan ding mot electron

—
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A.PHEP GAN PUNG POAN NHIET

Coi cdc hat nhan difng yén khi xét chuyén dong cia
cac electron va col cac electron tao ra mot trudng
trung binh khi xét chuyén dong ctia cdc hat nhAn —
ham séng c6 thé viét dugc dudi dang:

@(T;, Ry ) =P[R ). P (T, Ry)



Phuong trinh Schrodinger dudc téch%\

phuong trinh: (7/7/ )\;\

¢ Phuong trinh cho cac 1061 nguyén tu:
hZ

[_ZZM

¢ Phuong trinh cho céc electron:

Vi+V, <Ra>}cb<f<a> =E, OR)

i /AP e’ | . -
— > —Vi+— —+U(,,R,) Y(,R,))=E.(R,).¥Y(,R,
sz 1 2ZJZrij (r,R,) [P(£,R,)=E.(R,).¥(E,R,)

— Phuong trinh clia hé nhiéu hat, khong thé gidi
tong quat va chinh xdc = Gidi gan ding.



B. PHEP GAN PUNG MOT DIEN
KHAI NIEM VE TRUONG TU] >
Trudng do cac electron khac gy ra tai vi tri 04 e%\

—

2
Qi(fi):lZ?’_
B2 2 =i T -
Sz_—ﬂviz+ﬂi(ﬁ)+vi(ﬁ) ]:ZHi

Nghi€m cla phuong trinh Schrodinger c6 thé viét:
Y(@) =Y, 5) Y, 15)...= | | F.(E)
Suy ra hé phuong trinh doc 1ap dang:

2
—— VI +U.(t)|¥.(t)=E.Y.(t)
2m

UT) =, (%) + V,(T)



Phu’dng trinh Schrodlnger cua mot elg\ \
tinh thé ) 2 -

——V + U(r
- (1)

U(r +R) U(r) hamBloch
R=n a; +n,a, +n,a,

Th& nang U

lu:u on

TV YV




HAM SONG y CUA ELECTRON|/Z—

TRONG TRUONG THE TUAN

Goi T(ﬁ) 12 todn tU tinh ti€n. Ta c6't
Bloch duGi dang todn tu:

T(n)U(r) U(r +n) .
Nhu vay cac vi tri rvar + Iltu’dng du’dng nhau vé
phuong dién vat li = Ham séng c6 thé viét dudi
dang:
Ham séng cla electron trong trudng thé tuan hoan

cO dan L. .
e Y(f+1)=C ¥(F)
C._: thira so.

n




‘\P(X hangso = modulcuahamso(\\w

:>j W(E +1). (F +fi)dr =|C, | jmql(%

Piéu kién chuin héa: j V@)W (F)dr =
Cc [ =1=C, ="

k : vecto so6ng, thit nguy€n cm!
PY(T+1n)=e""¥(7)
TW(1) = Y(F +1) = e ™ ¥(7)

P(r)= hamrlengcuatoantu’ T
1kn

= trj riéng cha todn tir T



Ma : HTY(F) = H¥(F + ) = e " HY(£)= \%ﬁ/
— Toan to H va T giao hoan v461 nhau (
cO chung hé ham riéng.
e YT +n)=e e e"P(T) = e TP(T)
Pitu ()= . W(T)
= u (T +1)= e KT \p(F 4 )
— e o7 P (F) = u_(F)

U.(f+R)=U_(¥) = hamBloch
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Ham song la mOt ham cia k nén tr1 ; ‘-—1
Hamiltonian (ning lugng cta hé) ciing/pht

vaok : E—E (E)
TINH CHAT CUA HAM E = E(k )"
¢ Ela mOt ham chdan cia k : E(-k) = E(k)

Thay ham Bloch vao phuong trinh Schrodinger ta co:

@ik () o )= ER s, ()




Li€n hgp phuc:

Gk 4 U(E)

—

R 1N
Dboi dau cua: k )

Gk + U o (7) = B R, (7)7

Thay uli (f) = u_ (f) — E(k) = E(=k)

Vay ning ludng cla dién t& trong tinh thé 13 mot
ham chan cia k.
Khi k ~ 0 thi E(k) ~ K2.



ang

 E(k) 12 mot ham tuidn hoan voi cbui\w

dao E(k+G) = E(k) ?

W, (7 +ii) = e MW, (7)
Thay k'=k+G s
G= llbl + 12b2 + 13b3

K _ ilk+G)i _ ki iGi _ iki
a;.b, =2mo,

G.ﬁ =(nh+nk+n;1).2r=2%nn , v61 neZ

ik'd ilk+G Jn ikn _iGn iki
=C ( )n = v ¥ C

el =1 e



E(k +G) = E(k)
Do tinh chat nay, ngudi ta thudng g
nghién cttu sy phu thudc cua E theo/k {r

hgp mot chi€u trong khoang: T <

a a
Trong khong gian k ba chi€u, mién gidi han do,
dudc goi 1a vang Brillouin thit nhat, 1a 6 nguyén to
Wigner - Seitz cua mang dao.




Trong cac vung Brillouin: | / \
E 12 ham da tri cia k. Ung v6i mét gié( ti
vO sO gia tri cia E trong tirng viung. Do d6 phai cé
thém chi s0 n didc trung cho gid tri khdc nhau cia
vung.

— DPactrung E (k) — n: chisd ving.

— Tap hgp cac vung ndng lugng tng v4S1 n
khdc nhau x4c dinh cidu tric vung ning ludgng cia
chat ran.
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CAU TRUC VUNG NANG LUGNG c\ KT

|

)

A. GIAT PHUGNG TRINH SCHRODINGER BARC
PHUGNG PHAP NHIEU LOAN Z\_\
I.Phép gan ding electron tu do
* Bai toan khong nhi€u loan dugc mod td bdi phuong trinh
cua electron tu do:

—EV P (r)=E_ Y (1)
2m

Nghiém cua phuong trinh khi do6:

21,2
E(k) = nk®
2m

* Nhiéu loan trong phép gan ding nay 13 thé ning
clia trudng tinh thé U (r)



Electron tu do dugc md ta bGi song chay dang\é

(r) Celkr ’ /)é
Ham s6ng truyén trong moi trudng c6 tm( 2

(tinh thé€ ). Do d6 sé cé phdn xa Bragg khi thoa man
diéu kién

2dsinO =+ nA

Khi electron chuyén dong vudng géc véi mit phing
nguyén tt 6 = 90 va d = a, phuong trinh Bragg
thanh I

K=—==2n
N

Tt
il



T
Khi electron ¢o k thdoa mank = +m— th1 SORNYAE

u’ng vGi1 chung s€ phan Xxa trén mat ngu h)

nén song dung doc theo chidu Vuong gOc vO1 cac

mit nguyén ti dang xét. -
Gia st c4dc séng truyén trén phuong cia truc 0x, c6 2
cach td hop: g g
1—X —1—X TT
Y =e?* +e * =2cos—x
T T d
Y_=e2 —e 2 =2s1n—Xx

a
X4c sudt tim thay electron p ty 1& véi | v |2



T T

Véisong chay: p~wyy*=¢' *. e! %=
= ¢6 thé tim thay dién ti tai moi noi trong tiak
V31 s0ng dung: |

/ 2 2 TC

* Song y*: p, =|¥.|" ~cos P

T TC

CoOs —x=x1 = —X=nm;neZ =
a a
X = ha Thé nang U
. 2

Cac electron tap 16i ion

trung quanh cac 1on

BERENTY T

Thé tuan hoan mot chiéu
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‘\If ‘ ~sin> =x =1
a
. T n n
sin —x=t+1 = —x=2n+1) =
a d 2
X = (2n+1) — .
a 3B3a 5a
X = 2 > - > .- Mt 46 xdc snit
:> cac eleCtron €O Tis'jﬂgdl?ﬂgi‘*a o Fﬁxt}'x'ﬁ. .r""x"u ..r'ﬂhh ,-'f—h‘h

Xu hu’dng tap trung - 3{ N NN

L

e TV LT

Hai cach sap Xep trén phai tuong ng v4i cdc nang
luong khac nhau.




~ NHANXET & =
+ Nang lugng cua electron trong tinh thellb
doan khi k=ftm— = Cac vung nang7
phép xen ké& gitta &dc viing cAim ning lu’(f
+V6i k=+m2= hinh thanh sOong ding .
il . Niang luyng

Do song dung khdng truyén
ning lugng nén vin tdc nhém:

dowo 1dE

Vg - = = O

dk 7 dk

— ham E (k) dat cuc tr1 tar:

a9 Ning lugng cua electron
trong tinh thé



Trong pham vi mOt vung, ning lug
doan. Véi tinh thé kich thuéc L thi k
gidn doan cdch nhau mot lugng 27 &

L
Xét tinh thé dang lap phuong trong khong gian

canh 27

a ) (2%)3 -
Go1r N la s6 gia tr1 dudc Nova) _V
phép cua k trong khong (an a’
gian k thi: L

N = s6 nguyén tif ¢ trong tinh thé = s mic ning
lugng ¢o trong mot vung nang lugng.

Vung ning lugng c¢6 bé rdong khodng 1eV thi khodng
cach giira 2 muc lién ti€p khodng 1022eV = Ning
lugng trong mot ving c¢6 thé xem nhu lién tuc.



=\
+ Khi k = 0, A—> . Cac electron cO buge $6
dai khong cdm thdy su thay doi tuai

trudng thé ning cda tinh thé :

Niang luyng
E ( k ) ¢c6 dang nhu cua
electron tu do, nghia la:
k~0, Ek)~k?

Ning lugng cua electron tu do
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I1. Phép gan dung lién két man

* Phudng trinh cho bai toan khong nhiét
14y 1a phuong trinh cda electron trong n

2
- h— Vz + V(r) \Va(r) — Ea\Va(r)
2m -

trong d6 V (r) 1a thé€ ning
cua electron trong nguyén tu

* Thé nidng cla trudng tinh
thé U (r) dudc xem 1a nhiéu
loan trong phép gan ding nay.




Phép gan diing lién két manh ha

{—\

S S 1
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2 nguyén tir Na

Nang lugng

Khodng cdch gilta hai nguyén tu

Su phu cua cac ham s6ng lam tach cac trang thai :

* Trang thai hat: mat dO electron gilta cac
nguyén t cao hon , chin nhiéu hon

= Trang thdi diy: mat do electron gilfa cac
nguyén t0¢ nho hon, chin it hon.



5 nguyén tu Na

Nang lugng

1023 nguyén tu Na
< ° o0
Vung nidng £
A =

lugng gom  —
cic  muc 5
nang lugng “

sat nhau



Phép gan ding lién két manh N'n

Khao sat dinh tinh
Gid s ban dau c6 N nguyén i duc
mot cidch tuan hoin nhung & khd xa nhau =
Bo qua tuong tac gitta ching. .
MOi nguyén t c¢6 ning lugng cia mot nguyén
tu riéng biét.
Hé nguyén t& nay cé cadc mifc ning lugng
gidng nhu clia mot nguyén t, nhung moi mic
c6 d0 suy bi€n bac N.

‘4




truGc day tach ra tao thanh vung nang lugng. Tuy
theo mitc do tdch ciia cdc mic ma ta c6 do rOng cua
cac vung nang lugng khac nhau. .

+ C4c vung cé thé chdong 1én nhau mdt phan, cé
vung ning luong dudc phép va ¢6 vung cAm. Moi
vung ning lugng c6 N mdc. Moi mic chita t61 da 2
dién tu.

+ Vung ning lugng cao nhit c¢6 chia dién t goi 1a
vung hoa tri.



+ B0 rdng ciac vung ning lugng dudc ﬁ\ﬂ 11{
nguyén li bat dinh:

JAY DA 7 / \
Khi nguyén t § xa nhau, mic narﬁg zé 9

dién tu xdc dinh va dién tu dinh X trong nguyén
tt =>AE=0= 1> . -

= Thdi gian cdc dién t tOn tai trén cdc muc do6
la vO han.

Khi nguyén tif tién lai gin nhau d€ tio thanh tinh
thé, mdc ning lugng clia dién ti bi tdch ra =AE
ting tao thanh ving = t giam.

= Thdi gian ca¢ dién t ton tai trén cdc mic do
12 hitu han va cdc dién t& c6 thé di chuyén tur
neuyén tu nay sang nguyén tu khac.



Két qud tr tinh todn dinh ]u’d{?
< Khi tao thanh tinh thé chit rin, mdci =
cua nguyén tu riéng bi€t do tucong tac
mot lugng C.

C = hing s6 khong phu thudc k.
< Mitc nguyén ti trong tinh thé md rong thanh Vung
nang lugng trong d6 ning lugng cua di€n tu thay doi
tuan hoan theo k va 12 mdt ham chin:
E (k) =E (-k)
va ndm trong khodng:
E . =E —C-06A
E ..=E —C+06A
VG6i A = gia tri clia tich phan trao ddi phu thudc vao
mifc d0 phu nhau cua cic ham séng nguyén tif va nang

hvano nhidt laan




D0 rong cia mot ving ndng lugng: &
AE = Emax - Emin ,
AE = phu thudc vao dd 16n cua tich'p
Cac mdc nguyén tu c6 niang lugng cang c¢ao/thi
séng clia cdc dién t phi nhau cang nhiéu, tdc 1a A
cang 16n. =
Gilra cac vung nang lugng dugc phép la cac vung
cAm ning luong. Khi ning lugng ting, do rOng cla
cdc ving cAm gidm.
Khi thay doi nhiét dd cia tinh thé, nén hay kéo
din tinh thé, khodng cédch giita cdc nguyén tl trong
tinh thé thay d6i = mitc do phl nhau cda cdc him
séng thay d6i = A thay do6i = Do rong clia cic
ving ning ludneg hay ving cAm déu thay doi.
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GIAI PHUONG TRINH SCHR@W N\

PHUONG PHAP PENNEY -K1

Tru’dng hgp thé€ niang cua trudng tinh ﬁhé é(ﬁs\z\g
don gian:

UO,—bSXSO

U(X)=100<x<a’ .

trong d6 a =a +b




N2
% T

Vz\vl(X) : wl(X)

Phu’Gng trinh Schrodinger tach thanh
mién




——

Giai (11): Ay (X)+a“yq (X)=0
Bat: y, (X) =€ = Ay, (x) = e

~QO\NW [ \

D)= pue”+a’e” =0y’ =—a’ = u= iiOlé

_iax . iaxi

=y, =€ "y, =€
nghiém téng quat: y, = Apl?X | BaioX

-

Giai (II2 Ay (X)_/BZWZ (x)=0

pit: Y, (X) =€ = Ay, (x)=y’¢”
(2):>y2€7x_ﬁ267x 2037/2 :,82 :>7/:iﬂ
— WZ— — e_ﬂx 1 W2+

nghiém tong quat: |, = Ce* L De P

:eﬂX



Vi hai phuong trinh ma co 4 an A,B,C,D nén dé giai
duoc ta budc phai c¢6 di€u kién bién 1a di€u kién lién
tuc cua cac ham song va dao ham cua chung tai x =0

vax=a'  y,(0)=y,(0);@
v; (0) =3 (0);(2)
vi(a)=w,(a);(3)
vi(a)=w;(a);(4)
(1) = A+B=C+D €)
(2) = iaA-i o B =pC - pD (b)



Theo tinh chat ham Block: |
w,(X+a)=y,(x)e" =y, (X)=y,(x-a)e"
_ eika (Ceﬂ(x—a) n De—ﬂ(x—a))

Tu (3) suy ra:

Ae ica _I_Be—laa - |ka |:Ce—,8b _I_De,Bb:| (©)

Tu (4) ta co:

i A —igBe ™ =gl [ﬂCe‘ﬂb— ,BDeﬂb] (d)



—N\VZ=aN

Tur (a),(b),(c),(d) ta c6 hé 4 phuong trinh 4 an so sau :

@™y
(A+B=C+D
lcA—1aB = ,BC - BD
Ag oa | Be eika |:Ce—,8b n Deﬂb:|

2 Ae”* —iaBe™ =¢e*| pCe ™ — pDe’ |




? [\\\\\////‘_
bé hé phuong trinh trén co nghiém khong tam
thuong, thi dinh thic cua chung phai béang:

khong: ) )
1 1 -1 -1
o -io -p B
ploa’ o-iea’  _ika-Bb _ika fb =0
igel®?  _jge-ioa’ i cika -pb B cika pb



Tinh dinh thic, két qua:

:Cos(ka):(ﬁ;(;z)(eﬁb -Ze-l}b)sin(aa’)+(e ) cos(aa )
Hay c6 thé viét:
et

cos(ka)= Sh(ﬁb)sin(aa’ )+ch(ﬁb)c0s(aa’ ) ©

20



<\
Vi€c tinh toan trén kha phuc tap, Penney ™

~|
—

da gidi gan ding bing cich gidm do rongchal
rao thé€ cho b = 0 va ting do cao cud /thé
sao cho bU,, = const.

Goi T 1a do trong sudt T cua hang rao thé @61 vdi
dién tir c6 ndng lugng E = hé so6 truyén qua:

N
T =1



Vor Uo>>E, T~ e

N
h

T=T,exp _[

Khi b—0, a= a+b—>a

Uy >0 fh=— \/Zm ,—E :ﬂb_*/_\/zbm

Pat: 0
P——U Hh= b—1/b
h? P a

Vi giit U b= const, nén P = const va khi b tién vé 0
thi Bb tién vé 0.




Khi b—0 = sh(Bb) — Bb
Uo —0 ; a/pB<<1

PHUONG PHAPPO THI |/
N

B — o B, (D) 2P b P
203 Sh('gb)NZa b= 20b a 2ab ca

Khi b —0 thi ch(b) —»1, do d6 b -0 va U,—x

sao cho U_b = const thi phuong trinh (e) tré thanh:

. sinOEZa’) , cos(aa’ ) — cos(ka’)




sin(aa )

+cos(aa ) g
7

aa’

Pat vé trai ctia (1) 1a ham F(aa)=F(E)

Pit vé phai cua (1) 1a ham f(ka )
* Trudc tién ta dung do thi F(E). Sau d6 cho
trudc gia tri ctia ka ta tinh dugc f(ka), roi vé duong
thang f(ka ) song song vai truc hoanh.

* T giao diém cia duong thiang nay véi duong
F(E) ta ha duong thang vuong goc voi truc hoanh roi
xac dinh nghiém E(k) ttng v4i kar da chon.



ENEN AN AN RS o1 duc )
ENZEENSEERNNANNEAN \ -
tap trung vao mot so

vUng nhat dinkh.

Céac vlng nhat dinh nay l1a ving niang luong hay
day nang luong. Xen ké cac vung nang luong la cac
ving cam hay khe ning luong, noi ma E khong nhan
gia tri nao tai cac vung nay.

Do dé phé ndng lwong cua dién tir trong
truong tuan hoan co cau trdc vung.



s

NINERNIPANINIREEE = |2 ‘A :
RVZENNER NS N la nghiém cud
nhitng phuong_trinh

v6i (ka+27mn).

—F 1a ham tuan hoan theo so song k v&i chu
ky (2m/a).

E(k)=E(k+ 2n/a)



= T\

MOT VAI TRUONG HOP RIENG

AN
1/ Khi P—>o0: ho thé niang khong trong s[{t, d Z@\a U

lién két rat manh vai hat nhan:

—oa — 0
Nén F(0) ~P+1 >

Nén F( o) giam rat nhanh theo oa suy ra do rong
cuia Cac vung nang luong giam, vung cam tang rut
veé dang cac muc nang luong clia nguyeéen tur riéng
biét.



2/Khi P—»0: hé thé nang trong subt ddi vai -
dién tir (5) tro thanh:
7 I

Cos(aa’ )zcos( ka’ )

— o ¢O thé nhan moi gia tri = E cd thé nhan
moi gia tri = KkhOng con vung cam nang
luong =dién tir cO thé xem la hoan toan tu
do.



—E,=A+-1)

2
A = Ao(l——jnz;Bn
P 2
Tu cong thuc E, nay , mdt 1an nira ta co thé

kiém lai tinh chat cua ham E nhu sau:

* E |a ham tuan hoan theo k véi chu ky 14 27t/a.

* E |a ham chan cua k , n dong vai tro chi SO
vung.
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lwrong suy ra tir mé hinh Penny-Kronig

ang

truc vung n

cau
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KHOI LUQONG HIEU DUN'

1. Véi electron ty do, dudi tdc dung cuz ‘
né chuyén dong theo quy luit: (

F =ma

trong d6 m 1a khoi lugng va a la gia toc cua
electron.

Trong tinh thé
F+F.,=ma
F .. kho xac dinh

Trong mot sO tru’dng hgp nao do (chang han kh1 k ~
0 tdc 12 gan cdc cuc tri cua vung nang lugng , & d6
c¢6 sy phu thuoc E ~ k?) cé thé viét dudi dang:



F = m*a [\\

Co dang clia phuong trinh chuyé&n dong
do vdi khoi lugng m*. /(

Iy

V6i khoi lugng hi€u dung, phuon
Schrodinger cho electron trong trudng tin
dang phuong trinh cua electron tu do :
hZ
2m*

Nhu vay, trong phép gan ding khoi lugng hiéu
dung:

electron chuyén dong trong truong tinh thé co thé

xem nhu electron tr do néu gdn cho nd khor luong
hiérir dirno m*

g ?
h thé co

V¥ (x) = E¥Y(x)



2. Khoi luong hieu dung m* co thé

tr cAu trdc vung ning lugng cua elect %%/L

Khai trién ham E(k) gan cdc cuc trici
lugng

"dE | 1| dE
E(k)=E(k,)+|— k—-k)+—| — k—Ka)it.......
(k) = E(k,) _dk_k—ko( 0) Z_dkz_kk)( 0
Tai cuc tri dao ham bAc nhat bing 0 nén gan ding
hZ
E(k) — E(ko) — (k — ko)2

2m *
hZ
E— m* = — =
d’E
2

 dk Jk=k,




+ m* phu thudc vao ciu tric cua vingndng v

. . . A < A s\
chinh xac hon 1a phu thudc vao do d? <
nang lugng. $ /E
+ m* ¢d thé duong, Am, cé thé 16n hdnﬁ '
khoi lugng m cua dién tu tu do.

Trudng hop 3 chi€u: 2R 22E pers
21,2
°k2 ok ok, ok, ok,
0°E 0°E 0°E 0°E

21,2
ok® || Okydky 97k, Okyok

0’E  ’E 0°E
ok, ok, ok, 0k, 9%k




dang: 1 |
m,, o
1 | |
m myx yy myz
| | |
mzx miy mzz

Pay 14 tensor d6i xdng. Néu chon hé toa dd thich
hop ta c6 thé chéo hoa tensor d6 thanh:

m, O O
O m, O
1 O O m,

=
||




N

Trong trudng hgp tinh thé khong hoe‘m;i
huéng, ning ludgng cua electron gan diex
c6 thé viét dudi dang

2 2
hz(kx _kox)z h (kY _kO}’) hz(kz'koz)z

E(k)-E(k,)= + +
() =Hk) 2my 2my 2my

m, , m, va m, 1a khoi lugng hiéu dung tuong dng
doc theo truc x , y va z.



j:—eZV

trong do tong dudc 14y theo mo1 trang tha1 cO
electron chiém.

Né€u ving hda tri hoan toan day electron thi mat do
dong tong cdng biang 0 vi khi ndo cling ¢6 2 electron
v3i van toc bing va ngudc chiéu nhau.

Trong trudng hdp viung héa tri hoan toan day
electron trir mOt muc i con trong thi :

]= —6ZVS = _GZVS +ev.

V#1 mo1.S




Tap thé electron & trong ving hda trj&lj\N u Ot
muc trong cé tdc dung dan dién nhu mx ich
e

dién duong : /0 trong. %}fz}%

N&u viing héa tri da hoan toan ddy thi Khi t4

ngoai luc F 1én hé, gia toc tdng cdng cla cic

electron trong ving d6 bing 0 . Gia toc cua tap thé

electron trong mot ving hodn toan diy tri¥ mot

muc trong :

a:hiz k. :hg k. —hd k. __F
dtam*(k,) dtgm*(k,) dim*(k,) m*(k,)

1

/A

\

Tap hdp céc electron d6 dudc gia toc nhu khi hé chi
c6 mot hat (16 trong) v4i vectd séng k. va véi khoi
luong hiéu dung bing va ngudc dau véi khoi lugng
hi€u dung cta electron khuyét .






Cdc 10 trong xuat hién & cdc dinh cﬁ{\[:\\

lugng . O d6 khdi lugng hiéu dung ciia cleotn
am : 10 trong c6 khoi lugng hiéu dungdr

Ning lugng cua 10 trong dudc tinh' theo
ngugc vSi chi€u cia electron

Lo trong c¢6 spin = 1/2 va tuan theo cdc phuong
trinh chuyén ddng nhu electron .




Chiéu ting
nang lugng
cta 10 trong

Tép hop cua cdc electrons trong  Ning lugng
vung hoa tri tuong duong mot hat  thgp nh4t

s, sk N ~ ~
CO +imm* va +q cua 10 trong



AANN\\ZaN

Nang
Th

Bong na%{ € na 5 luwgng cua
cua dién dién tu
D?ingx nanE & nang Néng
e cua 16 lugng cua
trong trong 10 trong

Chiéu ting niing lugng cia dién ti va
10 trong



Khoi lugng hiéu dung /\\\\

-
—C =

7
e

=N
)

Khoi lugng hiéu dung m* 16n va  nhd

k

15 tréng nang

15 tring nhe

sy tach ving do
tuong tac spin-qu¥y dgo




vung o 3 |
o =2 m*la khdi lugng hiéu dung
C *
M cyclotron =
. » Electron L?, frong 5 trong
Tinh thé (m,/m) nang nhe (m), /m)
(m,,,/m) C
GaAs 0.066 0.5 0.082
InAs 0.026 0.39 0.025

Cu,O 0.99 -- 0.58



Ly thuyét nhi€u loan cho hay, v§i tinh ﬁ p I?g\

cAm thiang, khoi lugng hiéu rﬁll‘ln cla elestrgnfy1é
v6i d6 rong ving cim E,, He ({ﬁ %\%
il

lugng hi€u

~
O
£
*
=
—~
QN
-
:.r
o

Khoi

b6 rong viing cdm E,
(eV)

Ving cAm cang hep, khoi lugng hiéu dung cang nhd.




PHAN BIET CAC CHAV\\
A

BAN DAN DIEN - KIM LOAI VA DIENMO
DUA VAO CAU TRUC VUNG NANGFUGNG
CUA CHUNG

= Dong dién 13 dong chuyén dong cé huéng cia cic
hat mang dién dudi tic dung cua dién truGng ngoai.

*Vin toc cla tip thé electron du6i tic dung cda
dién trudng ngoai phdi cé thanh phan khic 0 doc
theo phuong cua dién trudng.

= Trong moOt ving hoan toan day electron , cdc
electron chi cé thé thay ddi vi tri cho nhau va doc
theo mot chiéu nio db, vectd van tdc tdng cong
bing 0.



do.
* Nang luong ma electron thu dugc trén quang
dudng bay ty do A bang eE A . -

= Trén thuc t€ eE A << Eg.

* Nhu viy no1 chung, ning Iugng ma electron thu
duoc khi d6 khong di d€ cho né nhdy qua viing cAm
d€ 1én vung dan.

= muén din dién tot, chiat phdi co viing ning
luong chua diy electron .



'Nang lu’dng dao dong nhiét cua man% AW e
thé cung cap ning lu’dng cho electronnhay AlF
ving day lén ving tréng & trén.

« 0 mQt nhi€t d0 T nao do6, dOng ndng trung binh
cla cdc nguyén t&¢ bang 3kT/2 ( khodng 0,037 eV )
J nhiét do phong.

» Trén thuc t€ bao gid cling ¢6 cic nguyén to cb
ning lugng rat 16n hon gid tri trung binh d6. Theo
phan bd Boltzmann, xdc suit d€ nguyén t& dao dong
c6 ning lugng bing E ty 1& v6i exp(-E,/KT) .



\,,

Cic nguyén ti , khi va cham véi cicelge
nhu’dng cho chung moOt phan hay toan bé |
cua minh. ( \
Néu ning lugng d6 bang hoidc 16n hon do rong vung
cAm E, thi electron c6 thé nhdy Ién Vung trén. _

VGi nhu’ng diéu vira noi, dua vao cu tric Vung nang
lugng clia mot chit ta cé thé bi€t chat d6 din dién
hay cach dién.




KIM LOAI 1\

1. Chét co ving hoa tri chi diy mot phan(kim loai
kiém) hay di diy hoan toan nhung co6 motphain
tring voi ving nam J trén (kim loai kiém tho) .

Duéi tic dung cua di€n trudng ngoai, cac
electron c6 thé chuyén dong dé dang trong
pham vi cua vung héa tri.



(F\
Vi DU —Z
C4c kim loai kiém : Li, Na, K, Rb va Csz/[% Z\.\?
Céc electron hoa tri trong cac kim loai néy nam
§ trang thai n.. Khi tao thanh tinh thé chit rin, cic
ving ning lugng trlr ving héa tri, déu hoan tofn day
electron .
Vung hoa tr1 (hinh thanh t muc n, ) c6 2N trang
thdi nhung chi ¢c6 N electron : vung hda tri chi day
mot nua.
Cdc kim loai kiém din dién tot







Cic kim loa1l
kiém thé cé hai
electron hoda tr1
nim G trang thdi
n

S [ ]
I, r

Khi hinh thanh tinh thé, viing ns va np phli nhau mot
phan. Nhd dé6, cdc electron nim & cdc muc cao cia
vung ns chiém cdc mdc thap ctia ving np cho dén
khi c4d hai ving chita electron dén mdt mdc ngang
nhau .



ViDU
Mg? : 15225220352

Ca hai vung nay déu co6 electron va con nhiéu
/ /\/ ® ® 'k /() ’/\\J A /\/
muc trong. Kim loai1 ki€ém thé dan di€n tot.



CHAT CACH PIEN VA CHAT BAJ |

2. Chit co viing hoa tri chita day et ¥
trén do 13 viing cAm nang luong co dgg Q\é le;é
Eg.

G nhiét dd 0 K chdt ndy hoan toan khong dia dién
vi ndng Ilugng ma electron thu dudc trong di€n
trudng ngoai va dao dong nhiét khong di dé vugt
qua ving cam.

O mot nhiét do T nao d6, x4c suat d€ electron cé
ning lugng bang E, ty 1¢ v6i exp(-E/ kT) .

Nhu viy, bao gi6 cling c6 moOt sO electron ¢O nang
liiano nhict At d8 nh3v 180 viino nino litano nsm &



Néu Eg khd 16n va & nhiét dd khong cﬁ\%@(
electron nhay dudc 1én Vung trén khong-dane }

chat nhu vy trén thuc t€ 12 mot chaﬁ'/
dien.

Thudng quy udc : chit ¢6 ciu tric vung véi Eg > 3
eV 1a chit cach dién. -

N€u Eg < 3 eV, khi nhiét do0 khong qua thap thi sO
electron c6 di ning lugng d€ vugdt qua ving cdm
kh4 nhiéu = Chat b4dn din

SO electron tr ving hoda tri nhdy 1én vung trén
(dudc goi 1a wing din) trong mot don vi thdi gian
bing Aexp(-Eg/kT) v6i A 12 mot hé so ty 1& khong
phu thudc nhi€t do.




BMOi electron nhdy dudc 1én vung d@
10 trong & trong vung hoda tri. —

lDong thSi v6i sy nhay 1€n vung nan ff()} | %ﬁ
hon cua electron la qua trinh nhay ngudc tré lai

vung héa tri (qud trinh tai hgp electron -10 trong ) .

b

B Toc dd cla qud trinh ndy ty 1& v6i ndng dd n cla
electron c6 trong vung dan va nong dd p cta 10
trong co trong viung hda tri , nghia 12 bang y.n.p

61y 1a hé so ty 1€.
vOLY Xexp—i—i—ynp yn> (vin=p)
Trong trang thai can A E,

biing dong = S T



Nguyén to a ( nm) E

g
C (kim cuong) 0,356 5eV
Si 0,543 1,1 eV

Ge 0,566
Thiéc 0,646

0,7eV

=
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Khodng cach giifa 2 nguyvén to
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N\ ~
) g

1

Kim loai
o O



Ving cdm réng

viing cAm hgp

Ying din
phil nhau

Viung hoa trl

Kim loal Chat binddn Chdt dlén mdl




THANH CONG VA HAN CI-T“*\W =N

CUALY THUYET VUNG DGN % a?
1 n

® Giai thich ducgc tai sao chit ran’l
dién, chat ban din hoac chat cdch dién|

® Thiét lap quan hé gifta cdc tinh chat cua vat
liéu va nguyén tu.

® (Giai thich su ton ta1 cua cac hat c6 di€n tich
duong (16 trong) va gidi thich khdi niém khdi
luong hi€u dung.

® Phép gan dung mot electron khong the tinh dén
cac hi¢u Uung tap_ thé nhu hién tugng sit tir va si€u
dan va su chuyén pha do ning lugng toan phan
ctia electron.



