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Khong thé gidi bai todn tdng quit va chinh
C4c phép gan ding :
> Phép gan ding doan nhiét

> Phép gan ding mot electron

A.PHEP GAN PUNG POAN NHIRT

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

P(r;,Ro) = PRo). (1. Ra)
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Phuong trinh Schrodinger dudc tach thanh hai phu

¢+ Phuong trinh cho cic 161 nguyén tu: =5 %\-
| 7 ]
L—Z VirVR) [PROTE PR
A\Y |

¢ Phuong trinh cho cdc electron:

i > >
A 1 - - -
2.2 Ve 2228 +ua R PG RO TE RO (LR
L . 2m 2 . . r. J

1 J 1]

— Phuong trinh ctia hé nhi€u hat, khong thé gidi tdng quit va
chinh x4¢ = Gidi gan ding.
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B. PHEP GAN DUNG MOT DIEfN\
KHAINIEM VE TRUGNG TUHE >
Trudng do cac electron khdc gay ra tai vi tri gt/ ep\
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Nghiém cta phu’dng trinh Schrod' er c6 thé viét:
Yo=Y Hr Y ). F @)

Suy ra hé phuong trinh dQc_Aap dang:
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U() =2 (o) T Vv.(r)
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Phu’dng trmh Schrodinger cua mot el€\ \

tinh thé > 7 3\1 %}
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U(r T R) = U(r) = haimBloch
= 7 4+ = o+
R na, 'n,a, ' n,a

Th& nang U

lu:u on '

YTV VY



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

HAM SONG y CUA ELECT?&\V N\
TRONG TRUONG THE TUAN

Go1 T(n) ]a todn t tinh ti€n. Ta co't
Bloch dudi dang todn tu:

T(n)U(r) - U(r n) .
Nhu viy cac vitri rvar r Tn ntucng du’dng nhau vé
phuong dién vat li = Ham séng c6 thé viét dudi
dang:
Ham séng cla electron trong trudng thé tuan hoan
¢ dang Yo+ n=c Yo

C. : thua soO.

n
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Kk : vectd song, thit nguyén cm!
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Ma - HT Y () “H Y G tn)=e

— Todn t& va giao hoan v&i nhau
chung hé ham riéng.

SR~ g = e Y= — i —

el rn\If(r_Fn) elr.e1n.el \I/(r) elr...\P(r)
e _ _°k —_
Patu-(r)~e ' S
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U;{(; TR)T U- (r) ~ hamBloch
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NANG LUGNG ELECTRON TRONG TR

Ham séng 1a mot ham cta k nén tripiéng

Hamiltonian (ndng lugng cua hé) ciing iﬂi
vaok:

e
E = E(K)

TINH CHAT CUA HAM E = E(k}

 E la mot ham chdn cua k : E(-k) = E(k)

Thay ham Bloch vao phuong trinh Schrodinger ta co:

| 2 ~ ] _ -~ i
h — 2 o ¢

| — Cinlrutl t=pt. <

L 2 1 -
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Lién hgp phuc:

—_—

h ‘77_1k—’+U‘

r___-

2m
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A e
boidaucia: « )
h - - ~ ~

oiliuth =l ¢

. 2m _
Thay u:; % — u_ $~ —~ E(k) =~ E( k)

Vay ning ludng cla dién t& trong tinh thé 13 mot
ham chan cda k.
Khi k ~ 0 thi E(k) ~ K2.
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S E(k) la mot ham tuan hoan vdi chu@ﬁ%ﬁ
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Thay k' " kT G —~
©duqng than (cong.
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a b — 27O

G.n = (nh+n,k+n;1).2n =27nn , v61 neZ
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E(k T G) T Ek)
Do tinh chit nay, ngudi ta thudng
nghién ctru su phu thudc cua E theo

hop mot chiéu trong khodng: ™ _
T—=k

Trong khong gian k ba chi€u, mién gidi han do,
dudc goi 12 viing Brillouin thit nhdt, 1a 6 nguyén to
Wigner - Seitz cua mang dao.
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e

Trong cac vung Brillouin: ﬁ/ﬁ\
E 12 ham da tri cia k. Ung v6i mét gié( ti ¢h
vO sO gia tri cia E trong tirng viung. Do d6 phai cé
thém chi s6 n dic trung cho gid tri khdc nhau cia
vung.

— DPiactrung E (k) — n: chisd ving.

— Tap hdgp cac vung nang lugng Ung vdG1 n
khdc nhau x4c dinh ciu tric vung ning ludgng cia
chat ran.
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CAU TRUC VUNG NANG LUQONG CUA@{%

A. GIAI PHUONG TRINH SCHRODINGER .gf-\.w\-
PHUONG PHAP NHIEU LOAY, 1}3\2

* Bai toan khong nhi€u loan dugc mod td bdi phuong trinh
cua electron tyu do:

I.Phép gan ding electron tu do

2

Y7} . .
—— V¥ OH=e Y @

2m

Nghiém cua phuong trinh khi dé:
hk”

E(k) —
2m

* Nhiéu loan trong phép gan ding nay 13 thé ning
clia trudng tinh thé U (r)
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Electron ty do dudc mo ta bdi séng chay danQ\W/ \

W(r)= Ceik; % //)E\ \
Ham séng truyén trong moi trudng cd tinhitua aﬁh a
(tinh thé ). Do d6 s& c¢6 phan xa Bragg khi thda min
diéu kién =
2dsin® =+t nA

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

k:_:i
N n

27'5 7T
a
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tao nén song dung doc theo chiéu Vuong goc vO1
cic mat nguyén t dang xét.

Gia st c4dc séng truyén trén phuong cia truc Ox,

, , 2
cO 2 cach td hgp: ifx S -
IP+:ea Te 2 T2cos—x
7C 7C Ad
1—X 1—X TC
Y_=ca —¢ a =o4in—x
a

X4c sudt tim thay electron p ty 1& véi | v |2
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V31 song dung: I%
70

‘:’ Séng \Ij+ p+ B ‘lP+ ~ COS —X
TC - a
cos —x=*t1 — —x=nm;nel =
a a
X = na Thé niing U
Cac electron tap 16i ion 2y

trung quanh cic ion

BRI

Thé tuan hoan mot chiéu
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> T M4t d6 xdc sudt

— cac electron co q\jﬂ.ﬂg - -
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Hai cach sap x€p trén phai tuong ng vdi cic nang
luong khac nhau.
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 NHANXET &
+ Nédng lugng cug electron trong tinh |/

doan khi k=*m— = Cac vung nangs
phép xen ké giﬁ;&tl ¢4ac ving cAm ning lu’(f
+ V61 k= Fm— hinh thanh séng ding .
a . Ning luyng
Do song dung khdng truyén
ning lugng nén vin tdc nhém:
_d?¥ _1dE _

vV, T T O
dk fi dk

— ham E (k) dat cuc tr1 tar:

k_im—

Q Ning lugng cua electron

trong tinh thé
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Trong pham vi mOt vung, ning lug
doan. Véi tinh thé kich thuéc L thi k

gian doan cach nhau mdt lugng 2" %E
L

Xét tinh thé dang lap phuong trong' k an
canh 2™

7] =
Go1r N la s6 gia tr1 dudc =tal v
phép cua k trong khong (27] &
gian k thi: L

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

Vung ning lugng c¢6 bé rdng khodng 1eV thi khodng
cach giira 2 muc lién ti€p khodng 1022eV = Ning
lugng trong mot ving c¢é thé xem nhu lién tuc.
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+ Khi k = 0, A— oo. Cac electron cd’ b
dai khong cdm thdy su thay doi tu
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 gin ding lién k&t man

* Phuong trinh cho bai toan khong nht
14y 1a phuong trinh cda electron trongn

| .2 ]
== VvV o =E V. o)
L 2m J -

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.
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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 tf cao hon , chin nhiéu hon

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

Néang lugng

1023 nguyén tu Na
< ° o))
Vung nidng £
A =

lugng gom  —
cic  muc 5
nang lugng “

sat nhau
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23]
[~

Khao sdt dinh tinh 7
Gia st ban dau ¢6 N nguyén tif dugc /s
mot cidch tuan hoin nhung & khd xa nhau =
Bo qua tuong tac giita 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.
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truGc day tach ra tao thanh vung nang lugng. Tuy
theo mic d tach cia cdc mic ma ta c6 dd rdng cua
cac vung nang luong 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.
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+ b6 rong cidc vung ning lugng du’dc@\ﬂ'

Iﬂ}f{

nguyén li bat dinh: % |
AE. T ~% /U)E\
Khi nguyén t § xa nhau, mic nar[g 3@ 9

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

— Thdi gian cdc di€n ¥ tOn tai trén cdc muc do
la vO han.

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

= Thdi gian caé¢ dién t ton tai trén cdc mic do
12 hitu han va cdc dién t& c6 thé di chuyén tur
neuyén t0 nay sang nguyén tu khac.
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Két qud tix tinh todn dinh lu’,o’@
% Khi tao thanh tinh th& chit rin, mac nipe:
cua nguyén tu riéng bi€t do tucong tac
mot lugng C.
C = hiang 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

hirvano nhiéu lasn
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D0 rong cua mot vung ndng lugng: & \
AE = Emax - Emin | > ‘

AE = phu thudc vao dd 16n cua tich/phan

Cac mdc nguyén tu c6 ning lugng cang ¢ao thish

séng cliia cdc dién t phi nhau cang nhiéu, tdc 1a A

cang 1on. =
Gilra cac vung nang lugng dugc phép la cac vung
cAm ning luong. Khi ning lugng ting, do rOng cla
cdc ving cAm giam.
Khi thay doi nhiét dd cia tinh thé, nén hay kéo
din tinh thé, khodng cédch giita cdc nguyén t{ trong
tinh thé thay d6i = mitc do phl nhau cda cdc haim
séng thay d6i = A thay do6i = Do rong clia cic
ving ning lugne hay ving cAm déu hay doi.
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AN,
Sy hinh thanh viing ni =
. vung nang lugng trong-chaé xat

> I
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GIAI PHUONG TRINH SCHRODINGER"

PHUGNG PHAP PENNEY - KR!
Trudng hop th€ ning cua trudng tinh fh
don gian:

[UO,_bSXSO
U (x) = 3 -

LO,Onga'

trongdd a = a’ +b
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Phudng trinh Schrodinger tach thanh
mién

2mE (
VAW (x) T Y ox)To
h2
2 U E
Vquz(X)— e (2) Wz(X): O
7]
o2 —2mME
%[ n° — AV, x TERYVL X 0
L’Bzzzm U, E Ay —/329'/2 x =0


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

—_—

Giai (I1): AV x FFY x <0

1
Dit: ¥/ x —e ™ =AW x = u2™
— e I X_ — e
vV _Te Y. T e
— -

I X

nghiém téng quat: ¥, = Ae" * + Be

Giai (I NY, x — %%, x —o

pit: ¥ x —e =AYy =17

2 2

(2):>}/Ze7/x_ 27/X—O:>7/2 /BZ:)}/:iﬁ

:>w_:e_ﬂ><.gy = _/x
2 v 2t

© A A y — Px —Px
nghiém tong quat: ¥, =~ Ce = " De
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V1 hai phuong trinh ma c6 4 an A,B,C,D nén dé gia1 duogc ta
budc phai co dieu ki€n bién 1a diéu kien li€n tuc cua cac ham
song va dao ham cua chungtaix=0vax=a’

o v, 0o TN

Y. o =Y., 0 ;(2)

2

Yioa TV, a (3

1 2

via TV, a (4

(1) = A+B=C+D €)
(2) = 1cA-1aB=pC-BD (b)
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Theo tinh chat ham Block:

— 1%
V xtTa =Y x e'a:>’v”2 X

ika'

:WZ X a e

; 5 o — /3 —
_ k X a
e Ce +tpe

Tu (3) suy ra:

—i“%a’

A" + Be | ce "+ pe” | (¢)

Tu (4) ta co:

@Ae” —i%Be =" | Ace "~ Bpe’™ | (g)
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N\VZ=aN

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

~

)

.

71T I
ATBTCTD

A~ i“B=FPc—FD
i“a’ “i%a’ — ika —p V&
Ae ° T Be =e" [Ce "+ De b]

i“a __ . “i%a — ika —Pp _ B
i Ae i“Be = e [/BCe " —Ppe b]
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Pé hé phuong trinh trén c6 nghiém khong tam
thuong, thi dinh thirc cta chung phai bang

khong:

la

iaa’

lae

ilaa’

-iaa’

-iaga’

-iage

Z\\\|/

.

)
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Tinh dinh thdc, két qua:

2 2 pBb_-Bb Bb -Bb

B -a e -e
—cos ka = sin aa’ + cos aa’
203 2 p
Hay co6 thé vieét:
B2_0‘2
cos ka = sh Bb sin aa’ +ch b cos aa’ (e)

203
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Viéc tinh toan trén kha phuc tap, Penn
da gidi gan ding bing cich gidm do/ rong
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 tur c6 nang lugng E = hé so truyén qua:

2
_—bq/Zm Uy E
Z

T — Te
0
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Voi Uo>>E, T~ e

24/b

I'=Tyexp { 2mU b
n

Khi b—0, a=a+b — a- \/_
U, > o By== \/ZmU —g = FPp=—— \/meU

bat. ma’ 2p
2 0 n b—
h a
Vi giit U b= const, nén P = const va khi b tién vé 0
thi Bb tién vé 0.

P:
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PHUONG PHAP PO THI

Khi b—0 = sh(Bb) —> b %
Uo -0 ; a/pf<<1 QZ\?
p? —a Vi Pp °
sh(Ppb)y~ — Pp = 2P b _ P
/3 20 2%h a 2% “a

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:

a -~ cos ka’
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Pat vé trai ctia (1) 1a ham F(aa)=F(E)

Pit vé phai cua (1) 1a ham f(
* Trudc tién ta dung do thi
trudc gla tri cua ka: ta tinh duoc f(

ca )
~(E). Sau do6 cho
Ka'), 161 v& duong

thang f(ka' ) song song véi truc hoan

1.

* 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) trng v6i kar da

chon.
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ENEN AN AR o1 dud
N EE NS ERNAEN A , -
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 do phé ndng lu’ong cua dien tir trong
trirong tuan hoan co cdu tric ving.
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ane

s¢ la nghiém cua

NIVZNE VAN INZR N X
RNAENN/SEREAENPEE nhirng phuong trinh

v6i (ka+27tn).

—F 1a ham tuan hoan theo s6 song k v&i chu
ky (2r/a).

E(K)=E(k+ 27t/a)
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o N

MOT VAI TRUONG HQP RIENG

o
1/ Khi P—>o0: ho thé ning khong trong s[\' ,d ;a u

lién két rat manh véi hat nhan:

—oa — 0
Nén F(0) ~P+1 >

Nén F( o) giam rat nhanh theo oa suy ra do rong
ciia Cac vung nang luong giam, vung cam tang rut
veé dang cac muc nang luong clia nguyeéen tur riéng
biét.
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2/Khi P—»0: hé thé nang trong subt ddi vai
dién tir (5) tro thanh:
/] F\\X\Tj\ é

(04

cos ““a’ —cos ka’

— o O thé nhan moi gia tri = E ¢6 thé nhan
moi gia tri = KkhOng con vung cam nang
luong =dién tir cO thé xem la hoan toan tu
do.
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—E AT 1 B cos ka [#5
A — A ( 2 X A 2761/[f |

OK p)
Tu céng thic E, nay , mot lan nita ta co thé

kiém lai tinh chat cua ham E nhu sau:

W~

* 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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7 P

.\

' B
NN

lwrong suy ra tir mé hinh Penny-Kronig

v/

ang

truc vung n

cau
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CAU TRUC VUNG NANG LI’IG G
CUA Ge, Si VA GaAs~ \

| b

-4 ) -
L (Uil den X Ll T o X LD 15 oom X

Vecto song k
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KHOI LUQONG HIEU DUN

1. V6i 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 xdc dinh

Trong mot sO tru’dng hop 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?) c6 thé viét dudi dang:
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F = m*a

Co dang clia phuong trinh chuyén doags
do vdi khoi lugng m*. |

V6i khoi lugng hi€u dung, phuong trinh
Schrodinger cho electron trong truéng tinh t_l_lé cO
dang phuong trinh cua electron tu do :

2

h 5 -
- VT =EY 0
2m *

Nhu vay, trong phép gan ding khoi lugng hiéu
dung:
electron chuyén dong trong truong tinh thé cé thé

xem nhu electron tuy do néu gdn cho ndé khéi luong
hicy duno m*.
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2. Khoi lugng hi¢u dung m* c6 thé 1L§

tf cau tric vung ning lugng cua eléctrs
Khai trién ham E(k) gan cdc cuc tri cu%)n

lugng

E(k) =~ E(k )+L

| aE |
ai

kTk,

1

2

d°E

dk” _

Tai cuc tri dao ham bAc nhat bing 0 nén gan ding

B~ Ek,)

2

h

(k" k)

2m *
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chinh xac hdn la phu thubc vao d()
nang lugng.

+ m* c6 thé du’dng, am, c6 thé 16n hdn
khoi lugng m cua dién tu tu do.

Trudng hdp 3 chiéu: o2, o2 o,
kI k%, % %,

oy O’g 8 o g
EE B akyakx 521(3 akyékz

o2 25 0% g

akzakx akzaky azki
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Khi d6 tensor nghich ddo khoi lugng hlﬂ“

dang: ) )
m m_
| 1 |
m m m_ m._,
-
| 1 |
mzx mZy mzZ

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

m O O

m O m, O

O (@) m
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Trong trudng hop tinh thé khong hoa
huéng, ning lugng cla electron gan dl /
c6 thé viét dudi dang

2 _ 2 2 — 2 2 - 2
h (kx kox) _|_h (ky koy) _|_h (kz' koz)

E(k) " E(k,) ™
2m, 2m, 2mq
m, , m, va m, 1a khoi lugng hiéu dung tuong dng
doc theo truc x , y va z.
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LO TRONG N

Mat d6 dong do n electron co6 trong v
j— _ez \2 1

trong do tong dudc 14y theo moi trang tha1 cO
electron chi€m.

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 ngudce chiéu nhau.

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

j _eZV - _ezv Tev

S S 1

v™>i moi.s
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Tap thé electron & trong vung héa tri chi co
c6 tac dung dan dién nhu mot hat tich dién d

vonoy o
-

Né&u viung héa tri dd hoan toan day thi khi t4¢ /d

d6 bing 0. Gia toc cla tip thé electron trong mdt ving

hoan toan day trir mOt mic trong : -
_ . d ko _ d k, d k  _ F
2= h— = . =

dt ., m*(k) dt,,m*(k) dtm*k) m*(k,)

Tap hgp céc electron d6 duge gia toc nhu khi hé chi c6 mot
hat (16 trong) vdi vectd séng k; va vdi khdi lugng hiéu dung
bing va ngudc dau vdi khoi lugng hiéu dung cia electron
khuyét .
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Cédc 10 trong xudt hién & cic dinh cida ving @W
Z

d6 khoi lugng hiéu dung cla electron 13 Am =10 4t
khoi lugng hiéu dung duong. /)j\
Ning lugng ctia 10 trong dudc tinh theo chiéu ngu
chi€u cda electron

Lo trong c6 spin = 1/2 va tuidn theo cdc phuong trinh
chuyén dong nhu electron .
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Chiéu ting
nang lugng
cia 10 trOng

Tap hop cua cdc electrons trong  Ning lugng
vung hoa tr1 tuong duong mot hat  thgp nhat

s, % N ~ ~
cO +m* va +q cua 10 trong
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2 \\\// o

Nang
Pong nang luwong cua
cua dién tut dién ta
Dong nang 1 >
cua 16 tron Nang

cua 16 trong lwgng cua
10 trong

Chiéu tiing ning lugng cta dién ti va
10 trong

CuuDuongThanCong.com
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Khoi lugng hiéu dung

=2

.'a,ji;\
NN

P

——

e £ =

=
>

Khoi lugng hiéu dung m* 16n va nhd

k

15 tréng nang

15 tring nhe

sy tach ving do
wom TUINE tac spin-quy dg o
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o\

Cong huong Cyclotron — cdc miaar §==-’en~
ctia ving dan va viing hda tri gan b€yl s\

» =B m"1a khoi lugng hiéu dung
m  cyclotron -
: 0 Electron Lo trong Lo trong nhe
Tinh the (m./m) nang (m,, /m)
(my,,/m) l
GaAs 0.066 0.5 0.082
InAs 0.026 0.39 0.025

Cu,O 0.99 -- 0.58
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oV ]
/

Ly thuyet nhi€u loan cho hay, vdi tin KH’\\ ITg\
cAm thing, khoi lugng hiéu dung cla eles y-1e

s 3A A N ~ m, 7
v6i do rong vang cam E, e{{f\j

lugng hi€u

~
o
=
S~
*
=
—~
QN
-
=
©

Khoi

b6 rong viing cdm E,
(eV)

Ving cAm cang hep, khoi lugng hiéu dung cang nhd.
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PHAN BIET CAC CHA”FT\\M
IN

BAN DAN DIEN - KIM LOAI VA BIEN MOIDEA.
TRUC VUNG NANG LUQGNG CUA/CHU

cac hat mang dién dudi tic dung cua di€n trudng
ngoail. ~
*Van tdc cda tip thé electron dudi tic dung cla
dién trudng ngoai phdi c6 thanh phan khic 0 doc
theo phuong clua dién truGng.

= Trong mdt viung hoan toan day electron, céc
electron chi c¢6 thé thay ddi vi tri cho nhau va doc
theo mot chi€u nao d6, vectd van tdc tdng coOng
bing 0.
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= Khi dit dién trudng 1&n tinh thé, elecirt
dudc ning luong khi chuyén dong trong tru
* Nang lugng ma electron thu dugc trén quang dudng
bay tv do A bing eE A . =

= Trén thyc t€ eE A << Eg.

* Nhu vy no1 chung, nang lugng ma electron thu dugc
khi d6 khdng di dé cho né nhdy qua ving cAm dé€ 1én
vung dan.

= mudn dan dién tot, chdt phdi cé viung ndang lugng
chua ddy electron .
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.\

*Ning lugng dao ddng nhi€t cia mang tin the %}

» § mot nhiét @ T ndo d6, dong ning trung binh.cha
cdc nguyén t¢ bang 3kT/2 ( khodng 0,037 ¢V ) § nhiét
do phong.

cung cAp nidng lugng cho electron nhdy AU [/

day 1én vung trong & trén.

= Trén thuc t€ bao gid cling ¢6 cdc nguyén t c6 ning
luong rat 16n hon gid tri trung binh d6. Theo phin bo
Boltzmann, x4dc suidt dé nguyén t& dao ddng c6 ning
lugng biang E ty 1€ vdi exp(-E,/kT) .
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Cac nguyén tu , khi va cham véi cac electr ( r}

Né€u ning lugng d6 bang hodc 16n hon do rong viing
cam E, thi electron c6 thé nhdy lén viing trén.

V6i nhitng diéu vira néi, dya vao ciu tric ving ning
lugng clia mot chat ta c6 thé biét chat d6 din dién hay

cach dién.
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\

KIM LOAI %f/ E\ 1 %%

1. Chdt c6 viing héa tri chi day mot phan(kim loai
kiém) hay da day hoan toan nhung cé motphan
trung vdi viing nam & trén (kim loai kiem tho) .

/
/

Duéi tic dung cua di€n trudng ngoai, cac
electron c6 thé chuyén dong dé dang trong
pham vi cua viung héa tri.
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\% | DU >

C4c kim loai kiém : Li, Na, K, Rb va Cs fi 1\?

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 todn 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 kiem dén dién tot.
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KIM LOAI KIEM ;;g\ |
Nall: ... 3st 7
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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 dé, cdc electron nim & cdc muc cao cia
vung ns chiém cdc mdc thap ctia ving np cho dén
khi c4 hai ving chita electron dén modt mdc ngang
nhau .
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ViDU
Mg? : 15225220352

Ca hai vung nay déu co6 electron va con nhiéu
/ /\/ ® ® 'k /() ’X °* A /\/
muc trong. Kim loa1 ki€ém thé dan dién tot.
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CHAT CACH PIEN VA CHAT

2. Chét c6 vang héa tri chita ddy electron va/trés

ndang luong cé dp rong bang E,.

O nhiét dd 0 K chat ndy hoan toan khong din dién vi ning lugng
ma electron thu dudc trong di€n truéng ngoai va dao domg nhiét

khong di dé vudt qua viing cAm.

0] mdt nhiét 36 T ndo d6, xdc suit dé electron c¢6 ning lugng bing
E, ty 1€ v6i exp(-E,/ kT) .

Nhu vay, bao gid cling c6 mot sO electron c¢6 ning lugng nhiét du
dé nhdy 1én ving ning lugng nim § bén trén con rat nhi€u mic

trong.
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N€u Eg khé 16n va & nhiét d0 khong qua cao Ahiss
dugc 1én vung trén khong dang ké va chit nhu/va;
moOt chat khong dan dién.

Thudng quy udc : chit cé cau tric vung véi Eg > 3 eV 1a chat cdch

dién. -
Néu Eg < 3 eV, khi nhiét do0 khong qud thap thi sd electron c6 du
ning lugng d€ vuot qua ving cAm khd nhiéu = ChAit ban din

SO electron tif viung hoa tri nhdy 1én ving trén (dudc goi 1a ving
ddn) trong mot don vi thoi gian bing Aexp(-Eg / kT) v6i A 12 mot
hé s0 ty 1&é khong phu thudc nhiét do.
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® Mbi electron nhdy dudc 1én ving din dé lai m
vung hoa tri.

® Dong thoi v6i sy nhdy 1én ving ning lugng ca6

/

la qua trinh nhay ngudc trd lai vung héa tri (qua

electron -10 trong ) .

B Toc dO cia qud trinh nay ty 1& véi nong dd n cua electron co

trong vung dan va nong do p cua 10 trong ¢ trong viung hda tri ,

nghia 12 bing y.n.p vGi y 1a hé so ty 1€.

E <
Aexp —2£ = ynp =yn®? (vin=p).
KT
Trong trang thdi can _ A _E,

bing dong ‘ Y S KT
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Nguyén to a ( nm) E,

C (kim cuong) 0,356 5eV
Si 0,543 1,1eV
Ge 0,566 0,7eV

Thiéc 0,646

=
=
-
o
-
Y
o
=
o
g
=
—
g
ry
pal

- v -~ - A v Y,
Khoang cach gii'a 2 nguyén tu
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N\ ~
N\ ~
) g

1

Kim loai
o O
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Ving cdm réng

viing cAm hgp

Ying din
phil nhau

Viung hoa trl

Kim loal Chat binddn Chdt dlén mdl
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THANH CONG VA HAN CH‘N 722N

)

CUA LY THUYET VUNG PONG

® G1a1 thich dudc ta1 sao chat rin 1a chat
chat ban dan hoac chi't cdch dién.

® Thié€t 1ap quan hé giita cdc tinh chit cia vat liéu va
nguyén tu.

® Giai thich sy ton tai cua cdc hat c6 dién tich duong
(16 tréng) va gidi thich khdi niém khéi lugng hiéu
dung.

® Phép gan dung mot electron khong thé tinh dén céc
hi€u u’ng tap thé nhu hién tugng sat tu Va siéu dan va
su chuyén pha do ning lugng toan phan cha electron.
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