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= NOI DUNGMON HQC

Lenl thé chdt ndn.

lién et trang Lint LHE chil rin.

dao ddng cda mang tink the.

ktii electron tu do trang bim logc.

wing luvng cda electron trang tink LHE chit ndw.
cic chdt ban ddn dién.

Link chAL Lo cha chAl rdn.

déu dan.
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Tinh chat vat Iy cta chat ran
2 cdch tiép can :

1. Xay dung mo hinh don gian va dua vao cac dinh luit cd ban
da bi€t d€ suy ra tinh chat.

(a) (b}

f)

p




simd rokiad Rt Lnh.chatda.higtelia cdc nguyén tir riéng 18
va x€t xem cac tinh chat d6 thay doi nhu thé nao khi dua cac
nguyén tif lai gain nhau d€ tao thanh chit rin.
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2) Cdu tric tinh thé cia mét sé” tinh the don
3) Phan tich edu trdie tinh thée bdang phuong
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Vat liéu két tinh: cdc nguyén tf sip xE€p tuan
hoan trong khong gian ]

* Pon tinh thé: cic nguyén ti sip x&€p tuan

N . A . 5 AL 1iA Da tinh thé
hoan trong toan khong gian cua vat li€u o e
** Pa tinh thé: gom nhiéu tinh thé nhé hoic hat
*Vat liéu vo dinh hinh: cdc nguyén ti sip xép
khong tuan hoan trong khong gian : \

Két tinh

Vd dinh hinh

SiO,
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aa trdc tinh the

Tinh thé 1a sy sip x&p tuan hoan trong khong gian cua
cac nguyén tu hoiac phan tu

$d&dd
gﬂ) ........ ‘0 ........ ‘0 ......... ‘0_ —I_‘O

0. ‘o --------- ‘ o

Cau tric tinh thé = mang tinh thé + co sé
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. Mang tinh theé

A )T

g] ‘5)2 5; - vecto tinh tién co sé
c6 thé chon tuy ¥
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Cach1:

i =n]g]+n2g2 +n3g3 *_"

/‘,.// \\:

vecto tinh ti€n cua mang tinh thé ~

Tuy cach chon g ,g ,g_g

n, ,n, va n, c6 thé 1a sé nguyén hoic s phan
« T4t ca n, ,n, va n, déu 1a s6 nguyén :
cdc vectd & , 71 , i1 3 - vectd tinh ti€n nguyén to
«» Chi mdt trong cac so n, , n, va n, khong phai sé nguyén :

cac vecto g ’ g ’ g 3 - vecto tinh tién don vi
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0 ta Mdng tinh the

Cach 2 : O nguyén td va 6 don vi

O nguyén td dugc tao thanh ti cic vecto
nguyén to 7,45, 5’3

O don vi tif cac vectd don vi g ,(li) ,5’3 .

% O nguyén td chi chi¥a mt nit mang.

< O nguyén to c6 thé€ cé cac dang hinh hoc khic nhau
nhung ludn cé thé tich nhé nhat va bing nhau.

CO SG VAT LY CHAT RAN
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Y S&doi k&g ¢dd " mang tinh the

Yéu to doi xing : phép bién doi khong gian lam
cho mang tinh thé trung lai véi chinh né.

< Do6i x\ing tinh tié€n
% Cac truc quay C,,C,, C;, C, va C,.
< Mit phing phan xa guong m.

» Tam dao 1.

CO SG VAT LY CHAT RAN



smeo Por g B EE LI trOMY tiniy the

a + 2acos o,

1+2cosa, = sO nguyén hay 2cosa, = sd nguyén
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~

Vi sao khong ¢6 truc 5 va truc 7 trong tinh thé chit rin ?
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e tinh thé

Mbi hé tinh thé c6 mot tap toi thiéu
cua cic yéu to doi xiing

Hé tinh thé | Sé yé&u té doi xitng toi thiéu

Tam ta C, (khong )
Don ta C, hodac (C,+1)
Truc thoi 3 truc C, hoac (G, +1)

Ba phuong Cs;hodc (C;+1)
Bon phuong C,hodc (C,+1)
S4u phudng Cshodac (Co+1)
Lap phuong 4 truc C,4




"3Y C§¢ hghg iRk tHE € 'ban . Mang Bravais

Cach chon cac vecto b ,(li) ,(5)3 cua Bravais :

1. O ¢6 tinh d6i xdng cao nhit cia hé ma tinh
thé dugc xép vao .

2. O c6 s0 goc vuong 16n nhat hoac sé6 canh
bang nhau va s6 goc bang nhau nhiéu nhat.

3. O ¢6 thé tich nhé nhat ( 6 nguyén t6 )

Né&u khong thé tgp gl ngiong thdi 3 tinh chat dé thi
chon cdc vects d;,d,, theo thu ty vu ti€én 1, 2, 3.

Chi c6 7 dang 6 don vi cé thé dung dé 1ap day khong gian
ctia mang tinh thé.

CO SG VAT LY CHAT RAN
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ang tinh the hai chida

~/ '/\? A
Mang Ddc diém cua 6

Mang nghiéng a, # a, ; y= 90°
Mang luc giac a, ; Y= 120°
Mang vuong a, ; Y= 90°
Mang chitr nhat a, # a, ; y=90°
Mang chir nhat tim mat a, # a, ; y= 90°

o
1l

My ng nghiéng Mang lyc gidc Mang vudng Mang chi nhif Mang chir nkgt t5m et
' € &5 t

_ L & a & ° @ s & @ 2 P py s 8
[/ i .
i L @l

H e @ * & & @ ‘m . & @ i . @ i‘...

" o o » aiﬂ e R R *« & & = e e %%

e & @
* o o o a " "o 0 00 e o 0 v %%’
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P

Hé tam ta

Hé don ta

Hé truc thoi P

Hé ba phuong
Hé bén phuacng
Hé sau phuong

Hé 1ap phuong P




u ~? A
Simpo PDF Merge and Split Unregisteremeg(n-gtp;m/lS]mmgonbq c hIQ(.I

a,#a,#a, ;
Hé tam ta oF =Py

Hé don ta — - a=B=900=y 4 T——
opP O0cC
E - "_' a,#a,#a, ;
Hé truc thoi - - o=p=y=90°
opP O0cC 01 OF
a,=a,=a,;
Hé ba phuadng o p o= =vy<120°+90°
Hé bén phuo : L =87 s
OP Ol
Hé sau phuong o 4 =a,7#a; ,
a=B=y=900
Hé lap phuadng o || ﬂ ap=4a, =45,
. a=B=y=9()0
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S0 nat trong 0 don vi

LPI: 2 nut

LP F : 4 nat
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O C thudc hé bon phuong
c6 thé duge mo ta bgi 6 P
cua hé bon phuong.

Mang lap phuong tam mat

c6 thé dugc 14 day béi cic | S
0 lap phuong hoac 6 mat 1
thoi.

CO SG VAT LY CHAT RAN
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L3 p phugng tam mat trong khéng gian thugn

« Gocgila a,, &, 8, B0°

ay=ak+9);: ax=taf+2); a;=¢tal2+R).

a=tag+¥-8;: ag=da(-2+§+2);
az = tall — ¢ + 2) .

COSG VATLY CHAT RAN
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ngdyen to ' Wigner-Seitz

1%
19

< s
‘i

Cach vé 6 Wigner-Seitz

O Wigner-Seitz clia
mang 1ap phuong I

CO SG VAT LY CHAT RAN
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1. Chi s6" Miller cuia niit mang tinh thé

Vi tri cia 1 ndt ndo d6 cila mang, d6i v6i gdc toa do da chon,
dudc xac dinh bdi 3 toa d0 x , y, z cua nd. Cac toa dd dé dudc
viét bing

X =ha; ,y =ka, va z = la;
trong do a, , a, , a; la cac thong sO cua mang va h, k val 1a cac
sO nguyén .

Néu ldy a, , a, , a;1am don vi do d6 dai doc theo céc truc cla

mang thi toa dd ctia nut s€ 1a cdc s6 h, k va 1. Cdc sd d6 dudgc
g0i 12 chi sO cia nit va dudc ky hiéu 1a [[h k 1]] hay hkl.

CO SG VAT LY CHAT RAN



sm 2o @y & Mitler eliaehiéutrong tinh thé

Chiéu clia mdt dudng trong mang cd thé
xac dinh bing cdach v& dudng song song
vGi dudng d6 qua goc.

Chi s6 Miller ctia dudng 12 toa do cua
diém dau tién ma dudng di qua.

e A - N , N N
Né€u toa d6 cua di€ém do 1a u, v, w thi
chiéu cua dudng sé 1a [uvw].

Theo quy udc, ngudi ta dung tdp cdc s6 nguyén nhé nhdt.

[V2¥2 1], [1 12] va [2 2 4] chi cdc chiéu tuong duong, nhung ngudi ta
diing [112].

Céc chi s6 4Am dudc vi€t v6i ddu ngang & trén dau.
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s 3o @hies & Mitler eda ede mét trong tinh thé

Vi tri cia mot mit dudc xac dinh béi 3 diém ma mit dé cat
3 truc toa do. 7

Cach xac dinh chi so Miller cho mit :
- bi€u thi d6 dai tir gdc toa dd dén cic
giao di€ém d6 theo don vi clia thong s6
mang : A, B va C.

- Iap nghich dao

- quy dong mau s6 . Gid tht mau s6

chung nhé nhat 1a D. X X y z

- c4c sO nguyé toto=1
guyén A B C

h=D/A, k=D/B va 1=D/C =~ =~

1a cdc chi s6 Miller cia mit va dugce ky X+Xy+lz=

CO SG VAT LY CHAT RAN



smoiChieyo Mitlerciterede mattrong tinh thé

‘l" T,
i wnmunnl
/]

(200) {110)

|\ i

qim} (111) (102)

Mot ho mit song song va cach déu nhau dude
biéu thi bang cac chi s6 Miller nhu nhau.

CO SG VAT LY CHAT RAN
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hoang cach giuwa cac mat ( hkl )

(11} -//;//://;; . I

Ho mat ¢6 chi s6 Miller cang nho c6 khoang cach giira
hai mit k&€ nhau cang 16n va ¢6 mat do cic nat mang
cang Ion

CO SO VAT LY CHAT RAN



Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com

Mot vai tinh chit dang nhd :

* (hkl) bi€u thi cho mdt ho mdt song song vdi nhau

* Mt (hkl) gan gbc toa dd nhat cit cdc truc toa do &
dq d- 8_3
h k 1

V@i hé 1ap phuong :

+ [ hkl ] vudng g6c vdi (hkl)

d
\/h2+k2+12

dpi =

CO SG VAT LY CHAT RAN




sl Cda trac-tinh-the caa-mot so tinh thé don gidn
Tinh thé = Mang Bravais + co sé

CICs
000 & 22
CINa ]
000 & 200
/O
Kim cuong &
000 & YalaY
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Mo ta cau truc Kim cuong

Mang Bravais : 12p phuong tAim mat F

Co sé : gom 2 nguyén td & (0,0,0) va (1/4,1/4,1/4)

O don vi chtta 8 nguyén ti
Hé s6'ldp ddy : 0, 34 : mang kim cuong khong thudc loai
mang xé&p chit

SO phéitri k = 4

K&t tinh theo mang kim cuong c6 C, Si, Ge ,thiéc xdm ...
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Cad'tid<"xep chat

Cé4c ciach sip xép cdc qua caurin
nhu nhau trong khong gian sao cho
phan trong con lai gitta ching 1a nhé
nhit: O 16p dudi ciing, cdc qud ciu
duoc x€p chiit trén mot mit phang
khi mdi qud cau ti€p xdc v6i 6 qua
cau xung quanh
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Cad'tid<"xep chat

L6p dudi cung : 16p A

L6p tha hai : L6p B
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ABABAB...

Luc gidac xé&p chat

3 N

(b)

ABCABCABC...
Lap phuong tam mat
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FCC: Thi tu sip xép ABCABCABC...

Mt thd ba dudc dit trén cdc chd 10m cia mit thit nhat
ma mat thd hai khong chi€m.

CO SG VAT LY CHAT RAN
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Caa'trac xep chat : FCC

=)
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Cad trac xep chat : FCC

COSG VATLY CHAT RAN
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HCP: Thit tu sip xép ABABAB...

Mit phiang thi ba dugc dit thang trén mit dau tién
cua cic nguyén tu
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ta cad Ldc gidc xép chat

-

Mang Bravais : luc giac P

Co s : gdm 2 nguyén ti nhu nhau & ( 0,0,0 ) va ( 2/3,1/3,1/2)
Hé sé' ldp day (bdi cdc qua cau ) : 0,74 .

Ty s6 aJa,= (c/a) =1,633

Sé phéi tri - k = 12.
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{W: ‘Phén tich c@a-tréc-tinh thé bang
phuaong phap nhied xa tia X

10

A

-
=

1

e

c song ,

Buo
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N
b
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0,1

Elﬂ:lt mn“"\‘%

)
":x%

N

>

10

50

Nang lugng photon X , keV

Nang lugng notron , 0,01 eV

Nang lugng electron ,100 eV

100

Khong thé phan biét dudc
cac chi tiét bé hon budc
song cua bir'c xa ma ta
dung dé€ quan sdt chiing.
Khoang cach cua cac
nguyén tf trong tinh thé
chi vao khodng A .

Mudn quan sit dudc ciu
triic bén trong tinh thé can
dung nhirng bic xa co
buGc séng cd A.
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Nang lugng photon X , keV
Nang lugng notron , 0,01 eV

Nang lugng electron ,100 eV



Ty ST Whie %i ti mdt o wdi tia mang tinh thé

Dinh luat Bragg

1
LY
]
L

1
-

_

5
-

2d sin @

oy (;f.j_a_g Ithoa tang cudng khi
® © o o o o nA =2d sin 6
Dinh luat Bragg

Cong thitc Bragg : hé qud cda tinh chit co bdn cla tinh thé 14 tinh tudn hoan ma
khong lién quan gi dén thanh phan héa hoc cla tinh thé ciling nhu cdch sip xép
clia cdc nguyén ti trong nhitng mit phang phan xa.
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Nam 1915 hai cha con nha ho
Bragg dudc gidi thudng Nobel vé
nhitng dong gop trong linh vyc
phan tich ciu tric tinh thé bing
phuong phdp nhi€u xa tia X.

Nim d6 W.L. Bragg mdi 25 tuoi,
14 ngudi tré nhat dugce gidi thudng
16n nay.

William Lawrence Bragg

sinh vién tru6ng Cambridge
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= Chi€u tinh thé vdi tia X don sic thudng khong cho cdc tia
nhiéu xa vi d€ thda min cong thirc Bragg can chi€u tia X
theo mdt chi€u nha't dinh v6i bude séng x4dc dinh mdi ¢
nhiéu xa ti mot ho mit ndo dé.

* Dua vao cong thi'c Bragg 2dsinO = nA
c6 thé st dung cdc phuong phép sau :
> giit nguyén géc t6i , thay doi budc song :
Phudng phdap Laue
> Giit nguyén budc séng, thay déi géc tdi :
Phuong phdp tinh thé quay
Phuong phap Debye — Schrerrer ( phuong phap bot )e
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2) Phuong phap Laue

ol Nl P
trang \ tia X

Phim chup ngudc Phim chup thuin
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Phuong phdp Laue

>
Tinh thé .

| -3 -

1 P
Tia X t6i

Anh nhiéu xa Laue cida Si
theo chiéu [001]

Mot diém tuong ng véi mot ho mit tinh thé
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3) Phuong phdp tinh thé quay

Chum tia

Tia X tdi

)

Nguwin phat tia X

FPhim tru
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Phugng phdp bt

Tia Xt

i

-l

Miu

S—/

T

||

[

28 =(0°

——180——
Li{lo)] D)
“So

26 =T 90" 24;3 = T| EE:I‘_“'
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Phuong phap bot

Inlet hole

- 360 — 460,
40;
40,

360 - 46,
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Dai 2




T-Bém ¢hdtcad-cdelac-taong tdc trong tinh thé

= Khi dua hai nguyén tif A va B lai gan nhau ching bit dau
tuong tac v41 nhau.

>> néu niang lugng cua hé gidm, lyc hit gifta cdc nguyén
t& thing = ching c6 thé tao nén phan t& AB On dinh.

>> néu ning lugng ctiahé ting, ching diy nhau = chiing
khong thé tao thanh phan ti.

= Giita cdc nguyén t& c6 thé cé luc hap din, luc tir va dién
tac dung.

* Panh gid ning lugng hit gitra hai nguyén tr & cach nhau
khodng a do cdc loai luc néi trén di d€n két luén :

Bdn chdt cua cdc luc hiit trong tinh thé la luc dién .

Ning lugng hit ¢6 dang U, = A/r v6i A 1a mOt hing s6



Simpo PDF Merge and Split Unreglstered VerS|on http://www. S|mpopdf com
= Mudn tao cdc hé on dinh tU cac nguyén tu’ hodc phan tu, giita

ching khong nhitng can cé luc hit ma con can cé luc diy. Tuy
c6 thé c6 ngudn gdoc khic nhau, cdc luc diy cé6 mot dic di€m
chung la giam nhanh theo khoang cach r giita cdc nguyén tu :
ning lugng ddy c6 dang Uy, = B/ v6i B 1a mot hing s6 va
n>>1.

NO1 chung, ning lugng tuong
tac gitra hai nguyén tu trong
tinh th€ 12 mot ham cla \
khodng cach r gitra ching , >
gdm c6 hai phan 0

= |

D4 thi bidu didn sy phu .
thudc cua U vao rcé dang /
di€n hinh nhv & hinh bén




I @de-logitien k€t trong chdt rdn

@ Su khédc nhau giita cdc loai lién két trong tinh thé khong
phdi do bdn chit cia tudng tic ma & sy khdc nhau trong su
phin bd cua electron trong cdc nguyén t¢ . Khi dwa cdc
nguyén t¥ lai gin nhau d€ tao nén tinh thé chit rin, do tuong
tdc gitta chung c6 sy phan bo lai ciia cdc electron trong céc
nguyén tu .

® Qua4 trinh phan bé lai dién tich khi d6 thda min di€u kién
bao toan di€n tich trong toan hé va cé xu hudng sao cho cac
nguyén ti c6 16p vo ngoai cuing day electron.

® C4c nguyén t0 thyc hién sy phan bd lai dién tich biang
cach nhudng hoic thu electron , tap thé hod cic electron (
mot phan, toan bd ) hay chi do sy bi€n dang cdc 16p vé
electron .
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ac loai lien ket :fien két so cdp

e Lién két so cap : electron hoan d6i hoéic gép chung
electron . Lién két manh (100 -1000 KJ/mol hoiac 1 -10
eV/nguyén tu )

e Lién két Ion: tuong tac Coulomb manh giira cdc ion Am
( nguyén t nhan thém electron ) va cic ion duong ( cac
nguyén ti mat electron ) Vidu - Na* CI-

e Lién k&t dong héa tri: cac phan tif gép chung electron dé
bao hoa hoa tri. Vidu H,

e Lién két kim loai : cAc nguyén tif bi ion héa, mat mot vai
electron tu vung héa tri. Cac electron tao thanh mét bién
electron , giif cho cic gdc nguyén ti ¢ ding vi tri.
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Lien két ion

Su’ tao thanh lién két ion : @G)

1. Sy ion hoa xuat hién do su chuyén .\ l
electron ti nguyén tu nay sang -
nguyén tu khac

Ion = nguyén tr tich dién

Anion = nguyén tu tich di€én Am

Cation = nguyén tu tich di€n duong
2. Céac ion trai diau hiit nhau béi lyc tuwong tac
Coulomb manh :

Li&n két jon

3. Lién két ion khong cé huéng : ciac nguyén tif c6 thé
bi hiit vao nhau tir bat ky huéng nao.
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Lien ket ion
Lién két ion 12 sy lién két giita cdc ion trdi ddu. Sy xuit hién
cua cac ion do cdac nguyén tu khac loai nhudng va thu dién twr

khi dudc lai gan nhau .

Vidu : nguyén t Na nhudng mdt electron cho nguyén tu Cl va
tré thanh ion duong véi 16p vo ngoai 8 electron :

Na : ..2s%2p%3s! Na* : ... 2s22p°

trong khi d6 nguyén tu Cl khi nhan thém mdt electron trd thanh
ion am vd&i I6p vo ngoai ciing c6 8 electron :

Cl : ..2s%2p%3s23p’ Cl- : ... 3s23pS.
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ieh ket'ion

Na._i"@ =) Na+.@

e Sy chuyén electron 1am gidm ning lugng cia hé nguyén ti ,
nghia 12 sy chuyén electron 12 c6 19i vé miit ning lugng.

Chu ¥ kich thugc twong d6i clia cac ion : Na co lai va Cl nd
ra.

cr
Lién két ion : rdt manh, khong dinh hudng
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Mbi ion v6i 16p vé ngoai day electron dudc xem nhu mdt qua
cau rin vdi ban kinh ion x4c dinh . Ching cé xu huéng kéo dén
minh t61 da c4c ion ngugc dau.

SO ion t61 da d6 dugc quy dinh bdity s6r, /..

Sd ion - 51 hinh r,/r.
bao quanh ion +{ k) | { Su'sdp x&p ciia cde jon - )

4 4mat 3
- ——-1=1022
R
'5 i < QR P

3 l4p phudng g \5-1 =073

12 xZp chat 1,0
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Lit : 0,68 Na*: 095 K+ : 1,33 Rb* : 1,48
Cst : 1,67
F- : 1,36 Cl- : 181 Br :195 I : 216

Khi tao thanh tinh thé , mdi ion c¢é xu huéng kéo d&€n minh toi
da cdc ion ngudc dau.

S6 ion t0i da d6 dudc quy dinh bdi ty s6 clia cdc bdn kinh ion
. Céc ciu hinh s& mat tinh 6n dinh néu cic ion duong qui nhd
( cdc ion + c6 thé dich chuyén dé dang theo cdc chd hong ).
Ngudc lai, néu ty sO r, /r_ting d€n mOt miéc nao do6 sé lam
thay doi cAu hinh theo chiéu ting cda sd phdi tri k .
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Vidu : V6i NaCl, ty s0 ry,/re; = 0,54
quanh Na* ¢6 6 ion CI ( k = 6) dan
dén cau tric tinh thé nhu hinh bén.
( Quanh motion CI- ¢6 12 10on CI).

VG6i CsCl, ty sO ro/ro= 0,92
quanh 1on dudng Cs* ¢06 8 1on CI-
bao quanh = ciu hinh 1ap phuong
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Céc tinh thé ion khong din dién .
Luc tinh dién giita cdc ion tuong d6i manh.
ChA't rin ion ciing , c6 di€m néng chdy cao
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2) Lien ket dong hoa tri

» Trong lién k&t dong héa tri , cdc electron gép @J{@

chung gitra cic nguyén tu.

Vi du don gidn nhat 1a phan t& H,, trong d6 @D
electron chuyén dong § giita cac hat nhan nhiéu

hon Ia trong tirng nguyén ti, nhd d6 tao ra lién
két gitta hai nguyén tur .

:éi:éj:
s
Cl—l

Su’ tao thanh lién két dong héa tri :
Chia s€ cac electron hoda tri
 C6 thé mo t3 bdi sy phd cla cidc quy dao
e Lién két dong hoa tri cé tinh dinh huéng CAO.
Lién két - theo chiéu cdc quy dao phd nhau nhi€u nhat

Li&én k&t dong hoa tr
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ien ket dong hoa tri

Mot nguyén t v6i N’ electron héa tri cé thé c6 s6 lién két
dong héa tri t61 da biing 8-N.

Vidu:
» Nguyén t& Cl ¢6 Z =17 (1s? 252 2p® 3s? 3p° )
N’ =7,8-N"=1->chicé thé tao mot lién két dong
héa tri tao thanh phan tr Cl,
Cl=Cl
» Nguyén tu Si c6 4 electron héa tri N’ =4, 8 - N’ =4. Do d6
nguyén t Sicé thé tao 4 lién két ddng hoa tri.
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Cdc nguyén t0 thudc nhom IV
cia Bdng Tuan hoan c6 4
electron & 16p vO ngoai cung :

C L ... 282 2p?
Si . ...3s23p?
Ge : ...4s%4p’
o-Sn : ... 5s%?5p?

Xu huéng chung clia cdc nguyén t¢ nay khi tao thanh chat
rin 12 tao v6i 4 nguyén t 14n cAn 4 mdi lién két dong hda
tri ( bang cdch gép chung cdc electron ngoai ). Cac lién két
d6 dinh huéng dudi goc 10995 @61 véi nhau.
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Quanh 1 nguyén ti batkicé 4
nguyén t¢ nim & dinh cia cdc ti
dién déu va nguyén tf dang xét nim
§ tAm cta t¢ dién d6. Cach sip x€p
nhu viy cia cdc nguyén to C dan dén
mang ki€u kim cuong.

Pic diém noi bat cda lién k&t ddng hoa tri 14 tinh dinh hudng.

C4c tinh thé nguyén t ( ddng héa tri ) thudng gion do lién két
ddng héa tri khong cho phép cdc nguyén t dich chuyén tuong
do1 ma khong lam dut lién két gitra ching.

C4c tinh thé dong héa tri c6 nhiét dd néng chdy cao, dd rin va
do bén cao.
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Phan lién két ion clia lién két trong céc tinh thé 2 thanh phan

Tinh th€ Phan ion Tinh th€ Phan ion

Trén thuc t€ , rat it tinh

A s/ * A A A °
thé co6 lién két thuan ion S 0.00
< A A £ : SiC 0,18 CuCl 0,75
hoa.c thuan dong hda 9tr1 : . 0,00 Cobr 07
NO1 chung, cac tinh thé ¢6
. A W x . a - 7n0O 0,62
l1€n két pha 1an ( ién két Zn$ 0.62 AgCl 086
. /nSe 0,63 AgBr 0,85
la1 ). ZnTe 0,61 Agl 0,77
? »
O bing bén cho thiy Cdo 079
R g ) n ot Cds 0,69 MgO 0,84
phan tram cua lién két cdSe 0,70 MgS 0,79
. ‘A A . CdT 0,67 MgS 0,79
ion trong lién két lai cua © £
mot s6 tinh thé InP 0,44 LiF 0,92
' ) InAs 0,35 NaCl 0,94
InSb 0,32 RbF 0,96
GaAs 0,32

GaSb 0,26
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ien ket kim loai

= Céc nguyén td ding dau cdc Chu ki
cia Bing Tuan hoan c6 electron ngoai /
lién két tuong doi yéu vdi hat nhan.
Khi dua cdc nguyén t lai gan nhau,
cic electron ngoai thoat khoi cac
nguyén t0¢ ( do c¢6 sy phu cia cac
ham séng ) va dich chuyén tu do trong
toan mang tinh thé .

= Su phan b6 cdc dién tich Am khd dong déu . Su lién k&t xuat
hién do tuong tac cua cac ion duong vdi khi electron bao
quanh chung.

= P& c6 1¢i v€é miit ning luong , mdi nguyén t& kéo vé minh
t01 da cdc nguyén t¢ khdc dan d€n sy hinh thanh cu tric x€p
chat, k=12.
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Lien ket kim loai trong Na

OFPRE _ 0RO
PEERE T PeEEE

Electron khong dinh xtt
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ien ket kim loai trong Mg

* Magnesium c6 cau tric electron & 16p vo ngoai 3s2. C4 hai
electron d6 déu trd nén khong dinh xt nén “ bién electron” c6
mat do gip doi so v6i Na. Cdc ion con lai cling c6 dién tich
duong gap d6i = luc hit giffa cdc ion va bién electron manh
hon.

» Cac nguyén tr Magnesium c6 ban kinh hoi nhé hon cac
nguyén t& Na va do d6 céc electron khong dinh Xt nim gin cdc
hat nhan hon. Mdi nguyén t¢ Mg cé 12 14n cin gan nhit ( Na
chi c6 8 1an cin gan nhat ). C4 hai di€u d6 1am cho lién két giita
cic Mg manh 1én nhiéu.

Mg c6 nhiét dd néng chay cao.
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Lién két kim loai trong cdc nguyén td chayén tiép

C4c electron khong dinh x¢ trong cdc kim loai chuyén ti€p
c6 thé 12 cdc electron 3d va 4s. Cang c¢6 nhiéu electron dudc
gidi phong lién k&t cang manh.

, . . ~ o AN 2, * A A s, N o« N
Cac kim loai chuyén ti€p cé nhiét @0 néng chay cao va di€ém
sO1 cao.
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Tinh thé kim loai

* Tinh thé€ kim loai dan dién tot

= Lién két kim loai cho phép cédc ion & cdc nit mang
dich chuyén tuong d6i xa ma khong phd vd lién két :
kim loai c6 do déo cao ( dé kéo thanh sdi )

* C4c kim loai ning c6 lién k€t rat chic. Ching c6
nhiét do néng chdy cao va dd bén co hoc 16n .
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&) Lien ket tha cap

Lién k&t thi cap (lién k€t van der Waals ) 1a lién két
vat 1y ( trai v6i lién k€t héa hoc trong d6 ¢6 su di
chuyén electron ) dudc tao thanh do tuong tic cla
cac ludng cuc dién cua nguyén ti hodc phan tur .

Lién két nay yéu, ~0,1 eV/nguyén tit hay ~10 kJ/mol.

E—0 &= &—0C

Lién két van der Waals

tuong tac gitra hai luGng cuc di€n

Lién k&t gitta cAc phan ti : lyc van der Waals
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Cdc logi luong cuc dien

. . Hat nhan nguyén tr
Hat nhan nguyén tu \

' ® >

@ May electron

| May electron : :

i) bl

Nguyén t do6i xing Ludng cuc dién cdm Ung
vé mit dién tich Ludng cuc do bi€n dang



s-Ngudn.géccia:lus van.der.Waals
Luong cuc thang giang tiic thoi
Trong phan t¥ d61 xitng nhu H, néi chung khong ¢4 bi€n dang

dién d€ tao thanh cdc mién mang dién duong va Am. Piéu dé6
dung khi xét trung binh.

-

C D

Vi electrons chuyén dong va & mot thdi di€m nao dé ching &
mot dau clia phan ti 1am cho dau d6 mang dién §- con dau kia
tam thdi thi€u s& mang di€n 5+.

@ hoic G

DPiéu d6 ciing xdy ra v4i cdc phan t& don nguyén tif — cdc phin
tr khi tro ( He, Ne, ...) Néu c4 hai electrons ciia He dong thdi
nim vé cing mot phia cia nguyén t, hat nhan khong con bi

che phti bdi electron & thdi di€m do.




“Ca ¢ 1UThy" cGeta€ thoT Siili td"luc hat gida cdc phta

Mot phan i ¢ ludng cuc dién tic thoi khi § gan mot phan
khong phan cuc & thdi di€ém d6 né sé tao ludng cuc dién cAm Gng
cho phan tu nay

@& —C>» v @
. » Ludng cuc

Hinh bén cho thay luc van e thai
der Waals c6 thé lién két cac

phan tif d€ tao nén chat rin.

T4t nhién, & thdi di€m sau ~ 0 I G <
d6, c6 su sip x€p khdc cia € @D @IS @D @D
sy phan bo electron do ching < G @ <
chuyén dong, nhung Iudén o= af> Wi W WS

ludn dong bd.

cam Ung
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Tuong tac Van der Waals - London

Theo 1y thuyé&t cd di€n, ¢ thé gidi thich luc hidt gifta cdc nguyén
tu khi trd trung hoa nhu sau.

Gia thit & thoi di€m t nguyén t 1 ¢6 ludng cyc dién tic thdi p,.
Ludng cuc nay tao G tim cua nguyén ti 2 cich nguyén to 1 mot
khoang r di€n trudng .

E =

bién trudng nay cam t'ng mOomen ludng cuc dién tic thdi p, 6
nguyén td thi 2

trong d6 o la do phan cuc electron.
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€ nang hut cua hai luéng cuc dién p, va p,

1 2 1 4op;
U(r) ~ — PiPy _ afl

4ng, 1’ e, T

Tudng tdc theo cd ché nay ludn ludn 12 tuwong tac hdt, nguyén
tf cang & gan nhau thi lién k€t cang manh.

Tuong tac nay, dudc goi la tuong tdc Van der Waals -
London, déng vai trd chinh trong su duy tri mang tinh thé khi
tro.

Khi dua cdc nguyén t lai gan nhau hon, luc ddy giita ching
ting lén. K&t qua thuc nghiém cho hay th& diy cé dang

A
Ugy (M= —
day 12
C A
U(r) = Uy (r)+Ud§y = ——+—

6 12
r r



" MOTSE N ERGE¢dl " ¢a¢tih thé khi tro.

V6i loai lién két néi trén, cdc nguyén t c6 xu huéng kéo
vé phid minh s6 nguyén t¢ 14n cin t61 da din dén hinh thanh cdc
tinh thé c¢6 ciu tric xé&p chit : LAp phuong tAim mit cho da s6
cc tinh thé khi tré va luc gidc x&p chiit vdi tinh thé He .

Céc tinh thé khi trd 12 chit dién moi trong sudt c6 ning
luong lién két nhd va nhiét dd néng chay thap

o A ,
Piém nong chay cua

cac tinh thé khi tro

helium -269°C
neon -246°C
argon -186°C
krypton -152°C
Xenon -108°C

radon -62°C
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Nang lvgng lien k8t va nhiét d6 ndng chdy cia maot s chit

ndng ludng lign két nhigt dd
o kJ/mol eV Atom, nong chdy .

loai lign két chat (keal/mol) fon, Molecule ee)
_ NaCl 640 (153) 33 801

lon MgO 1000 (239) 52 2800

Si 450 (108) 4.7 1410

d8ng hoa tri C (diamond) 713 (170) 7.4 >3350

He 68 (16) 0.7 -39

i Al 324 (77) 3.4 660

'm foal Fe 406 (97) 4.2 1538

W 845 (203) 8.8 3410

Ar 7.7 (1.B) 0.08 - 189

van der Waals cl 31 (7.4) 0,32 =101

NH; 15 (8.4) 0.36 —78

uyu H,0 51 (12.2) 0.52 0
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1. Dao dong cua chudi nguyén tu

Trong tinh thé cdc nguyén t& dao ddng quanh cdc nit mang
trong khong gian 3 chiéu.

Bai todn cua mot hé hat c6 tuong tac véi nhau va dao ddng véi
bién do nhd quanh vi tri cAn bang 12 mot trong nhitng bai todn
di€n hinh ctia Co hoc c6 dién.

P¢é thdy mdt s tinh chit quan trong clia cdc dao ddng do ta bit
dau tr mot chudi thang clia cdc nguyén ta.
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7\' [J 3 N o0 A Ve A
a. Chuoi thang dai vo han cua cdc nguyén tu
c6 cung khoi lvgng m

2
d°x,

dt?

m = _f[(Xn — Xn_l) — (Xn+1 — Xn)]

x, 12 d6 1éch khoi vi tri cAn bang clia nguyén tif thit n
f1a hiing s6 luc dan hoi tuong tdc giita 2 nguyén tu.

Nghiém c6 dang X, =Aexpi(ot+gna)

q - sO sOng
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Thay nghiém vao phuong trinh chuyén dong dudc

W= J_r2\/E sin(l ga)
m 2

cho thay su phu thudc ctia tan s6 dao dong o vao s6 séng q :

N N A N\ ? Ly ® [N 2
o la ham tudn hoan cua q vé1 chu ky n
d

B chi cin xét q trong khodng _ T <q< n
a a
Vung Brillouin th nhdt mot chi€u

- Chi cin cdc budc séng 16n hon 2a .
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i

IR

ATOM

O hinh trén, q = m/a tudng ung v&1 A=2a. q > m/a khong c6 ¥ nghia
vat 1y vi khong c6 nguyén to dao dong gitta mot chu ky. Nhu vay
vectd song dudc phép cho dao dong mang ndm trong vung Brillouin
thit nhat (Igl < m/a).

Do d6 tat cd ¢ N gid tri duge phép cua vectd séng ( va budc séng )
nim trong khodng -m/a < q < m/a. Moi gid tri d6 twong ¢ng v4éi mot
mode dao dong cia mang. Mode d6 dudc goi 12 mode chuin
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Van téc pha ctia s6ng trong chudi : ® f ) sm;
=—=4a
q m | 4a

2

A ~ A 9 s — 2 p
( van tOc truyén cua cac mat dang pha )

B V3i g nhd ( bude song dai ) van toc pha v, = a(f/m)"2 khong
ddi va bing van toc truyén Am trong tinh the (~3.10° cm/s).

B Khi q ting, vin toc gidm : hién twong tdn sic. Sy tdn sic 1a do
au Anh hudng 1An nhau gitta cdc phan nén va dan ctia séng. Vi
cic budc séng ngin cdc phan dé rat gan nhau.

® Khi A gidm dén 2a cdc phan nén va din b triy 1an nhau lam
séng bi€n mat --> van toc bang 0.

L < L ) do f qa
Van tdc truyén ning lugng - van toc nhém: V4, = d_ =a,/—|COS—
q m

G cdc bienq=7/2, v =0 : khong truyén ning lugng

nhom
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1.2
1.{]\
0.8|—
()] | -

(4f / m)"* 06—
4] ®
L (4f / m)"?
0.2~
-3 ﬂ B y

~— Vung Brillouin th& nhit — q
o0 0 0 0 ° ° ° o000 00O ° °® ° X ) qu,,l—mo
o0 [ N J [ N J [ N J [ N J o0 [ N J [ N J [ N J [ N J qzz,lzza
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=22 t sin(lqa)
m 2

Vi q nho

i B
)

Firpt Daillouin 2o —

C6 su phu thudc tuy€n tinh trong mién nay



ST CHS PEHATIE H AT Hir HEH Fom N

nguyén tu ¢ cung khoi lwgng m

biéu ki€n bién tuan hoan
Born von Karman

Di€u ki€n bi€n tudn hoan: x, = X,y

Tou x =Aexpi(ot+gna)
expinqa =exp1(n+N)ga == expiNqa =1 =expi12mwj

, 2T .
Nqga =2m;j —> q=—"1]
, na
j1a cac s6 nguyén ducng hodac am.
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A AN

L = Na

‘d
T

Di€u ki€n bi€n tuan hoan: X, = X ,x

Cac gia tri gidn doan cua q xac dinh N dao ddng ri€ng cua
chudi. Nghiém tong quat thu dudc tir sy td hop tuyén tinh cla tat
ca cac nghi€ém riéng

x =Y A expi(o.t- 2;“ i)
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"¢ Chubi thang gom 2 [6ai guy€n t c6 khdi lwgng m va M

— —f[(in — in—l) — (X2n+1 o X2n)]

Nghiém cua ching c6 dang
X,y =A_ expil[ot+ (2n+l)qa ]
X,, = Ay €xp1[ ot + (2n)qa ]

Thay c4dc nghiém nay vao phuong trinh chuyén dong tuong tng
dugc 2 phuong trinh d€ xdc dinh cdc bién dd A va Ay,
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T diéu kién d€ cho nghiém cia hé 2 phuong trinh khong
tam thudng, dinh thitc ctia cdc hé s6 A_ va A,, phdi biang 0.
Tu doé ( )

. 2(a
1 | 1 1 4sin” ——

2 2 2 ql/2
O =f{(—+—)=x + — .
(m M) [(m M) _—y ]

\ J
Nhu vdy v41 cung mot s6 song q ¢o 2 tan sO khac nhau o_va o,

tly theo viéc 1ay diu trir hay diu + trong bi€u thic clia .
--> néu bi€u dién o theo q dugc 2 nhinh tan sd :

* nhanh am : ®.(q)

* nhanh quang : ®,(q)
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-

. 2%
2 1 1 1 1 2 4sin 2 q1/2
o =f(—+—)Et[(—+—) — ]
m M m M mM
\
2 f
Nhanh quan T —
T S
o [2f —=m
Nhanh amy_. M K

- T/a 0 + 11/19 q



Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com
(

o* = f(

Nhanh am

- /2 . T/a q
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4sin” —
2 _ i i i iz_ 2 qU/2
® _f(m+M)i[(m+M) mM ]
f
»> =—[(m + M) £ +/(m +M)> — 2mM(1 - cosqa)]
m

Xé€t cac truong hgp gid1 han sau :

l.g=mn/a|. c62nghiém
21 21
M m
=) ¢ = (= R
6365 0 805 0 Ded-o [/ a=rh

Tan s6 thap : nguyén tif nhe didng yén, nguyén tif ning dao dong

- 830 806 60 806 G 0 E q="/a

Tan s6 thap : nguyén tif nhe dao dong , nguyén tif ning difng yén

()
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2. V@i g nho, > hiéu pha nhé : cic 6 14n can dao dong gan nhu nhau
f
o2 = —lm M) J(m+M)? - 2mM(l - cosqa)]
m

Khi qa << 1 = cosqa ~ 1-g*a?/2

o2 SmEM) | 2mM (qa)z]
mM - (m+M)°* 2

2
‘ a)Z:f(m+M){]J_r[]— mM 2(6]61) 1)

mM (m+M)~ 2
Ciing ¢6 2 nghi€ém :

Nghiém 1 : diu + , bd qua s6 hang g*a?

men m@a ma mHa Do meE m -0
-0Q 00 060G 0@ 00 O :

C4c nguyén tlf trong ciing 6 ngudc pha nhung c4c 6 1an cin thi dong pha
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Nghiém 2 : diu -, ga nhd = bd qua sd hang g?a?

2 _f(m+M) mM  (qa)’
= 1-[1-
v mM =l (m+M)>*> 2 I

w22q2a2 / ‘ _ \/ /
2 m+M TN mr M)

Nghiém tan sd thip c6 dd doc khong d6i véiga nhd 3

= ) = m - - e e = 7T
O+ OO QO @O0 0 G @ | E q = 4_a

Céc nguyén ti trong 6 don vi chuyén dong dong pha, cdc 6 1an cin ciing ddng pha
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Nhianh am ngang véi q nho
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Nhianh quang ngang véiq=m/a ( Onhe

Oning)

Ve

Né€u 2 loai nguyén tf c6 dién tich trdi dau, cdc séng d6

1a song phan cyc
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C4c hat dao dong dong pha véi bién do bing nhau ¢6 tin
s6 thudc nhanh 4m véi q nhd. Trong trudng hop nay 6
mang dich chuyén nhu mot toan bo. Do d6 xuit hién cic
chd nén va din trong tinh thé tuong tv nhu s nén va din
clia tinh thé khi c¢6 séng Am truyén qua. Vi vdy dao dong
trong d6 cd 2 nguyén tir trong & don vi chuyén dong dong
pha dugc goi 1a dao dong “ am”.

Nhanh quang ttng véi trudng hgp 2 nguyén tu trong 6 dao
ddng ngudc pha nhau. Bién d6 dao ddong ty 1€ ngudc véi
khoi lugng cia hat. Trong tAm cta 6 don vi khong doi.
Né€u 2 loai nguyén t0 mang dién tich trdi diu thi trong 0
xuat hién mémen ludng cuc dién nhd d6 c6 thé tuong tic
manh v46i song dién tu --> loai dao dong “ quang
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el

LA
T v

1.0

Nhanh qyan

Nhénh a1

0.0

=T/ a

(] i

Vecto song q

2mia

—

—

LO

i
%

[
==
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- Tt/a 0 + 1t/3 q
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Khi m =M : suy bién .

Chudi chi ¢6 1 loai nguyén t v6i chu ky a/2
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[ )

a0 dong cua mang tinh thé

PE€ tinh todn dung thé V cla tinh thé 12 ham clia toa dd cla tat
cd cdc nguyén tr c6 trong tinh thé.

Khi mang dao d0ng, cdc nguyén tir 1éch khoi vi tri can bing.
Khai trién V thanh chudi quanh vi tri cAn bing

1 0°V
V=V +-—
° Elv(aé’nasn.

)o En Env + cdc s6 hang bac cao hon

Vo 1a th€ ning khi tat cd cdc nguyén ulr § vi tri cAn bing
s, 12 vectd dich chuyén clia nguyén tir thit n khéi vi tri cAn biing

Khi do dich chuyén clia cdc nguyén tif 12 nhd cé thé bd qua céc
s6 hang bac cao
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Phuong trinh chuyén dong clia nguyén t& thd m ( khoi lugng M )

a2€ oV 62V
e _aig__Z(aE’aE’ )5,

Gid thir chuyén dong 1a tudn hoan

E =6 expi(ot+ 5. )
K —nf +nk +nk,

Thay nghiém vao phuong trinh chuyén dong

s expif(k, -&,)=0

2.(0)
Mo=s, .~ —

Y
E(agnagm )



SmPTPSEoe AN THE VT TGV EFF P ftong 6 nguyén td ta thu dudc
3 phuong trinh twong ¢ng vdi 3 thanh phan cia phudng trinh
chuyén dong.

Né&u bié ( oV )
€u biét

05 a8 °

thi vé nguyén tic c6 thé x4c dinh cdc gi4 tri cla tan sO riéng
cling nhu bién dd ciia cdc dao ddong thanh phan bing cich gidi 3
phudng trinh no1 trén.

Piéu kién d€ cho 3 phuong trinh ¢6 nghiém khong tam thudng 1a
hé thic ctia cdc hé sO phdi bang O :

OV i pp P o |
§(m)o eXp 18(& gm) M®~3;| =0

Dinh thitc nay c6 9 yéu t6. T diy suy dudc phuong trinh bic 3
doi v6i w?. Gidi ra dugc 3 nghiém o,, ®,, ®,.

®,(q) , ®,(q) va m;(q) xac dinh 3 nhanh am.
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Cé4ch 1am trén c6 thé tong quit cho trudng hgp tinh thé c6 nhiéu
loai nguyén t&r hoic trong 6 chita nhiéu nguyén ta.

K&t qua cho thay :

Néu trong 6 c6 p nguyén t thi n6i chung cé 3p nhdnh dao dong

®(q) , ®,(qQ), ®3(q) -eeernnnnnnn. ®, (q)

trong d6 ¢6 3 nhanh am va 3p - 3 nhanh quang.

w

%

—-——_._-__-—__

—

t Cdc nhanh quang
} Ba nhanh am

v
-3



Simpo POF e A (IO HECY VTS tHES $tdBi*%irng clia mang tinh thé
c¢6 thé trung nhau theo mdt s& chiéu ndo d6 ( suy bié€n )

Vai minh hoa

I8 :
e "‘-...1-1?___ 5i GaAs
! e Tt
l.-|:|-"--.,1__.L |
2 >
N
E ag | ! i i
= O
g/ .'—-QE _ . J'/ .
> | RE
:Q 8 /
7 LA .
= L}-l"' i ‘,-""' o
“«N 4 Fa C— ._?,.--r . !
ot / I Y AT A |
] L - ¥ / '
/f an4ER ﬂ; Wl
& — _ L |
¢ [og] = ' ° o] —  '°° [100] =

Vectd séng q rit gon (g/q,.,,,)

Ning lugng (eV)
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I A X R K 2 I' I A L

g Ao o
0 020406081.01.008060402 0 0 0.102 030405

Vectd song q rut gon (khong thit nguyén)

Vito(I'ss) 15.5 1012 Hz

Si : Tan s6 phonon va(X5) 4.5 1012 Hz
(don vi 1012 Hz ) Veao(X)) 12.3 102 Hz
' vio(Xy) 13.9 102 Hz
1=300K Vra (L) 3.45 102 Hz
VLA(sz) 11.3 1012 Hz
VLo(Ll) 12.6 1012 Hz

vro(Ly) 14.7 102 Hz
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10

=2

Tan s6’ v (107 Hz)
.

0 020406081.01008060402 00 0.

Ge : Tan s6 phonon

[ =]
L

r A XRK ¥ TI'T A L
LO |
1 X,
TO
xl
(900

[ o]

|

102030405

Vectd song q rut gon (khong thit nguyén)

( dom vi 1012 Hz )

T=300K

Vito(L'ss)
Vra(X5)
Viao(X))
Vro(Xy4)
vra (L3)
via(Ly)
Vio(Ly)
Vro(L3)

9.02 10?2 Hz

2.385 10?2 Hz
7.14 102 Hz
8.17 10'? Hz
1.87 102 Hz
6.63 10'? Hz
7.27 102 Hz
8.55 102 Hz



> Tinh thé c6 N neu yen th c6 thé xem la mot h€ dong hoc .
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Chuyén dong clia né c6 thé mo ta bdi N toa do chuin doc lap vGi
nhau. Mdi toa dd chudn mé td cho mdt cAu hinh x4c dinh cla tat

cd nguyén ti cla tinh thé dao dong di€u hoa.
2 _
& +0)Q, =0
Dao ddng tap thé d6 clia tit cd cdc nguyén ti cida tinh thé dugc
goi 12 dao ddng chuin clia mang.

> Trong toa dd chuin, ning lu’dng toan phan clia dao ddng mang
c6 dang rat don gidn :

E=— Z(éng)

trong d6 o; 12 tan sO dao dong clia mode chuin th i
Véi toa do chuin, dao ddng cia mang truong dudng véi 3N dao
dong di€u hoa doc 1ap ( tAt nhién, mdi dao dong ti tuong Gng
v3i mot mode chuan khac nhau ).

Mot dao dpng bét ky cé thé biéu dién bang to hop tuyén tinh

ciia cdc dao dong chudn.
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s ~ ~ A s »
Ly thuyét lugng tir cho chuyén dong cua N hat c6 tuong tac
vG1 nhau trong chu6i

Giai phuong trinh Schrodinger cho hé N hat tuong tac véi nhau
rat kho.

Né&u dung toa dd suy rong c6 thé dua hé N hat tuong tic vdi
nhau vé N dao dong t& ddc lap. Khi d6 phuong trinh
Schrodinger tdch thanh N phuong trinh trong d6 moi phudng
trinh mo t4 cho chuyén dong clia mot hat.

Khi cac hat khong tuong tic v4i nhau, ning lugng cua hé

N
E=YE_

anl
va ham séng v =[Tw.(Q,)
s=1
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Q. la toa dd suy rong , E, va ¥, thoa man phuong trinh

2 A2
N oy 1 22
*+(E,. ——mo =0
2m 0Q; &, 2 L
Phuong trinh nay ¢6 dang phudng trinh cia dao dong t di€u
hoa da dudc giai trong Co hoc lugng tir. Tri riéng cua nd la

1
Es = (ns T E)nws
n, - sO nguyén duong hoic bing 0.

Khéc vé6i co dién, theo 1y thuyét lugng t& ning lugng chi cé thé
14y céc gid tri gidn doan.

Ning luong no, c6 thé xem la mot lugng tir ning lugng clia
dao dong véi tin sd w..--> phonon.

Nghi€m ¥ (Q,) ing v61 nang lugng E, bi€u thi cho trang thii c6
n_ phonon trong dao dong chuan thi s.
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Theo Cd hoc lugng tir, quy tic loc lya cho sO lugng tit cua dao
ddng tf c6 dang An, = =1

Khi An, = - 1 mang chuy€n vao trang thdi c6 ning lugng thap
hon : ning lugng no, dudc truyén cho cac hat tdi dién hoic
vat xung quanh --> qu4 trinh chuyén trang thdi 13 qu4 trinh
bd'c xa phonon.

Qud trinh chuyén trang thdi véi An, = +1 12 qu4 trinh hap thy
phonon bdi mang.
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A ® / / / /? A
* Phonon dugc mo ta bdi cac bé séng chuyén ddng trong mang.
s, ~ 9 , , 2, 7 ~ e N s, ~ ? , ~
Tinh chat cua cac bo song do rat giong tinh chat cua cac hat co
o« N N 7 ~ P 7 ) N A A
di€n vi c6 thé gan cho n6 ndang lugng, xung lugng va van toc.

Néng lugng cua phonon E | =no,

Chuan xung lugng clia phonon P, =ngq;

* Tudng tac gitta 2 phonon hodc gitra phonon va electron dugc
xem nhu sy tdn xa gitta hai hat.

= Phonon tudn theo phan b6 Bose - Einstein
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bai 4
Vink chit uhise

cia chiar ndin
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iet'dung cua chat'ran

< Nhiét 12 ning luong dudc chuyén tir mot vat nay sang vat
khac khi chung ¢c6 nhiet d6 khac nhau. Nhiét dugc chuyén
vao vat 1am thay doi ndi ndng ( ning lugng toan phan - dong
ning va thé€ ning ) cda nod .

+* Dinh luit th nhat cua Nhiét dong lyc hoc :
dQ = dU - pdV

< Nhiét dung 12 nhiét lugng can truyén cho vat d€ lam ting
nhiét d6 cua nd 1én mdt do :
AQ AU
Y AT AT

Nhi¢t dung cua chdtrain C,_; = Chang + C dt.;l




Simpo PDF Merge and Si)l‘lt Unregistered Version - hip://www.simpopdf.comp

iet dung cda mot s0 chdt o T = 20 °C

Chat (20°C) |c [J/em K] ¢ [J/mol K]

Bismuth | 0,123 | 00294 | 257
bong | 038 | 00923 24,5
Pongthau | 0380 | 0092 | ..

vang | 0126 | 0,301 25,6
cm | o128 | 0,0305 | 26,4

Bac | 0233 | 00558 | 249
I 0,134 | 0,0321 | 24,8
0.387 0.0925 252
IThuy ngan || 0,140 | 0,033 | 28,3
Alcoholethyh | 24 | o058 | 1m
INusc | 4186 || 100 75,2
Nwscdic100) | 205 | 049 | 369
Gramit | o790 [ o019 | .
Mhaynh | o84 [ 020 | .
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Nhiét dung riéng ciia dong bang 0,093 cal/gm C ( hay 0,389
J/gm C) va ciia Chi bdng 0,031 cal/gm C (hay 0,13 J/gm C).

C6 thé rit ra nhitng nhin xét sau :

Su khdc nhau chii yéu la do chiing dugc biéu thi bdng ndng
lugng trén don vi khoi lugng.

Néu tinh theo ndng luong trén mol, chiing gan nhu bdng
nhau. Sy tuong tu cua nhiét dung cua 1 mol kim loai la not
dung cua dinh ludt Dulong and Petit.
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) 1 mJ =239 .10% cal
Két qud thuc nghiém:
* O nhiét do cao : lcal=4,184]
Dinh luit Dulong - Petit ( C, = 3R = 6 cal/mol.dd = 25,1 J/mol.do)
* (J nhiét do thap : v6i chat dien moi C ~ T3
vGi kim loai C, =yT trong d6 y = 10 cal/(mol.dd? )

3 D [ T T T | T T T T | T T T T | T T T T | T T T T E T

o]
(80|
1

(%
o

£

Nhiét dung mol (JK 'mnl")

0 50 100 150 200 250 300
Nhiét 36 (K)
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Tinh nhiét dung ciia mang tinh thé
Cdc nguyén t¢ trong chit rin dao ddng chung quanh vi tri
can biang dudi tic dung cia luc Hookes ( F = -fx).

[a) (b}
Fgra

£

oy

< o
O’O GL
—r,—»

o
: A Eexp(—E/kT)dE
Khi E iéntuc <E>= ) X )

Tinh ndng lugng jexp(—E/ kT)dE
trung binh Z Eexp(—E/KT)

Khi E gidn doan <E >=
> exp(—E/KT)
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1. Ly thuyét cd dién

* M6 hinh :

® Modi nit mang 12 mot dao dong tir (DPT) di€u hoa.
® Tinh thé c6 3N DPT diéu hoa

* Tinh nhiét dung :

Ning lugng trung binh ciia mdt DDT di€u hoa

E = imv2 +£ma)2x2
2 2



Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com

Ning lugng trung binh cia DPT khi cAn bang nhiét ( tinh theo
phan b6 Boltzmann ) :

2 2.2
%J‘J‘(V2 + cozxz)exp— m(v 241;;? X7 dxdv
_ 0 _
B> m(v2 + ®2X2) B
I I exp— T dxdv
0
v’ mv? T mo’x? Mo’ x>
I exp— I exp—
2 2kT 2 2kT
0 n 0
T mv? T mo’ x>
I exp— dv j exp—
7 2kT 9 2kT

Trong DDT di€u hoa dong ning trung binh bing th€ ning trung
binh nén

<E>=2<T>=2<U>
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a

my

U hodc 1y =

- 2kT

1 |2kT du

:2 m\/;

dv

Iul/z exp(—u)du
<E>=2kT -2

ju_]/z exp(—u)du
0
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Theo dinh nghia va tinh chat cia ham Gamma

['(n) = Ixn_l(exp— x)dx
0)
[(n)=(n—DCn—1)

I(1/2)=+n

r3/2) Jr
I'(1/2) e

_—) < E>=2kT = kT

Ning lugng U cia hé gom 3N DDT di€u hoa U = 3NKT
Nhiétdung C, = dU/dT = 3Nk
Nhiét dung cia mdt mol
C =3N,k = 3R ~ 6 cal/(mol.do)



Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com

2. Ly thuyét Einstein :

Albert Elnsdein 187 1955

Einstein (1907): ¢ If Planck’s
theory of radiation has hit upon
the heart of the matter, then we
must also expect to find
contradictions between the present
kinetic molecular theory and
practical experience in other areas
of heat theory, contradictions
which can be removed in the same
way.”
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DPinh luat Rayleigh -Jeans , ra ddi trong nhitng nim dau ctia thé
ky 20, bi€u thi mat do ning lugng clia bifc xa cla vt den véi
buGc song A

f(N) = 8k

Nam 1900 Max Planck suy ra dinh lult

Sthe 1
f("}"} B }\5 hc

eAakT — |
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Ning lugng trong don vi thé tich FOO) 8whe 1
trén don vi budc song N EE
r
'“Tham hoa ti ngoai”

*  Dinh lut

*. Rayleigh-Jeans

*

Cong thuc
buc xa Planck

v

Budc song ( nm
\
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Pén “thdm hoa ti ngoai”

_ Dinh luif Rayleigh-Jeans

8mv 2
EE

KT

Cuong do buc xa
7

5 Dinh luat
L XO
@) Planck
O tan so thap Gy 2 hv
2 dudng trung 3 hv
nhau ¢ - kT - 1
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y t stennn-:

* M6 hinh : chit rin 12 mot tAp hgp 3N DDT diéu hoa doc
1ap , ¢ cling tAn sd v. Ning lugng cia mbi DPT thay doi nhdy
bac E_ =nhv v4inla sd nguyén .

* Tinh nhiét dung :
Khi cdn bdng nhiét, ning lugng trung binh clia mot
DDT di€u hoa

B nhv

inhve KT _hv _2hv _3hv
<E> 5 _hv(e kT +2¢ KT 43¢ kT 4 )
e _nhv _hv 2hv o 3hv
de KT (1+e kT +e kT e kT 4 )
n=0
:hviLn(1+eX+62X+e3X+ ...... ) hv
dx =
1 h
=hv d Ln W kT

dx 1-e* e*-1
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h
<E, >= M

exp——1
P

Ning lugng U cia hé gom 3N DDT di€u hoa

hv
U =3N v
ekl —]
® J nhiét dd T cao, kT >> hv
i h h h
eKT =14 b ()2 o~
kT kT kT

nén U = 3NKT , trung vSi két qud c6 dién
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® J nhiét @0 T thap, kT << hv

h
<E >=hv exp——V
KT
C=-L AN <E>)~ 3Nk 2 exp- ¥
dT KT KT

Bing cich 1am khép tot nhat véi két qud thuc nghiém cé thé
x4c dinh tan sd v .

Ly thuy€t cua Einstein cho phép gidi thich :
1. C khong d6i & nhiét do cao va gidm khi ha nhiét do T
2. C nhd hon 6 cal/(mol.dd) & nhiét 3o phong cia mot s
chat nhu B, C.
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C =3Nk(Y )2 exp— ¥
KT KT

Theo mau cta Einstein , &

nhiét do thap C, gidm theo
nhiét do theo ham

hv
CXpl——
p( kT)

nhanh hon két qua do dudc
bing thuyc nghiém.

&y cal/deg grom atom

l

"~ Ly thuy€t Einstein |

DPiém thuc nghiém

s Ag

a Grophite
o Al

a AIEDE

x KC1

o8

0B 08

Tk, = £,

1.0

-

Ll

12 -

14
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3. ¥ thuy éByé

* Mo hinh :

» J nhiét d6 khdc 0 K, cdc nguyén ti trong
mang tinh th€ dao dong quanh vi tri cAn bing.
Do ¢6 su tuong tic manh giita cac nguyén tr ,
dao dong xuat hién & mdt hat dugc truyén sang oo w
cho hat bén canh : trong tinh thé xuit hién

chuyén dong tap thé dudi dang séng dan hoi bao

gdm tit cd cdc hat cla tinh thé.

(@) (b}

) 2 q)i)
D
¥ 2
ST F
C}“((J C_.a" F
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= Tinh thé 12 mdt mdi trudng tdn sic : gilfa tAin s6 v ( hay ® )
va sO séng q clia cic song co hé thic tdn sic
®=qv

trong d6 van toc v, néi chung , phu thudc vao budc séng.

= Chuyén ddng tap thé d6 c6 thé bi€u dién bing cic dao dong
chudn cia mang.

= SO dao dong chudn c6 thé xuit hién trong mang bing s6 bac tu
do clia cdc hat trong tinh th€ ( = 3N vSi N 13 s6 hat tao nén tinh
thé ).
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= ChAtrin gom cdc DPT doc lap trong d6 mot DDT khong
phai bi€u thi cho dao dong clia tirng gdc nguyén t& nhu
trong mau cla Einstein ma bi€u thi cho dao déng chudn ciia

toan tinh thé.

= Tinh thé c6 N nguyén t& c6 3N dao dong chuin ( 3N
DDT ) trong d6 N dao ddong doc va 2N dao ddng ngang .

= Ning luong trung binh cia mot DPT vdi tan sO v bing

hv

ex h—v—]
%

<Ek,6 >=
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* Tinh nhiét dung :
Ning luong clia mang tinh thé chi't rin :
U = tOng ning lugng cia 3N DPT
= tong N.L ctia DPT doc + tdng N.L ctia DPT ngang

3N
U= ™ Ve L Vi => hv,
expYi1 expV2_y exp! VN _1 T exp Vi
kT kT kT kT

Cé6 hai cach d@é tinh U.

’ ’ . A A R, e A
Cach 1 : Xac dinh 3N tan s6 v d€ tinh tong trén.
A A A A , A , A A N A A
Do mot s6 dao ddng chuin co6 thé c6 tan s trung nhau , nén dé
tinh U can xdc dinh su phdn bo theo tan sé ciia cdc dao dong
A
chudn.
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Xac inh sy pilanebo theo tan so cua cac dao dong chuin

Khi tinh thé 1a hitu han ( cdc canh dai L, , L, va L, ), 4p dung
diéu kién bién vong cho ham séng

expiq(r+L)=expiqr
dan dén sv gidn doan cda q :

2z
q, _L—xnx
g = 2r .
y Ly y

2z
qZ _L—nz

trong d6 n_, n, va n 1a cdc s6 nguyén dudng va Am.

Ko o, . ')y . , . A A A
Mbi gia tr1 cua g, (1=X,Yy, z) xadc dinh mdt dao ddng chuan
vG1 moOt tdn sO va buGdc song nhat dinh.

4=~q.+q.+q’
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+ mAu tinh thé cé dang l4p phuong vSi canh bing L
+ tinh thé 12 moi trudng ding huéng
+ van tdc truyén cla cic séng dudc 14y bing mot gid tri
trung binh v_khong d6i nao dé.
Vi cac gid thi€t trén, hé thic tdn sic thanh
27 27

2 2 2
®w, =V, =v07n=v07\/(nx +n, +n;)

Tir day, ta thdy ¢c6 6 DDT ¢6 tan s6 », , 12 DDT c6 tan sd m,, 8
DDT c¢6 tan s6 o;, 6 DPT ¢6 tan s6 m,, 24 DDT ¢6 tin s o, ....

- 2 5 O ! A A
s6 8 hop = ,(SO 0) 2(30 O # 0)
(s6 O trung)!
3!
Vidu: 210 2% =24

0!
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Trén hinh , sy phan b6 theo tan sd cia cdc DDT cé dang bic
thang ( du’dng mau xanh ).

21T 142

N mn—?v (ﬂ +ﬂ +ﬂ}
gl

= 3T = EF‘TF {33"{;}15

£

e

A

-

-iggr]

H

160G 1z0G 140G 166G 135G

56 dao d6ng 1

Lam theo cdch nay cho d€n khi s6 DDT = 3N sé& dudc tit cd
tan sd can d€ tinh U



Cach 2 : Xac dinh dudng cong li€n tuc bi€u dién sy phu
Simpo POF Ivrery

e "and S|Q|t Unreglstered VerS|on http:// simpopdf.com

thudc cda tan so theo s6 DPT.

Xeét khong gian . Cac gia tri dugc phép cua q xac dinh vi tri cia cac
nit cia mot mang. O nguyén td cda mang nay c6 dang ldp phuong

vGi canh bing (2n/L)

Mbi gid tri dudc phép cia q ( xdc dinh 1 tan

s6 ctia DPT ) chi€m 1 thé tich bing :

27T,
(T) B 7
trong d6 V 12 thé tich cda tinh thé .

Trong khong gian q, quy tich clia cdc diém c6 cling mot gid tri q 12
mot mit cau c6 ban kinh bing q .

Thé tich cda hinh cdu = (4/3)nq? .

S6 gid tri dugc phép clia q chia trong thé tich hinh ciu

Arg’ /3 Y 27 3N
N(q) = % s =T
IV 6r L\ 4rn

N(q) chinh 12 s6 DDT ¢6 s6 s6ng nam trong khodng tir 0 dén q.
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Uz
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27 ; 3N q o7 |3N
L\ 4r L\ 4n

q

27 v 2 2-.142

N o, = — W, (11, +H, + R )
H‘,_‘] r‘d
€ _ ol
= 3 2 3Ny i

w = v, [ "1]

-g - L o '

5 -

Lie]

(T

=

bins

H

E G ac 160G 126 140G 160G 130G

S6 dao dSng td
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3
Tir N(q) = 4nq” /3 _ V 0’ (*)
3 2
dn°/V 6n

va hé thic tdn sic , c6 thé suy ra sd DPT N(v) c6 tan sd nim
trong khodng tir 0 dén v

4

N(V) — V—3V3

3v
S6 DPT c6 q nim trong khodng q dén gq+dq c6 thé x4c dinh
bing cdch 14y vi phan (*):

V

o’

dN(q) =—q°dq (*%)

Tu (**) , s6 DPT c6 tan sd nim trong khodng v d€n v + dv

4
dN(v) = V—? vidv
v

0)



Simpo Pmrﬂedra Sfflélﬂegisﬁ;fﬁ\{elision - http://www.simpopdf.com

dN(Vv) . ~ dN(q)
T va  g(q)= T4

Vi dN(v), dé tinh noi ning U clia hé, c6 thé chuyén tong
sang dang tich phan:

g(v) =

U= hv, hv, +o hVay :3ZN: hv,
exphvl -1 exp hv, -1 exp "V i=1 exphvi -1
k kT kT kT
hv e hv 4m
U= dN(v) = j V—-vidv
hv hv Vv
exp— —1 O exp——1 "o
kT kT




Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com

+ (&)
T

donvituyy —>

g (@),

b — — . —

N\

0 0.102030405060.708091.0
w, donvi 2nx1013sec! —»

Su phan bd clia mat dd trang thdi g(®) theo tin s6 clia mode
chuan cho nhom.

Pudng lién nét suy dudc tir cic phép do tdn xa tia X va dudng
chdm cham 12 gin ding cia Debye.
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Pal PaY / / N\ /{) A ° ~
Dao ddng am déng gép vao tdng ndi ning cua mang.

U= V4—n J hv vZdv
3 hv
°© 0 exp——1
kT

s N YA ~ . ? A A s A
trong do v__ la tdn sO cuc dai cua dao dong chuan. v__ co thé
xac dinh tu

Vmax

j dN(v) = 3N

0

Thay bi€u thic ctia dN(v) vao, tinh dudc tan s6 cuc dai

/ 9N
Vmax — 3 VO
47V
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~ A e -
Tong ndi ndng cua mang :

4y hv

2
U= V—O_([ex &_lvdv
ka
hv
X =—
Pit kT
hvmax ®D
X = =

U - 41tV ox dx
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41tV oxdx
44
U=——k'T [ =
hv; e —1

% O nhiétdd cao: kT>>hv nén x<<1

eX = 1+ X+xX2+xX3+ ... ~ 1+x

X max 3 X max h3 3
J‘ XdXz jXZdX:lenaX:l ;/mgx
e =1 9 3 3 k°T
4V
U= TC3 kva,’naX
3v;
AR ON
Thay gia tricuav,_ Vioax =3 v,
47V
U = 3NkKT

N 2y ® e ~ o N
truing véi k€ qua co dién .
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< O nhiét do thap: x >> 1

t x°dx © 1 gt
:6 p—
'([ex -1 HZ::‘n4 15
ON7*
U=———Kk'T*
15h°v;

4
ouU _ 127 Nk( T SN 234Nk(®l)3

C. =
YT 5 0, |

G nhiét do thap, nhiét dung cla mang tinh th€ C ~ T3 phi hop
vG1 thuc nghiém.
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Ly thuyét Debye

Ly thuyét Debye cho két qua phi hgp véi nhi€u loai vat liéu
khac nhau

¥ j — T 1 — 1 T 1T 1T T T 1 1

B w o i 1) g e |
3 TR Ak i B
| _F |
S | :
oy B
i i “
E 3 a CaF, 1
E 5 v KLl _
o Ll I"|11.IEI
-, ol N

s I T [ T NN I [N ———
¥ 02 04 06 OR 10 12 14 16 1B 20 22 24 26 2B

T/ Ay,
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oU 12n*Nk T T
C,=—= (—)’ =~ 234Nk(—)’
T 5 0, O,
Trong cong thic trén chi chita mot thong s6 chua dudc xdc dinh
®., dudc goi la nhiét d) Debye.

Nhiét d6 Debye c6 thé xdc dinh bing cdch so sdnh 1y thuyét véi
két qud thuc nghiém.

dad

Nhiét dung G nhiét do e = e
thdp cta chitrin Ar L Ar Y,
so v&i du dodn T3 cua
ly thuy€t Debye véi
0, = 92 K ( dudng

lién nét ) . *” A

i 1.3 7 [h 55 &ad & 4 7.5
T, kabar®

Hisill calpasiy, i rad sl "
=]
G
|
%,
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Nhiét do Debye ctia mét sé chat

Chat

Be
Mg
Ca
La
Ti
Pt
v
Nb
Ta
Cr
Mo
\YY

Op (K)

1160
406
219
132
278
229
273
252
231
402
425

(379)

Chat O, (K)
Fe 467
Co 445
N1 456
Pd 257
NaCl 320
KCl 227
Cu 339
Ag 225
Au 165
/n 308
Cd 300
Hg 71,9

Chat O, (K)
Al 418
In 109
Tl 89
C (kimcuong)
1910
Si 658
Ge 366
Sn (xam) 212
Sn (tring)189
Pb 94,5
Bi 117
KBr 174

CaF, 474



Simpo PDR Merge and Qplili l llnrlpgliqnlgr?d Versjon - lhh;p'(/\/\{\/\/\/\/ ?in?pqlngf r;mlm S
25 i
S op - L¥ thuy&t DEbjfe .
L : L’II__:,‘ =310 K | Cu ]
~ 15 { ’ i
]| o .
é : : i : : 1 mJ =239 .10% cal
o 10 41 % thuy&t Einstein " 1 =207 100
. E / “E = 23.[..1-' K E
5 .
0 ! | L 11 E N | L1 E A | L1

0 50 100 150 200 250 300
Nhiét d6 (K)

So sanh 1y thuy€t Debye va Einstein
vGi k€t qud thuc nghiém cia Bac.

Hinh nho cho thdy chi ti€t G nhiét do
thap.
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Phonon

Trudng va hat khong mau thuAn nhau ma thé hién hai mit clia
cung mot thuc thé. Ban chat d6 dudc thé hién trong hé thuc de
Broglie

E =hv

p=rk

Mbi hat chuyén ddng véi ning luong E va xung luong p
c6 thé dugc bi€u thi bing mot qud trinh séng véi tin sd v ( hay
® ) va budc séng A = (2n/k) .

Tuong tu, séng c6 tan s v va vectd song k ¢6 thé xem nhu mot
(14 hat (14

cO nang lugng hv

va ¢O xung lugng n{é
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Photon va Phonon

= Vdi song 4nh sdng ( séng dién tir ) ¢6 tan sd v va budc
sOong A , hat do 1a photon c6 nang lugng hv va xung lugng
Mot hoc ctia vat den tuyét doi dudgc 14p day bédi cdc bic
xa nhiét cin bing. Theo quan di€m lugng t¥, bic xa d6
dugc xem nhu mot chat khi photon .

* Tuong tu, su lugng t héa cua niang lugng cua cac soéng
dan hoi truyén trong tinh thé c6 thé quan niém trong tinh
thé cé chta mot chat khi cia mdt loai hat nao dé :
phonon .
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* Phonon c¢6 ning Iugng va xung lugng.

= Khdc véi photon ( c6 thé tdn tai trong chan khong ), phonon chi
c6 trong cdc moi trudng cé thé truyén séng dan hoi.

Photon : hat thuc. Phonon : chudn hat .

= Ning lugng trung binh < E > cla Irlnét DDT bing
<E >= M
eXpB —1
) ) kT
Né€u vi€t lai cong thuc nay dudi dang <E > = <n>hv thi

1

<n>=
eXp(ﬁ)—l
, KT
la s6 phonon trung binh co ndng luong hv .
= J mot nhiét dd x4c dinh, tinh thé c6 th€ xem chita mot s&
phonon nhat dinh.
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Su ddn nhiét vd nd nhiét cda chdt rdn

Su dan nhiét
Ly thuyé&t dong hoc ciia cdc chat khi cho bi€u thifc clia
hé s6 dan nhiét 1
K = §CV <v>A

trong d6 c,, 12 nhiét dung ctia mgt don vi thé rich chat khi
< v >1a van tdc trung binh cia cdc phan t khi
A 1a quang dudng bay tu do trung binh cia cac hat

Khi xem chit rdn 12 mdt hop chta khi phonon trong d6 cdc
phonon c6 thé chuyén dong tir thinh nay dé€n thanh kia va c6 thé
c6 va cham, Debye da st dung cong thitc trén vi

¢y 12 nhiét dung cda mang tinh thé

<v>1a vin td¢ truyén 4m ( vin td¢ cda phonon ) = v,

A 1a quang dudng bay tu do trung binh cia cac phonon Ap
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A, dudc xdc dinh chi y€u bdi 2 qud trinh :
+ t4n xa hinh hoc ( tdn xa trén cdc miit tinh thé , sai hdng ...)
+ tan xa phonon - phonon .

Né€u gilta cdc nguyén t chi c6 luc tuong tdc dang -fx thi
cac phonon s€ khdong va cham v&i nhau. Ching la cac song cua
cic DDT di€u hoa va theo nguyén 1y chong chit, ching khong
anh hudng dén nhau khi di qua nhau.

Thuc nghiém cho thdy c¢6 tdn xa phonon - phonon. Di€u d6
chirng t6 thé ning tuong tdc gifta cdc nguyén t khong c¢6 dang
don gian U ~ x2 ma phdi chita cdc sO6 hang bic cao hon :

Ux) = ax?-bx3 - cx*.....
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Hé so6 dan nhiét K ¢ nhiét do phong

Chat K Chat K
w \W%
m.” K m.” K
Al 237 K cuong 550
Cu 401 Si 137
Fe 80,4 Ge 54
Ag 407 e e
Au 296 Khg khi 0,026

N1 60 Nudc 0,61
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344 ||11440 || Gidi han ohiét dé thip cia ohiét db Debye [ Eelvin ) . ||2230 75
Q25| 2.00 Eré din nhigt J 300K | WicmE ) 027 1.29
Ha || Iz L]l | 51 P 3 Cl || A
15& || 400 428 || B4 o2
141|156 237|148
E || Ca ||[& |[Ti || ¥ || Cr || Mu|l Fe || Co || M1 || Cu || &n || Ga || Ge || &3 || 5e || Br |[|Kr
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= Khi xem mang tinh th€ nhu mot hé clda cic DPT c¢6 thé gidi
thich hién tugng nay la do su ting cua bién dd dao dong .
= P& tinh dén do nd nhiét can xét d€n cdc sd hang khong diéu

hoa trong ham thé niing.

= P dich chuyén trung binh clia cdc nit mang ( sy thay doi kich
thudc dai ) dudc tinh theo phian bd Boltzmann :

o0

Ux)
j X eXp— dx
bl T
<X >=—
U(x
Iexp— ( )dx
kT

| expl—(ax” = bx* —ex*) / kT1dx

—Q0



simpo ANSRCACHOhasng khdngrdieurhdacda nhd

_[ [exp——](x+%)dx

t ax’ (*)
_[ [exp— k—T]dx

—00

—00

<X >=

o0
ax2 bx4

0 J fexp=" I )
_{O[exp—k—T](X)dx =0 mm) <x>="—

2
ax
exp———|dx
-[[ P kT]

2
ax

bat u=——  ¢6 thé dua ti s6 vé ham I'(5/2) va miu s6
vé ham I'(1/2)
T ax’ bx*
_[ [exp———](x +——)dx
kT k 3 b
< X >= —% ” 5 = Z—kT
ax
———]d
j[exzﬂ kT] X
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Hé s6 nd dai vi nhiét o theo dinh nghia

0<X>
(x o
Xo0T

trong d6 x_ 1a khodng cdch giita hai niit mang.
O nhiét do cao, tu (*) ta cO

O<X> 3kb
a o o >
X, 0  4a’x,

- hé s nd nhiét khong phu thudc nhiét do .
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Hé s6 nd dai vi nhiét ¢ nhiét do phong

4

Chat o x 109 Chat o x 100

(K1) (K1)

Li 45 Fe 11,7
Na 71 Ni 12,5
K 83 Cr 75
Cs 97 Mo 52
Cu 17.0 Ta 6.6
Ag 18,9 W 4.6
Au 13,9 Ir 6.5
Ca 22.5 Pd 11,6
Al 23.6 Pt 8.9
Pb 28.8 Ge 5.8
Si 2.5

GaAs 5,9



Slmpcﬁ)h ftnddliiji!le ister% ﬁrsiqon ttp-//www sl'néaf aom

Theo két qua thuc nghiém, ¢ nhiét d6 thip (T << ©,)

C = Cmang + Celectron = OLT3 + ’YT
o 234Nk
vGi - 3
®D

Gia tri thuc nghi€m cuia y dudc cho trong Bang sau
(1 mJ=2,39.10%cal).
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C/TJ K2 mol )

0.006

0.005

0.004

0.003

0.002

0.001

B E T T T | T T 1 | I E .
I CiT=vy+ aT?
B 0.0007377
-« 48661 < 10
i E [ ] | | ] ] | | ] E ]

100
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ChAt v, ChAt '
mJ/(mol.d6?) mJ/(mol.do?)

Li 1,63 Fe 4,98
Na 1,38 Co 4,73
K 2,08 N1 7,02
Rb 2,41 Cu 0,695
Cs 3,20 /n 0,64
Be 0,17 Al 1,35
Mg 1,3 Ga 0,596
Ca 2,9 In 1,69
Sr 3,6 Tl 1,47
Ba 2,7 Pb 2,98

O nhiét do phong, C.jecrro Chi vao khodng 10! d€n 102 cal/(mol.dd) trong
khi theo 1y thuyét cd di€n ( xem cédc electron nhu cdc hat ty do ) thi nhiét
dung C,, do electron phdi bang 3 cal/(mol.do).

Ly thuyét cé dién khéng gidi thich dwoc tai sao C lai nhd dén nhu

vav!

electron
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Dbai 5

Rbé electrnon e do
Leong kim loac




1. Ly thay@t <o dien ve khi dién ta

1) M6 hinh Drude - Lorentz ( 1900 - 1905 )

Kim loai gom cdc ion duong ning nim
J cac nut mang va cac electron hda tri
r&i khoéi nguyén tir ¢6 thé chuyén dong
ty do trong tinh thé.

Céc electron dan dién trong kim loai
nhu c4c hat cd di€n chuyén dong tu do
trong “ hop tinh thé”

Paul Drude
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0 heiill'i 3 cﬁeé hi dlen td caa Drude

Cac electron ty do trong kim loai dugc xem nhu cac hat cia mot
chat khi va do d6, c6 thé dung thuyé&t ddng hoc phan t& dé mo ta
tinh cht ciia n6 véi cdc gid thi€t ¢d bdn sau :
e cic electron trong qud trinh chuyén dong ludn ludn chiu
va cham
e giffa cdc va cham electron chuyén dong theo cic dinh
ludt cua Newton
e thdi gian bay tu do trung binh t cua cac electron khong
phu thudc vao vi tri va van tdc clia electron
e va cham x4y ra tic thdi lam thay doi dot ngdt van toc
cua electron va 12 cd ché chinh 1am cho cdc electron cin
bing nhiét v4i moi trudng xung quanh hodc trd lai trang
thdi cAn bang khi thoi tdc dung ngoai luc.
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Chuyén déng nhiét

Trong diéu kién cin bing, van S
~ A A S .
toc tong cOng bang 0. ANE
N .ﬂ j"f;w .'I _J-*"}
Tha1 gian bay ty do gitra hai lan < f;f
va cham khoang 0,1 ps. v

Van tdc chuyén dong nhiét

Lo 3T _ [3x1.38x10 7 JK ' x300 K ==
T\ my 0.26 x 9.1x10 " kg

=2 3x 10P°m/s = 2.3x107cm/s

Tuy thudc vao nhiét do, van toc chuyén ddng nhiét vao khoang
1/500 — 1/1000 van tdc 4nh sdang
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£=0 _‘EE#O

L 1
Eem= Yy

Khi khong c6 di€n truéng, cic  Khi ¢6 di€n trudng :

electron chuyén dong nhanh 1. VAnc6 chuyén dong hdn loan
va thudng xuyén thay doi 2. Thém chuyén dong trung binh c6

chiéu. huéng theo phuong cia dién trudng



A R CORCCTR TR LR G

= Khi dit dién trudng E xuat hién dong dién c6 mat do j tudn
theo dinh ludit Ohm : ¥ E
J =O.

trong d6 o dudc goi 1a dd dan dién riéng cliia vat dan .

= Dong dién xuat hién chitng té cic electron trd nén chuyén
dong cO hudng.

" Lyc do dién truong E tac dung 1€n electron F —— E

Electron dugc gia tdc ngudc chi€u vdi dién trudng. Ngoii ra,
trong qud trinh chuyén dong electron ludn bi tdn xa( chd yé&u
trén mang tinh thé ) va bi mAt van t6c chuyén ddng cé hudng.
C6 thé bi€u thi cho tic dung nay bing luc cdn F_ ty 1& v6i
van téc va ngudc chiéu vé6i no :

F=——mf

1/t 12 hé s6 t§ 1¢
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Phuong trinh chuyén ddng c6 huéng cla electron c6 dang

m—z—eE——m

Nghiém cua phuong trinh nay véi di€u kién ban dau v(0) = 0 1a

Ez—ﬂ(]—exp—i)
m T

Khi cac luc tac dung 1€n electron ( luc di€n va lyuc ma sat ) bu
trit nhau thi electron chuyén dong déu véi van toc khong doi v,

p_ ek

=——7

m
Van tdc nay c6 thé danh gid tor dinh nghia clia mat do dong
dién j=-nevy

trong d6 n 12 nong dd electron .
Vé6i j~1A/km? ,n~10* cm? thi v, ~ 103 cm/s.
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Vi khi electron , c6 thé xac dinh van toc chuyén dong nhiét v
cua ching theo cdng thifc
| 3
2
—mv; =—kT

2 2
G nhiét d6 phong ve~ 107 cm /s . Nhu vay, v, << vr.

Tu j= -ne vy va theo dinh ludat Ohm j = oE suyra

n€2T
O = — neu
m
et
u—=——
m

u dudc goi la do linh dong cua hat tai di€n
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o p o P
- kim 1 07 1 0—4 kim 1 07 1 0—4
b0 dandién o loai  (©Qm)!  Om loai @Qm)!  Om
va dién trg |
v . i Li 1,07 9,32 Fe 1,02 9,8
suat p cua kim Na 2,11 4,75 Ru 1,35 7.4
. K 1,39 7,19 Os 1,10 9,1
loai ¢ 295 K. Rb 0,80 12,5 Co 1,72 5.8
Cs 0,50 20,0 Rh 2,08 4.8
Be 3,08 3,25 Ir 1,96 5,1
Mg 2,33 4,30 Ni 1,43 7,0
Ca 2,78 3,6 Pd 0,95 10,5
St 0,47 21,5 Pt 0,96 10,4
Ba 0,26 39 Cu 5,88 1,70
Sc 0,21 46,8 Ag 6,21 1,61
Y 0,17 58,5 Au 4,55 2,20
La 0,13 79 Zn 1,69 5,92
Ti 0,23 43,1 Cd 1,38 7,27
Zr 0,24 42,4 Hg (18ng) 0,10 95,9
Hf 0,33 30,6 Al 3,65 2,74
Cr 0,78 12,9 Ga 0,67 14,85
Mo 1,89 5,3 In 1,14 8,75
W 1,89 5,3 Tl 0,61 16,4
Mn 0,072 139 Sn (tring) 0,91 11,0
Tc 0,7 14 Pb 0,48 21,0
Re 0,54 18,6 Bi 0,086 116
Po 0,22 46
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Kim loai P§ din dién (Q.m)!
Bac 6,8 .10’
Pong 6,0 . 107
Vang 43 .10’
NhOm 3,8. 107
Sat 1,0. 107
Pong thau (70Cu-30Zn) 1,6 . 107
Bach kim 0,94.107
Thép khong ri 0,2.107
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Thoi gian hoi phac

Gid th sau khi electron da dat dudc van tdc dirng v, ta ngit
di€n trudng.
Do tdn xa v6i mang tinh thé, vin toc d6 gidm dian va khi
electron dan trd lai trang th4i cAn bing. Qud trinh trd vé trang
thdi ban dau sau khi bi 1am 1éch khdi trang thdi d6 dudc goi 1a
su hoi phuc.

dv ]mg

Phuong trinh chuyén dong c6 dang m— = — —

dt T

Nghiém véi di€u kién ban daut=0, v=v,
V(t) = v, exp (-1/1)
cang nho thi hé nhiéu loan trd lai cAn bing cang nhanh.
T - thGi gian ma sau d6 v, gidm di e = 2,718 1an, dudc goi la
thoi gian hoi phuc.
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Y nghia vat Iy ciat:

T ¢6 thit nguyén thdi gian va dic trung cho toc dod thiét 1ap
trang thdi cAn bing ctia hé

Vi qué trinh hdi phuc 13 do va cham nén t ciing c6 thé xem la
thdi gian trung binh giita hai 1an va cham hay thdi gian bay tu
do trung binh ctia electron .

A N\ Val /\, /? VAl
T phu thudc vao van tdc chuyén ddng cua electron : electron
A A N N N x . N s, ~
chuyé€n dong cang nhanh thi cang dé b1 va cham va do do t sé
nho.
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Dinh ladt Ohm
Trong dién trudng, electron c6 hai loai van tdc : v va v,
Vi v, << v nén chuyén dong cé hudng clia tip thé electron

khong 4nh hudng ding ké dén thdi gian bay tu do t va do d6 do
dan dién o

O =
m

no1 chung khong phu thudc dién truéng ngoai E :
trong cdc kim loqi c6 su phu thudc tuyén tinh giita j va E

D6 chinh 1a ndi dung ctia Pinh luat Ohm.
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Po o ¢6 thé ddnh gid dd 16ncia t~107"" =10 s

Quédng dudng bay ty do trung binh A=V, 1T

Vi cac kim loai tinh khi€t, d0 dan dién o G nhiét do thap rat
16n hon ¢ & nhiét do phong.

V6i céc tinh thé dong rat sach A(4°K) ~ 0,3 cm. Trong mot
s kim loai khac, A cé thé dat d€n 10 cm.

Khi xem tdn xa chinh cda electron 13 do mang tinh thé thi
khong thé gidi thich tai sao quing dudng bay tu do trung binh
clia electron trong mang lai c6 thé rit 16n hon hiing s6 mang
(a chi vai A°) d€n nhu vay.

Ly thuyét cod di€n ciing gip khé khiin khi xét sy phu thudc clia
G vao nhi€t do trong kim loai.



3Y S&'dan’nhiét <ad Khi'electron

Electron trong kim loai khong nhitng 1a cdc hat tai dong ma con
la hat tai nhiét khi c6 chénh 1éch nhiét do.

m=) c6 moi lién hé giita d0 din dién ¢ va hé sd dan nhiét K do
electron . M61 quan hé d6 d3a dudc Wiedemann va Franz thi€t 1ap
bing thuc nghiém va bing ly thuyét bsi L. Lorentz.

450
A A e xX = _ 'ﬂ'-E-
Su phu thudc cua hé s6 dan Pl Ag3CH /l'.'u
nhiét K vao do dan dién o : '
cia mdt s6 kim loai & 20°C. <

Dinh luat Wiedemann - Franz :

Hrass (Cu-30Fn)

100 5 Ni
Aramse (D5 Cu-350)
K 1 i) (1080)
—=IT ife

I I I
O 0 10 20 a0 41 50 A 7

L 12 mot hing s6 bing 2,3. 10¢ ( watt.QQ / do?)
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Gi4 tri thuc nghiém cia hing so Lorentz

( don vi 108 watt.QQ/ K? )

Kim 273 373
loai K K

Cu 223 233
Mo 261 2,79
Pd 2,59 2,74
Ag 231 237
Sn 2,52 2,49
Pt 251 2,60
Bi 331 289
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Ap dung thuyét dong hoc phin t, hé s6 dian nhiét cud khi
electron trong kim loai

1 1.3 1
K =—cvA =—(=nk,)(v,)(v,7) = =nk, vt
3 3(2 5)(Vr)(vr7) 5 1K sVr
K&t hgp vé6i bi€u thirc cia do din dién ta cé ty so
1
K Enkaﬁr 3k

B\2
— — _ (L5 T
o ne’r 2(8)

m
V€& phdi ty 1& v6i T. Hé so ty 1€ chi phu thudc vao cdc hing so vii
tru ky va e va do d6 phuong trinh nay c6 dang cua dinh luat
Wiedemann - Franz véi

L=2 Koy
dudgc goi 1a so Lorentz. 2 e
Thay s6 ctiia cdc hing sO nay vao, ta tinh dugc L = 1,11.108
(W.Q / K2) tuwong déi phit hgp véi thuc nghiém .
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Nhdng kho khdn caa ly thuyét Drude

® quing dudng bay tu do trung binh cda electron A c6 thé
rat 16n hon hing s6 mang a

B pnhiét dung cta khi electron do dudc rat nhd so vdi két qua
tinh.

Do d6 cin phét trién mdt 1y thuyét méi khic phuc duoc
nhirng kho khan do.



T IILY thdy @€ 've Khi electron tg
do caa Sommerfeld

1. Md hinh cua Sommerfeld
" cic electron ty do trong kim loa1 tao nén khi electron .
» C4c electron tuin theo phin bd Fermi — Dirac

= C4c electron chuyén ddng tu do trong kim loai nhung khong vuot
ra khdi né : electron dugc xem 1a chuyén ddng tu do bén trong mot
ho thé c6 bé rong bing kich thudc dai cia tinh thé.

» Trang thai cua electron dugc mo ta bdi phuong trinh Schrodinger
2

(A y = Ey
2m



e Rehigin Sia phifng Tk &8 T Song phing W = C exp(ikF)

trong d6 Kk 12 vec-td séng ¢6 do 16n bang 2nt/A

2712
va tr1 riéng E = e k
2m
A
Toan t0 xung lugng : p=—-imfV

Tu ;9\1’ = p¥ c6 thé suy ra séng phang y = C exp ikr
12 ham riéng cda todn tif xung lugng vdi tri riéng bang

b=k
Pk

Van tdc cla electron
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Xét trudng hop don gidn : tinh thé dang huéng c6 dang mot khdi
1ap phuong canh L.

T di€u kién bién vong l//(;‘)-l— f) _ l//(;?)
suy ra exp (ik, L) = 1 = exp (i2rnn)

Trong tinh thé hitu han, vec-td séng 14y cdc gid tri gidn doan

k; = 2—7[”1'
L
1=X,y,z ; n=0,£1,£2,+3,...
va do d6 niang lugng cling tré nén gidn doan

0k’ n*(k:+k:+k2)

2m 2m




sm2ycTinhsGrtrang thdiconinglugng E : cich 1.

Trang thai cua cac electron trong nguyén tr dugc dic trung bdi
40 lugng td n,l,mvas.

Trang thdi cda electron trong tinh thé dudc dic trung bdi 4 s6

lugng t : k,, k, va k, (hodc n,, n, va n,) va m,.

Muén tinh d€n spin cua electron thi can thém s6 lugng ti chi
hudng spin .
21,2 2 2
N~ (kx +ky +k7) n2 2t 2. 2 2 2
= (—) " (nx +ny +n;)
2m 2m L

E =

Khi chua tinh dén spin, 2 5
/ p / \ ~ n ﬂ 2
c6 6 trang thdi c6 cung ning lugng E, = ( 7 -)

12 trang thai c¢6 nang lugng E, = 2E, 8 trang thai c6 nang lugng
E, = 3E,, 6 trang thai c6 ning lugng E, = 4E,, ... ( dudng bac
thang trén hinh sau).
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14

—
ka2

—t
o

Ning luyng E { tinh theo E, )

] 1 1 1 1 1 1 1 1 1

H g+ d G E g 160G 1206 140G 16k 136G

SO trang thai N




S THESH Erd HE AT e e THGHEE : cdch 2 .

Trong khong gian k , miit ding ning E 12 mit cau ban kinh k .
Thé tich cia khoi cAu nay bing

M0oi trang théi, ¢ng véi ml((f)xt gid tri dugc phép cla k chi€m thé tich
(2n/ L)3.
S& gia tri dudc phép N, cia k trong thé tich clia hinh ciau néi trén (
ciing 12 sO trang thdi ) c6 s6 song k ndm trong khodng tir 0 dén k
bing 4
=3 -V p V 13 thé tich ciia tinh thé
8 61

%
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VigitaEvakcohéthic E=—
2m
c6 thé suy ra sd trang thdi Np c6 ning luong E nim trong
khodng tir 0 dén E bang

V. 2mo >
Np=—(— ) E*
6mr” h
Suy ra -~
2 e
n 2w, 3N, . &.
F= Ly ey o g (O |
2m L s
Né&u bi€u dién E theo N, tif cong %
thitc ndy ta dudc dudng cong

li€n tuc nhu G hinh vé trudc.

S trang thdi N
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0 trang thai co vecto song K nam trong khoang k + k + dk
V
dN, = ——
27

SO trang thdi c6 ning lugng E ndm trong khodng E + E + dE

Vo om > L
dN, =— (= )2E2a’E g(E)dE
4772 n

g(k) va g(E) dugc go1 1a mdt do trang thdi.

S& electron trong thé tich V ¢6 ning lugng nim trong khodng E +
E +dE
AN=2g(E)f(E)dE

trong d6 f(E) 1a ham phin b6 Fermi-Dirac , c6 thira s6 2 vi trén
mdi trang thdi cé thé chita 2 electron .



Slmpﬁﬁ I\/iglrie anh%[ Unr F( rsion - ti) Imf'ﬁdf com

1
t(E) =
E — EF
exp +1
kT
T | |
10 - T=0K
S8
081~ T=300K
f(E) 06} r=40K
04
02+
0 | | |
03 -02 -0l 0 0.1 02

E - Eg(eV)



Sim DF Merge and Spljt Unregistered Version - http://www.simpopdf.cory P ~ N
"Theo nguyen ly Paull, trong chat ran cac electron phin bo theo

céc trang thdi ¢6 ning lugng 1an lugdt tir thdp dén cao.

G 0 K, mdc ning lugng cao nhat c6 electron chi€m duge goi 1a
muc Fermi E .

Vects song tng v61 muc ndng lugng do 1a k.

Xdc dinh ki : Trong khong gian k, mit ¢é cung ning lugng bing
Er ( mat dang ning ) dudc goi 1a mdt Fermi. Trong trudng hgp
dang xét mat Fermi 1a mdt cau bankinh k. :
S6 trang thdi cé trong mit cau ndy bing 6 ki

Goi N 12 sd electron c¢6 trong thé tich V clia tinh thé

v
61>

N=2—Fk,

1

|
k.=3n’ %)3 =(37°n)?
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Bi€tn, c6 thé tinh k. .

Vi gid tri clia ki c6 thé tinh v, Ei va Ty theo cdc cdng thifc

Tk
" om
E
T, ==L
kB
VF:ﬂkF

m

K&t qua cho ¢ Bang sau.
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Mot s6
thong sO
li€n quan
dén
electron
nim trén
muc Fermi

tVersion—
Hoa
tri

Mt /AW sim
Kim
loai

Li

Rb
Cs
Cu
Ag

Be

Ca
Sr
Ba
/n
Cd

Al
Ga
In

Pb
Sn
(tring)

ol
popar.com

nx
1028
(m>)

4,70
2,65
1,40
1,15
0,91
8,45
5,85
5,90

24,2
8,60
4,60
3,56
3,20
13,10
9,28

18,06
15,30
11,49

13,20
14,48

kFx 108
(cm'!)

1,11
0,92
0,75
0,70
0,64
1,36
1,20
1,20

1,93
1,37
1,11
1,02
0,98
1,57
1,40

1,75
1,65
1,50

1,57
1,62

VFX
100
(m/s)

1,29
1,07
0,86
0,81
0,75
1,57
1,39
1,39

2,23
1,58
1,28
1,18
1,13
1,82
1,62

2,02
1,91
1,74

1,82
1,88

(eV)

4,72
3,23
2,12
1,85
1,58
7,00
5,48
5,51

14,14
7,13
4,68
3,95
3,65
9,39
7,46

11,63
10,35
8,60

9,37
10,03

T.x
10*
(K)

5,48
3,75
2,46
2,15
1,83
8,12
6,36
6,39

16,41
8,27
5,43
4,58
4,24
10,90
8,66

13,49
12,01
9,98

10,87
11,64
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3) Ap dung ly thuyét Sommerfeld :
Nhiét dung cua khi electron

Theo 1y thuyét cia Sommerfeld, chi cdc electron gan miic
Fermi mdi tham gia vao qud trinh trao doi nhiét.

Ham phin bd Fermi-Dirac & nhiét dd T va 0°K cé dang nhu
G hinh .
— kT «——

IF[EII 1

1.0
L\ AElkT =32 (L e. T 0)

“.j‘ T i e i il - Bp
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O nhiét do6 T, do chuyén dong nhiét mot so electron tr dudi
mutc Fermi c¢6 thé nhdy lén trén mic d6 lam thay doi su phan
bo theo trang thdi ctia ching.

Tuy nhién, trong khodng nhiét d® ma ning lugng chuyén dong
nhiét kT con rat nhd so véi ning lugng Fermi Eg thi chi ¢6 thé
kich thich nhiét cdc electron nim trong mot ddi ning lugng AE
~ kT gan mitc Fermi .

Ta hay tinh s6 electron do

An=g (E.)f(E)AE

V 2m.-> 1
g(EF):47'L'2(T]2')2EF2
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N 1 1 2 3
kp :(3752?)3 = (31’n)? E; :%(3%2_)3
n’ V. 3N
/2 —(—)3/2(37r2 N (_)3/2 =2
4 n’ n° Ep
V 2m.>
g(EF) — ( )2E
Ar° n
3N ) _ ] |
g( EF )=——-~ 0 electron dan/ ning lugng Fermi

4E;
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dN=2g(E)f(E)dE

= Gan ding, 14y ham phdn b6 f (E)~ 1, dE =kgT
3 T
An==N(—)
2 T,
Ning lugng ma khi electron thu dugc & nhiét @6 T
3 T

AU = Ank,T == Nk, —
2 T,

AU 3Nk
AT T,

C ET =oT



"™ 2 Pine hon, phai dung (k) Ta ham phan bd Fermi-Dirac.
Khi d6, tinh todn phic tap hon sé cho k€t qua :
2
T T
C=—Nk, —
2 T

Thay céc gid tri da bi€t vao, nhiét dung ctia mot mol khi electron

- N k2

2F,

_n’N k,z
2E,

C

=yl

Y

z 1a héa tri cua kim loai.

Theo 1y thuyét Sommerfeld : nhiét dung cta khi electron phu
thudc tuyén tinh vao nhiét dd va ¢6 do 16n tudng d61 phu hop véi
thuc nghiém.



smeo i} prdang-ly-thayét-Sommerfeld :
Sw dan nhiét va dan dién ciia khi electron

< Tinh hé s6 dan nhiét : Vi c4c electron ty do trong kim loai c6
thé xem 12 mot chat khi, nén 4p dung cong thifc clia thuyé&t dong

hoc phan tur |
K = gCVA
2
4 T T
_ 'F
ta dudc hé so6 dan nhiét cua khi electron
K — n’nk;t. T
3m

o) nhiét 36 phong, cdc kim loai sach binh thudng c6 dd din nhiét I6n hon 10
hoic 100 1an so v6i chdt rin cdch dién : electron déng vai trd chinh trong
qué trinh dan nhiét.

Trong céc kim loai khong sach hoiic trong cdc hgp kim khong trit tw, phan
déng gép clia phonon cé thé so sanh véi phan déng gép clia electron.



2
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< T11nh do dan di¢én o =
m

T, ¢6 y nghia thdi gian bay ty do trung binh cdc electron § gan
muc Fermi.

<+ Tinh s6 Lorentz trong dinh ludt Wiedemann - Franz

2
k
R_T Sy =2,45.10—8(W?
of 3 e d

K&t qud nay hoan toan phut hop véi gid tri do dudc cua L cho
nhi€u kim loai trong khodng nhiét do tir 0° dén 100° C .

2,3. 108 (watt.QQ / d6?)

L= )

G nhiét do thap (T << © 5 ), 80 Lorentz ¢6 xu hudng gidm.

Vé6i kim loai dong sach, gan 15 K gid tri do dudc cia L vao
khodng 2.10° ( WQ/d0? ). Su sai khiac nay doi hdi phdi tinh dén
sy khdc nhau cia thdi gian hdi phuc t trong cdc qud trinh nhiét
va dién.
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Hé so Lorentz

Kim K/oT
loai (108 WQ/K?)
Cu 2,23
Ag 2,31
Au 2,35
Zn 2,31
Cd 2,42
Sn 2,52
Mo 2,61
Pb 2,47

Pt 2,51
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Dai 6

Electron trong trudng tudn hodn
caa tinh thé
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I. Phuong trinh Schrodinger caa tinh thé
HY = E¥

2
H:—Z;—m v2+ ZZ—+U( R,)+V,(R,,)

i J;él

Céc phép gan ding :
Phép gan ding doan nhiét

Phép gan ding mot electron
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Phuong trinh Schrodinger clia mot electron trong tinh thé

2
_ w2 iu® v = v ®

uf+R)= UE?)

lg = nlgl + nzgz + n3g3




ik Ham'song ¢ va-nang-lugng E cda
electron trong trud'ng thé tudn hodn

Khong thé suy ra cdc tinh chat cia chdt bin din néu khong tinh
dén sy tuan hoan cla thé trong tinh thé. Do d6 chiing ta cAn gidi
phuong trinh Schrodinger véi mot th€ ning tuan hoan thich hgp.

C6 mdt sd cach d€ thuc hién di€u d6. Nhung ngudi ta da ching
minh dudc ring tdt cd cdc nghiém phdi cé mot so tinh chat
chung.

C4c tinh chat chung d6 ¢ thé dung dé cho tinh todn dugc dé
dang hon va dé hi€u dudc mot cich tong quit nhitng dnh hudng
cla th€ ning tuan hoan 1én céc trang thdi cia cdc séng electron.

Piém xuit phat :

thé ndng tudn hoan theo chu ky ciia mang tinh thé.
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‘When | started to think about it, | felt that the main problem
was to explain how the electrons could sneak by all the
jons in a metal....

By straight Fourier analysis | found to my delight that the
wave differed from the plane wave of free electrons only by

a periodic modulation’

F. BLOCH

Vé co ban, dinh Iy Bloch phit bi€u di€u kién ma 74t cd nghiém
¥, (r) cho mot th€ tuan hoan bat ky U(r) phdi thda min

Ham séng cla electron trong trudng thé tuan hoan c¢6 dang

inr) = e

]I.'l:']' I:.I_'I{{I':I

hay

Ygir+ R) =

El]-l: ]-'It {I’}
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Pinh 1y Bloch c6 thé viét duéi hai dang tuong duong

Uy(r) =

k

Ty (r)

vOl

hay

P(r + R) = e Ry (r)

up(F+ R) = up(F)

Song chay elkr
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am song cua eiec ron trong cnuol nguyen
tu

Ham Bloch : y(x) = u(x).exp(ikx)

i—0 AAAANAAAANEY LMD
——90—0—40—T0090000—

ts
1
o

| expiifor)

R

A=128 k=0

U(x) tir su sdp
x&p tudn hoan

= k=l a L : ! : clia cidc nguyén
A=2a / nguy
, v , it bi bign didu

bdi exp(ikx)

k= 2ap i Na)




"2¥ Ndng laong electron’ trong tinh thé
Ham séng 1a mdt ham cua k nén tri ri€éng cia Hamiltonian -
nang lugng cua hé - cling phu thuéc vaok: .E= E(E)
* E la mOt ham chian cua k : E(-k) = E(K).

* E(k) 12 mot hAm tuan hoan véi chu ky cia mang dao.

Eck+6)=E(k)
5 = 11{;1 + lzgz + 13{;3

Do tinh chit nay, ngudi ta thudng gidi han viéc nghién cdu su phu
thudc cia E theo k trong trudng hop mot chiéu trong khodng

T T
——<k<—
a a

Trong khong gian k ba chi€u, mién gidi han d6, dugc goi 1a viing
Brillouin thit nhdt, 12 6 nguyén t0 Wigner - Seitz cia mang ddo
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| | Mﬂi&i"tp'hm trinlv'S¢hrodinger.
1. Phép gan diing electron tu do

* Bai toan khong nhiéu loan dugc mo td bdi phuong trinh cla

electron tu do 2
L;nvzwo@naow?

)l
* Nhiéu loan trong phép gan ding nay 12 thé€ ning clia trudng tinh

the U(r)

electron ty do dugc md t4 bdi séng chay dang exp ikr truyén trong
mdi trudng cé tinh tudn hodn ( tinh thé ). Do d6 s& c6 phdn xa
Bragg khi thda man di€u kién
2dsin@ =+ mA
Khi electron chuyén ddong vudéng gbéc véi mit phing
nguyén ti 0 =90° va d = a, phuong trinh Bragg thanh
T

k=4m—
a



"Gl PRUOhG tFinf SChrodiig er.
Phép gan ding electron tu do

. ) . T -y , -
Khi electron c6 k thoa man k=2m—  thi s6ng tuong tng vdi
ching s& phan xa trén mit nguyén tir .%

Séng t6i va séng phdn xa cé thé t6 hdp vdi nhau tao nén séng
ditng doc theo chi€u vudng géc véi cdc mit nguyén ti dang xét.

C6 hai cdch td hop cdc séng d6 . Xét cic song truyén theo phuong

cua truc X : i i
1—X —1—X T
Y, =e2 +e & =2cos—X
a

.TU I

Y =ed —e 2 =2sin—X
a

Xéc suat tim thdy electron p ty 1& véi | v |2
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V1 sOng dung
& ion
2 e
p+:“P+‘ ~ cos® = x |7
d
cic electron tap
trung gan c4c ion +
tarx =0, a, 2a, ...
2 . 92m
p_ = ‘\P_‘ ~sin? = x
d
cac electron c6 xu
huéng tip trung &
giffa cac ion +
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Hai cach sap x€p trén phai tuong ung vGi1 cac nang lugng khac
nhau. Thé niing cia electron doc theo mang tinh thé mot chiéu c6
dang nhu hinh v&. Gin cdc gbc nguyén t , thé€ ning thap hon gid
tri trung binh cda né. Do d6, thé ning trong trang thdi y, phai
nhd hon trong trang thai w_( ddng ning cua ching bang nhau do
cO cung k ).

Ning lugng
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T nhitng két qud trén suy ra :

0 . 2 1 e . . TC
+ Nang lugng cua electron trong tinh thé b1 gidn doan khi k=+tm—
a

+V6i k=+m2 hinh thanh song dung .
a

Do séng ditng khong truyén ning lugng nén van tdc nhém

do 1dE
V:—:——:O
S dk mdk
ham E ( k) dat cuc tri tai
T
k=+m—
a

+ Khi k =~ 0, A— oo. Céc electron cé budc séng rat dai khong cdm
thiy su thay doi tuan hoan cla trudng thé ning cla tinh thé :
E (k) c6 dang nhu cua electron tu do, nghia la

véi k~0, Ek)~Kk2.



s"@igi phuong-trintrSchrodinger.
Phép gan diing electron ty do

Ning luyng Niang luong

Néng lugng ctia electron ty do Nang lugng fﬁa electron
trong tinh thé
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" QAT Phaoiy tHink Schrodimger.
2. Phép gan ding lién két manh

* Phudng trinh cho bai todn khong nhiéu loan dudc 14y 1a
phuong trinh cua electron trong nguyén tir

2

V24V ly, (1) =E,y, (1)
2m

trong d6 V (r) 12 th€ ning cla electron trong nguyén ti

Vir)

_tr—:-

[

* Thé ning clia trudng tinh thé
U (r ) dudc xem 12 nhiéu loan
trong phép gan ding nay.




-"Gi&iphuong-trinlrSchrodinger.

Phép gan diing lién két manh

2 nguyén td

Niang lugng
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2 nguyén tu Na

Nang lugng

Khoang cach giira hai nguyén ti

Su phu cia cac ham séng lam tach cac trang thai :

* Trang thai hit : mat do electron giita cic nguyén tir cao hon ,
chin nhiéu hon

= Trang thdi ddy : mat do electron gifta cdc nguyén ti nhd hon ,
chin it hon
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5 nguyén tu Na
en
g
=
X))
=
s~
Z.
, Khodng cach giita hai nguyén tu
10?3 nguyén tu Na
Vung ning lugng

gdm cdc mifc ning
lugng sat nhau

Nang lugng
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Trang thdi cao nhat

. S c6 electron chi€m
*Cac trang thai c6 nang lugng

cao ( electron xa hat nhin ) bi
tich mic & khoang cach 16n

*Cac trang thai cua cac electron
lién k&t manh véi hat nhan vi
tdch & khodang cdch gin

o
>
)
A
N
5
El
e
N
o
]
Z

Cac electrons
*Khoang cach trung binh gitra 3 16p vo trong
hai hat nhan gan cuc ti€u cla
trang thai hoa tr1.

Khoang cach gitra hai nguyén tr , nm




-"Gi&iphuong-trinlrSchrodinger.

Phép gan diing lién két manh

Gia tht lic dau c6 N nguyén tl
dugc sip x&p mot cidch tuan hoan
nhung & khd xa nhau dé c6 thé bd
qua tuong tac gitta chung.

Mbi nguyén t& ¢4 ning lugng cua
mdt nguyén tu ri€ng biét.

Hé nguyén ti nay cé cdc mdc ning
luong gidng nhu cia mdt nguyén
nhung moi mic ning lugng c6 do
suy bi€n bac N.

Nang lugng

Chréan N nguyén td




-"Gi& phuong-trinlrSchrodinger.

Phép gan diing lién két manh

+ Pua N nguyén tf lai gin nhau d€ tao nén tinh thé . Sy tuong tic
cia ching khi lai gan nhau dan dén :

- cdc muic ning lugng bi dich chuyén

- sy gidm suy bi€n clia cdc mitc ning lugng : N muc trude
day trung vao nhau c6 thé tich ra tao nén vung ning lugng . Tuy
theo dd tach cua cic mudc ning lugng ( do tuong tac gilta cac
nguyén tf manh hay y&u ) dd rong clia cidc ving c¢6 thé khic nhau.

- cac electron G 16p ngoai chiu tic dung cua cic nguyén tu
lan cAn manh nhit. Cdc viung ¢ng vGi ning lugng 16n c6 do rong
viing 16n. Cdc vung c6é thé chdng 1én nhau mdt phan.



-"Gi&iphuong-trinlrSchrodinger.

Phép gan diing lién két manh

Sy hinh thanh viing ning lugng trong chit rin

Vung Mc
nang nang
trong | | = trdn
chat rin | 5
| A
M | nguye n
7 t
L, r



s"Gid i phuong-trinkeSchrodinger.
3. Phuong phap Penney - Kronig

Uix)




»SiAi.phugng trinh. Schrodinger.
Phuong phap Penney - Kronig

2

Giai phuong trinh Schrodinger {—;—mvz + U(X)}‘P(X) = EY¥(x)
cho trudng hop thé ning clia trudng tinh thé c6 dang don gidn

' U0 vl -b<x<0 U(x)

Up

Ux) = *
0 v&1 Ogx<a’

B0 Ol "aapesann.

trongdo a = a’+b
Phuong trinh Schrodinger tdch thanh hai cho hai mién

2m(U —E
Vi, (x) - m(n; )\|!2(X)=O vé1l -b<x<0

2mE 3 ,
V2 (X) - E; v, (X)=0 véi 0<x<a
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IV. K

hoi luong hieu dung
1. Vé6i electron tuy do, dudi tic dung cua ngoai luc F né
chuyén dong theo quy luit
F =ma
trong d6 m 1a khoi lugng va a 1a gia toc cla electron .
Trong tinh thé : F+ F , =ma

F .. khé xdc dinh nén trong mot s6 trudng hgp nao dé ( chiang
han khi k ~ O tifc 12 gan cdc cuyc tri clia ving ning luong , & d6
c¢6 su phu thudc E ~k2?) c6 thé viét dudi dang

F = m*a

trong d6 m* c6 thit nguyén la khoi lugng dudc goi 1a khéi
luong hiéu dung.
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ngl‘ii
F = m*a

C6 dang cla phuong trinh chuyén dong clia hat tu do
vGi khoi lugng m*.

= V3i khoi lugng hiéu dung , phuong trinh Schrodinger cho
electron trong trudng tinh thé c¢6 dang phuong trinh clia electron tu
do :

2

N v2y(x) = E¥(x)
Zm*

= Trong phép gan ding khoi lugng hiéu dung :

electron chuyén dong trong truong tinh thé cé thé xem nhu electron
tu do néu gan cho nd khoi luong hiéu dung m* .
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Kho Iu’qng hie: dung

2. Khéi lugng hiéu dung m* c6 thé dudc xdc dinh tir ciu tric
vung niang lugng cua electron .

Khai trién ham E(k) gan cdc cuc tri clia viing ning luong

dE 1| d°E ,
E(k) = E(k, ){dklk( k,)+ {dk Lko(k_ko) SRR

Tai cuc tri dao him bac nhit bing 0 nén gan ding

2

E(k)_E(ko) — (k_ko)2

2m *
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Khoi luong hieu d(_l g

Su phu thudc

cla vin toc nhém o, = dw _ 1dE

| 9 dk  hdk
va khoi lugng m* — h’ |
hiéu dung (42)

cua electron vao
cu tric ving
nang lugng.

{a)

(L)

(c)

e ——— T — | o e

|k

0t
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0i luong hieu dung

~1 7,

E

+ E(k)

Khoi lugng hiéu dung m*

16n
K

nho

-k

//

sy tdch ving do
toong td e spin-qu¥ dgo

7

16 tring nang

16 tring nhe
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oNng hi

Trong trudng hop tinh thé khong hoan toan ding hudng, ning
lugng cla electron gan diém cuc tri k co thé vié€t du6i dang

20, 2 (k. — k. ) 20 2
Bk~ E(kg) = T x ~Koo)™ | Wy “Roy)” |, m7(ky —koy)

2m1 2m2 2m3

m, , m, va m, 1a khoi lugng hi€u dung tuong Gng doc theo
truc X,y va z.

Khoi lugng hiéu dung cla cdc hat tdi cé thé xdc dinh bing
thuc nghi€ém ( cdng huéng cyclotron )
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. LO trong

MAat dd dong do n electron c¢o6 trong vung hoa tri
4
] = —eZ 85
\)

trong d6 tong dudc 14y theo moi trang thdi c6 electron chi€m.

Né&u ving héa tri hoan toan day electron thi mit do dong
tong cong bing 0 vi khi nao ciing cé 2 electron véi van tdc bing
va ngudc chi€u nhau.

Trong trudng hgp viing hda tri hoan toan day electron trir
mot mic i con trong thi

j=—e3 P ==Y f +ef)
S#L mois

Tap thé electron & trong viing héa tri chi con mot mdc trong
c6 tdc dung dan dién nhu mot hat tich dién duong : Id trong.
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Ving din

vectd song Thg val

kb, * electron thigh

electron
thd €11

N,

K

L

fi —

~

\vﬁng héa trl
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= Néu viing hda tri @ hoan toan day thi khi tic dung ngoai luc F
1én hé, gia tdc tdng cdng cla cic electron trong viing d6 bing O .

= Gia toc clia tap thé electron trong mdt viing hoan toan day trir

mot muc tr6ng :
p_ d koa K F
”dtz *(ﬁ) Nt 2 B Vet e By meck)

SH#I mo-i.s

Tap hop cédc electron d6 dudc gia tdc nhu khi hé chi c6 mot hat
(16 tréng ) v4i vectd séng k. va vdi khoi lugng hiéu dung bing
va ngudc dau véi khoi lugng hiéu dung cua electron khuyét .
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(c)
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Céc 18 trong xuét hién & cdc dinh clia viing ning lugng . G d6
khoi lugng hi€u dung cua electron 12 4m : 10 trong c6 khoi
lugng hi€u dung duong.

Ning lugng ctia 10 trdng dudc tinh theo chi€u ngudc véi chi€u

,
cua electron

Ld tréng c6 spin = 1/2 va tudn theo cdc phuong trinh chuyén

dong nhu electron .

& —F & —»-F
b ~— b —
%o | o7 %% | et fo | Tof
| | |
E o | | © o | | © |
. . . '
| | |
| e o ° ! L 9% |
01233567? 0123456738 012345678
v I 1
| d ! I : i l
I ® | [ j ] |
l. .i | | ] i
T | I:—K | I:-K |
| . 3 L 1 [
K K¢ Tk 0 K¢ CK 0 Ko~
2 2 2 2 2 - 2



simigHpr Vhﬁﬁp‘ibi@tetﬂfi%hﬁtvvbéwfé&n dién, kim logi va
dien moéi dua vao cdu trac vang ndang luong

= Dong dién 13 dong chuyén dong cé hudng cla cdc hat mang
dién dudi tdc dung clia dién trudng ngoai. Van tdc cda tap thé
electron dudi tac dung cua di€n trudng ngoai phai cé thanh
phan khdc 0 doc theo phuong ctia dién trudng .

= Trong mot vilng hoan toan day electron , cic electron chi c6
thé thay d6i vi tri cho nhau va doc theo mot chi€u nao dé, vecto
van toc tong cong bing 0.

= Khi dit dién trudng 1én tinh thé , electron ¢ thé thu dugc
ning lugng khi chuyén dong trong trudng d6. Ning lugng ma
electron thu dugc trén quang dudng bay tu do A biang eEA. Trén
thyc t€ eEA << E,.

:> nang lugng ma electron thu dugc trong di€n truGng ngoai
khong dd dé€ cho né nhdy qua ving cAm lén viing din.



simpo P RENEe #1660 Hrelisrredliin 168 whdtephichh c6 viing ndng luong chua
ddy electron .

= Ning lugng dao dong nhiét cda mang tinh thé cé thé cung
cap ning lugng cho electron nhdy tr mdt ving day 1én ving

trong & trén.

0] mot nhiét @0 T nao d6, ddng ning trung binh cia cic nguyén
t¢ bang 3kT/2 ( khodng 0,037 eV ) G nhiét d0 phong. Trén thuc
t€ bao gid ciing c6 cdc nguyén tif c6 ning lugng rat 16n hon gia
tri trung binh d6. Theo phan bd Boltzmann, x4c suit d€ nguyén
tir dao dong c6 ning lugng bang E ty 1& vdi exp(-E,/kT) . Céic
nguyén ti , khi va cham vd&i cac electron , nhudng cho ching
mot phan hay toan bd ning luong ciia minh. Néu ning lugng dé
bing hodc 16n hon dd rOng ving cdm E, thi electron co thé

nhay I€n vung trén.

Vi nhitng di€u vira néi, dya vao ciu tric ving ning lugng cla

mot chat ta c6 thé biét chat d6 din dién hay cich dién.
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1. Kim loqi

Chét c6 vang héa tri chi diy mot phdn hay da day hoan toan
nhung c6 mot phan tring véi viing nam & trén .

Duéi tic dung cla dién trudng ngodi, cdc electron c6 thé
chuyén dong dé dang trong pham vi clia viing héa tri.

Vidu . C4c kim loai kiém : Li, Na, K, Rb va Cs .

Céc electron hoéa tri trong cdc kim loai ndy nim & trang thdi
ns. Khi tao thanh tinh thé chit rin, cdc ving ning lugng trir
ving héa tri, déu hoan toan day electron . Viing héa tri ( hinh
thanh tor muc ns ) ¢ 2N trang thai nhung chi cé N electron :
ving héa tri chi diy mot nira.

Céc kim loai ki€m dan dién tot.
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Kim logi kiém

Nall: ... 3s!
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Kim loai ki@m thé

Céc kim loai kiém thd
co hai electron hoa tri
nam & trang thdi ns.

Khi hinh thanh tinh thé€, ving ns va np phd nhau mot phan. Nho
do, cac electron ndim & cdc mic cao ciia viing ns chi€ém cdc mifc
thap cua vang np cho dén khi cd hai viing chita electron d€n mot
muc ngang nhau .

C4 hai viing nay déu c6 electron va con nhi€u mic trong. Kim
. N A x A A
loa1 ki€ém tho dan di€n tot.
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Kim loai kiem thé

Mg!? : 1s22522p%3s?

__ .




smo B VChdt'edeh-dién va chdtbdn ddn

Chét c6 vang héa tri chita ddy electron va trén dé la ving
cdm ndng luong cé do rong bang E -

G nhiét do 0 K chat nay hoan toan khong din dién vi ning
lugng ma electron thu dugc trong di€n truGng ngoai va dao
dong nhiét khong di dé€ vugt qua ving cam.

G mot nhiét do T nao d6, xdc sudt d€ electron ¢6 nang lugng
bang E, ty 1€ véi exp(-E, / kT) . Nhu Vay, bao gid cling c6 mot
sO electron cO nang lu’dng nhiét di dé nhay 1€n vung nang
lugng nim & bén trén con rat nhi€u mic trong.

® Néu E, kha 16n va G nhiét do khong qua cao thi s electron
nhay du’dc 1én ving trén khong diang ké va chit nhu vay trén
thuc t€ 12 mot chit khong dan dién.

Thudng quy udc : chit c6 cau tric ving vé6i E, > 3 eV 1a chat
cach dién.
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B Néu E, <3 eV, khi nhiet do khong qud thap thi s6 electron
c6 du nang lugng dé€ vuot qua vung cAm kh4 nhiéu. S6 electron
tf viing hoa tri nhdy 1én ving trén ( dudc goi 1a viing dan )
trong mot don vi thdi gian bing Aexp(- -E, /kT) vO1 A la mot hé
sO ty 1€ khong phu thudc nhiét do. Moi electron nhay dugc 1€én
ving din d€ lai mot 16 trong & trong ving héa tri. Pong thdi
véi s nhay 1€n viing ning lugng cao hon cua electron la qua
trinh nhay ngudc tré lai vung héa tri ( qua trinh tai hgp electron
-16 trong ) . T6c dd cia qud trinh nay ty 1& v6i ndong dd n cia
electron c6 trong ving din va nong do p cta 16 trong co trong
vung héa tri , nghia 12 bing y.n.p v6iy 12 hé so ty 1€ .

Trong trang thai cAn bang dong Aexp_E_g = vynp = yn? (
kT

Vi n=p).

A E,

Y
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' Figil n |
[

1dp vo
L L |

51 co 14 electron ¢
* 10 trén cdc mmic 3dv 1s, 2s va 2p

* 4trén cdac mmic ¥ va dp
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C Si.Ge Sn
Nguyén to a ( nm) E, -
C (kim cuong) 0,356 5eV E
Si 0543  1lev %
Ge 0566 07eV % N
Thiéc 0,646 ? |

Khos ng cach giita 2 nguyé ot
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Ving cdm rdng

h E Lip ady 12

viung cdm hgp

Ving din
phii nhau

vung hoa trl

Kim loal Chit banddn Chat dIén mal



“Thalil€ohg Va hgh Ch@ ¢G4 1y thuyét vang don gidn

® « Gidi thich dudc tai sao chit rin 12 chit dan dién, chat
b4dn dan hoic chit cdch dién.

® Thiét lap quan hé gilta cdc tinh chat cia vat li€u va
nguyén tu.

® Gidi thich sy tOn tai cia cdc hat ¢ dién tich duong
(10 trong ) va giai thich khdi niém khoi lugng hi€u dung.

® « Phép gan ding mdt electron khong thé tinh dén céc
hiéu ¢ng tap thé nhu hién tugng sit tir va siéu din va su
chuyén pha do niing lugng toan phan cla electron.



—




s Qg e ehdt-bam dén -diéw
Dinh nghia
= Chat bdn dan 1a cdc chat c6 @6 dd dan dién o ndm trong khodng
tu 10-10 Q-1 em-! ( dién mo1 )
n 104+10°Q!'cm!  (kim loai)

Dién trd sudt p (8-cm)

dén
10'8 10'¢ 10" 10'2 10'0 108 0% 0% wE 1 1072 i57% 107 4078

I 1 1 1 | ] 1 L | 1 | I 1 ¥ 1 ¥ 1 ] ] T ] 1 T 1
GERMAMIUM (Ge) SILVER
# GLASS [}
NICKEL OXIDE SILICON (8i) COPPER
* (PURE) -
DI AMOND GALLIUM ARSENIDE (GOAS) ALUMINU M
® [PURE) .
GALLIUM PHOSPHIDE (Gapl  PLATINUM
*SULFUR .
| Fusep CADMIUM SULFIDE (cds) EISHUTH
QUARTZ
I I I NS N T I N N T I N T AT N T R R B

10718 418 4o 1% 4ori2 410 yo-8 yp=6 404 402 1 102 0% 0% 40P
P6 din dién o is/cm) |

-!- CHATBANDAN —+CH§T DAMNDIEN-

J
= 5 cla chat ban din phu thudc nhiéu vao cdc yéu to bén
ngoai nhu nhiét do, 4p sudt, di€n trudng, ti¥ trudng, tap chat ...

=+ CHATCACH PIEN
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Tap chat lam thay doi rat nhiéu

0 dan dién cia cdc chat ban dan

Pha tap chit Bo vao tinh thé Si theo ty 1&é 1 : 10° 1am ting dd din

dién ctia Si lén 1000 l1an & nhiét do phong.

Su phu thudc cla dién trd suit p (Qcm) ctia Si va GaAs
vao nong do tap chat & 300K

Nong do Si GaAs

tap chat N p N p

(cm™)
0 2.10° 7.107
1014 40 180 12 160
10" 4,5 12 0,9 9
1016 0,6 1.8 [02 2.3
1017 0,1 0,3 9.1073 0,3
108 [25.102  62.102 |2.1.10% 3,5.10?
1010 | 6-107 1,2.102 |2.9.10* 8,0.107
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Su phu thudc cia dién tré sudt vao nong do tap chat

10°1 Ll : S

=3
@
7

DBi&n trd suit (o-em)
52 5
b=t
SE

1072 | &" mis

Il
1073 : =

“]-4 Il Bhaet
jnl2 1ni3 Tk Tolk:] 10ie 10T 0!8 10'? 4020 4ot
Nong d6 tap chit ©m-3
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udc cua dien tré vao nhiét do
« Kim loai : Dién tr6 suat phu thudc nhiét do gan nhu tuyén tinh
T = Po[]"l'aT(T_To)]

v6i pp = dién trd suat & nhiét do T (°C)
P, = dién tr§ sudt & mot nhiét do tham chi€u nao doé
T, (thudngla 0hodc 20°C) va

OLr = hé s6 nhiét ctia dién trd suit.

e Su bién thién cia dién tr theo nhiét do

R, =R, |I1+a,(T-T,)]
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Pién trd sudt (- 10°Q m)
o

[
Mo
-
-

400 600 800 1000
Nhiét d§ (K)
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e D tr§ sudt p Hé so nhiét Do dindién o
Vit liéu

(ohmm) tréndd C x 107 /Qm
Bac 1,59 x108 0061 6,29
Pong 1,68 x10-8 0068 5,95
Nhom 2,65 x10% .00429 3,77
Tungsten 5,6 x108 0045 1,79
St 9,71 x108 00651 1,03
Bachkim 10,6 x108 003927 0,943
Manganin 48,2 x108 .000002 0,207
Chi 22 x108 0,45

Thdy ngdin 98 x10® .0009 0,10
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Su phu thudc cua dién trd vao nhiét do

Chat ban dan :

Dbién tr§ suat phu thudc nhiét dd theo haAm mi : gidm khi
nhi€t do ting.

Nhiét dg (C)
to000— T
A 0.0052 at% & 04 n dié n rié ng
pT : po exp(_) .l Q0013 at% B |
kT 7 ]
A % 10— -
GT — GO exp( ) o d4 o dién ri¢ng - ]
kT
0.01 | I I L 111 |

50 100 200 400 600 1000 1500
Mhigt dg (K)
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...............................................................................................................................................................

104 Silicon :
e (tinh todn) I

..............................................................................................................................................................

)

IR EE R L I TR TN I T P DA TH I IY T I DOV AT T RO AT IO T IYT L TR ATT ATL AT TN UL TOT TNT 0T

BT I U NI Wi S S S
{g T PO SO . - S e
A 2
i '1 |:| ........................................................................................................................................................
= R S S S S e
:;E. [0 TR S WU S S S
i S S — A—— A—
10°% E—ee =0 F= Y (T2 TU T3 O et S

0 200 400 600 800
Nhiét d6 (K)
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Pon tinh thé Si nudi bing
k¥ thuat Czochralski cua

Hang Wacker Silitronix
Hikari Nhat ban.

Pudng kinh 300 mm, chi€u
dai hon 1,2 m.

Pon tinh thé Si dudng kinh 30 cm
dd sach 99,999999999%




e CRE AT BAR @A NG P eRAT"

Chat ban dan hgp chat ( AXB3x) :

Nguyén Hdpchit Hdp chit Hdp chait Hdp chat
(6 V-1V 11I-% 1H-V1 IV-VI
Si Si1C AlAs Cds PbS
Cre AlSh CdSe PhTe

BN CdTe
CraAs £ NS
CraP £ nSe
Crash nle
[nAs

InP
InSh

Chat ban dan nhiéu thanh phan : AIGaAs, InGaAsN ,
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Il. Tap chdt trong cdc chdt bdan dan

< Tap chat thay thé
<+ Tap chat dién khich
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Tap chat trong cac chat ban dan :
Tap chat d6 no va ac-xep-to

Chuky | Nhom

Il LI IV Vv Vi Vi
2 Be ? C In O F
3 Mg M Si P S Cl
4 CaZn [Ga Ge As:| Se Br
5 I




1} " Fap chdt thede-nhdémVtrong chdt ban dan nhom IV

I 1l Po-no ; P, As, Sb
E "'ul' ;
N Lico ket / \/

m binh t hut ng

electron
// \ khéng li¢n k£

=
k]
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Mo hinh nguyén tu Hydro cua Bohr

©
D§ 16n cua ban kinh Bohr

Nguyén tur tuong tv Hydrogen : Ham séng cua trang thai

cd ban la 3
117
{ } exp[—r/a,]

y(r) = T a

B4n kinh Bohr : a, = 47¢,& n*/m e* x4c dinh d0 mJ rong
vé khong gian cua ham séng .

Nguyén tt¢ Hydrogen: (¢,=1) a,=0,53 A.



smpo ¥l @shiinh nguyéntu-Hydro.cia Bohr
Ning luwgng lién két

moe4 1 13,6

2(471:80T])2 n’ n’
m_ - khdi lugng cta electron ty do
e - dién tich cua electron
g, - hing s6 dién mdi cia chin khong
h - hiing s6 Planck
n - sO lugng t chinh

Eq = (eV)

Trong trang thiicdbann=1, E;=-13,6 eV

Ning lugng ion héa tap chat do-no

4
m,e

E. =— 5
2(4re g,m)

l




smeo PPN 1RO HE 101 1o ta P ¢ HAT@0-no

E. =

l

Chat
ban dian
Ge
S1
InSb
InAs
InP
GaSb
GaAs

m,e

4

- 13,6m, 1

2(477:808,,1’])2 on

E, (eV)
d273 K
0,67
1,14
0,16
0,33
1,29
0,67
1,39

m*/m,
Electron Ltrdng

0,2 0,3
0,33 0,5
0,013 0,6
0,02 0,4
0,07 0,4
0,047 0,5
0,072 0,5

2

2
m, g,

Hing sO
di€én mo1
16
12
18
14,5
14
15
13
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Ge: m =022m, g = 16

r

E. = 0,0l eV

Si : m, =033m, g =12

r

E. = 0,031 eV

V6i phép gan ding di dung, ning lugng ion héa nhu nhau cho
moi nguyén tf tap chat thudc nhém V.

Trén thuc t€, ning lugng d6 c6 khdc nhau vdi cdc tap chat khéc
nhau, nhung sy sai khdc d6 khong 16n 1am.
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gou’ xuat hieén cac muc nang Tu’(jng tap chat trong vung cam

Khi dua cdc nguyén ti tap chat thudc nhém V vao Ge hay Si,
trong ving cAm xudt hién cdc mdc ning lugng nim khong xa
ddy ctia ving dan .

Tap chat cé thé cung cAp dién t& din dién : tap chdt dé-no va
miic tap chat dudc goi 12 mifc db-no.
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Mu'c nang luogng tap chat do-no

Si

| .12

Sb = by

0039 0.045 0.054

— — N G R e e e e e

Th
021
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hat ban angloal " chat ban dan c6 chita tap chat dono.

n>>p
Hat tai dién cd ban : electron
Hat tdi dién khong cd ban : 16 trong

chit bdn din ridng chit bddloaiN ( tap di-no )

viioy boa Lri ving hdéa trl



smSt pha thude€da-ndng dé.electron ddn vdo nhiét do

2% 1016 -

n (cm™)

1 x 106
| n

P
1 //I I Y 1

1
0 100 200 300 400 500 600 700
T (K)

Silicon chira 1,15 x 10'° nguyén tir As/ cm?

Germanium chita 7,5 x 10> nguyén t As/ cm?



smSt pha thude€da-ndng dé.electron ddn vdo nhiét do

mién din dién tap chat n-~ exp— AE;
2kT

. x E g
mi€n dan di€n ri€ng n~ exp———
2kT

In {n)
m
T
h
<

hd rnyg
EI
3
\u
/ o
k4
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din diénriéng : din dién tap chat

Lnn
\ Np3
\\ Np2
i >
0 g 1/2KT



s#)Tap chdt-thudcnhom - Hitrong chdt ban dan nhém
IV

Ac-xep-to : B, Al, Ga, In

Lie o ket

biob thuof oy r ==
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gou’ xuat hieén cac muc nang Tu’(jng tap chat trong vung cam

Khi dua cdc nguyén ti tap chit thudc nhém III vao Ge hay Si,
trong ving cAm xudt hién cdc mdc ning lugng nim khong xa
dinh vung héa tri .

Tap chat c6 thé cung cip 16 trdng din dién : tap chdt ac-xep-to
va muc tap chat dudc goi 1a mifc ac-xep-to .
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at P chat b

an dan loai an dan c6 chita tap chit ac-xep-to.
p>>n
Hat tdi dién cd ban : 10 trong

Hat tai dién khong cd ban : electron

chdt bdn d4n ridng chit bdd lbai P (tap ac-xcp-to)

mue ac-xXcp-to

Beo.

viioy hoa Lri vilng héa trj
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Bdn dan loai P

Mhiét dg (°C)
- m:ll}?] nlx: 1|:| 100 -1|E.1:- 'Elmmiﬁ
|1 Hat 1di dién riéng
58 g2
| Ld 1ring (do 13p)
B 0,005 at% B
H s
& = Ld 1ring (do 13p) 0.0013 #i% B _iges
B A
=
a 5
i
i —{10%2
E’:‘ e
Ha1 13i dién riényg
1p?!
.1_3 e
I [ 4 1 |

e |
- o 6 0002 0008 0006 008 0010 0012 0014
’ 14T (1/E)

Ming 4§ by 13i (17 mI)



Simpo PDF, Merge and Split Unrggistered Version - http://www.simpopdf.copn

Cac muc nang lugng tap chat

Shb P fig Ti C Ft Ly O
¥ | -
21 0.6
5 0.032 0.045 ggsg 22! 0.25 025 L.1s
A diﬂh
054 0.51
R F——————————— e ——— T = =
O 4]
034 035 036 —
0.6 D —pl2d
0.045 0.067 9072 — 03" T
B Al Ga In Fd
5 Se sn Te Si C (8]
e i}
Gons | |C-006 0006 0.006 553 0.0058 .006
0.4
063
e b 067 — A —-
044 D
| a9
; | 0.028 0.028 0.03 0.035 0.035 0.026 —_— .14
Be Mg Zn Cd Si c Cu Cr



lIL.-Nong.dd.cdc.hat.tdi.dién trong chdt bdan ddn

Nong dé hat tdi dién ( n _vap ) trong diéu kién cin béng.

V6i chat bdn din dién bat ky ( riéng hoic tap chit ) trong di€u
kién cAn bang & nhiét do T

O Néng do electron : Don vi ctia r, va p, [ cm ]
E’ HEM!EEEHE@Mmﬂi
C iI,_m._.,.
Vang din = j g. (E)S(E)IE
- e
¢ 3 wmng elivpng Lan’ weng Sheing R

0 Nong do 10 trong :

E XA suelt weavn i i
4 (_A_\
Vung héa tri , ) C g (E1- FOEVHE
E, o -

S 1mma eiveng Lon' ueng Yheing dR



"1y’ NORg dg electron tFong vang dan

E.
= [8(E)f(E)dE
E
g(E) lIa mat dd trang thai

3/2(E E )]/2

m_ 12 kh&i lugng hiéu dung cia electron trong ving dan , E_ 1a
ning lugng G ddy clia ving dan.

va ham phin bd i 1
fE) =

ex +1
P
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'Nong d6 election tiong ving ddn :

1

2m Be’
E, exp kTF+]

1. md rong gidi han 14y tich phan ra dén vo cling
(khi E 16n , f(E) ti€n d&n 0),

Chon goc tinh ning lugng § ddy ving dan : E.=0

2. V6i chat ban dan khéong suy bién : E, — E; >> kT

C6 thé dung gan ddng sau : E,-E
E)=~
J(E) =~ exp—
3 1 I
‘ —47r( ”)2 exp IE2 exp—k—TdE
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—47r( ”)2 exp—_‘-E2 exp——dE—
h?

_47T(2m kT)2 -

o 1
—FJ. 2e dx
kT 0

E
vGi1 X = kT

Theo dinh nghia va tinh chit cia hAm Gamma :

I'(n)= jx”_]e_xdx
0
C(n)=(n-1)T(n—1)

r)=vr
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2m kT - E
n =4r 2 oxp—£
0 ( 2 ) ka

o 1
sze_xdx=
0

h kKT

3
XF(E)

27'L'm kT — E E-—FE
=2 2ex —F _ N exp(=f£_—c¢
o =2( . ) P =N P( T )

n

N,=2( 2mm kT)E mdt do trang thdi rit gon ciia viing ddn

3/2

2nm kT Y 15[ my, 3/2, -3

N, =2 = 4,831.10"5| M | 73/2 (a3
h m,



sz)DFN 6and lit aaSt RVeEEoIQ 6ﬁt :/Iwww, E

chat ban dan khong suy blen

¥6ng vang hoa tri:




"3 'Nofig' do figt tdi di¢h fieng

3 3
27rkT 5> E,-E 27kT 3 L,

m 2 ex V cC _ m 2 exp— —3-
) ( m,)* exp T 4( 2 ) ( m,)* exp T
V&i mot chat ban dan cho truée va & nhiét @6 T ¢6 dinh,
tich n_p_ 1a mdt hing s :

n,p, =4(

n,p, = const
Véichatbdndanriéng : n, = p, = R,
5
27T L,

nl—Z(

m.m. )4 exp——&
)% (m,m,)* exp KT



IW--Diéu kiéntrang-hoa-dién trong chdt bdn ddn
Mdc Fermi

V6i mot chit ban dan bat ky, di€u kién trung hoa dién

n,+N 4, =p0+NlJ5

N, , N,* tuong ng 1a ndng do ion acxepto va nong do ion dono.

Chat ban dan riéng : n, =p,

Er—FE L -k
Ncexp( F C)=Nvexp( 1% F)

kT kT
. 2Ep _N, E.+E,
P N T
EszTlnN"+Ec+E" :3lenmp+Ec+Ev
2 N 2 + m 2

C n



SimpﬂmrgFerifﬁﬂgQTC,I‘E:”f‘hﬁ"t)pb‘ﬂ"n dé n
Chat ban dan riéng

_3kT , m, E +E,

4 m, 2
Ving dan Viing din Ving dan
E. E,
_____ E,
————— Eg

. EV EV .
Vung hoa tr1 Vung héa tri Vung hoa tri

Chat ban dan riéng loai N loai P



smeo i g hit-t&i- dién kiéng cdn bang
Cédc hat tdi dién cin bang
go rO = yr nopo

Sy tao thanh cdc hat tdi dién khong cin bing trong chat ban dan.

= Trong kim loai, trén thuc t€ ta khong thé 1am thay doi ndng dd
hat tdi dién trong thé tich.

= Trong cdc chit ban din c6 thé 1am thay ddi ddng ké ndong do
hat tdi trong thé tich ( do ddng thdi cé thé€ tdn tai hai loai hat tai
dién : electron va 16 trong mang dién tich ngudc dau nhau ) nhd
c4c tac nhan bén ngoai nhu chi€u sang chit ban dan vdi 4nh sdng
c6 ning lugng photon bing hoic 16n hon dd rong ving cAm E,...

Su tao thanh cédc hat tdi dién du ( hat tdi dién khong cin bing )
lam thay doi nhiéu d6 dan dién & trong thé tich.
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Khi méi duse tao thanh, dong nang cda cdc hat tii dién khong can

bing c6 thé vugdt xa ning lugng nhiét trung binh clia cdc hat tai
dién can bing. Nhung do tdn xa v4§i mang tinh thé ching nhanh
chong nhudng nang lugng vudt tro1 d6 va khong con phan biét
dudc véi cac hat tai dién cin bang.

Nong do hat tai dién bing
n = n,+ An
p=p+t 4 |

2(2 2
no = [ $(E) fy(E)dE = 22K o B

h3 expk—T
3
B B 2(27rm,,LkT)2 Er,
n—jg(E)fe(E)dE— 3 exp T

f_(E) 12 ham phin b khong cin bang clia dién ti .
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EFn_EF
n=—n. 6cXx
0 €XP— —
p =P, €Xp Er—Crp
¢ kT

Eg, va Ep tuong ung dudc goi la chudn mitc Fermi cia electron
va 10 trong
EFn o EFp
kT

np =n,p, €Xp

Hiéu ning lugng E, - E Fp ddc trung cho do léch khdi
trang thdi cAn bing
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Vi chat bdn dan diénriéng An = Ap

dn dp
o " g _yrnp :—yr(nOAp-l—pOAn—i—AnAp)
* Trudng hgp kich thich yéu An << n, + p,
dn__An
dt T
1
T =
7/1" (no + pO)
t
— An(O) exXp——
T

t 12 thdi gian ma sau d6 ndong dod hat tdi dién khong cin bing
gidm di e 1an - thoi gian séng cia electron (10 trong ).
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* Trudng hgp kich thich manh An >>n, + p,

dn ) An
O e v (An)? ==-2C
5 Y,(An) -
1
’C:
Y, An

Trong cdc chat bdn dan tap chat, néi chung 7, # T,



sm @ equdrtrinhr-tdichgp-trong-cdc chdt bdn ddn
Thai gian song T clia cdc hat tdi dién do cdc qud trinh tdi hgp
x4y ra bén trong chit ban din quy dinh .

C6 thé phan loai cdc qud trinh tdi hgp thanh

* g

1. Téihdp ving —ving 'E i

2. Tai hgp thong qua bay s F.

3. Tai hgp mat ngoai Ey

4. Tai hop Auger ‘ E,
(1) (2) (4)

Néu trong chit ban din ddng thdi xay ra cd 3 qud trinh tdi hop
néi trén thi thdi gian song t clia cdc hat tai dién dudc tinh theo
cong thuc :

1 1 1 1 1
= + +
T

i  Vvang—vang bdy Vmat




-\t Tigp xae kim togh<<hdt ban ddn

1) Dong phdt xa nhiét dién tu . Cong thodt nhiét dién ti

=  Electron nim trong tinh thé chiu sy tuong tic Coulomb tir
phia cdc ion dudng ciia mang. Mot electron mudn thoat khdi
chit rin can t6n mdt ning lugng x4c dinh nao do.
= MaAt do dong phat xa nhiét dién t& ( dong dién tich ctua cac
electron di ra chan khong trong mot don vi tho1 gian qua 1
don vi dién tich cua vat li€u ¢ mot nhi€étddo T) :
j.=AT? exp— hd
kT
dugc goi la dong phdt xa nhiét dién tir .
A 12 mot hiing s6 khong phu thudc vao vat liéu

47rmoek2

A= )
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® = E,- Eg la cong rut dién tu .




srec WP ke Ti€p: x@ekimrlogi«-chdt-bdn dén

2) Gidn do vang ndng luong cua lép chuyén tiép kim loai - bdn
dan
Gid thit chdt ban dan 1a loai N va c¢6 cong thodt dién td ¢pgq < ;.

S6 electron thodt khdi chat ban din d€ sang kim loai s& 16n hon s6
electron chuyén dong theo chiéu ngudc lai = phia kim loai ¢6 tich
dién Am con phia chat bdn din mat di mot s6 electron dé lai cic
ion dono duong khong dudc trung hoa : xuit hién dién trudng &
ranh giGi huéng tr chit ban dan sang kim loai.

Pién trudng nay ngin cdn sy chuyén ddng cliia electron tit chat
ban dan sang kim loai nhung khong 4nh hudng dén cac electron
chuyén dong tir kim loai sang chit ban din .

Do tdc dung ndy ma dén mot lic ndo d6 sé& dat trang thdi cin
bing : & ranh gidi cla hai vat liéu xuit hién mot dién trudng 6n
dinh &,, dugc goi la dién truong tiép xiic.
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O trang thdi dirng, dong electron di tit chit ban din sang kim
loai jpp, bing dong electron di tir kim loai sang chat ban dan jy,

, ¢, +elU _— 2 ¢
]BD:ATzexp— BDkT O  _ ]KL_AT CXp—k—[;f

TU nhitng ddnh gid sd bo vé cic 16p dién tich khong gian va tinh
dén hiéu tng dudng ham khi khe d hep ta ¢6 thé vé gidn db ning
lugng cho 16p chuyén ti€p kim loai - ban din trong di€u kién cin
biang nhu § hinh & slide sau.
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k1 > Pap.y

Mién dién tich thé tich w trén
mit chit ban din c6 dién trd rat
16n so vGi dién trG cua kim loai

va cla mién

ban dan trung hoa.

L&p do thudng dugc goila lop

ngan.

........... - F
_________ eU, I °
T ;
. B‘D N
E,
B B e e
4+ | — F
_|_ _

+ N Ev

Px1 < Ppp.N

Trong trudng hop G < dpp.y -
mién dién tich th€ tich cé dién
trd nhd nén dugce goi 1a Idp doi
ngan.
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Miic chian khong
S S :Fm

Kim loai - BDD loai N

Mt chan khong |, 7

Kim loai - BDD loai P
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Phin cuc thuan
(b [

(c) '\ Phan cuc ngudc




srec WP ke Ti€p: x@ekimrlogi«-chdt-bdn dén

3) Ddc trung Von - Ampe ctia chuyén tiép kim loai - bdan dan

Khi chuwa dit dién 4p ngoai 1én hé kim loai - bdn dan , dong
electron tr kim loai sang chat ban din bing dong electron tir chat
ban dan sang kim loai :

jKL = jBD = js

Dong tong cdng qua 16p chuyen ti€p
J =1Jpp - Jrp = 0

bat dién 4p ngoai V 1€n hé c6 hinh thanh 16p ngdan . Do dién tré
clia 16p ngin rat 16n nén gan ding, c6 thé xem toan bd dién ap
ngoai sut trén 16p ngin dé. Khi 16p ngin di mdng c6é thé bd qua
su sinh va tai hgp cac hat tai di€n trong 16p do.



smedppPhéncuethuindép chuyéntiép :
Pién 4p V tao nén dién trudng ngudc chi€u véi dién trudng tiép
xtc &, . PBién trudng ngoai lam gidm hang rao thé ning doi véi
cic electron chuyén ddng tir chit ban din sang kim loai va do dé
lam thay doi jp, ma khong dnh hudng gi dén dong jy; :

jKL = Js
+elU —eV eV
JBD P T Js €XP T

Dong tong cong qua 16p chuyén tiép

eV
e i i €V
J=Jpp —JkrL = Js( P )
kg eUp V) I
— KL BD |+ Ep _____feV === kg
|

N E, }
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>, Phin'cuc ngugc lop chuyén tiép :
Pién 4p V tao nén dién trudng cung chi€u véi dién trudng tiép
xuac & .
DPién trudng ngoai lam ting hang rao thé ning ddi vdi cic electron
chuyén dong tir chid't ban din sang kim loai va do d6 1am thay doi
jepMa khong dnh hudng gi dén dong jy :

Jkr = Js
JBD = AT? exp- Ppp + el +eV =Js CXP—ﬁ
kT kT v
% 2 oA e . . . e
Dong tong cong qua 16p chuyén ti€p J = Jgp — Jk1. = Js (exp—k—T—l)
L It
— KL | BD [ Fr >&_e(1{0+\f) E,
— e — — — EF
- — ;
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I1. Chayen tiép P -

Cdc cdch ché tao
+ Phuong phap néng chay
+ Pha tap trong qud trinh kéo don tinh thé bdn din

+ Phuong phap khuéch tdn tap chat vao chit ban din &
nhiét do cao.

Phuong phédp plana.

Trong cic cich ché tao trén 16p chuyén tiép P-N dudc
hinh thanh trén cing mot don tinh thé .



smof o fpreyént iy P soNwerdienkién can bang
Gidn do ving ndng luong ciia I6p chuyén tiép P - N. Thé hiéu
tiép xiic
Khi méi dugc hinh thianh 16p chuyén ti€p, do ¢6 chénh léch vé
nong do cla cdc hat tai dién ( electron va 16 trong ) trong hai
mién , x4y ra cdc qud trinh khué&ch tdn sau :

electron khué€ch tan tf mi€én N sang mién P
10 trong khuéch tdn tif mién P sang mién N.

K&t qua cta cdc qud trinh khuéch tdn : mién N xuit hién céc
ion dono duong khong dugc trung hda va bén mién P con lai cdc
ion acxepto Am khong dudc trung hoa bdi 10 trong .

==) O ranh gi6i cia 2 mién hinh thanh dién trudng huéng tir
mién N sang mién P. Pién trudng ndy ¢6 tdc dung han ch& qué
trinh khuéch tdn clia cidc hat tdi dién nén dé€n mot ldc ndo dé sé
dat t6i trang thdi cAn bing.



“CRUJER UEF P2 N': "2 4 KIEH can bang

Dong ktdn cta 16 trong

>

Dong ktan cua electron
4| .

b+9{§} 'E"} EE-}_@. b+{—:jg @ IEGJ_@
995 © og 99!53 Ol eg
i ) @ - -+ | -
'3'+E} @ - @ G+EJ! E}; &

BDP-P BDP-N Pién trudng txic

Trong mién dién tich thé tich W & ranh giSi clia hai mién N va P
c6 dién trudng ti€p xic &, va

dong electron to N sang P : jn = jns . dong electron tu Psang N

dong 10 trong tir Psang N : jp = dong 10 trong tir N sang P

jps :

dong tong cong qua 16p chuyén ti€p ] = (Jn +jp) - (jps + Jns) = 0



“CRUJER UEF P2 N': "2 4 KIEH can bang

ECP
EVP -------- EF ________ ECN
?

E




“CRUJER UEF P2 N': "2 4 KIEH can bang

+ E

p cudn i
¢ O -
P ~or e U
E Khuéch tan eu,
iP 1 1 A1 RIEND IRRIEDIEEIPETTEE T aran LI

vP
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2) Thé hiéu tiép xiic

'/} A / /{’ / / / A / A, ° / *
Mién dién tich thé tich chi c6 cdc dién tich cd dinh ( cdc ion Ny*
va cdc ion N,°) nén di€n tr6 cua mi€n nay rat hon dién trd cua
cac mien P va N trung hoa.

. E-—-—F
Trong mién N: R,y =N, exp F cV
kT
Ny Poy = 17
Khi E.=E. thi n, = n, nénco th€ viét
Ep—E;y

n,n =n; exp KT
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Trong mi€n P : ny, pyp = 02
E;,-E EiP“""""—\ ]BUD
Pop =N, exp— FkT g ‘
E,-E,
Pop =1 €xp— FkT v
novDop = n? exp Lip—Eiy — oNPoP _ exp eU,
oN FoP I kT nlz kT
Thé hiéu ti€p xdc :
kT kT
U, =-—1Ln loN _ K2 7. PoP

€ n,p € PoN



Smeo PPFPHEH R TS KUE BHIP tHU BT Y8 nOng do tap chat trong cac
chuyén ti€p P* N hoic N*P

0.95

0.8

0.75 R P i i i EEiid - B
1014 1015 101% 1017

N, hodc N, (cm™)
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uyen tiep P - N : ddac trung Von-Ampe
Xét 16p chuyén ti€p P-N .
C6 cdc dong sau chay qua 16p chuyén ti€p do :

+ dong 10 trong tir mién P sang mién N : J
( dong hat tai di€n cd ban )

+ dong 10 trong tir mién N sang mién P : Jos
( dong hat tai di€n khong co ban )

+ dong electron tir mién N sang miénP: j_
( dong hat tai di€n cd ban )

+ dong electron tr mi€n P sang mién N : T s
( dong hat tai dién khong co ban )



Simpo PDF Merge and Split Unregistered Versmn http: //www S|mpopdf com

Khi khong dit dién 4p ngoai vao , dong tong cong qua 16p chuyén
ti€p

= (Jn +jp)'(jps+jns) =0
¢ £
rong do o L,
Ins = €Mop ——
n
L
J ps =epoN_p
tp

batdién ap V I€n hé P-N.

= Do dién trd clia 16p dién tich thé tich rat 16n nén gan ding c6
thé xem toan bd V sut hét trén mién ndy.

= Xét trudng hgp 16p ngin méng d€ cé thé bd qua cdc qud trinh
sinh va t4i hop cdc hat tdi dién trong mi€n nay.



" CHaYER e P N1 BHEH €y thugn
P N

Dong 10 trong | | Dong electron
AL
I

DPién 4p V tao dién trudng ngodi ngudc chi€u vdi dién trudng
ti€p xtc. Do hai dién trudng ngudc chiéu nhau nén dién trudng
tong cong trong 16p chuyén ti€p gidm xudng. Thé hiéu ti€p xic
bay gid bange (U,- V)

. "-""'?-'-""-"-'--'"-r .
(f““i e’ E}.ﬂi
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Su giam nay khong anh huéng gi dé€n ciac dong hat tai di€n khong
cd ban nhung lam ting cdc dong hat tai dién cd ban :

Jn = Jns ka oP n ka
r =7 ex Q = e L_pex Q
Jp = Jps ka PoN T, ka
Dong tong cong qua 16p chuyén tiép
j =(jn +jp)_(jns +jps)
: : eV L L eV
=(Jns T J ps J(exp——1)=e(n,p —+ PoN _P)(exp__ 1)
kT T, T kT



"B CHGYER tiEp P~ N"pHaH Cuc nguoc

Mién ngheo

N +
o O PO L . | | |
< ©00000000000000 _
- SR
™ el ™
Gﬂg = - -
. g

Pién 4p V tao dién trudng ngoiai cung chiéu véi dién trudng ti€p
xtic. Do hai dién trudng cing chiéu nhau nén dién trudng tong
cong trong 16p chuyén ti€p ting 1én. Thé hiéu ti€p xic bay gid
bainge (U,+V) .
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Su ting thé nay khong dnh hiong gi dén cdc dong hat tdi
dién khong co ban nhung lam giam cdc dong hat tai dién co

ban :
. eV L, eV
Jn = Jns exp_k_T= €n,p ;_expk_T
L eV L, eV
Jp = Jps €x _k_T=epoN ;exp_k_T

Dong tong cong qua 16p chuyén tiép

j=(jn+jp)_(jns+jps)

. . —eV L
= + ex
(Jns + Jps )exp T

n

T, T,

—-1)=e(n,p —+ p,n —p)(exp

—eV
kT

_1)
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Két hgp cac két qua trén, cé thé viét bi€u thirc cua dudng dic
trung Von - Ampe dudi dang

eV J1

= j. (expt—-—1
J=Js(exp - )

trong d6 14y dau + n€u phin cyc thuin

va diu - khi phan cuc ngudgc.

— dle—

J
. . . . Ln LP
T, T,
. L L L
Js=e(nop—"+poN—p)=eni2( n_, P )
T, ’Cp NATn NDTp

phu thudc nhi€u vao nhiét do .
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Thé
danh thing

30 20
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Fhan cut
U

Fhin cutc
thuin
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~—

Tinh chdt ti ciia cdc nguyén tid ’

()
Pm

Mo6-men tir qu§ dao cua dién to p_ trong nguyén tu .

T§

Mo-men tir spin cua hat nhan nguyén tu @

Mo-men tir spin cua di€n ti trong nguyén tur

Mo-men tu tong cOng cua nguyen tu P,

thanh phan chi€u cia md-men tif clia nguyén ti 1én
phuong cla ti trudng ngoai P . C6 ( 2J + 1) cdch sip x€p
cua md-men tf cua nguyén ti trong tir trudng ngoai

Magneton Bohr p . Thira s6 Landé g
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Mo-men ti cua nguyén tu

Ba ngudn chinh cho mé-men tir ciia mdt nguyén t& doc 1ap:

® spin cua electron

® md-men ddng luong quy dao cua electron quay quanh hat nhian

® Sy thay d6i md-men quy dao trong tif trudng ngoai.

Cé4c nguyén tif c6 cdc 16p vo day electron khong ¢6 mdmen i
tong cong

Cac khitrd He, Ne, Ar, ...
Ciacphantadkhi H,, N,, ...

Mot s6 chat rin lién két ion NaCl, ...
Mot s& chit rin dong héa tri C, Si, Ge, ...
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. Mo-men td cua chdt ran

Xét mot chat cé thé tich V chita N nguyén ti . Khi chua ¢ tir
trudng ngodi, mé-men tir tong cong bing

zﬁ
&:iﬁi !

trong do

=
@

la m6-men tr cua nguyén ti c6 Z electron va

b =i§ Tk

13 md-men tir clia electron chuyén dong trén quy dao.



$k:-Chdt ran-trong t&-traddng ngodi B,. Su td hoa
DPit chitrin vao trong mot tf trudng ngoai.

= Tir trudng ngoai cé thé mo td bdi vec-td cdm dng tir hoic
cudng do tu trudng . Trong chan khOng, gitra hai vec-td nay co

hé thic g H ﬁ
O

w,=4m.107 T.m/A.

" TU truGng ngoai co tac dung :

* lam dinh huéng cdc md-men tr cua cdc nguyén tu P, ,
doc theo phudng cua tir trudng ngoai hodc

* ]am xudt hién mo-men tf cdm ¥ng ( néu md-men tr cla
cdc nguyén to¢ bang 0 khi khong ¢6 tir trudng ngoai).

‘ Mo6-men tu tong cong ting : VAt chit bi tr hdéa va c6 mo-
men t& M doc theo phuong cua tir truong ngoai .



Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com

D€ dic trung cho trang thdi tr hda cla vat chat trong tif trudng
ngoal, dinh nghia vects do tu hoa

9
M
})m :7

Do ¢6 sy ti¥ héa, bén trong chit rin xudt hién tr trudng nodi
B.

l
TU trudng ndi do sy xuit hién md-men tir tdng cOng clia cic
nguyén td¢ khi ¢c6 B, hodic do sy dinh hudng lai cua cic
momen ti nguyén tu trong B, .

gi = :uo‘[i’

m
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Khi dé tir trudng tong cdng trong vt liéu

B_B .8
-_... 5 .E‘=E‘+E‘+s
By = ol

B = ol

BB ol —uhivnt,
B o b

uouﬂg ualg +u0fm uolg(Hﬁ)
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,u,,:1+%=1+x

dugc goi la do cam tir ( magnetic susceptibility ) .

n. va x la cac dailugng khong co thit nguyén.
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Phan biét chat nghlch tu, thuan t va sit tir theo

V4

diu va do 16n cua y

Duya trén pham vi va bdn chat tuong tdc gifta cdc electron
trong chit rin va t trudng ngoai, ngudi ta phan chat rin thanh 5
16p :

Ba 16p - thudn ti, nghich tir va phdn sdt tir - gan nhu
khong chiu anh huéng cua tir trudng ngoai, co |y| << 1.

Hai 16p -sdt tix va ferri-tir - tdc dung rat manh véi tr
trudng ngoai, co |y| >>1.

v < 0 va nho : chit nghich t
v >0 va nho : chat thuin tir

v >0 va I6n : chat sit
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Chat Chat ChAt sit tir
nghich tu thudn tu
Gid tri dién  ~-10° ~ 10 |y [>> 1
hinh cua y
Gi4 tri dién ~1 ~1 ME
hinh cua p,
=
1<§ - R ;E
= SRS =
=] o e = -
< -: o =
02 e ,: < N
7 7 B a Sat tu
-1 102 104 0 10-¢ 10-2 1 102 104 108
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SIOI010 OIOIOI
SIGIOI IO
OIOCIe OO
:j:ﬁéj: f::fJ F':a &) OO
Thua Phan sat tu

-
] 1 1 i T, .
.'H.\_ _.-'. Lo __" b s __.-'I i -.-_- '.- '.'.-_- .-_.
- -, . - - T
< -““-'”“-. o .'."‘- P W N e
LS VIS VN P OIOIOIC
PR L AN M " /

P

Sat tu Feri tuf
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Tinh chat tf cha cdc nguyén t6

[crn3
mol
. Sattir : Fe , Co, Ni GJ oy
EU Er Tm
Nd
Pef.
Ce .
Sm
LA yp-Ta M
Xm Cs
~ ., O
Thudnth =
Nghich tu
AlIJ-I P
)
Xe T
-2 N
—10 ! | T 1 I | I — :
0 10 20 30 40 20 60 70 80

Nguyén tif s0 z——»
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Tinh chit t cua cdc nguyén to

i 2
H (] Sat ] Phan sat tir He
i 4 Thuan o MNahich tur 518 |7 g | 10
Li [Be - ] — gt B|C[M[OD|F |Me
11 12 13 14 16 17 18
Ma Mg Al = P A
19 | X 21 2 | 23 | 24 25 | 2B | & 28 | XA 3 | N i N o [ | 35 | 36
o |Cal Sc [T W [Cr|Mn|Fe|Co [ M [Cu|fn|Ga|Ge|As| e |Br | Kr
7 34 g 2| 40 | 41 42 41 | 44 | 45 46 | 47 49 | 449 5 | 61 a2 g1 | &4
Rb|=r| ¥ | Zr|Nb [Mo| Tc|Ru|Rh|Pd[Ag|Cd|In [Sn|sb|Te| | |xe
5 a i a1} . 7 iq i FLi i a | ™ a1 | &1 H! | 53 | &4 &5 | &6
Ce|Bal|la||Hf|Ta|[VWW|He|Os| Ir | Pt[Au|Hg| Tl [Fb| Bi[|Fo| At |Rn
g7 | 58 | 59
Fr (Ha|Ac

+

2l 5 | &d 1 62 | 63 | 84 | 65 | 66 67 | 88 | &2 7 71

Ce|Pr|Nd|Pmlzm|Eu|{Gd| Th [Dy |Ho| Er{Tm|Yb|Lu
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Tinh chét t ca cidc nguyén to

D) cam tu

ChAat sat tu
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A oA I‘-
Vat liéu

(x 107°)
Thuén tu Nghich tu
Oxid st (FeO) 720 Ammonia
[ron amonium alum 66 Bismuth
Uranium 40 Thiy ngan
Platinum 26 Bac
Tungsten 6.8 C (kim cudng)
Cesium 5,1 C (graphit)
Aluminum 2,2 Chi
Lithium 1,4 CINa
Magnesium 1,2 Pong
Sodium 0,72 NudGc

Khi Oxy 0,19

-.26
-16,6
2,9
2,6
2,1
1,6
1,8
1.4
-1,0
-0,91
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udC nhi€t do cia d6 cam tu

1.) Nghich tu' : khong phu thudc nhiét do

2.) Thuan tu :

Dinh luat Curie hoac Curie-Weiss

3.) Thuan tu Pauli : khong phu thudc nhiét do

P6 cam ta ¥

- | O

Thusin tr Langevin

¥=0 thuintd . x <0 nghich tu

Thusdin tir Van Vleck ]

r— i — — — — — — — — —— —— — T— — — — — —

N
Thuan to Pauwli ( Lim logi ) Nhiét do

Mghich tir
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Thuoan tu
Pé cam tir X

_C
X~

Pinh luat Curie

Sat to Phsn sat tor
X
l L]
\
| A
| \'l\
| \
| Sk
| |
|
| |
0 T -0 0 Ty T
__¢ 4
* T-6 X" r+ve
Pinh lugt Curie-Weiss (T > Ty)

(T>T,)
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| Sod
(1] L 3 M‘.!EL‘_ _ _Copper |
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1) Mot sé'tinh chat cia chét nghich ti

Jn=2H
vy Am va nho, khong phu thudc nhiét d6 va H
Jm )
0.4 y
0.3
T
-

¥ = constant

J..(emu/cm?3)

Nghich tir —

H (Oe)

|
o
s

=

25,000

Cdc nguyén t trong chat nghich ti¥ khong ¢6 md-men ludng
cuc tor vinh cuu .
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= Tinh nghich tir 12 dic trung cho cdc nguyén td va hgp chat
trong d6 tit cd cdc electron cia chiing d€u c6 doi.

= Néu chi c6 1 electron trén quy dao, chuyén dong clia né giy ra
dong di€n kin va do d6 tao ra mot tor truéng. Khi 2 electrons co
dbi v6i spin ngudc nhau : tir trudng sinh ra bdi 1 electron bi triét
bdi tir trudng do electron kia. Do @6 khi tat cd cdc electron clia
nguyén ti déu c6 ddi s& khong cé tir trudng tdng cong.

Khi dit vat liéu d6é vao trong tir trudng , né bi day.

= TAt cd cdc chit déu thé hién tinh nghich tir § mdt mic dd nio
d6. Tuy nhién hién tugng nay trong nhi€u vat liéu thudng bi che
14p béi cdc tinh chat tr khéc.



P2 ) NERICH T ¢ i g0¢ figayeéT i

Hién tuong nghich tir xudt hién do sy thay doi cia chuyén
ddng quy dao cua cac electron dudi tac dung cua tir trudng
ngoai. Moi chat déu c6 hién tugng nghich tir nhung thudng bi
che 14p bdi cdc hién twgng thuin t hay sit tf manh hon. Vi
vay, hién tugng nghich tir thudng dudc phat hi€n trong cic chat
c6 mO-men tU cua nguyén t& bing 0.

1. Su ti€n ddong cua quy dao electron trong tif trudng ngoai

khi khong c6 tir trudng ngoai, electron chuyén dong trén
quy dao dudi tic dung cua luc huéng tim

2
VO _ 9)
th = mT—ma)or

Trong tf trudng ngoai, khi chuyén dong trén quy dao,
ngoai luc huéng tim , electron con chiu tic dung cua luc

Lorentz IJ;L — o] ‘EX 5]
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Xét chuyén dong cua electron trén quy dao trong hai trudng hgp
sau :

a) B, vudong géc v6i mit phing quy dao.

Luc Lorentz F, = ev,B, tac dung 1€n electron hudng theo ban
kinh cua quy dao.

B,
X4c dinh chiéu cua luc ﬁB = e[gx ﬁ] 4

* bang quy tic ban tay trai

* bing quy tic vin nit chai
( xiét oc¢)

=il
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Luc huéng tim bang tong F = F_+ F,
hay me’r = me,’r +eo,r B,
Suy ra
mr(®? - ®,%) = mr (0-0,) (0 + 0,) + e, B, = 2mro,o, =en,1B,
€

0 =(a)—w0):%B0

dudc goi 14 tdn s6 Larmor.

> Tu trudng 1Am thay doi tan sd quay cla electron trén quy dao.

> Tan s6 Larmor nhu nhau cho moi electron khong phu thudc
vao ban kinh clia quy dao va van tdc chuyén dong clia ching.
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B, khong vudng goc v8i mat phang
quy dao.

Tu trudng 1am cho qu§ dao chuyén
dong ti€n dong quanh tir trudng

Ph4p tuyén clia mit phang quy dao
vach mdt mat nén quanh tv trudng. ;

Tinh todn cho thay, tan s6 géc cua i
/{’ Al ® /\/ Pal / ~

chuyén dong ti€n dong do cling

bing tan s6 Larmor. I

- Su ti€n dong clia quy dao
electron 1am xuat hién mot thanh
phan chuyén dong clia electron
vudng géc véi tir trudng vdi tan sO
;.
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Su tién dOng cua con quay Sy ti€n dOng cua md-men t
trong trong truéng quanh to trudng ngoai H,

= N€u 12 nguyén t¢ ri€éng biét thi khi ting H chi 1am ting toc do
ti€n dong nhung khong 1am thay ddi géc 0.

= V4i hé gom nhiéu nguyén t¢ dao dong nhiét, ¢ sy trao doi
nhiét gitta cac nguyén tir. Khi ¢é tir trudng ngoai H, dao dong
nhiét 4nh hudng dén chuyén dong tié€n dong lam cho gid tri clia 0
cia cidc nguyén ti¢ hdi bi gidm dén 1 gid tri tuong ng v4i tir
truéng va nhi€t do cho trudc.
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2. Tinh @6 tir héa va d6 cam tir y

Dudi tic dung cua tir trudng ngoai, vat li€u bi tir hda.
Theo dinh nghia

M

IJ
m
vV
+ .

trong do M=P, ,+P, ,+..+P, =
_N P,,.p +P2m?V+...+PNmB — NP., = ZNp,

N 13 s6 nguyén ti c6 trong thé tich V, Z 1a so electron cia mot
nguyén tu.
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Truge hét, tinh md-men tir trung binh p,, cia mot electron trong
trudng hgp dang xét.

Duéi tdc dung cla tir trudng, chuyén dong ti€n ddng néi trén dan
dén dong dién kin

2
. 0 e
| =—eV; =—¢ L = B,
2T dtm
Dong nay sinh ra mé-men tu
e’
Dy =15 = B,
dtm

trong d6 S 12 dién tich cia vong ti€n ddng cua electron quanh
tu truéng

S=nr’=n(x>+y?)
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Mo-men tir trung binh cua electron

2_ =2, =2
+
_ _ € T(x“+Yy )B

m o

dmm

N€u sy phian bo cua electron trong nguyén tf
c6 tinh d6i xitng cau thi

2

da

3
trong d6 a 1a gid tri trung binh cta khodng cdch tir electron dén
tAm nguyén tu

=2 =2 _ =2 _
X" =y " =7"=

2 2 2
2

L ZB =-% B

4m 3 6m

Pm =
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n I
b0 tr hoa cua mau

nZeza2
J,=nip, =— B,
6m
Y = Jm nZe*a’ y
H 6bm ¢

V6ia~10'"m, n~5.102% m> , ta tinh dugc y ~ -10°Z

K&t qud tinh todn phu hgp vdi thuc nghiém vé do 16n va
dau. P6 cdm to khong phu thudc nhiét dd va tir trudng
H va ty 1€ v6i sO electron Z ¢6 trong mOt nguyén ti .
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«ChAt siéu dan 1a chat nghich tr 1y tuéng : y = -1

*Hi¢u i'rng Meissner
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IV- H

ien tuong thadn ta

1) Mot s6 tinh chdt cua chdt thudn tic
* v duong va nho

* tlr trudng ngoai yéu va nhiét do cao : B; phu thudc tuyén
tinh vao B,

J S

m
04 —

o Thuin

£ 03— -

S ur

5 02 —

S

Q 01 —

ﬁE 0 = - T
o | Nghich tir |

H (Oe)



>
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Vat lieu thuan tu

* v phu thudc nhi€t d6 : Pinh luit Curie

Thuan to
Béd cam tor X

C

Xz"'i:"

BPrinh luat Curie

~ | O
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* tr trudng ngoai manh va nhiét do thap : dudng phu thudc cia
B. vao B, tiém cin dén gid tri bao hoa B..

1.0 . .
Dinh ludt
Q.75 . ]
Curie / e 1.30 K
© +2.00 K
Ty B4,
= 0.50 = L¥ thuyét
-
luiyng i
0.25
0
H 1.0 2.0 3.0 4.0

Bo!T (T/K)

Pudng cong tir héa cua chat thuin ti
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Khéc v6i cdc chat nghich tir, cac chit thudn tr thudng 12 cdc chat
hodc hgp chit ¢ cdc electron chua cé doi.

Nhi€u hop chat chia sit, palladium, platinum, va cdc nguyén to
dat hi€m c6 cdc electron khong c6 doi tao ra mot ti trudng nhd
nao do.

Trong cac truGng hgp nay, nguyén tf nhu mot nam cham vinh ctru
nhd . Néu mot chat chita cdc nguyén t0 nhu vay dudc dit vao
trong tir trudng ngoai , trudng cua cac nguyén tu dugc dinh huéng
theo tor truGng ngoai .



s2) rFhudnstit-clia-cde. géc-ngryén ti

1. Ly thuyé&t thuin tir c6 di€n cia Langevin

*Co 56 ly thuyét.

= Cdc nguyén ti cla chat thuin tir c6 md-men tt P_ khong doi
( dugc xem 13 cdc ludng cuc tir khong doi).

*Tuong tic gitta cdc ludng tir d6 rat yéu, c6 thé bd qua.

= Ludng cuc tir trong ti trudng B, c6 thé ning

w. = -P,B,. = -P_.B, cosO

m

trong do O 1a goc gitra 2 vectd P, va B, . Prg B,

W _ cuc ti€u khi 6 = 0 : ludng cuc tir dinh huéng theo /
tir trudng.

= Ning lugng cua hé sé thap nhat khi tdt cd cdc mo-
men t dé€u dinh hudng theo t trudng ngoai.



i P RATOH Y "RPEHT CE - XU " Hirgie Aiténg cac luGng cuc tir theo
chi€u cla tir trudng.
= Trén thuc t&€, do chuyén dong nhiét cia cdc nguyén tl¥, bao gid
cling c6 mot sd ludng cuc bi 1éch khdi chi€u cia tir trudng.
= MoO-men tir tdng cong clia chit rdn bing tong cdc thanh phan
chi€u clia md-men tif cia cidc nguyén ti 1én chi€u cua ti¥ trudng
ngoai : M=P,_ z+P, 5+ ... + P ng=NP -

trong d6 thanh phan chi€u 1én tir trudng bing
P . = P_.cosO

mB

:> Bai toan tinh do tir héa cia chat rin dan dén viéc tinh gia
tri trung binh cdla md-men tif tdng cdng clia cdc nguyén t& doc
theo phuong ciia tix truong ngoai P, ,khi ¢ su cin bang giita tac
dung dinh huéng cua tir trudng su pha v3 sy dinh huéng d6 do
chuyén dong nhiét clia cdc nguyén tif .



sinpog Pge vt @l @idibietod tetdry theses phuong phap thong ké co dién.

Theo d6, P, c6 thé dinh hu6ng mot céch tly ¥ trong tif trudng,
nghia 12 g6c 0 c¢6 thé 14y moi gid tri.

X4c suadt dé€ cho ludng cuc tr dinh huéng ( so v6i chiéu cla tir
trudng ) dudi cdc gbéc ndm gitta O va O + dO ( trong géc khoi dQ )
hay x4c suit d€ ludng cuc cé ning lugng W _ trong tor trudng dudc
xdc dinh bing ham phin bd Boltzmann

W P B v, 5
®w=Aexp——d =Aexp—" 0“7 10 1
kKT kT
trong d6 A 12 mot hing so va
dQ = 27.5in0.dO Gﬁ T
P _B cos0O
o =C exp—2-2 sin0do

kT
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* tinh gia tr1 trung binh

7T
P B
j cos 0 exp—" IZ;OSQ sin6do
Pr=P cos6=P,6 " -
P B
j exp —1+—2 cost sin6do
kT
0
bat X = cos0 va p = FinB,
kT
. 1
Ham Langevin L(B)=cothf ——

By, b 2
cothﬁ=6ﬂ+e_ﬂ:]+ﬁ—'8 +...
el —e ,B 3 45
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0.6 + '1
=~ L(,B):cothﬁ—ﬁ

0.2 - Ham Langevin |

0.1 i

0 2 4 6 8 10 12 14 16 18 20

DPudng bi€u dién clia ham Langevin L(B)



Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com

* Tinh
J =nP,s=nP, L)

T _ 1B, L(B)

*“H T H

Trudng hgp ti¥ trudng y€u va nhiét dd cao: p<< 1,

P.B. P,uH
L(ﬁ)zﬁ: mBo _ Pnllo
3 3kT  3kT
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2
n;uop m khong phu thuoc H

3kT
Véicdcnguyéntd, P~ p, = 9,2.10%* J/Tesla
P B,=9,2.10%4r.107.10°
kT =3.102'J ( G nhiét @6 phong )

X:

S
w PB 1073y
'B — — << 1
kT 3.107%1J

nghia 12 gid thi€t B << 1 néi trén dudc thda man trén thuc té.

Vi cdc sO liéu trén , tinh duge y =~ 354.10° vao ¢ do 16n do
dudc bang thuc nghiém
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nu,P

m
Tir ¥ =
3kT C
¥, phu thudc nhi€t d6 T theo dang Y = ?
2
—_ P
trong d6 hang so0 C = N,y
3k
Trudng hgp tir trudng manh va nhiét do thap :
B— o, L(P)—1

J,=nP =J

Mo-men tif clia tit cd cdc nguyén t déu dinh huéng theo t
truéng ngoai.



Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com

2. Ly thuyét lugng ti

Gia thuy€t quan trong cta ly thuyét luong tf : ning lwgng
cua mot hé 1a gian doan.

L T Co dién L T Lugng tr
H t._ J=1/2 0 J=2
'[ 1\\\ A- \\\ A~ AN
\ \
g/ : \\ \:
/I I' !
_ -7 S ,,/ \ ’
0 thay doi lién tuc 0 co gia tri gidn doan xac dinh.

Luong t¢ héa khdong gian
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* Tinh gi4 tri trung binh cla mo6-men tif tong cong cua

nguyén t ( theo 2J+1 cdch sip x&p ) doc theo phuong cla tir
trudng ngoai Py

X4c suat cia moi cdch dinh huéng d6 dugc xdc dinh bdi ham
phan bd Boltzmann

PpB
o = Cexp—8=
kT
J
P;pB
P.. ex JB*0
B mZ::_ JB €XP T
Pip == b B =gJupB;(P)
Z exp —IB=0 JB 0
mjy=—
_gJ;UBBO
trong do IB —

kT
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2J +1 2J +1
Ham Brillouin : B = coth
am Brillouin ](ﬁ) ( 27 ) ( 27

1 1
)b — 57 COth(g)ﬁ

* Tinh Jm — nP]B = ngJ,UBB](ﬁ)

Jm ngJ;UO;uB
Im _ B
H B, 1(P)

%:

Trudng hop tir trudng y&u va nhiét do cao : B << 1, khai trién
ham B,(3) cho

J+1
Bf(ﬁ)z%ﬁ
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rgSagg Il JgupBy

ATTB, 3] kT
_ ng’ugl(J + Dy
~ 3kT C
khong phu thuéc H va phu thu¢c nhi€t do T theo dang ¥ = —
y ng”upd (J + g !
V01 C = Y

- Trudng hgp tf  trudng manh va nhiét do thap :
B—>ow,B;pB)—>1.

Su tor hoda dat trang thai bao hoa

J,=nglJug

S
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V- Hién tuong sat ta

1) Mot s6 tinh chdt ciia chdt sdt tir
* v duong va 1dn.

= Khdc biét quan trong nhat gitra sit tir va thuin tr hay nghich
tir 1a cudng dd tuong tac gitta cac md-men tif nguyén ti 1an cin.
Trong khi cic mo-men tit gan nhu doc 14p v6i nhau trong cic
cha't thuan tir thi trong cdc chat sit tir, ching tuong tic manh vé§i
nhau. G nhiét do thap, tuong tic trao doi gifta cdc md-men tir
nguyén t¢ 14n cin ( xuat hién do cdc spin khong c6 doi ) trong
cdc chit sittr dG manh dé€ thing cic thing gidng nhiét cé xu
huéng 1am cho cdc m6-men tr dinh huéng hon loan. Nhd d6
ngay ca khi khong cé tr trudng ngoai, cic mo-men lan cian dinh
hudng cung nhau.
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* % phu thudc vao tir trudng ngoai : dudng cong tir tré

t————f

a ( Tu cing thuc t€

T mém thuc t&
- H >

Hiéu ung Barkchausen ___-‘E‘HL/
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i ¢u tu cung va td mém

Simpo PDF Merge an

T mém : bién thé , nam chim
di€n , 101 cac cudn day , ...

Tu cung : cdc bang tir, nam chim
vinh ctlu, ...

Vit liéu tif mém kim loai :

- a-Fe, Ni, Co va mot s6 hgp kim cta ching

- Cac hdp chat va hgp kim Fe — Si va Fe — Ni
(vidu : Fe/6%S1)

Vit liéu gom tif mém (Ferrites) : oxide spinels 1ap phuong hay
perowskites, garnets (Y;Fe O,,)

- spinel : cic mO-men tir cua cdc ion § cac vi tri tr di€n va bat
dién doi song song.
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i %: u’ng va tu mem

Vit liéu tu cang kim loai :

a) Hgp kim Fe/Cos, Permalloy ( hgp kim Fe/N1 )
b) Alnico ( Al/N1/Co )

¢) SmCos cdu tric luc gidc v6i sy di huéng tr manh

- ¢0 d6 tr hda bao hoa cao, lyc khang tr 16n

- dung trong cac loa , nam chdm lam I€ch hudng ...
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Su tv hoa di hudng.

Pa s6 tinh thé c6 tinh di huéng. M6t minh ching cho su di hudng
d6 1a theo cac chiéu tinh thé khac nhau vat liéu bi tir hda khac
nhau. Nhu vay, trong tinh th€ cé cdc chi€u dé tir héa va chi€u
kho tu hoa.

1600y [100] 500 // truc ¢
[110]
it | 1]
~ 1200 400 7
=
: > Pl
> a00
= 200 1 trucc
400
100
Fe Ni | Co
30 @060 0100 20 30 o 5000 400 6000 8000
B, (gauss)

Chiéu dé tir héa cua cac tinh thé Fe, Ni va Co
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]

B

:

Bién hat va vach Bloch
trong o-Fe

Cac d6-men trén mat cua mot
mau don tinh thé Ni.

Su dinh huéng clia cic m6-men tr trong mot d6-men thudng theo
mdt chi€u dé tir hda ciia tinh thé khi khong c6 tir trudng ngoai.
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Vach do-men

10~200 nm
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Po6-men

,J b6-men
1

J Viéch
do-men

E

J Véach do-
men
e |

i
\
%

.-';l!

v-
1
r-
I. I :
3 I_
bt
-! I--
;
1
P,
A

i-

[ 5  FL R S L)

£
e e
R g R

Ning lugng tuong doi cao
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Hién tugng tir giao

Hién tugng tir gido ( phdt hién nim 1842 ) 1 sy thay doi hinh
dang va kich thuGc ctia vat liéu sit tir khi bi tir hoa.

Trong vat li€u sit tt nhu Fe, Ni, Co va mot s6 cdc hgp kim va
ferrite, do tir gido c6 gid tri ding k& ( khodng 10°6-10-2).

Su tir héa kém theo su quay cic do-men giy nén su thay doi
kich thuGc ctia chat sit tir.

Hién tugng tir gido ¢4 nhi€u ¢ng dung trong ky thuit :

/ A * /\/ /{" N ° \ 7( Pal / \ / A A\
Cac bo bién doi tir giao, dudng tré , b0 phat va thu séng si€u am,
s A . A . A ~
cac b0 loc va on dinh tan so, ...

Ti€ng kéu cua bi€n thé hay con chudt cia dén 6ng
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/\,

Hé s6 tir gido A dugce dinh nghia bang phan dd dai thay doi khi
sy tif héa ting tr 0 dén gid tri bao hoa cla nd.

A N o ~ A e A NES
Do tir giao bdo DY bi€én doi cua

Vit Truc tinh 4 »
lidu hé hoa suiat Young
' A (x 10 AE/E

Fe 100 +(1.1-2.0)
Fe 111 -(1.3-2.0)
Fe Pa tinh thé -.8 0.002-0.003
N1 100 -(5.0-5.2)
N1 111 2.7
N1 Pa tinh thé -(2.5-4.7) 0.07

Co Pa tinh thé -(5.0-6.0)



Sat to
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* v phu thudc nhiétdo T

Khi T > T, (nhiét do Curie) chat

sit tif chuy€n thanh thuin ti

Khi T > T, : Dinh luat Curie

- Weliss

4

Pinh luat Curie

Weor o
|
|
|
|
|
|
| S
0 T
g
T-6
Pinh luat Curie-Weiss
(T>T,)
1/
A

0

Pinh luat Curie - Weiss
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2) Ly thuyét hién tuong lugn

Nim1907, Weiss phdt trién 1y thuyét clia trudng hiéu dung
( trudng phan tu )

* Trudng phan t¢ Weiss Hy=bJ,

Cdc mO-men tir (spins) trong chat sit tir
dudc dinh hudng trong truéGng Weiss. W
Khi ddt vao trong tu tru6ng ngoai H :

H,=H+bJ, —> H

1
Suy ra Jm:Z(th_H)
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inh J_..

+ Ap dung két qud tinh todn cta Langevin cho chit

thuén tf nhung thay H bang H, ;.

P uH
J, =nP,L( m‘l‘:T hdy — npP L(a)

P, u,Hy,

a =
kT

—)

]m

nP

m

=L(a)

|
Tu Jm = g (H,;, —H) thay H,, tinh theo a

kT

J 1
m — (th—H):
nP, bnP,

nb,uOP2

m

a_

H
nbP

m
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J kKT H
T = > a- =L(a)
nP, nbu,P:  nbpb,
0 X Jm
Bi€u dién su phu thu6ccia ——— theo a dudc 2 dudng :
nb,

dudng cong L(a) va mdt dudng thang .
Giao di€m cda hai dudng nay cho phép xdc dinh J Ung v61 mot
gia tri nao do6 cua tr trudng ngoai H.

Gidm H tir gid tri d6 vé 0. Do hé s6 géc cia dudng thing khong
phu thudc H nén khi d6 dudng thing dich chuyén song song vdi
chinh no.

Hé s6 goc cua dudng ti€p tuyén véi dudng L(a) G gbc toa dO biang
1/3.
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J nP
m m L(a)
o
» d
-HbnP
m ‘ ‘ ‘
2 4 6 10 12
Jm/nP
L(a)
Y
o
» d
-HbnP
m
2 4 6 10 12
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+ Trudng hop hé sd géc clia dudng thing KT < !

nbu, b, 3

( nhiét d6 thap ), khi H = 0 hai dudng cdt nhau tai di€m c6 J_
khdc O : chat sit tir van con bi tir héa ( c6 dd tr héa tw phat)

kKT 1
+ Trudng hop hé sd géc clia dudng thang >
nbu,By 3

( nhiét dd cao ), khi H = 0 hai dudng cit nhau tai diém c6
J =0:vathiéu khong b1 to h6a ( khong c6 do tu hoa tu phat ).

Khi T <T. : sattd nbu, PZ
T . —
Khi T >T, : thuin tr © 3k
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2
3k
Sat (Fe) : T.=1063 K
Cobalt (Co) : T.=1404 K
Nickel (N1) : T.=631K

Vi sit (Fe) : T.=1063 K (thuc nghiém), P_=2,2 11, (thuc nghiém),
va n=28,54 x 102 m3

tinh dudc b=3,9 x 108
va H =0,85 x 10° A/m (107 Oe)
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* Tinh y trong trang thaithudntod ( T>T. , a< 1)

2 2
J,=nP, L(a)=nP, ¢ n“OPmth nHoPmH_I_nuoPmem

"3 3kT 3kT 3kT

2
(1_”:“0 m )_nHOP H

kT 3kT
nu,P, o
_ 3k _
J,, = o2 = yH
T_nluo m

3k
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nu, P,
3k C
nu,bPy T =0

3k

T —

B n,uOP2

m
3k
nu,bP,
3k

Suy ra C

0 —

Ly thuyét Weiss 1a 1y thuyét hién tugng luan cia tir hoc.
Nhung né khong gidi thich dudc sy xuat hién cla trudng Weiss 16n .
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3) Qud trinh tit héa chdt sdt tic

) & @D

@ O

& & Q@
e
B
I
o

rih
LT

P
t-’

Bao hoa

60000000
sooaoooal | Lm=M
00000000

Tw du

OB000000 Hma T
coeasoaes |2m=M, I
60000000 - = -~ » H
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tbrst el ¢ bE

-+ -+

Dich chuyén ctia d6-men trong tif trudng ngoai.
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D6 16n cia tr trudng

Afm Ce T
10 A/m 0.126 Qe 12.6 uT Tu trudng Trai dat
0,15-0,3 Oe

10 - 100 | 126 - 1260 Qe | 12.6-126 mT TU trudng nam chidm

kA /m vinh cttu

1 MAmM | 126 kOe 1.26 T Tif trudng nam cham dién
10 MAmM | 126 ke 126T Tit trudng nam cham

siéu dan
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cua kim loai ¢ nhiét d¢ thap
¢ dau th& ky 20

Dy dodn elia
Kelvin

1 ’ Dy dodn c[‘la\

Matthiesen

lam lanh

1
Dy dodn efia
Deway’

Kng

Ewr_
Mug

MNudc di

-
Nhi€l df phong

Kelvin (1824-1907):

Electron bi dong cing
va dién tro ting lén

b
« LORD KELVIN
- (1902)

.

MATTHIESSEN ™ o _
e 4

=
520 c\'E — - Nﬂ- Duo 4515 me
A= p

Kim Joai

DEWAR tindf khiét T

(1904) . ,
-~

) =

Nhiét do
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Heike Kamerlingh Onnes

(1853-1926)
Pién tré giam xudng 0

e 1908 — hoda long helium (~4 K)

e 1911- nghién cttu dién trG cua Hg 6 nhiét dd
thap va phdt hién hién tugng siéu dan

e 1913 — gidi thudng Nobel vé Vatly
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Siéu dan

Su dan dién hoan hio

0,150

0125 / Q/"/
|
|
0,10 i
|
!

X
R, 0,075 LF
|
1
|
Qo5 I
,'
|
0,025 :
_ 105)1,'
Kamerlingh Onnes, 1911 | M
0,00 ob
« ’ 4°00  4°10 4°20 4°30
Door meten tot weten (k)

(“Tu do dac d&n kién thic”)

4°40
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0.002

tro (Q)

0.001

Pién

R(T) ¢ nhiét Ao thap

Thyc nghiém

] CADMIUM

2

4 6 8
Nhiét do (K)
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Siéu dan c6 3 thong so t6i han :

p J
o Nhi€t d6 tG1 han, T,
o Tu trudng t61 han, H, ey L H.TS)
o Mat do dong tG1 han, J..
T H(H,T.,]=0)

Mudn & trong trang thdi siéu dan
khong dugc vuot qua 3 gioi han do
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Chat siéu dan 12 mot chat dan dién hoan hdo : dién trd cia nd
thuc t€ bdang 0 ( chit khong phdi rat nho ). Ngay véi cac phép
do chinh x4c nhat cling khong thé phdt hién dién tr§ du trong
chit siéu dan.

Mot khi c6 dong chay trong trong vong diy siéu dan kin, dong
dién dudc duy tri chitng nao diy con dudc gitt & nhiét do thap.
Dong dién dirng chay trong diy ma khong bi mat mat do dién
tré dudc goi la dong du ( persistent current).

Ngudi ta dd quan sdt dugc cdc dong du duy tri trong nhi€u nim
ma khong hé gidm cirong do.

Tinh todn ly thuy€&t cho thay thdi gian gidm vao khodng

7
104.10 nam !
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Dong du trong vong c6 thé xudt hién bing cdch ha nhiét do
trong tU truéGng ngoai.

|
] ,
' . Ha nhiét do T<T, . Ngat
batvong diy si€udan ST iy (rirgng, trong vong xuit
> T, trong tir truGng ngoai hién dong cdm tng ( dong
siéu dan ). Dong du ndy
c6 thé ton tai vo cling lau.
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Hiéu iwng Meissner

® 1933 — Walther Meissner
va Robert Ochsenfeld

® T<T,. tu trudng ngoai
hoan toan bi day ra khéi tu
phan trong cta chit siéu din
do sy xuat hién cia cdc dong
bé mit

® Chat siéu dan la chat
nghich twr 1y tuong y = -1

Cédc dong I xult hién triét tiéu B.
I x B trén chat SD tao ra luc day.
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| B I B |

&y

F v

Y

Hiéu wng Meissner

T trudng manh c6 thé pha
huy trang théi si€u dan
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Nam cham

Chat siéu dan

F

= ™

TOSANOUMI
|-I'|I|l'wl i
biigiel Toowwemy o |
| Weigh o osanem M2l ]
W ol [
Total sight @

Pit nam chAm 1én mot chit c6 tinh siéu
din. Ha nhiét dd T < Tc nam cham bi diy
va Io Iing trén chat si€u dan.

Hki cho nhiét d0 ting, mau mat tinh siéu
dan va nam chidm rdi xudng




LoaiI ( cic chat din dién mém )
: kim loai thuan

= Pudc phit hién dau tién va can
nhiét do rat thip d€ trd thanh siéu
dan

= C4c chatsiéu dan loaiI ton tai
dudi 2 trang thai : binh thuGng va
siéu dan

= C4c chat si€u dan phu thudc nhiét
do

= C4c chatsiéu dan la cdc chat
nghich tir 1y tudng.

» Nhitng chat din dién tOt nhat
(cu,Ag,Au) khong c6 tinh siéu dan

GimpHWiMb@@id@hﬁjtreSi@ru \décn Rttp://www.simpopdf.com

Kim loa1
khong si€u

dan N\

=it
Chat siéu dan

0K T& Nnietdo

e Chat dan dién binh thudng :
p=p, 6 T=0K

e (C4cchitsiéu dan:
p=06T<Tc

(trang thdi siéu dan)
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Chat siéu dan loai I

* Hai diéu kién: = Trang thdi siéu dan
1. Piéntrd =0 <1,
2. Hiéu ing Meissner - H<H,

Trang th4i siéu dan
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Nhiét do tGi han T, cia mdt s6 chat siéu dan.

Nguyénté T.(K)

NhOom 1,19
Kém 0,546
Gallium 1,09
Niobium 9,46
Indium 3,40
Thiéc 3,722
Osmium 0,66
Tungsten 0,012
Hg 4,153
Chi 7,18
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Nhiét d§ toi han T, ( Kelvin )

L1 | Be E i H |Q [F |He
0025
Ha | Mg Al | 5rF | P¥ (5% |C1 |Ax
1.140 | 7 5
E | Ca o T1 Vo |CrF |Mn| Fe o |[Mi|Cu| Zn ira |Ge* |As* |Se* |Br |Ex
039 | 538 C0EYS(L0R1 [ & (05T
Ebh | 5x ¥F Zr | Hb | Mo |Te [ En FEh |Fd |ag| C4d In an |5bh¥([Te*| I |Ze
O5d4a | 2.530 | 090 207 (051 (00005 Lo |05 (34055 (3722 (35 ) 4
is¥ | Ba* [Lafec)| HE | Ta | W [Ee [ Os Ir Pt |&4u | He Tl P [Br* |Po (At [En
1.5 5 00 012 44231001214 [DASS | 014 1S 259 [T193( B
Fr | Ea Ac
ice* | By | Hd [Pm|5m | En [&d |Th | D | Ho Er [Tm|%¥h [[a
2 0.1
Th | Pa | TU* |Np | Pu | Am |Cm|Bk| Cf Es Fm |Md |Ho (Lr
1568 14 2
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Nhiét do toi han cua cac chait siéu dan

A

20k T.<30K
Nb,Ge
Te(K)
20}
107 Pp
Hg
] ] | | | ] I *

1910 1920 1930 1940 1950 1960 1970 1880 time

C4c chat siéu dan truyén thong



simpo PoF verge and PP O RE t Firhaneta cdc chat siéu
dan
Tu trudng manh nhat ma mot chat con duy tri dugc tinh siéu dan
dugc goi la tiw truong tdi han B...

Cudng do cua ti trudng t6i han 1a mot ham cua nhiét do. B,
cuc dai O K.

200

(.14

T,(Pb)=7.2K

(.08 Bh

600 -

Hc(Gauss)

(.06 =

300 -

- TAln)=3.4K

Iﬂ\l
002
oL L

T truong téi han B, (Tesla)
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Cudng do tir truong téi han B, (6 0 K)
ctia 1 sO chat siéu din loai L.

Chitsieu B0), T

dan

Al 0,0105
Hg 0,0411
In 0,0281
Pb 0,0803
Sn 0,0305

/n 0,0054
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uong quan giua tu truong téi han B, va T,

1 | | I ]
1 - -
Nb
V =
10 | La ™ Te _
NPy
Y,
In, Sn
B Fem mT
8 107 Os, Ru, Hn.-.-fl_.i.l -
¢ il R T
(T) & Er.'l
102 Ir _
'.lﬂ"" 5 W Th |
%= W -
10 ah
[ |
[ | 1 1 1 i
1077 10 107! 1 10
T, K)

B.(0)~0.01T.
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Mat do dong téi han cta cac chat siéu dan

T trudng téi han cé thé dude tao ra bdi dong chay
trong cac mach ngoai hoic bdi dong chay trong chinh
chat siéu dan.

) Mot chat siéu din chi cé thé tdi mot dong t6i da
nhit dinh ndo d6. Po 16n cia dong t6i han nay phu
thudc khong nhitng vao do 16n cua tir trudng t6i han ma
con vao dang hinh hoc cia vat dan.
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e Hai loai chat siéu dan :

— Loai II (céc chat dan cing)
e Phat hi€n hang chuc nam sau loai L.
 Thudng 1a hgp kim.

e Khic v6i loai I trong chit siéu dan loai II sy
chuyén tir trang thdi binh thudng sang siéu din xay
ra tu tu.

e CO hai trudng t61 han B, & B,,.
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Hop kim cho phép tir trudng xuyén vao modt phan néu tir
trudng cé cudng dd trung binh va s& mAt tinh siéu dan
va cho tr truéng xam nhap vao hoan toan khi to truGng
du manbh.

Hogp kim c¢6 2 gid tri t6i han : ¢ gid tri B,,, cdm Ung tu
bdt dau xuyén vao va § gid tri B_, hgp kim cho tir trudng
xuyén vao hoan toan va mat tinh si€u dan.

Vi du, & nhiét d6 4,2 K, hgp kim niobium-thi€c Nb,Sn ¢6
cacglatritérthan B, =0,019 Tva B_,=22T.
Cdc chit siéu dan cho phép ti trudng xAm nhip

mot phan khi dua vao t trudng cé cudng do trung gian
dudc goi 1a cdc chdt siéu dan loai II.
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1nn, C

rong tu trudng trung at sieu dan loai II 8 trong trang thai
hon hgp : khoi vat liéu 1a siéu dan nhung bi xau bdi cdc sgi rat
manh 13 chat dan thong thudng.

T trudf ng

Cac day nay dinh huéng song song vd4i tu Siéu dong
trudng ngoai va chdng co tdc dung dan
cac dudng suc tu.

Mot dong chay quanh chu vi cia mdi
day; dong nay chian khdi si€u dan khoi tir
trudng trong day. Su chay cua dong nay
mang dic di€m xody. Do d6, cdc day
dudgc goi 1a cdc ong xody ( vortex ).
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Trudng t6i han trong siéu dan loai II

H Hiéu wng Meissner khong day du
Truéng
téihan | H.,
trén

T mrdng Zogy Trang
thai binh

Truong thudng
tdi han | Hcy
du'6i




Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com



Simpo PDFAMerge and Split Unreglstered Version - http://www.simpopdf.com

Ong xoay (vortex) trong chit siéu dan

= C6 161 duge bao quanh bdi cdc dong si€u dan
(supercurrent)
= Bén trong 101 : c4c electron binh thuGng

= Ngoaild1: cac electron si€u dan ( cac cap Cooper )

H

Yortex
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ang cac duong xoay Abrikosov

e 1953 — Mang cac dudng xoay
Abrikosov : cdc 6ng xody sip
x&p tO1 vu trong mién xody
theo mang tam giac

e 2003 — Gidi Nobel vé Vatly

© AT&T, 1995
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ang cac duong xoay Abrikosov

L&‘rt#i 1.1:-

t"tm.: :ﬁ& _::::;
1

|‘*‘*l-‘1"i11?#h &gt
, i'“!r lt,j'f‘lr"ti

.l"-.llll- 1
||.|'f1--} - e ;-.ii-.- ,
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E\- ."'Ih-l'l"“'-"ﬂ -’tl“ il-:'.

i oy 4 - % a i !'nl'-i,lq o

| 7. % R ‘""":"" & %y :-' ER h
I. Lo ow I- o R o "*hﬁ"?'.a‘.
|roomeg L " W osa 1. ""HFH?‘ |
| & Y | I m-a - % *;1‘_‘ '|' __-
;- e RN |.‘! "'"ﬂ"‘l -.-l 4
1].141'!..,.. s ey oy ¥ "'_. ’:
|'|'—-—-|'-'I % l-..l-- “ﬂaﬂ : 1}

, ERLN At L e

First image of Vortex lattice, 1967

Bitter Decoration
Pb-4at%]ln rod, 1.1K, 195G
U. Essmann and H. Trauble

Hién vi dién tir (x 8300)

Vortices in MgB2, 2002
Scanning Tunnel Spectroscopy

MgB2 crystal, 2K, 2000G
M. R. Eskildsen et al.
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Hiéu uwng Meissner

Binh thudng

H
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Kim loai
binh thudng

B | Thuantu

o
Il
I

| I |

Q
Q
Q
Q
Q
Q
Q
0
Q
Q
Q
Q
Q
0
Q

||

.
0
-
-
o
-
-
o
-
-
S
o*
-
.
-
-
o
-
-
o
o
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Nghich tu

Y 1

Y

B<H

o*
-
.
.
-
kS
-
0
-
o
Q -
Q o
-
o
-
-
-
o
-
-
o
-
S

> H

Siéu dan loai I
) B =H

> H
B=0 ¢ B=H
Meissner binh thudng
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Siéu dan loai I

A B=H
B /
> H
B=0 ¢ B=H
Meissner  binh thudng
4nM H

v
L

trYTYy vy ‘L

Meissner  Binh thudng
4iM=-H M=0
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Loail

TrThai Meissner

ti:/Avww.Si
141N

H.(T) Kim loai
binh thuGng

do Pha

Kim loai
binh thuGng
TrThai hdn hdp

Hc1 (T)

TrThai Meissner
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Ly thuyét vé hién tugng siéu dan



Simpo PDF Merge and Split Unregi ci\éaﬂm 5 i}iéwvxﬁsgﬁpéc%fmi (1950)
Trong qué trinh di tim 1y thuyé&t d€ gidi thich cd ché€ siéu din,
bing thuc nghiém ngudi ta phat hién ra rang : nhiét do t6i han
cia mot chit si€u dan phu thudc vao khoi lugng ciia cdc ion cla
mang .

Né&u thay cdc nguyén ti bdi cdc nguyén tf ning hon ( thay cédc
dong vi bing cidc dong vi ning hon) thi nhiét do t6i han hdi gidm
xuong.

Tc phu thudc vao khoi lugng clia nguyén ti
|
T. oc —
N |

Tong quéit hon

T.M? = const
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nhién

(atom %)
0.15
9.97
16.87
23.10
13.18
29.86
6.87

T. (K)
4.18 ”
198
B E. Maxwell s He
417 m(C. A. Reynoids et al.
416 | y“Hgﬁ"'ﬁ"ﬁIr
., Hg2006
4.15 Hﬁ Hg?7
4
4,14 /
4
fﬂ"
413 F 7’
f-
; Him.‘
4. 2 [ [ | |
! 0.0700 0.0704

0.0712 N
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iéu ung dong vi trong cac chat siéu dan

Cac gia tri thuc nghiém cua o trong M*T, = const

( M - khdi lugng cia dong vi )

Chit o Ché't o
fn (45 £ 305 En O £ 005
¢ (.32 = 007 Crs .15 = (.05
Sn 0.47 £+ 0.02 Mo 1..33
He 0. 50 = .01 Nhisa AR = 0,02
Fh 0 450 = 4 [ r A =+ 00k

EE)  Mang c6 vai tro quan trong

Phonon tham gia vao qua trinh siéu dan
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hiet dutip

Gidn doan G T,

L5 Gallium "

[—]
L
!
[ ]
\
[ |
o=
| 4

in mJ] mol™! k™2
< |

o
=
L
"
5
Il
=
2
¥+
:
r
I

Su phu thudéc T
theo ham mi = -

C o E_ACT T!, K2

fa Phillips & Kittel

Chitng t6 ¢6 ving cdm ndng lugng !

C,(T)=17T

CF(T) — AT—SKEE—_'WIRBT

n

AC,|,_, =C,~C

= const. T,
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U lugng tu '
héa cua T é"
thong

Tfhlibll &k

Sau khi thoi @it tir trudng ngoai lén vong xuyén siéu dan tir
thong bi bat ( do dong persistent ) bi lugng t hoda

h h L] L J T T
d=n—=nd,, &;==—=2.07x10"Tm -
ce ’:' \ 2e 2t E E—‘L-'Q.;.!__
Lugng tr tir thOng | R B
|
\ =T "-""‘r%i .
Mot dau moi ! AT SR
-2 =] 0 1
B (107°T)

“Fluxoids”

Bing chitng thuc nghiém vé su lugng i

héa cua tir thdong trong vong xuyén siéu dan
(1961).

Deaver & Fairbank, Doll & Nabauer 196
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Ly thuyé&t siéu dan

®. hién tuong ludn
. * F & H. London (1935)
. * Ginzburg & Landau (1950)

®.ugng tu :

. * Frohlich (1950)

. * Bardeen, Cooper & Schrietfer (BCS)
(1957) — Giai thudng Nobel
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Ly thuyé&t vé hién tugng siéu dan

Vitaly L. Ginzburg

* Nhitng nim 1930 — m6 hinh lugng tir khdong giai
thich dugc hién tugng siéu dan

= 1950 — 1y thuyét hién tugng ludn ctia Vitaly
Ginzburg va Lev Landau

¢ phuong trinh Ginzburg-Landau
«» mo t4 siéu din gan nhiét do tGi han T,
= 2003 — Ginzburg dudc giai thudng Nobel vé Vit ly
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Ly thuyét BCS

= BCS = John Bardeen,
Leon Cooper va Robert
Schrieffer

" 1957 — giai thich rai sao

Xgﬁ’t hi€n hi€n tudgng si€u C O 'S 'S
dan
= Cip Cooper = su kétcip © © o ©

cua cac electrons
" 1972 - giai thudng Nobel
ve Vit ly

O o O O

O O O O

http:/ /superconductors.org



http://superconductors.org

Siﬂ‘rﬁ@ﬂg\/ltbéaiﬂdénLﬁi@ﬂebinhsﬁhlmww.simpopdf.com Trang thai siéu dﬁn

Nguyén tu \ fectron

trong mang TT

1. Electron #1 1am bién dang mang (ion duong ) khi chuyén ddng qua né

2. Electron #2 bi hiit bdi mang bi bién dang néu lyc hit 16n hon luc day
tinh di€n --> cdp electron dugc tao thanh.

3. C4c cip (cip Cooper) c6 khodng cdch c6 thé 1én d&n pm.

4. Ning luong lién két clia cip Cooper ~1 mV, chi ¢ thé & nhiét do
thap.

5. Sy hut giita cac electron k€t ddi phu thudc vao khoi lugng cia ion.
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® .+ C4c cip Cooper la cdc bosons --> tat cd cdc cip e
Cooper déu c6 thé & trong ciing trang thdi ning luong
( su ngung tu Bose-Einstein )

® mot cdp Cooper ¢é ning lugng nhd hon niang
lugng cua 2 electron riéng biét

|
® Trong mot cap Cooper , spin cua electron (+1/2 —— @
hodc —1/2 ) tri€t ti€u va spin té’ng cOng bing 0 |

v

® TAtcd cdc cidp Cooper déu & trang thai cd ban <pin xuhg

® C4c cip Cooper dugc mo td bdi mot ham song két
hgp mG rong ra toan hé

® « mudn thay doi xung luong cia mot cip phdi thay
ddi xung lugng clia tit cd cdc cip ( Cac va cham chi
c6 thé dnh hudng dén toan hé cla cic cip ), mot su
thay d6i nhu vay cin cé ning luong 16n.
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= C4c chatdan dién tot (Cu) c6 bién dd dao dong mang
nhd -2 néntan xa electron-mang it

- Bién do dao ddng nhd han ché su tao thanh
cap Cooper

* C4cchiatdan dién kém (Hg, thi€c, chi) c6 bién do
dao dong mang IGn

- va cham electron -mang x4y ra nhi€u
. = thudn 1di cho viéc tao cdp
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Kim loai binh thuo'ng

Electron c6 di€n tich -e

Su tan xa cac electron tao
nén dién trg

Dong dién tao ra dién thé
- gAy nén sy mat mat
nang lugng

Siéu din : LT BCS

Cap Cooper co di€n tich —2e

Cac cap Cooper tai si€u
dong khong gip can tré

Si1€u dong khong tao ra
dién th€ = khong gy nén
sy mat mat ning lugng
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Vung cim siéu dan

e Trong trang th4i binh thudng bat ky su thay ddi ning lugng
nao cling 1am cho cic electron chuyén Ién trang thdi kich thich
( cdc muc trong ).

e Trong trang thdi si€u dan, ning lugng cla céc trang thdi bi
chi€m gidm do sy hinh thanh cdc cip Cooper --> xuat hién
khodng cdm ning lugng E,.

E t Dan dién binh thudng Siéu dan
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Vung cAm siéu dan

# E . 9 o
Sy giam ndng lugng

JII lam xuat hién vung
cam do tuong tic ctia 2
electron ¢O spin ngugc
nhau tao thanh cap
Cooper.

E,=2A
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D6 rong vung cam siéu dan

M b .
~ T oy e
> "
D) f"
= R
~ 2t Larf‘
< Hg B
2A "Cé ] v
3 * Ta
QD F
5 Pl
Mo ]
o £
LT
|:|;r l:d l | l
] 1 2 5

3.9kT, (meV)

Do rong viung cAm va T, ¢é lién quan vGi nhau



e AT KET A CHA Y thuy et BCS

Ning luwgng lién két cua cap Cooper
1
F-Np

A = 2nmpe

n®p = kg Ty, ndng lugng phonon Debye

F thé hiéu dung
Nr mat do trang thai Fermi

Kich thudc cua cip Cooper 100 nm
Hing s6 mang 0,1 - 0,4 nm
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Ty"thuyét BCS

Do rong viung cAm va T, ¢6 lién quan véi nhau

A(OK)~1,76 - kT,

T2
A(T)~1,74- A(OK)[I = —]

Tu truong téi han

H,(T)=H_(0K) 1- a(

T

T

C

:

ala 1 hing sO ctia chdt SD



e AT KET A CHA Y thuy et BCS

1.1

L.0f 3'1J~:ﬁtq
0.9} NQG
A
&
0.5) 3
iy
0

— LT BCS .

= & Iin A

ﬁ D'GJ . O Tantalum ‘ﬁ

i . i O Niobium

~= 0 ;

y | %
0.4
0.3]
0.2
0.1 1
“l

o 01! 02 03 04 05 06 OF 08 09 10
TiT.

Ly thuyét BCS khong ding vSi vat li€u siéu dan gdm
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Nhiét dung E
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Cac chat siéu dan nhiét do cao

J. Georg Bednorz K. Alexander Muller
Nim 1986, Bednorz va Muller phat hién si€u dan
trong Las.xBayCus0s5(3-y)

LasxBaxCus053-y) v61 x = 0,75 ¢6 T ~30K, trong trang thai binh
thudng 1a chat dan dién kém
Hop chat chinh LaCuO2 1a chat cach dién !

Giai thuéng Nobel vé Vat 1y 1987



simeo PO verse ans sV seelf L $iGranhiét do cao

Bi,Sr,CaCu,0Oq
(La, gsBa 5)Cu0, ® Cu
YBa,Cu,0, O 0
Bi,Sr,CaCu,O, St
Bi,Sr,Ca,Cu;0,, ® i
Tl,Ba,Ca,Cu;0,, ® C

Lép kép CuO,
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= C4c chat siéu dan nhiét dd cao c6 cau tric 16p.
» O T>Tc, cdc vatliéu ndy ¢6 tinh ban din rat dj hudng.
» M6t s6 nhém siéu dan T cao di€n hinh :
* yttrium-barium-copper-oxide (ky hie¢u YBCO),

* bismuth-strontium-calcium-copper oxide (ky hi€u
BSCCO),

* thallium-barium-calcium-copper-oxide (ky hi€u
TBCCO).

= Chit siéu dan c6 chita Hg dat nhiét do t6i han cao nhat
Tc ~ 160 K.

= Vatliéu c6 Tc cao nhat thudng 12 loai p.
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140 - HeTIBaCuO 1995 138 K
HegBaCaCuO 1993
120 A TIBaCaCuO 1988
BiSrCaCuO 1988
100 A

. YBa,Cu.0, 1987
804  Ni-td long

i i e i s e i i

20 A
Hé li
16ng™ 0~

T T T I ! I ! | ! | !
1900 1920 1940 1960 1980 2000

Chat siéu dan HgBa,Ca,Cu,0,,, dat nhiét do t6i han cao
Tc =164 K
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:’ Critical Temperatures of Some Superconducting Materials.

Materials T. [K] Remarks

Tungsten 0.01 —

Mercury 4.15 H.K. Onnes (1911)

Sulfur-based organic 8 S.S.P. Parkin et al. (1983)
superconductor

NbsSn and Nb-Ti 9 Bell Labs (1961), Type II

V3Si 17.1 J.K. Hulm (1953)

Nb;Ge g (1973)

La-Ba—Cu-O 40 Bednorz and Miiller (1986)

YBa,Cu3;O;_,* 92 Wu, Chu, and others (1987)

RBa;Cu;07_,* ~92 R = Gd, Dy, Ho, Er, Tm, Yb, Lu

BigSTzCﬂgCU301@+(s 113 Maeda et al. (1988)

Tl,CaBa; Cuy Oy 125 Hermann et al. (1988)

HgBa,;Ca;Cu3Og s 134 R. Ott et al. (1995)

*The designation ““1-2-3 compound” refers to the molar ratios of rare earth to alkaline earth to
copper. (See chemical formula.)
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TAt cd cic chit siéu dan nhiét dd cao déu thudc loa1 II

140

120 -

100 -

HgEa el
TIE e k|

Bednorz & Muller

E'h'l:"ll.:liu'l'_-"l.li.l- L

Sién dan T cao

!in'ﬁ-l'..-é‘n.l!!l RV ]

Sién dan T thap
Ly thuvét BCS

1 L 1 L
1360 1980

Cd ché siéu dan trong cic chit si€u dan nhiét do cao
khdc v6i chat siéu dan nhiét do thap.
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Cac chat siéu dan nhiét do cao

e C6 kha ning ¢ng dung thuc t€
— T, cao hon
— H_,16n hon
e DE lam lanh:
He (4,22 K): $5/1it
N (77,36 K): 10¢/l1t

stra tuc1 : 66¢/1it
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ung : an tai

Tau chay trén dém tu :
tau Maglev

Vian toc c¢6 thé 1én dén 500 km/gid ,
cic tdu maglev sé 1a phuong tién ndi
li€n cdc thanh phd cdch nhau hon
1000 km trong tuong lai gan.

May bay thuong mai Boeing-777 dung

Tau Yamanashi MLX01MagLev cl}o cdc chuyén bay dudng dai cé vin
toc khoang 905 km/ gid .



Cuén diy hudng dén thanh
¥a ning
Cudn ddy a4y

Pudng chay nim giita hai thinh c6 1ip lién ti€p cdc cudn diy thang ditng. C4c cudn
day nay khong phdi dy si€u dan.

Khi tau di qua mdi cudn dy, chuyén dong cla cdc nam cham siéu din trén tiu cdm
ttng dong dién trong cac cudn day lam cho ching trd thanh cdc nam cham dién.

Cé4c nam cham trén con tau va trén cdc thanh tao luc nang (tau cdch dudng dan 1-10
cm ) va giif cho tau & gitta tim duGng.
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Ung dung : Y t&

MRI (Magnetic Resonance Imaging) cho cac hinh anh chi
ti€t vé cdc md mém.

Cédc cudn diy nam chim siéu din tao ra tif trudng manh va
ddng nhat trong co thé clia bénh nhan.
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ng dung : Tai di€én

Cach dién

Siéu dan
Ndo cao

Cép tai dién siéu dan 1am lanh bing nito 16ng.



