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I. CAU TRUC VUNG NANG LUQNG CUA
CHAT BAN DAN

T dudng tdn sic E(k) ¢ thé xdc dinh dugc nhiéu
tinh chat cia vat liéu.
Thuc t€ cdc tinh chat lién quan téi dién t& (tinh
chat quang, dan dién ..) cda cdc chit ban dan
hoan toan dudc xdc dinh bdi sd electron nim &
vung dan va 10 trong & vung hoa tri
— chi quan tAm dén cdc nhanh E(k) lién quan tdi
vung dan va vung hoda tri trong pham vi cua vung
Brillouin.



Viing dan: Vi tri (cuc ti€u) thap nhat clia mot
nhdnh E(k) ciia ving din — xdc dinh ddy ving
dan. Ta c6:

E(k) = E(k,) + e, ko )+, -k, Ik, -k, )

2m, 2m,

VG6i m, =m, = m,: khoi lugng hiéu dung ngang
m, = m, : khoi lugng hiéu dung doc

— Xac dinh biang phudng phdp cOng hudng

Cyclotron

o ~ 1M s . s . Z, ? - 2
Tisd0 — : xac dinh tinh di huéng cua mit dang

o mT
nang.



Viing hoa tri: Cuc dai cua ca ba nhanh E(k) cua
ving héa tridéu § vitri k =0 — dinh ving héa
tri § tAm cua vung Brillouin tai k = 0 ¢4 suy bién
ning lugng; tuong tac spin — qui dao lam giam suy
bién mot phan.

* Trong hai nhdnh dau:

+ Trong vung hda tri khoi lugng hi€u dung dudc
tinh bdi: m

v6i A, B, C 12 cdc hing so khong thit nguyén phu
thudc vao cdc chit ban dan.



C6 hai loai 10 trong:
+ L0 trong ning:

M, g
+ L0 trong nhe:

mp nhe
* Nhanh thu ba:
Khoi lugng ctia 10 trong:

m
2
A \/B2+C
5
m
A \/B2+Cz
5
m
p3._X



Khodng ciach ngdn nhat gitta ddy ving dan va dinh
vung hoéa tri bing do rong ving cAm Eg.

Cdc chat c6 ddy viung dan va dinh ving hda tri ndm
cling mot diém trong ving B (cing k) — chitco
viing cim thang hay truc tiép.

VD: GaA:s.

Ngudc lai: chat co ddy ving dan va dinh vung héa
tri nim cing mot di€m trong ving B (khick) —
chit co ving cdm nghiéng hay gidn tiép.

VD: GaP.



II. BAN DAN TINH KHIET
BAN DAN TAP CHAT
Pinh nghia
Chat ban dan 1 cdc chat c6 dd dan dién 6 nim
trong khoang:
Tu 10-10 QT em?! (dién mo1)
dén 104+10°Q ! ecm?!  (kim loai)



bién trd sudt p (4-cm
1018 10'€ 1'% 10'2 10'0 408 405 0% WwZ 1 10 107 10°F 4078

GERMANIUM (G&) EIIi‘I.I'EFI

NIGKEL OXIDE SILICON (Si) CORRER

* (PURE)
DIAMOND GALLIUM ARSENIDE (GOAS) ALUMINUM
® (PURE) *

GALLIUM PHOSPHIDE (Gap)  PLATINUM
*SULFUR e —— L

CADMIUM SULFIDE (Cds) BISMUTH
L

FUSED
QUARTZ

1018 4016 yorid 4012 4510 4o 8 1076 =4 402 | 102 0% 0% 40
b6 dan dién o (s/cm) |

=+ CHATCACH PIEN —-l-— CHAT BANDAN 4+EH§T DANDIEN-

-
™,




c cua chat ban dan phu thudc nhiéu vio cic yéu
(0 bén ngoai nhu nhiét do, 4p suat, dién trudng, tur
trudng, tap chat ...

Bdn dan sach hay ban dan tinh khi€t — khong pha
tap chAt — con goi 1a chdt ban din dién riéng.

Pha tap vao chat bdn dan lam d6 dan dién cua né
thay d0i manh = Bdn din tap chit



ViDU
Pha B va Si theo nong do 1:10° — do dan dién
ting thém 103 lan.
Pha tap véi ndng do thich hgp c6 thé dat dugc:
+ Chat bdn dan c6 dd dan dién mong mudn.
+ ChAt bdn dan loai n hay p.
Khi dua tap chat vao tinh thé ban din: tap cé thé
th€ chd cdc nguyén tf goc & nit mang — fap
chit thay thé.
hay nim xen ké vao gilta cdc nit mang — rap
chat dién khich.



Cac chat ban dan nguyén to

Chu ky 11 111 AY 3 Vil
. B ( N
Boron | Carbon | Nitrogen
3 Vie Al Si P S
Magnesium Afuminum Sificon \Phosphorus Sulfur
4 L (s LY As Se
Zine  Gallinm Germanium Arsenic  Selenium
3 (d In 1 Sh Te
Cadmium Indinm Tin |(Antimony Tellurium
0 Heo Pd
Mercury Lead



Céc chat ban dan hgp chat
Chat ban dan hgp chat ( AxB8x):

Compounds Compounds Compounds Compounds

Element IV-IV InI-v 1I-V1 I1V-VI
51 M1 AlAS CdS PhS
Cre AlSh CdSe PhTe
BN CdTe
CraAs Sns
(saP nse
Crash ZnTe
[InAs
InP
[In&shb

Chat ban din nhiéu thanh phan



Tap chit 1am thay d6i rat nhi€u d6 din dién clia cdc chait bdn
dan .

Pha tap chit Bo vao tinh thé Sitheo ty 1& 1: 105 1am ting do
din dién cda Silén 1000 1an & nhiét do phong.
Sy phu thudc cua dién trd suit p (Qcm) ctia Si va
GaAs vao nong dd tap chit & 300K

Nong do tap Si GaAs
chat (cm™) N P N P
n. 2.103 7.107
1014 40 180 |12 160
101 4,5 12 0,9 22
10 0,6 1,8 |02 2,3
1017 0,1 0,3 |[9.107 0,3
1018 2.5.10°2 6.2.102 | 2,1.107 3,5.10
2
1019 6.1073 1,2.10
2,9.10* 8,0.10



Su phu thudc cia dién trd suit vao nong do tap chat

‘ﬂd' F e = £ T T T
T | - =& 300K :
103 ~ i b+ Si :
; S . F ----- GoAs
R iRl Wb
E 1 - .. ain
o 10! & =.==.I.H.I..T=.‘ L
: _,." = it FI_51
".I:m .,."
g H i : i i
; n-GoAs e
= 10 e ’ '
- = 3 : = =
E_ § = n-5i .
m 1072 ' Ll LTS 1)
= ~mas = }
10-3 HEl il ! [T i |
1074 ' R

1012 1013 1o'* 05 108 49T 10'8 1919 1020 102!
Nong d6 tap chit (em 3



Su phu thudc cua dién trd vao nhiét do

Kim loai : Pién tr§ suat phu thudc nhiét dd gan nhu
tuyén tinh
p, =p,[1+a, (t—t)]

vdi p, = dién trd suit G nhiét do t (°C)

p = dién trd sudt  mot nhiét dd tham chi€u nao dé
t, (thuongla 0O hodc 20°C) va

a, = hé s0 nhiét ctia dién trd suit.

Su bién thién cua dién trd theo nhiét do

R =R [1+o, (t—t)]



D tré suat Heé so nhiét D6 dan diéno

Vatheu  — om) tréndo C  x107/Om
Bac 1.59 x10% .0061 6.29
Pong 1.68 x108 .0068 5.95
NhOm 2.65 x108 .00429 3.77
Tungsten 5.6 x108 .0045 1.79
St 9.71 x108 .00651 1.03
Bachkim 10.6 x103 .003927 0.943
Manganin 48.2 x103 .000002 0.207
Chi 22 X108 0.45

Thiy ngdn 98 x108 .0009 0.10



Su phu thudc cua dién tro vao nhiét do
Chat ban dan :

DPién trG suit phu thudc nhiét do theo ham
mil : giam khi nhiét do tang.

A
PT=P03XP(E1)



Su' dan dién trong Si sach ¢ nhiétdd T=0K

SRR

XN

XA

Si** (Ge**): 4 outer electrons {sp3-hybride}E:> no electrons in the conduction band*

band structure

-EC

E,=1,11 eV (Si)

Vung hoa

Si** (Ge*) : 4 electron ngoai ( lién k€t lai sp?)

Khéng c6 electron trong viing dan



Su' dan dién trong Si sach ¢ nhiétdo T >0 K

S s sy Xy XS
'v . N
SRS

S NSNS

SRR




Tap chit trong cac chiat ban dan

< Tap chat thay thé




Tap chat trong ciac chit ban dan
Tap chat d6- no va ac-xep-to

Chuky | Nhom

Il i IV Vv Vi Vil

2 Be B C N 0 F
3 Mg Al Si P S Cl
4 Br




Taip chaat thuoac nhoum V trong chaat baun daan nhoum IV

Donor : P, As, Sb

_ MNguvén tu P




Nguyén tff As thé chd mot nguyén tr Ge & nut:

bon héa tri cua As lién k€t véi bon nguyén ti Ge
lan cin

electron hoa tri thd nim cta né lién két 16ng 1éo
vdi nguyén tif As — c¢6 thé chuyén dong tuong
do1 tu do trong pham vi rong xung quanh nguyén tl
As gdc cia nd6 — hat tdi dién chinh 13 electron
— As dudc goi 1a tap chat cho (Donor)

— bdn dan nay 1a ban dan loai n.

Miic ning lugng cla electron clia tap chit E; ndy
nim trong ving cAm va gan ddy ving dan.



Chi y: Céc electron ndm & cdc mic tap chat khong
hoan toan tv do nhu cdc electron trén ving dan ma
phian bo gan cdc tAm tap chdt — miic tap 12 mic
dinh xu.

P€ tich electron tht 5 khdéi nguyén t& As ta ding
cOng thitc ciia nidng lugng lién k&t trong nguyén to

Hydro: me*
4 E, = - _—_13,6(eV)
2(4ne h)
Nhung thay m - m™; ¢, > €€,
—  Ning lugng ion cda nguyén tif tap chit As:

m *
2
me

r

E =136



Ning lugng lién két |,
my,e 1 13,6
EH —_ —_

204ne h f o i
m,, - khoi lugng clia electron tu do

e - dién tich cua electron

(eV)

g, - hing s06 dién moi cia chdn khong
h - hing s6 Planck
n - sO lugng ti chinh
Trong trang thai cobann=1,E; =-13,6 eV



Ning lvgng ion héa tap chat do-no ¥ 4
E.— m e

" 2@me g )

Ge: m* =022m, ¢ =16

r

E. = 0,0l eV
Si : m* =033m, ¢ = 12
E. = 0,031 eV

V6i phép gan ding di dung, ning luong ion héa nhu
nhau cho moi nguyén t tap chit thudéc nhém V.

Trén thuc t€, ning lugng d6 c6 khac nhau vdi cdce tap
chit khac nhau, nhung su sai khdc d6 khong 16n 1am.



Khoi lugng

Chitbdin  9\®v)  hiéudungmim, Hang s
6 273K Electron Ltrong dién moi
Ge 0,67 0,2 0,3 16
Si 1,14 0,33 0,5 12
InSb 0,16 0,013 0,6 18
INAS 0,33 0,02 0,4 14,5
InP 1,29 0,07 0,4 14
GaSh 0,67 0,047 0,5 15

GaAs 1,39 0,072 0,5 13



Su xuit hién cdc mifc ning lugng tap chat

trong ving caAm
Khi dwa cdc nguyén t tap chat thudc nhém V vao Ge hay
Si, trong vung cAm xuit hién cdc mdc ning lugng nim
khong xa ddy ctia ving dan .

Tap chat c6 thé cung cip dién ti dAn dién : tap chit do-no
va muc tap chat dudc goi 1a murc do-no

I C

Muc do-no

.




Mitc ning lugng tap chat

Sb P IEI-H Ti C Ft g )
1 0.039 ggqg, Q.21 0.16
Si 0.0594 — 25 025 _—
A 38,
054 0.51
2 b————— ,u_.__lﬁl_
o3g 035 036 —
& — 0 —po28
0045 0.067 0072 — 03" "p
* - —
B & Ga In Pd
S Se Sn Te Si C 0
Sois | |0.006 0.006 0.006 553 0.0058 D.0DE
0.4
0.63
ael 067 —3-
04q D
0.24
! 0.028 0.028 0.031 0035 0.035 5 gpg — 014
Be Mg 2Zn Cd Si C Cu cr

Tap chiat nhu As va B ¢6 mitc ning lugng nim gan
cac cuc tri cia vung nang lugng.



Chat ban dan loai N : chdt bdn din c6 chita tap chi't dono.

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

chit bdn ddnridng || chit bddloaiN( tap dd-no)

viiog hoa Lej vilng hoa trl



SU PHU THUQC CUA
NONG PO PIEN TU DAN VAO NHIET PO
Nong dd electron t¥ mitc Donor nhdy 1én vung

dan: R E,
n, =A,exp —
D p €XP KT

Ap:hé sotilé

E; : ning lugng ion hda cla nguyén tif tap chat
(1ay gdc ning lugng la ddy viing dan); E,<<E,
Ep

Lnnp =LnAp — kT



0 nhiét do T khong cao: mot sO electron § muc
E, c¢6 thé nhdy 1én ving dan

— Céc electron trong vung dan cha yéu 1a cic
electron tir mic Ep nhay 1€n

— MAit do n_ cla electron trong viing dan 16n hon
rdt nhiéu so v6i mat do 10 trong n, trong viing héa
tr1

— Hat tdi dién chu y€u (cd bdn) 1a electron

— Bén dan loai N.

—Pudng bi€u dién cla Innp, theo 13 dudng thing c6
do doc 1a Ej,.



<O nhiét do T di cao sao cho toan bd electron &
mitc E, nhdy hét dugc 1én ving dan, khi d6 néu
ti€p tuc ting nhiét dd thi ndng do electron & trong
vung dan van khong ting nta — dudng ngang.

Ln n
A

O nhiét do T rit cao sao D,
cho cdc electron ¢ vung
héa tri c6 thé nhiy lén T~ D,
vung din — sO electron
trong ving dan ting vot.

2KkT



So1 phui thuoac cula noang hoa niean tou daan vago nhieat
Noa

" v g A11213133111,;

E - .
I -S540 ' A= - :
£y Ey E,

TS0k [ncreasing T Room temperature

A AR aen > E
mi€n dan dién tap chdt n~ eXp—u

2kT

N X ° A ° A E
mi€n dan di€n riéng n~ exp-—=

2kT



In (n)

>
1/T
\ Np3
\ Np»
Npi
0 e "1/2KT

dan dién idin dién tap chat
riéng



Khi ting ndong do tap chiat N (N, >N ) 7 phan nim
ngang clia dudng bi€u dién Lnng, theo o gidm

va khi dat t6i mot nong do thich hap Q\TDJ thi doan ndm
ngang bi€n mat

— ching t0 cac electron tr viung hda tri da nhay lén
ving dan trude khi hét electron & mic Ep va ning lugng
ion hda ctia nguyén tf tap chat gidm.



GIAI THICH
Khi ¢c6 qud nhiéu tap chit — khodng cdch gifta céc
nguyén tu tap giam —> ching tuong tic nhau
— cac muc niang lugng E; mG rdng ra thanh vung. Téi
mitc ving ndy md rOng va cham vao ddy ving dan
— ning lugng ion héa bing 0 — Nong dd electron tu
do khong d6i tir nhiét do rat thAip — Nhiét do bit diu
qud trinh dan dién riéng (dén khi cdc electron tit ving héa
tri nhdy 1én ving dan)
— Chat ban dan kim loai.
G nhiét do thap ching c6 tinh chit clia kim loai n = const.
G nhiét dd dG cao ndng do tap dG d€ bi€n chat ban din
thanh ban kim loai.



Taip chaat thuoac nhoum III trong chaat baun daan nhoum 1V

Acceptor : B, Al, Ga, In

T"-]ngntu B

binh thud¥ng ™




Su xudt hién cac midc ning lvgng tap chat trong ving can

Khi dua cdc nguyén tf tap chat thudc nhom III vao Ge hay
Si, trong ving cdm xudt hién cdc mdc ning lugng ndm
khong xa dinh vung héa tri .

Tap chit c6 thé cung cip 16 trdng din dién : tap chit ac-
xep-to va muc tap chat duge goi 1a murc ac-xep-to .




Chat ban dan loai P : chit bdn din c6 chira tap chat ac-
xep-to. p>>n

Hat tai di€n cd bdn : 10 trong

Hat tai dién khong cod ban : electron

chit bdn din ridnp

chii't bdd lbai P (tap ac-xcp-to)

mue ac-xXcp-to

yiug héa tri

viioy boa e



MOt nguyén td B thay thé mot nguyén tu Si § nit mang;
dung ba electron héa tri lién két v6i cdc nguyén ti Si lan
can

nhung vi thi€u mot electron héa tri nén nguyen tu B c6 xu
hudng 14y thém mot electron G cdc nguyen tr Si lan can.
Ning lugng can thiét d€ thuc hién di€u d6 nhd hon nhiéu
so vO1 Eg

— tao thanh mdc ning ludng tap E, ving cAm gan dinh
vung hoa tri.

— nguyén ti Si bi chi€ém mot electron — thi€u mot
electron — tao thanh 16 trong

— electron cua cdc nguyen tr Si dé dang nhay vao 10
trong do va tao thanh mot 10 trong méi — ¢ nhu thé 10
trong c6 thé di chuyén dé dang trong viing héa tri.



SU PHU THUOC NONG PO CUA LO TRONG
VAO NHIET PO

< O nhiét do thudng céc electron & viing hoa tri 14p ddy
muc tap E, va bi giit  d6; cdc 16 trdng c6 thé di chuyén
tv do trong ving hoéa tri — hat tai tw do chd yéu
— Tap chiat nhém ba nay dudc goi 1a tap chit nhin
(acceptor) — mifc tap xudt hién trong viing cAm E, goi 1a
muc Acceptor — Bdn dan loai P.
Trong bdn dan loai P:  n >>n, , v6in, 1a nong do 16
trong trong vung hdéa tri, n, 12 nong dd electron trong
vung dan.
Lo trong 1a hat tdi dién chd yéu trong bdn dan loai P
Su phu thudc cia n, (ndng d6 16 trong) & viung hoda tri
theo nhiét do trong ban dan loai P tuong ty nhu sy phu
thudc cla np & viing dan trong ban dan loai n.



BAN DAN LOAI P

In g

106

10!

MNhiét &g (°C)
700300 100 0 -100 150 o0
T T T I ,
B
|1 Hail 1di di€n riéng
58 o
we b Lé 1wéug (do 13p)
— ]DE‘-I
i 0,005 att B
LS
= Ld 1rdng (do 13p) 0.0012 at% B e
[—%
=
o R
|
5:'—
Hai 131 dién ridng
4’3 =
o : ' T T B | 1020
! 0 0007 0004 003 00 0010 0012 0u0ld

1/T (1/K)

Néng dj by 13i (17 m3)

102



Noang noa cauc hait tadi niean trong chaat baun

Néig'dd hat tai dién (ng va p,) trong diéu kién cin bing.

V6i chat bdn dan dién bat ky ( riéng hoic tap chit) trong diéu kién

cAn bang & nhiét do T

0 Nong do electron :

E.’
Vung dan

E

C

0 Nong do 16 trong :

Vung héa tri

Pon vi ctia n,va p,[ cm 9]

HE sieit B Ay ann 1A
™

= j g. (E)f(E)AE
s

2 1mnz teivemng Lan' upng Yhoing &

XA s trang 1ha i (i

I{S_IEW ¢ (E)1- FE)E
B, v L

S 1mng e iemg Lan' ueng Yheing R



Noang noa electron trong vugng daan

Ecl
n,= [ g(E)f(E)dE
E

c

g(E) 1a mat do trang thai

#(E)=dn (=52 P (= B}

m_ 12 khoi lugng hiéu dung cda electron trong ving
dan E_1a ning lugng § ddy cia vung dan.
E.: ning lugng mdc i trén ving dan.
1
va ham phan b8 Fermi- Dirdc: {(8)=—_ Ey

ex, +1
P kT




NONG 510 ELECTRON TRONG VUNG DAN
CUA CHAT BAN DAN KHONG SUY BIEN

V§i chdt ban dan khong suy bién : E, — E,.>> kT

C6 thé dung cdc gan ding sau :

Ep—-E

L. f(E)~ ex,
(E)=~ exp T

2. mé rong gidi han 14y tich phin ra dén vo cung
(khi E 16n, f(E) tién dé€n 0 ).



Chon E-=0; E, — o0, ta co:

om . )32 Ep I _E
n.=4n n eij EZ2e KTdE
0 h2 0

E
Pat:x =—
kT

Nong do electron trong ving dan & di€u kién cin
bing theo T:

3/2 EF 1
2 kT o OO A
n, =d4x 0 eij x2e "dx
O h2 0




Theo dinh nghia va tinh chat cia hAm Gamma :

F(H)=T?X"_16_de
0

['(m)= (n-11 (n-1)
re)=r

Lo

L kT
N, = 2(2 MZ )2 mat dp trang thai rit gon cia ving dan

3/2
2nm kT’ 15[ 1, /2, -3
N,=2 P =4831.10% =2 | 1 (emi)

m,

nm, kT F —
n,=2 2eXp—F N. exp=E
(2 ) / kT ¢ p(EkT



NONG 510, LO TRONG TRONG VUNG HOA TRI
CUA CHAT BAN DAN KHONG SUY BIEN

Tuong tuy: ndong dd 10 trong trong ving hda tri 8 di€u kién
cin bang: Ev-EF
P = NV .C kT

ZTCIH](T* E,-F E - F
=2 2 ex, F_ N exp—¥ —F
B =2( 112 ) exp T v exP—

Ey : ndng lu’dng dinh viing héa tri

=2 ( ”k mat do trang thdi riit gon cua viing hoa tri
112 (27(3ij3 - _(Eck—TEVj
— IlO po = (m nm b ) c

27kT ) v
np. :4( 7:12 j (mnmp) e ' =const
E,=E.-E,: d6 rong ving cAm




Noang foa hait taui fiean
rieang E,

3
27k T —
n,p, :4( le j (mnmp)g/ze kI = const

— Vi mot chat ban dan cho trudc va & nhiét do T co
dinh, tich n.p,1a mot hing s6 :

n,p, = const
V§i chdt ban dan riéng (sach = tinh khi€t): n, = p, = n,

2nkT)§(m o )g xry Eg
h’ P P 2kT

=>n, =2



Niedu kiedn trung hoga fiiean trong chaat baun daan
Mouc Fermi
Né&u bi€t dudc Ey. thi tinh dugc n, va p,. Ngugc lai: d€ tinh
dudc Ep ta dya vao di€u kién trung hda vé dién.
V6i mot chit ban dan bat ky, di€u kién trung hoa dién
m+ Ny=p+ Np

N, , Ny* tuong ng 1a ndng do ion acxepto va ndong dod ion dono.

ChAit bdn dan riéng : n, = p,

.y —F

N, exp( FkT €)= Nyexp(EVkTF)

ox 2Ep NVex E.+ E,
T ™ N, kT
E.+ E, m
Ep= HIHN 4 Lt 3len p+Ec+EV
2 N 2 4  m 2

c n



20 T=0K:E, =—C*EV 5 46i v6i ban din rieng 8 0K
mtc Fermi nim giifa Viing cim.

“Khi T=#0: Vimg#m, — mic Eghoiléch khoi tdm
vung cam,

<*Bén din loai N : mdc E; léch vé ntta trén ving cim,
nong do acceptor cang nhiéu, mic E; cang gan ddy E.
cia viung dan.

<*Bén dan loai P : mic E; 1éch vé nlra dudi viing cdm,
nong do donor cang nhiéu, mic E; cang 1éch vé dinh
vung hoa tri.



Mouc Fermi trong cauc chaat baun daan

Cha't ban dan riéng

3kT GZ m, FE +F
Epi=——In—Lt+—¢ 7
4 m, 2
Ving dan Vung din Ving dan
EC EC EC
_____ E,
————— Eg

0 EV EV EV
Vung hoa tri Vung hoéa tri Vung hoa tri

ChAt bd riéng loai N loai P




. Cauc hait taui hiean khoang caan
O dipgdng can bang nhiét dong:

Qua trinh sinh = Qua4 trinh ta1 hgp
,% g0=rO:yI}IOpO/
Vé6i g, la s6 cap dién tu — 10 trong sinh ra do
nhiét trong mdt don vi thé tich.
r. 12 s cap dién tif — 10 tréng bi mat di do tdi hgp
trong mot don vi thGi gian.
"Trong kim loai, trén thyc t€ ta khong thé 1am

thay doi nOng do hat tdi dién trong thé tich.
Trong ban dan, su tao thanh cdc cip electron — 10

trong tao nén mot sy thay doi 16n dd din dién trong
thé tich — goi 12 cdc hat tdi dién du = cdc hat tai
dién khone cin bang.



Cach tao cdc hat tdi dién khong cin bing:

+ Chi€u sdng chat ban dan bing dnh sdng
cO nang lugng photon:

e=ht2E,

+ Dung chum cac hat c6 nang lugng cao
nhu chum electron, proton, hat o, tia X, tia v, ...
chiéu vao.

+ Phan cuc thich hdp cdc 16p chuyén ti€p:
kim loai — ban din, hay 16p chuyén ti€p P — N.



Khi mé&i dudgc tao thanh, ddng ning cua cac hat
tdi dién khong cin bing c6 thé vudt xa ning
lugng nhiét trung binh cua cdac hat tai di€n can
bing.

Nhung do tdn xa véi mang tinh thé ching nhanh
chong nhudng niang lugng vugt tré1 do6 va khong
con phan biét dudc véi cdc hat tdi di€én cAn bang.



Nong do hat tdi dién bing
n=mn,+A4n ;p = p, + Ap

3

2(21tm,, kT)2
I = E)L, (E)dE = ex
0 Ig( ) (E) 113 PE,
3
2
n=|g(E)f,(E)dE= 2(211:1;11ng) exp%

f_(E)1a ham phin bd khong cin bang cla dién

to .



EFn B EF

n=1_.cX
0 CXP—
D= Dp€XP b=
¢ kT

Eg, va Eg, tuong ung dudc goi la chuin mifc
Fermi cua dién t va 10 trong
EFI] o EFp
kT

ap=1n,p,cxp

Hiéu nidng lugng E, - EFP dic trung cho do
]éch khdi trang thdi cAn bing



Thogi gian soang

<*V§Gi chdt bdn dan dién riéng An = Ap

dn d
dt N al’lz =& — ¥ p=—y (1,Ap+ p,An+AnAp) =y, Am(n, + p,)
 Trudng hgp kich thich yéu An << n, + p,

dn_ _An

dt T

1
T =
Y (11, + Pp)

An=AnQ)exp- !
T

t 12 thdi gian ma sau d6 nong dd hat tdi dién
khong cAn bing gidm di e 1an - tho7 gian séng clua
dién t (10 trong).



**Trudng hdp kich thich manh An >>n, + p,

dn 5 An
v (AR =
dt Ve (An) T
1
T =
v .An

Trong cdc chit ban dan tap chat, néi chung 7, # 7,



Cauc quau trinh taui hoip trong cauc chaat baun daan
Thoi gian sOng T cua cac hat tai di€n do cac qua trinh tai
hop x4y ra bén trong chit ban din quy dinh.

C6 thé phan loai cdc qud trinh tdi hop thanh
+ Ta1 hgp vung - vung
+ Tai hgp thong qua cdc tAm trong viing cim
+ Ta1 hgp mat ngoai

Néu trong chit ban din ddng thdi xay ra cd 3 qud trinh
tdi hop noéi trén thi thdi gian s6ng T clda cdc hat tdi dién
dudgc tinh theo cOng thic :

1 1 1 1 1
—=) —= + +

T 7% Vving—vimg Vpiy Vmat




Tieap xuuc kim loaii - chaat baun
Dongdg?ahm nhiét dién tr. Cong thodt nhiét dién tur

Pién tf nim trong tinh thé chiu sy tuong tic Coulomb tir
phia cac ion duong cua mang.

Mot dién t¢ mudn thodt khdi chit rin can ton mot ning
lugng xac dinh nao do.

Mat dd dong phat xa nhiét dién tir ( dong dién tich cua
cac dién to di ra chdn khong trong mot don vi thdi gian
qua 1 don vi dién tich cua vat liéu 6 mdt nhi€tdo T ) :

: 0)
= AT *exp— —
Js P T
dudc goila dong phat xa nhiét dién ur.
A 12 mOt hiing s6 khong phu thudc vao vat liéu
47zmoe](2

]]3

A=



® = E,- E; 1a cong bift dién tr




Giaun Aoa vugng naéng l60ing culia lI6up chuyean
tieap kim loaii - chaat baun daan

Gid st chat bdn dan 12 loai N va c6é cong thodt
dién tu Ppan < Okr
SO electron thoat |
khdi chit ban din I
d€ sang kim loai
sé& 16n hon soO

;,

electron  chuyén
dong theo chiéu
ngugc lai

Okx1 > Pap.n



—phia kim loai ¢6 tich dién 4m con phia chit
ban din mat di mot s6 dién t& dé lai cac ion dono
dudng khong dudc trung hoa

- xudt hién dién trudng § ranh gidi E, hudng tir
chat ban dan sang kim loai.

- Pién trudng nay ngin cdn sy chuyén dong cia
electron tir chiat bdn dan sang kim loai nhung
khong dnh hudng dén cdc electron chuyén ddng
tir kim loai sang chat ban dan .

—>Khi cin bing : & ranh gidi cua hai vat li€u xuit
hi€n mot di€n truéng on dinh E, dugc goi1la dién
(ruong tiép xic.



J trang thdi dirng, dong electron di tit chdt ban
din sang kim loai jp bidng dong electron di tir
kim loai sang chat bdn dan j,,

P +eUo  _ jKLzATZexp—&

.. = AT exp—
JBD p kT T

T nhitng ddnh gid so bd vé cédc 16p dién tich
khong gian va tinh dén hiéu ¢ng dudng ham khi
khe d hep ta c6 thé vé& gidn do ning ludng cho
16p chuyén ti€p kim loai - bdn din trong diéu
kién cin bang



_T_”_ """"" U, U, ’
- 2 E,
P DD
'\%T Q&BD—N Q&KL BD-N
c
J - Ee L i
EF SRR ISR, AR ™ e s | JORR EF
\ + -
sz el Ev
b1 > Prp.N Px1 < Ppp.N
Mién dién tich thé tich w trén .
mit chat ban dan c6 dién trd rat Trong trudng hdp ¢y < Ppp.y -
16n so v6i dién trd clia kim loai mi€n dien tich the tich c6 dien

va clia mién ban dan trung hoa. trd nho né€n dugc goi la /dp doi
LGp d6 thudng dudc goi la /op ngan.
ngan.



Mutc chin khong

S ...‘..‘.‘- ; Fm Mt chin kh(’jng :,"_il.r'brl
R ki bbbkt |

‘;E}Hw e

Kim loa1 - BD loa1 N Kim loa1 - BD loa1 P



Pic trung Volt — Ampere cta chuyén tiép
Kim loai — Ban dan
“*Khi chua diat dién ap ngoai 1én hé kim loai — ban
dan:
j?Kl — de — js /
— Dong di€n tong cOng qua 16p t1i€p xuc kim loa1 —
ban dan:
J=Jkxi-Jpa=0
“*Khi dat dién ap l€n hé hinh thanh 16p ngdn (¢, >
dgy) Vi di€n tré 16p ngdn 16n nén toan bo dién dp
ngoai coi nhu sut tai 16p ngan dé, bo qua su sinh va
tdi hgp cac hat tai tai 16p ngéan.



Phan cuc thuin
Vigoai = V = @pa - Px1 >0 .
Pi€n 4ap V tao nén di€n truGng ngoail ngudc chi€u voi
dién trudng ti€p xdc lam gidm hang rao thé ning doi véi
cic electron chuyén tir bidn din sang kim loai —
tdng, jx; = const.

JBd
jKl :js

eV
Prq +ek[;o _evj _ jseﬁ

joa = AT eXP(_



— Dong dién tong cdng qua 16p ti€p xdc kim loai
— bdn dan:

[ eV )
1= Jba —Ju=1Js € —1
\. J

N—— PN o |
_| KL | BD |— Eg -=ky---E

- s U




Phan cuc nghich
Vigoai= V = Ppq - Pxr < 0
Pién truGng ngoai cung chi€u vGi1 di€n trudng
ti€p xtc, 1am nang hang rao th€ ning doi véi cac
electron chuyén dong tir bin din sang kim loai.
jKl - js

(I)Bd+eUO+er .

Jod = AT* eXp(— T = Js€ KT



— Dong dién tong cdng qua 16p ti€p xic kim loai
— bdn dan:
eV )

J=Joa —Ju=1J| € KT ]

_| KL | BD |— Fr >\;\‘6(U“+V) E




— Tong quét clia hai trudng hgp phan cuc thuin

va nghich: i i
eV
=18l exp| £— |—1
J=] P( ij




*Tiép xtc ¢O ¢y > Oy = LEp ngin = ti€p xiic
chinh lvu — diod kim loai — ban dan hay diod
Schottky.

< Trudng hgp chon 16p ti€p xdc c6 gy < dpyn
hay ¢y < Ogsp=> 16p d0i ngdn = Dong dién chay
theo cd hai chi€u kim loai sang ban dan hay bdn
dan sang kim loai déu c6 dién trd nhd — #ép
xtic Omic. J 1 i

—

V




Chuyean tieap P — N
Cdc cdch ché tao
+ Phuong phdp néng chay
+ Pha tap trong qud trinh kéo don tinh thé b4dn din

+ Phuong phdp khuéch tidn tap chit vao chat ban
din & nhiét do cao.

+ Phuong phdp cdy ion.

Trong cdc cdch ché tao trén 16p chuyén ti€p P-N
duoc hinh thanh #én cing mét don tinh thé .



Chuyean tieap P — N : hieau kiedn caan baeng
Gidn db ving ning luong cia Iop chuyén tiép P - N. Thé hiéu tiép

Xxuc

Khi méi dugc hinh thanh I6p chuyén ti€p, do cé chénh léch vé
nong do clia cdc hat tdi dién (dién t& va 16 tréng) trong hai mién ,
X4y ra cdc qué trinh khuéch tdn sau :

dién t&¢ khuéch tin tif mi€n N sang mién P
10 trong khuéch tdn tir mién P sang mién N.

= bén mién N xuit hién cdc ion dono duong khong dudc trung
hoa va bén mién P con lai cdc ion acxepto Am khdong dudc trung
hoa bdi 16 trong.

G ranh gidi clia 2 mi€n hinh thanh dién trudng huéng tf mién N
sang mién P.

Dbién trudng nay han ché qud trinh khuéch tdn cta cac hat tai dién
cho nén dé€n mot lic nao d6 sé dat tSi trang thdi cAn bing.



Chuyean tieap P - N :

Nieau kiean caan baeng

Dong ktan cta 16 trong
>

Dong ktin cua electron

0o
o 90
0.0

BD-P

<
© o0 0909 i o
©0p| |o Zo|®les
_G':'(B- o3 +':E'j+ !E} E}!:-B‘ {5
—
BD-N Pién truong txiic

Trong mién dién tich thé tich W & ranh gi6i clia hai mién N va P
c6 dién trudng ti€p xuc E, va

dong dién tr tr NsangP : ]

N

dong 10 trong tir Psang N : j

P

n

p

dong dién tr tu P sang

= Jns

dong 10 trong t N sang

jps :

dong tong cdng qua 16p chuyén tiép j = (Jp+Jy) = CJps+ Jps) = 0



Vingdin | Lop |

E




Chuyean tieap P — N : hieau kiedn caan baeng

+ E

F S N <
cP e . i

P ,
E Khllé Ch tE,l n e U 0
I.P INEMPETIE IR ANl IR T e am LI

EVP




Thea hieau tieap
A A Lo XWUC o ,
Mién dién tich the tich chi c6 cac di€n tich co6 dinh (cac
ion N,;* va cdc ion N,°) nén dién tr§ cla mi€n nay rat
hon dién trd clia cdc mién P va N trung hoa.

Trong mién N : n,y=N, eXpEF_ Eon
(/) C kT
_ 2
Doy Pon = I
Khi E.=E., thi N,y = N nén:
Er—-E;

n,y=n; exp 5T



Thea hieau tieap xuuc
Trong mién P :

_ a2
Dop Pop = 1Y EiP______“__\ Ier
Ep—E.p ~

Popr = N y €XP- kT Ey X
Er—FE;
Pop = 1; €XP- FkT'P
2 E}P B E;N 1oNDPop 6[]0

n\p,p = I1; EXp —> =exX

oN1I’oP 1 T 1]12 p T
Thé hiéu ti€p xic :

[/ — QLH oN kTLI] Popr

0]
c 11,p c PoN



Chuyean tieap P — N : haéc trong Von-Ampe
Xét 16p chuyén ti€p P-N .
C6 cdc dong sau chay qua 16p chuyén ti€p do :

+ dong 16 trong tif mién P sang mién N : Jp
( dong hat tai di€n cd ban )

+ dong 16 trong tr mi€én N sang mién P : j s
( dong hat tai dién khdong cd ban )

+ dong dién t& tit mién N sang mién P : j
( dong hat tai di€n cd ban )

+ dong dién ti tf mién P sang mién N : J
( dong hat tai di€n khong co ban )



Khi khong dit dién 4p ngoai vao, dong tong cong qua 16p chuyén
ti€p

J =y tdy) - Cpst Jus) = 0

trong do
g - Ln
Jns = €ll)p——
n
o Ly
Jps_ €N
Tp

bat dién ap V 1€n hé P-N.

= Do dién tr§ cla 16p dién tich thé tich rat I6n nén gan ding cé
thé xem toan bd V syt hét trén mién nay.

= Xét trudng hop 16p ngidn mdng dé€ c6 thé bd qua cic qud trinh
sinh va t4i hdp cdc hat tdi dién trong mién nay.



Chuyean tieap P — N : phaan coic thuaan
P N

0o o 00
0200 0000

Pién 4p V tao dién trudng ngodi ngudc chi€u véi dién trudng
ti€p xudc. Do hai dién trudng ngudc chiéu nhau nén dién trudng
tong cdng trong 16p chuyén ti€p gidm xudng. Thé hiéu ti€p xtc
bay gid bange (U, - V)

\x e(U,-V)

-ﬁ-ﬂ'ﬂ'-‘ﬁ_ f—

2
f'" - -
o E 7

— -d"-.- L -.-q --.'L-I'.?"'




Sy gidm nay khong dnh hudng gi dén cdc dong hat tdi dién
khong co ban nhung lam ting cac dong hat tai di€én cd ban :

. . eV L, eV
JIn = Jns €XP [(T= en,p ; exp kT
. R (& V L D e V
o= Jps €80 = BN Py

Dong tong cdng qua 16p chuyén ti€p

J=Cn+ jp)_ (Jns+ jps)

. eV L L eV
= (Jpst Jps)(eXp —1)=e(np—"+ p,n p)(eXp -1)
kT Th Tp kT



Chuyean tieap P — N : phaan cdic ngddic

Mién ngheo

o0 QOOOoO0o0O0O0000

+

Pién 4p V tao dién trudng ngodi cing chiéu vdi dién trudng tiép
xtic. Do hai dién trudng cung chiéu nhau nén dién trudng tong
cong trong 16p chuyén ti€p ting 1én. Thé hiéu ti€p xdc bay gid
bange (U,+V) .



Sy ting thé nay khong dnh hudng gi dén cdc dong hat tdi dién
khong co ban nhung lam giam cac dong hat tai di€n co ban :

.. eV L, eV
In= Jns €XP- = e”opz —exp
., eV L, eV
Jo= Jps X 4= BN NP

Dong tong cdng qua 16p chuyén ti€p

j= (jn+ jp)_ (jns-l_ jps)
—-eV L, —eV

L
= (Jus+ Jps)€xp———1)= e(n,p—+ p,y—L)Nexp——-1)
kT T, T, kT



K&t hgp cdc két qud trén, cé thé viét bi€u thitc clia dudng dic
trung Von - Ampe dudi dang

eV /)
= J.(expt——1
J=Jstexpt = —1)

trong d6 14y dau + néu phin cyc thuin

va dau - khi phin cuc ngudc. l

T4
P o o o LI] Lp
VOl Jo= (Just Jpn)z e(nyp—+ Poy——)
T, T,
L

. L L L
Js= e(noP_n+poN_p)= elf( z + P )
Th T, Ny, Npt,

phu thudc nhi€u vao nhiét do .



