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M RN, AN NS

NOI DUNG MON HOC

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
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2. Xudt phdt tir tinh chat da bi€t cua cdc nguyén t¥ riéng 1é
va xét xem cdc tinh chat d6 thay ddi nhu thé ndo khi dua cic
nguyén tif lai gain nhau d€ tao thanh chit rin.



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

SACH THAM KHAO

. Christman J. R., Fundamentals of Solid State Physics,
John Wiley & Son , 1988

. Kittel Charles , Introduction to Solid State Physics,
Seventh Edition, John Wiley & Son Inc., 1996


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

v
A

CuuDuongThanCong.com https://fb.com/tailieudientucntt


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

2) Cdu tric tinh thé cia mét sé” tinh the don
3) Phan tich edu trdie tinh thée bdang phuong
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Cdc logi chdt ran

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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l. Cda trac tinh the

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

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

A )T

g] ‘5)2 5; - vecto tinh tién co sé
c6 thé chon tuy ¥
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1) M6 td Mang tinh thé
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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Mo td Mang tinh thé

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 chita mét nit mang.

< O nguyén to c6 thé€ cé cac dang hinh hoc khic nhau
nhung ludn cé thé tich nhé nhat va bing nhau.
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2) Su doi xdng cada mang tinh thé

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.
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5 truc quay trong tinh thé

a + 2acos o,

1+2cosa, = sO nguyén hay 2cosa, = sd nguyén
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Vi sao khong c6 truc 5 va truc 7 trong tinh thé chit rin ?
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7 Hé 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
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3) Cdc mang tinh thé co ban . Mang Bravais

Cach chon cac vecto g],gz, (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.
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Mang tinh thé hai chiéa

Mang Ddc diém ciia 6
Mang nghiéng a, # a, ; y= 90°
Mang luc giac a, = a, ; y= 120°
Mang vudng a, = a, ; y=90°
Mang chitr nhat a, # a, ; y= 90°
Mang chir nhat tim mat a, # a, ; y= 90°
Mang nghiéng Mang lyc gide Mang vudng Wang chd nhat Mgng chi nkgt tim mgt
L L " I “2 s o o _E-E' s » 22 S
L] ¢ & & “m..; ﬂi" ﬂi‘-.-
. * g . e * o o 0 @ ¢ o o e e’
o ‘g" "o 0 00 e o o Al
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Tinh thé ba chiéu 14 6 Bravais

Hé tam ta

Hé don ta

Hé truc thoi P

Hé ba phuong

Hé bén phuacng

Hé sau phuong

Hé 1ap phuong P
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a,#a,#a, ;
Hé tam ta oF azB#y

b
Hé don ta L | o=Pp=90°%y
opP O0cC
. ' "_' a,#za,#a, ;
Hé truc thoi - . oa=B=y=90°
op OcC 01 OF
a,=a,=ay;
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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$O nat trong 6 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 c - !
c6 thé dugc 14p ddy béi cac ny - .[J S
o0 1ap phuong hoic 6 miit P S
thoi. ~
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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).

g =tat+9-2;: sg=lal-R+§+3);
az = tall — ¢ + 2) .
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O nguyén td Wigner-Seitz

e
Beoa

O Wigner-Seitz clia
mang 1ap phuong I

Cach vé 6 Wigner-Seitz

CO SG VAT LY CHAT RAN

https://fb.com/tailieudientucntt


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

&) Chi s6 Miller

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 d® ctia nit 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.
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2. Chi sé Miller cuia chiéu trong 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
NéEu 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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3. Chi 56 Miller cua cdc mdt 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.

o, >y
- 1ap nghich dao
- quy dong mau s6 . Gid tht mau s6
chung nhd nhat Ia D. X X y 7z
- c4c sO nguyé tetel
guyen A B C
h=D/A, k=D/B va 1=D/C e es D
1a cdc chi s6 Miller cia mit va dugce ky X+Ky+lz=
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Chi sé Miller ciia cdc mdt trong tinh thé

‘l" T,
i wnmunnl
/]

(200) {110)

|\ i

qim} (111) (102)

Mot ho mit song song va cach déu nhau dudce
biéu thi bang cac chi s6 Miller nhu nhau.
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Khoang cach giira cac mat ( hkl)

(11}

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
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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- a_3
h k 1

V@i hé 1ap phuong :

+ [ hkl ] vudng g6c vdi (hkl)

d
\/h2+k2+12

dpi =
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Ill. Cda trac tinh thé cda mot so tinh thé don gidn
Tinh thé = Mang Bravais + co sé

2
CICs
000 & 22
CINa ]
000 & 200
@
Kim cuong o
000 & YalaY
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Moé ta cau triic 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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Cdu trac xep chat

Cdc cach sap x&p cdc qud caurin
nhu nhau trong khong gian sao cho
phan trong con lai gitta ching 1a nho

nhit: O 16p dudi cing, 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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Cdu trac xep chat

L&p dudi cung : I6p A

L6p tha hai : L6p B

https://fb.com/tailieudientucntt
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Cdu trac xép chat

ABABAB...
Luc gidac xé&p chat

3 N

(a)

(b)

ABCABCABC...
Lap phuong tam mat

CuuDuongThanCong.com https://fb.com/tailieudientucntt


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

Cdu trac xép chdat : FCC
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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Cda trac xép chdt : FCC

COSG VATLY CHAT RAN
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Cdu trac xép chdat : FCC

COSG VATLY CHAT RAN
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Cdu trac luc gidc xeép chat : HCP

HCP: Thit tu sip xép ABABAB...

Mit phiang thi ba dugc dit thang trén mit dau tién
cua cic nguyén tu

uongThanCong.com https://fb.com/tailieudientucntt
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M6 ta cdu trdc Luc 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)
Heé sé' ldp day (bdi cdc qua cau ) : 0,74 .

Ty sé ajJa, = (c/a) =1,633

Sé phéi tri - k = 12.

https://fb.com/tailieudientucntt
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Cdu trac luc gidc xép chdat : HCP

=)
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Cdu trac luc gidc xép chdat : HCP
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IV. Phdn tich cdu trac tinh thé bang
phuaong phap nhied xa tia X
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|
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50

Nang lugng photon X , keV

Nang lugng notron , 0,01 eV

100

Nang lugng electron ,100 eV

longThanCong.com

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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1) Su nhiéu xa tit mét ho mdt cia mang tinh thé

Dinh luat Bragg

1
LY
]
L

1
-

_

5
-

2d sin
f ,' \ Giao thoa tdng cudng khi
d sin 6 se s
® 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.

CuuDuongThanCong.com https://fb.com/tailieudientucntt


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

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

uongThanCong.com https://fb.com/tailieudientucntt
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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 doi géc tdi :
Phuong phdp tinh thé quay
Phuong phap Debye — Schrerrer ( phuong phap bot )e
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2) Phuong phdp Laue

Neuon _ > / Phim chup

tia X

tring %/////////////ﬁ \ tia X

Collimator

Phim chup ngudc Phim chup thuin
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Phuong phdp Laue

>
Tinh thé .

| -3 -

1 —
Tia X t6i

Anh nhiéu xa Laue cida Si
theo chiéu [001]

Mot diém tuong ng véi mot ho mit tinh thé

https://fb.com/tailieudientucntt
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3) Phuong phdp tinh thé quay

Chum tia

Tia X tdi

5

Nguwin phat tia X

Phim tru
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Can khoa an toan

Phuong phap bot
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4) Phuong phap bit

Phugng phdp bt

Tia Xt

i

-l

Miu

S—/

G

||

[
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Phuong phap bot

Inlet hole

- 360 — 40,,

360 - 46,
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