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Choodng VII

Calic chagthn dadn flean




|. CAU TRUC VUNG NANG LOONG CUA
CHAT BAN DAN

To fi6dng tan sac E(k) co the xac fionh fiddc nhieu
tinh chat cua vat lieu.
Thdc tel cac tinh chat lien quan toi nien to (tinh
chat quang, dan fien ...) cua cac chat ban dan
hoan toan n66c xac fionh bdoi so electron nam 6
vung dan va loi trong 6 vung hoa tro
— chg quan tam nen cac nhanh E(k) lien quan toi
vung dan va vung hoa tro trong pham vi cua vung
Brillouin.



http://www.mientayvn.com/chat_box_li.htmlCh��ng

Vung dan: Vo tri (coc tieu) thap nhat cua mot nhanh
E(k) cua vung dan — xac ionh nay vung dan. Ta

CO.

) = ko + "MK+l Ptk

2m, 2m,

VoI m, =m, =m;: khoi 160ng hieu dung ngang
m, = m,_ : khoi 100hg hieu dung doc

— Xac nonh bang phddng phap cong hoddng

Cyclotron

- m P , e A .‘ o~
Tzso — : xac fionh tinh do h6dng cua mat fang

Tom,
nang.



Vung hoa tro: Coc nai cua ca ba nhanh E(k) cua
vung hoa tro ieu 0 vo tri k =0 — fgnh vung hoa tro
0 tam cua vung Brillouin tai k = 0 co suy bien nang
|60Nng; t00Nng tac spin — quo Nao lam giam suy bien
mot phan.
* Trong hal nhanh nau:
+ Trong vung hoa tro khoi 160ng hieu dung NG0C
tinh boi: m

m._ =

P 2
Ai\/BZ+C

5

vol A, B, C la cac hang so khong thd nguyen phu
thuoc vao cac chat ban dan.



Co hal loai lo trong:
+ Lo trong nang:

+ Lo trong nhe:

* Nhanh tho ba:
Khoi 160ng cua lo trong:

m
2
A \/BZ+C
5

m
2
A \/BZ+C
5




Khoang cach ngan nhat gida nay vung dan va iznh
vung hoa tro bang no rong vung cam Eg.

Cac chat co fiay vung dan va nznh vung hoa tro nam
cung mot filem trong vung B (cung k) — chat co
vung cam thang hay trdic tiep.

VD: GaAs.

Ngo60c lai: chat co hay vung dan va fiznh vung hoa tro
nam cung mot fiiem trong vung B (khac k) — chat
CO vung cam nghieng hay gian tiep.

VD: GaP.



11. BAN DAN TINH KHIET
BAN DAN TAP CHAT
Nonh nghoa

Chat ban dan la cac chat co no no dan nien o

nam trong khoang:
TO 10-1° O-temt (fiilen moi)
fien 104+10°Qtecm*  (kim loai )



bién trd sudt p (a-cm)
1018 1018 1of% 4p'2 4010 408 0% 0% wE 1 10°% 0% 0% o

GERMANIUM (G&) EIIi‘I.I'EFI

NIGKEL OXIDE SILICON (Si) COPRER

* (PURE)
DlAMOND GALLIUM ARSEMIDE [GQAS) ALUMINUM
® (PURE) s

GALLIUM PHOSPHIDE (Gap)  PLATINUM
® SULFUR *

CADMIUM SULFIDE (Cds) BISMUTH
L

FUSED
QUARTZ

10718 4018 o 1% 4012 4010 4978 4076 o4 1072 1 102 0% 108 408
b6 dan di€én o (sscm) |
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o cua chat ban dan phu thuoc nhieu vao cac yeu to
ben ngoai nhd nhiet o, ap suat, Nien troong, to
troong, tap chat ...

Ban dan sach hay ban dan tinh khiet — khong pha
tap chat — con goi la chat ban dan Aien rieng.

Pha tap vao chat ban dan lam fno dan nien cua no
thay fioi manh = Ban dan tap chat.



VI DU

Pha B va Si theo nong ioi 1:105 — noidan fiien
tang them 103 lan.
Pha tap vbi nong fio thich hdp co the: fiat AGo(C:

+ Chat ban dan co o dan nien mong muon.

+ Chat ban dan loai n hay p.
Khi fida tap chat vao tinh the ban dan: tap co the
the choi cac nguyen té goc 6 nut mang — tap
chat thay the.
hay nam xen ke vao gida cac nut mang — tap
chat nien khich.



Cac chat ban dan nguyen to

Chu ky 11 111 AY 3 Vi
. B C N
Boron | Carbon | Nitrogen
3 Vie Al Si P )
Magnesium Afuminum Silicon |Phosphorus Sulfur
4 L (:a (e As Se
Linc  Gallium Germanium Arsenic  Selenium
3 (d In 1l Sh Te
Cadminm Indinm Tin | Antimony Tellurinm
{ Ho Pd
Mercury Lead



Cac chat ban dan hop chat
Chat ban dan hop chat ( A*B8*) :

Compounds Compounds Compounds Compounds

Element IV-TV InI-v

51 Sl AlAS
Cre AlSh
BN
Crads
CralP
Crash
[InAs
[nP
[Inshb

1I-VI IV-VI

CdS PbS
CdSe Pble
CdTe

Sns

Znse

nle

Chat ban dan nhieu thanh phan



Tap chat lam thay fioi rat nhieu fio dan fiien cua cac chat ban
dan .
Pha tap chat Bo vao tinh the Si theo ty le'1 : 10° lam tang fio
dan fiien cua Si len 1000 lan & nhiet o phong.
SO phui thuoc cua nien tro suat p (Q2cm) cua Si va
GaAs vao nong o tap chat 6 300K

Nong fio tap Si GaAs
chat (cm?) | N P | N p
n. 2.10° 7.107

10% 40 180 |12 160
1015 4,5 12 0,9 22
1010 0,6 18 |02 2,3
10%7 0,1 0,3 9.103 0,3
1018 2.5.10°2 6.2.102 |2,1.10° 3,5.102
1019 6.10-3 1,2.102 |2,9.10* 8,0.103




SO phu thuoc cua fiien trd suat vao nong fio tap chat

104 L =
t:ﬁ ' _ | - 1 J00K
103 - - 5i 3
: ; i --==- GaAS
1 EEYHL Y
—_ 102 : BE: pl—f}uha
E . . - 1]
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P . < |
= i s f= ik 5 il =
; n-GaoAs ==
ol [o J : | |
e l-- E i 1§18}
'=|_ ~—=HHHE n=Si
by o o 1 H'-. | Pt !
o 10” o el 1)
-— — < aas -
-3l )
10 : s
1074 ' il ' i [Tinll |
ini2 1013 oLk 1nis il To Ll 018 019 1p20 4@

Nong d6 tap chit (em3



SO phui thuoc cua fien tro vao nhiet o

 Kim loai : Nien tr6 suat phu thuoc nhiet fiol gan nho
tuyen tinh
po=p Lo (- t,)]

vOI p, = filen tro suat 0 nhiet noit (°C)

p , = Nien tro suat 0 mot nhiet o tham chieu nao no
t, (thoong la 0 hoac 20°C) va

a, = he so nhiet cua fien tro suat.

SOl bien thien cua nien tro theo nhiet no

R .= R [T+ a (t-1t )]

t



Vat lieu

Bac

Nong
Nhom
Tungsten
Sat

Baich kim
Manganin
Chi

Thuy ngan

N tro suat p He so nhiet

(€m)

1.59
1.68
2.65
5.6
9.71
10.6
438.2
22
98

x108
x108
x108
x108
x108
x108
x108
x108
x108

tren no C

.0061
.0068
.00429
.0045
.00651
.003927
.000002

.0009

No dan fiien o
X 107 /Qm
6.29
5.95
3.77
1.79
1.03
0.943
0.207
0.45
0.10



SO phu thuoic cua nien tro vao nhiet no
Chat ban dan :
Nien tr6 suat phu thuoc nhiet fio theo ham

mu : giam khi nhiet no tang.

— by EXP(-2)
PT = Po T



SO dan fien trong Si sach 0 nhietio T=0K

SRR

XIS

SRINIRNY -

band structure

-EC

E, = 1,11 eV (Si)

\Vung hoa

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

Si** (Ge**) : 4 electron ngoai ( lien ket lai sp°)

Khong co electron trong vung dan



SO dan filen trong Si sach 6 nhietio T>0K

SIS

S NEICINS

PRI,




Tap chat trong cac chat ban dan

¢+ Tap chat thay the




Tap chat trong cac chat ban dan
Tap chat no- no va ac-xep-to

Chu ky | Nhom

I [ v vV VI VI




Taip chaat thuoac nhoum V trong chaat baun daan nhoum IV

g
39 E=EC| <
o




Nguyen to As the cho mot nguyen td Ge 0 nut:

bon hoa tro cua As lien ket voi bon nguyen td Ge
lan can

electron hoa tro thd nam cua no lien ket long leo
vOi nguyen t6 As — co the chuyen fiong t66ng
noi tdl do trong pham vi rong xung quanh nguyen to
As goc cua no — hat tai nien chinh la electron
— As i00c goi la tap chat cho (Donor)

— ban dan nay la ban dan loai n.

MoOc nang 100ng cua electron cua tap chat Ey nay
nam trong vung cam va gan nay vung dan.



Chu y: Cac electron nam 6 cac moc tap chat khong
hoan toan to do nho cac electron tren vung dan ma
phan bo gan cac tam tap chat — moc tap la moc
nonh X0.

Ne tach electron thé 5 khoi nguyen t6 As ta dung
cong thoc cua nang 160ng lien ket trong nguyen to

Hydro: 4
Y E=—— 1 _ __136(eV)
2(4ne 1)
Nhong thay m — m*; ¢, — ¢,
—  Nang I60ng ion cua nguyen to tap chat As:

m x
me?

r

E =136



Nang 100nqg lien ket
: : m.e* 1 136

By =- > 2 2~
2(4me h)

m, - khoi 100hg cua electron t0 do
e - flen tich cua electron
g, - hang so nien moi cua chan khong
h - hang so Planck
n - so 160ing to chinh
Trong trang thai co bann=1,E, =-13,6 eV




Nang 160ng ion hoa tap chat no-no

m e’
Ei —_ 5
2(4me g 1)
Ge: m*=022m, ¢ =16
E. = 0,01eV
St : m* =033m, ¢ = 12
E. = 0,031 eV

VoI phep gan fiung fa dung, nang 160ng 1on hoa nho
nhau cho moi nguyen to tap chat thuoc nhom V.

Tren thoc te, nang 166ng ho co khac nhau voi cac tap
chat khac nhau, nhong s6 sai khac fio khong 1on lam.



Chat bdan

Ge
S
INSb
INAS
InP
GaSh
GaAs

E, (eV)
0 273K
0,67
1,14
0,16
0,33
1,29
0,67
1,39

Khoi 1060ng

hieu dung m*/m,

Electron Ltrong

0,2
0,33
0,013
0,02
0,07
0,047
0,072

0,3
0,5
0,6
0,4
0,4
0,5
0,5

Hang so
filen moi
16
12
18
14,5
14
15
13



SO xuat hien cac moc nang I66ng tajp chat

trong vung cam
Khi fida cac nguyen t0 tap chat thuoc nhom V vao Ge hay
Si, trong vung cam xuat hien cac moéc nang I66nhg nam
khong xa fiay cua vung dan .
Tap chat co the cung cap fiien té dan fiien : tap chat fio-no
va moc tap chat n6oc goi la mdoc no-no




Mo6c nang 166ng tap chat

Shb = ﬂ.ﬂ Ti ' Ft (7T ]
1 0.039 .:].;345 0.21 Q.16
Si Q.05 — 25 025 -
) 38,
054 0.51
22— . . ?-E—-____
0.4l
034 035 036 2.
6 D ——p228
| |00ss 0067 2072 — 03 p
B afl Gog In Pd
] Se Sn Te Si C 0
S —— il
Goas | |©:006 0.006 0.006 5o3 0.0058 D.006
0.4
0.63
.42 — e e e e e e e e e 0.67— _n,__
o44 D
0.249
| | 0028 0.028 0.03! 0.035 0.035 g oo — 0.14
Be Mg Zn Cd Si C Cu cr

Tap chat nhd As va B co méc nang 166ng nam gan
cac cdic tro cua vung nang I60ng.



Chat ban dan loai N : chat ban dan co chda tap chat fiono.

n>>p
Halt tai fien coO ban : electron
Halt tai fien khong c0 ban : loi trong

chit bdn ddn cidng || chit bddlogiN( tap dé-n0)

vilny hoa i vilng hoa trl



W SO PHU THUOC CUA
NONG NO NIEN TO DAN VAO NHIET NO
Nong o electron t& mdc Donor nhay len vung

dan:
5 =A exp[ Eo j

W 2kT
Ay:hesotzle

E, : nang 100ng ion hoa cua nguyen t0 tap chat
(lay goc nang 160ng la hay vung dan); Ep<<E,
Ep

2KT

Lnnp =LnAp -



<O nhiet fio T khong cao: mot so electron 6 moc
E, co the nhay len vung dan

— Cac electron trong vung dan chu yeu la cac
electron t6 moc Ey nhay len

— Mat no n, cua electron trong vung dan 10n hon
rat nhieu so voi mat fol loi trong n, trong vung hoa
tro

— Hat tai nien chu yeu (co ban) la electron

— Ban dan loai N.

—N066Ing bieu dien cua Inng theo la fi6dng thang co
no doc la Ep.



<O nhiet Ao T fiu cao sao cho toan boi electron 6
moc Ep nhay het nddoc len vung dan, khi no neu
tiep tuc tang nhiet o thi nong Mo electron O trong
vung dan van khong tang nba — No0ong ngang.
Lnng
A

Pa

O nhiet no T rat cao sao D,
cho cac electron 0 vung
hoa tro co the nhay len \D2
vung dan — so electron
trong vung dan tang vot. .




So1 phui thuoac culia noang noa niean tod daan vago nhieat
noa
L, g g Ll ii13131].

| E
¥ 0 —HH-20F ' A== .

'E'I-' - IE'I»' - EI‘
T S0K [ncreasing T Room temperature

mien dan nien tap chat  n~exp- ASq
2kT

mien dan fien rieng n ~ exp_i

2kT



E llﬁ [lﬁ't' = ngﬂ“
d§ dic = EE;D
2 4
= hdo hoa

1/T

\ Nog

\ N

NDl
0 5 >1/2kT

dan fien  :dan fiien tap chat
rieng



Khi tang nong fio tap chat Ny (N, >N, ) ,~ phan nam

ngang cua idédng bieu dien Lnng theo T giam

va khi fat tdi mot nong fo thich hop (ND3) thi foan nam
ngang bien mat

— chong to cac electron td vung hoa tro Aa nhay len
vung dan trooc khi het electron 0 méc Ey va nang 100ng
lon hoa cua nguyen t6 tap chat giam.



*GIAI THICH
*Khi co qua nhieu tap chat — Kkhoang cach gida cac
nguyen t6 tap giam — chung toong tac nhau
— cac moc nang l6dng Ey mo rong ra thanh vung. Tai
moc vung nay mo rong va cham vao fay vung dan
— nang l66ng 1on hoa bang 0 — Nong fio electron t6
do khong fioi t6 nhiet fiol rat thap — Nhiet fio bat fiau qua
trinh dan nien rieng (fien khi cac electron td vung hoa tro
nhay len vung dan)
— Chat ban dan kim loail.
O nhiet fio thap chung co tinh chat cua kim loai n = const.
O nhiet fio fiu cao nong fio tap fiu fie bien chat ban dan
thanh ban kim loai.



Taip chaat thuoac nhoum lll trong chaat baun daan nhoum IV

Acceptor : B, Al, Ga, In

Mguvén i B
g ey

Lién két
binh thu¥ng ™.




SO xuat hien cac moc nang I66ng tap chat trong vung cam

Khi iba cac nguyen to tap chat thuoc nhom Il vao Ge hay
Si, trong vung cam xuat hien cac moOc nang l00ng nam
khong xa fgnh vung hoa tro .

Tap chat co the cung cap loi trong dan fiien : tap chat ac-xep-
to va moc tap chat n60c goi la moc ac-xep-to .




Chat ban dan loai P : chat ban dan co chOa tap chat ac-
Xep-to. p >>n

Hal tai nien co ban : lo trong

Hat tai nien khong co ban : electron

chit bdn din ridnp

chit bdd lbai P (tap ac-zcp-to)

mue ac-xXcp-to

viug hoa tri

Fg=1,11e‘u'

viioy hoa i



Mot nguyen t6 B thay thei mot nguyen td Si 0 nut mang;
dung ba electron hoa tro lien ket voi cac nguyen to Si lan
can

nhong vi thieu mot electron hoa tro nen nguyen to B co xu
hoong lay them mot electron & cac nguyen to Si lan can.
Nang 100ng can thiet fie thdc hien fiieu fio nho hon nhieu
so vOI Eg

— tao thanh moéc nang 100ng tap E, vung cam gan fgnh
vung hoa tro.

— nguyen to Si bo chiem mot electron — thieu mot
electron — tao thanh lo trong

— electron cua cac nguyen td Si de dang nhay vao lo
trong fo va tao thanh mot lo trong moi — c¢0 nho the lo
trong co the! di chuyen del dang trong vung hoa tro.



SO PHU THUOC NONG NO CUA LO TRONG
VAO NHIET NO

< O nhiet fio thoding cac electron 6 vung hoa tro lap fiay
moc tap E, va b gid 6 fio; cac lo trong co the di chuyen
to do trong vung hoa tro — hat tai tG do chu yeu
— Tap chat nhom ba nay nooc goi la tap chat nhan
(acceptor) — moOc tap xuat hien trong vung cam E, goi la
moc Acceptor — Ban dan loai P.
Trong ban dan loai P:  nj,>>n, , voi n, la nong fo lo
trong trong vung hoa tro, n, la nong no electron trong vung
dan.
Lo trong la hat tai nien chu yeu trong ban dan loai P
SO phu thuoc cua n, (nong o lo trong) 0 vung hoa tro
theo nhiet no trong ban dan loai P t6ong td nhd sd phul
thuoc cua ng 0 vung dan trong ban dan loai n.



BAN DAN LOAI P

Lu np(Lfm3)

56

Mhist dg (20
700300 100 0 -0 =150 200, a5
T T 1 [ I
i
|| Ha1 1di dén vidnyg
— oS
B L 1riéng (do 13p)
—10%4
B 00052 at% A
i Ld 1wéng (do 13p) 0.0013 at’ B _|qe3
i —{10%2
Ha1 1d3i dién riényg
| 121
L T T | 1020
i noog 0004 ouDde OodE 0000 0012 G014

1/T (1/RK)

Ming &G byt 13i {1/ m)



Noang noa cauc hait tadi niean trong chaat baun
NGHg Fio: hat tai fien (no va p,) trong fiieu kien can bang.

Vi chat ban dan iien bat ky ( rieng hoac tap chat ) trong fiieu kien
can bang 6 nhiet o' T

~

Non vo cua n, va p, [ cm 3

A Nong no electron :

g HEM!EE@EE@Mm;i
: j f(E)d
| = EVI(EWE
Vung dan .E.:(
I i
EC S 1mng ivng 1 an eng Yhedng de
A Nong no loitrong : e ———
E ﬂvi ] A ]
Vung hoa trd ' E= ‘[E g (£ :’[' JCE)AE
E ’ \_Y_:' er

S8 1mmg eieng Lan' yeng Yhedng dR




Noang noa electron trong vugng daan

o= [0(E)f(E)dE
=

g(E) la mat o trang thai
2m
9(E)=4m(~ 3"

m_ la khoi 160ng hieu duing cua electron trong vung dan

E. la nang 160ng O ﬁa}y cua vung dan.

E.: nang I60ng mdc 1 tren vung dan.
f(E)=

)3/2(E —E, )2

1
E-Ef
KT

va ham phan bo Fermi- Dirac:

exp +1



NONG NO ELECTRON TRONG VUNG DAN CUA
CHAT BAN DAN KHONG SUY BIEN

VOi chat ban dan khong suy bien : E_— E. >> KT

Co the dung cac gan fiung sau :

1. f(E)zexpEFk_FE

2. m0 rong gidi han lay tich phan ra fien vo cung
( khi E 16n, f(E) tien iien 0).



Chon E.=0; E; — «, taco:

o V32 EE 1 E
n0=4n( ”j eij E2e KTdE
h2 0
~ E
Nat: X =—
KT
Nong fo electron trong vung dan 0 nieu kien can
bang theo T:

1

3/2 EF
2m .- KT T p0O  ~
n.=A4mg —" ekTI x2eXdx
0 2 0




Theo nonh nghoa va tinh chat cua ham Gamma :
r'(n)= ojox”‘le_"dx
F(n)=?n—1)1"(n—1)
rC)=+r

{242

3
2rtm KT .5 e . | . .
Ne =2( hg )2 mat fio trang thai rut gon cua vung dan

3/2 3/2
N =2 25 KT ) g g3110%8 M | 13/2cm3)
cC h2 — T, . mo

3
ZTEmnkT E EF EF _EC
exp—— = N. ex

) P ¢ exp( = )

nO:2( h2




NONG NO LO TRONG TRONG VUNG HOA TR0 CUA
CHAT BAN DAN KHONG SUY BIEN

Toong to: nong Aol lo trong trong vung hoa tro 0 fieu kien
can bang: Ev-EF

PO — Nv.e kT
onm KT 2 E,—

E
hg )% exp—r — — =N, exp

E,—Ep
KT

Po = 2(

E,, : nang l60ng fgnh vung hoa tro

N, = 2( g )2 mat o trang thai rut gon cua vung hoa tro
h (znijs =
—> NP =4 ——— (mnmp) e

np = 4(2nij (mnmp)g’ze_i_? = const

. o rong vung cam




Noang noa hait tati niean
rieang 3 E,

n,p, :{anT) (m,m, ?e ¥ = const

h2

— VOI mot chat ban dan cho trooc va 6 nhiet o T co
nonh, tich nyp, las mot hang so: :

NP, = const

VOi chat ban dan rieng (sach = tinh khiet): n, = p, = n,




Nieau kiedn trung hoga fiiedn trong chaat baun daan
Mouc Fermi
Neu biet iddc E¢ thi tinh Aiddc n, va p,. Ngodic lai: fie tinh
NOOC E¢ ta dOa vao fiieu kien trung hoa ve: iiien.
VOi mot chat ban dan bat ky, fieu kien trung hoa fien
Ng+Na=pp+Nj
N, , Ny t00ng 6ng la nong fio ion acxepto va nong fio ion fiono.

Chat ban dan rieng : = Po
= E,—E
N.ex Ee N, ex 2
 eXp(=F =)= Ny exp(=* ")
eXpZEF _Ny eXpEC+EV
kT N, KT
m
Er = KT jp Ny Ec+By 3K, My | Ec+Ey

2 N, 2 4 m, 2



EC+EV

SO T=0K:Ep = > fioi vOi ban dan rieng 6 0K
moc Fermi nam gida \/%Jang cam.

eKhiT=0: Vim,=m, — moc Eg hoi lech khoi tam
vung cam.

“*Ban dan loai N : moc E¢ lech ve nba tren vung cam,
nong o acceptor cang nhieu, méc E. cang gan nay E.
cua vung dan.

“*Ban dan loai P : mdc E lech ve n6a ddoi vung cam,
nong fo donor cang nhieu, méc E. cang lech ve fignh
vung hoa tro.



Mouc Fermi trong cauc chaat baun daan

Chat ban dan rieng

kT, m E.+E
Epf =——In—P24—¢ "V
4 m, 2
Vung dan Vung dan Vung dan
EC Ec EC
_____ E.
————— E;

‘ \ EV EV ‘ \ EV
Vung hoa tro Vung hoa tro Vung hoa tro

Chat bd rieng loaii N loail P



_ Cauc hait tadi niean khoang caan
O Niggang can bang nhiet Nong:
Qua trinh sinh = Qua trinh tai hop
— gO = rO = ynOpO

VoI g, laso cap filen t0 — lo trong sinh ra do nhiet

trong mot fién vo the! tich.

r, la soi cap filen t6 — lo trong bo mat fi do tai hop

trong mot Non vo thai gian.
=Trong kim loali, tren thdc te ta khong the lam thay
floi nong fio hat tai fien trong the tich.
Trong ban dan, so tao thanh cac cap electron — lo
trong tao nen mot so thay fioi 16n fiol dan fiien trong
the tich — goi la cac hat tai fiien dé = cac hat tai
nien khong can bang.



Cach taio cac hat tai hien khong can bang:

+ Chieu sang chat ban dan bang anh sang
co nang l60ng photon:

e=hf>E,

+ Dung chum cac hat co nang 166hg cao
nhO chum electron, proton, hat a, tia X, tia vy, ...
chieu vao.

+ Phan coc thich hdp cac 16p chuyen tiep:
kim loai — ban dan, hay 16p chuyen tiep P — N.



Khi mai nooc tao thanh, nong nang cua cac hat
tai filen khong can bang co the vodt xa nang
|606ng nhiet trung binh cua cac hat tai fien can
bang.

Nhong do tan xa voi mang tinh the chung nhanh

chong nh66ng nang 100ng voot troi o va khong
con phan biet N00c vOiI cac hat tai fien can bang.



Nong no! hat tai nien bang
n=n,+4n ;p=p, + 4p

3

no = [ G(E) fo(E)dE = 2XZFMKT)® o e

h3 kT
3
2(2mm KT )2 E-
n= E)f.(E)dE = L exp—"
J9(E)fe(E) 3 p T

f, (E) la-ham phan bo khong can bang cua fiien
to .



EFn B EF

N=N,EX
0 XD KT
Er —Ep,
= ex
P = PoeXp— _

E., va E. t60ng 6ng A6oc goi la chuan méc
Fermi cua fien to va loi trong
Ern — EFp

KT
Hieu nang loong E, - E;, nac trong cho no
lech khoi trang thai can bang

NP =Ny Py EXP




Thogi gian soang

“*VO0I chat ban dan flien rieng An = Ap

dn d
. drt) =0, — 7 NP =—7, (NGAP + PoAN+ ANApP) =y, An(n, + Py)
« Troong hop kich thichyeu 4n << ny + p,
LU
dt T
1

T =
¥ (Ng + Po)
An =An(0)exp—£
T
T la thOol gilan ma sau o nong Nno hat tai fien
khong can bang giam ii e lan - thoi gian song cua
fhien to (lo trong).



<+ Tréong hop kich thich manh 4n >>n, + p,

dn 2 An
.y (AN =——1
" Y. (An) -
1
’C:
Y. AN

Trong cac chat ban dan tap chat, noi chung 7, = 7,



Cauc quau trinh taui hoip trong cauc chaat baun daan
Thaoi gian song t cua cac hat tai filen do cac qua trinh tai
hdp xay ra ben trong chat ban dan quy fonh.

Co the phan loai cac qua trinh tai hop thanh

+ Tal hop vung - vung

+ Tail hop thong qua cac tam trong vung cam

+ Tal hop mat ngoai
Neu trong chat ban dan fiong thoi xay ra ca 3 qua trinh
tai hGp nai tren thi thai gian song t cua cac hat tai fiien
Noac tinh theo cong thoc :

1ot 1 1

T i T Tyung-vung  Thay Tmat




Tieap xuuc kim loaii - chaat baun

Dongd)gaH(a nhiet nien to . Cong thoat nhiet nien to
Nien to nam trong tinh the! chou s& t6dng tac Coulomb td
phia cac ion doong cua mang.
Mot fnien t6 muon thoat khoi chat ran can ton mot nang
|60Nng xac fionh naio fio.
Mat fio dong phat xa nhiet fiien t0 ( dong fAien tich cua
cac nien td i ra chan khong trong mot non vo thoi gian
qua 1 non vo dien tich cua vat lieu 6 mot nhietio T ) :

. 5 ()

Jo = AT exp——

KT

nNooc goi la dong phat xa nhiet nien to .
A la mot hang so khong phui thuoc vao vat lieu
47m,ek?

A= 3




® = E,- E lacong bot nien t0




Giadn noa vugng naéng 166ing cuda Idup chuyean
tieap kim loali - chaat baun daan
Gia sO chat ban dan la loai N va co cong thoat
So electron thoat |
khoi chat ban dan I
fie sang kim loai
se |6n hbén so J
EF

electron  chuyen
hong theo chieu
ngoaoc lal

Px1 > Prp.N



—>phia kim loai co tich nien am con phia chat ban
dan mat ni mot so nien to ne lai cac ion nono
doong khoing nooic trung hoa

—> Xuat hien nien troong 0 ranh gioi E, hoong to
chat ban dan sang kim loai.

- Nien tro6ng nay ngan can so chuyen fiong cua
electron td chat ban dan sang kim loail nhong
khong anh h6dng fien cac electron chuyen fioing
t0 kim loai sang chat ban dan .

—>Khi can bang : 6 ranh gidi cua hai vat lieu xuat
hien mot fien trédng on fiinh E,, Addc goi la fien
troong tiep xuc.



O trang thai dong, dong electron fii t6 chat ban
dan sang kim loal Jgp bang dong electron ni to
kim loai sang chat ban dan j,,

P 8o _ j = ATZexp—&

i = AT?exp—
Jeo =P KT KT

To nhong nanh gia s6 bo ve cac 10p fien tich
khong gian va tinh fien hieu 6ng A6ong ham khi
khe d hep ta co the ve gian fio nang 166ng cho
16p chuyen tiep kim loai - ban dan trong fiieu
Kien can bang



g i
I El{] ______ E,
T + Pppx
LN
L S W S E.
N F

k1 > Pap.N

Mien fiien tich the tich w tren
mat chat ban dan co fien tro rat
[6n so voi Aien trd cua kim loali
va cua mien ban dan trung hoa.
LOp o thoong NOoc goi la 10p
ngan.

........... _E
_________ eU, I °
T ;
Q&KL B‘D N
Ec
I -
+ | — F
iy
+ N Ev

Px1 < Ppp.N

Trong trodng hop ¢y < dgp.y -
mien Aien tich the tich co fien
trd nho nen A6oc goi la lop noi
ngan.



Moc chan khong
"I"I““""“""I".... : Fb! Mouc Cham khoﬂng H..._..--é---:;:l!;;-.-l--.---..
T UL CITPRPEREES i

Kim loail - BD loail N Kim loai - BD loai P



Nac trong Volt — Ampere cua chuyen tiep

Kim loai — Ban dan
“*Khi choa nat nien ap ngoai len he kim loai — ban
dan:

JKI = de = js
— Dong fien tong cong qua l6p tiep xuc kim loai —
ban dan:

)= Jki-Jga=0
“*Khi nat fien ap len he hinh thanh 16p ngan (¢,,>
dgq) VI Niien tro 10p ngan 10N nen toan bo nien ap
ngoai col nho sut tai Iop ngan no, bo qua sd sinh va
tai hOp cac hat tai tai 10p ngan.



Phan coc thuan
Vngoal =V = Pgg - Pxi = 0
Nien ap V tao nen fiien trodng ngoai ngdoc chieu voi fiien
troong tiep xuc lam giam hang rao the nang foi vOi cac
electron chuyen td ban dan sang kim loai — jgq4 tang, jy
= const.

jKI - js
eV
jo, = AT? exp(— Poa + ektio - evj = jek



— Dong fien tong cong qua 16p tiep xuc kim loai
— ban dan:

(v )
J=Jpg —Ju = Js| €T -1
\ J

koo [“;e(Ua'V) B ’
_| KL BD |— Eg __ieV-___ Elc?

_—1

- )




Phan cdc nghoch
Vngoal =V = Ppg - P < 0
Nien tro6ng ngoai cung chieu voi fiien trédng
tiep xuc, lam nang hang rao the nang noi voi cac
electron chuyen fiong t6 ban dan sang kim loaii.

jKI :js

Jog =AT exp(—



— Dong fien tong cong qua 16p tiep xuc kim loai
— ban dan:
[ eV )

j=m—m=keﬁ—1

_| KL BD |— Eg >\;\‘6(U°+V) E




— Tong quat cua hai trodng hép phan coc thuan
va nghoch:

o eV
=S| exp| +— |—1
- ern{=8Y)




“*Tiep Xuc co ¢ > dgy = LOp ngan = tiep xuc
chenh 16u — diod kim loai — ban dan hay diod
Schottky.

“*Trodng hop chon I6p tiep xuc co ¢y, < dgqyy hAY
O < (!)de_:> Iﬁup noi n_gaén — Dong nien chay theo
ca hal chieu kim loai sang ban dan hay ban dan
sang kim loai fieu co iien trd. nho — tiep xuc

A

Omic. J ji 4

A Vv
0 \Y;




Chuyean tieap P — N
Cac cach che tao
+ Phoong phap nong chay

+ Pha tap trong qua trinh keo fidn tinh the ban dan

+ Ph6ong phap khuech tan tajp chat vao chat ban
dan & nhiet noi cao.

+ Ph6ong phap cay ion.

Trong cac cach cheitao tren 16p chuyen tiep P-N
Adoic hinh thanh tren cung mot fidn tinh the .



Chuyean tieap P — N : fiileau kiean caan
Gian fopwdrggnang 160ng cua 1op chuyen tiep P - N. The: hieu tiep
Xuc

Khi moi iddic hinh thanh 16p chuyen tiep, do co chenh lech ve nong
fio cua cac hat tai fiien (fiien té va lol trong) trong hai mien , xay ra
cac qua trinh khuech tan sau :

hien td khuech tan t6 mien N sang mien P

lol trong khuech tan td mien P sang mien N.
= ben mien N xuat hien cac ion nono dédng khong nodc trung hoa
va ben mien P con lai cac ion acxepto am khong nddc trung hoa boi
lol troing.
O ranh gi6i cua 2 mien hinh thanh fiien tr66ng hodng t6 mien N
sang mien P.

Nien tréong nay han che qua trinh khuech tan cua cac hat tai fiien
cho nen flen mot luc nao fio se fAat tdi trang thai can bang.



Chuyean tieap P — N :

baeng

ehgsde

o 20

0,00

BD-P

BD-N

Trong mien fien tich the tich W
co fien trodng tiep xuc E, va

dong fientd to NsangP :

N

dong loitrong t0 Psang N @

P

nieau kiean caan

Dong ktan cua lo trong

>

Dong ktan cua electron

<
|

¥

0r@o

" 0 o
9?’

+Q E‘JI

Q@ |
of

o

o 0
-
5 O
- (O

— 1
Nien tré6ng txuc

0 ranh gidi cua hai mien N va P

dong tong cong qua I6p chuyen tiep

dong nien t6 td P sang

dong lo trong t0 N sang

= (Jht1)-(Upst Js) =0
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Chuyean tieap P — N : Aieau kiean caan

baeng
EcP
EiP
EvP

t £

ST Ee L GUOQH' e e
p R '
o Khuech tan ey,
N : 'E{:N
— G i) e s i ———— e .E
¥ ® "'\\ " | N F
N
cuon @ £,
X
| | ! ”




Thea hieau tieap
Xuuc
Mien fien tich the tich chi co cac iien tich co fionh (cac
ilon Ny* va cac ion N,) nen fiien tro cua mien nay rat

hon filen tro cua cac mien P va N trung hoa.

Trongmien N> n_ =N, eXpEF — Ecn
KT
- n2
Non Pon N,
Khi E.=E, thi n,, = n. nen:
Er —Ein




Thea hieau tieap xuuc
Trong mien P :

Eip —Ein

2
NoN Pop =Ny €XP

The hieu tiep xuc :




Chuyean tieap P — N : nhaéc trong Von-Ampe

Xet 16p chuyen tiep P-N .
Co cac dong sau chay qua I6p chuyen tiep fio :
+ doing lo trong t6 mien P sang mien N : jp
( dong hat tai filen co ban)
+ dong lo trong t6 mien N sang mien P : jpS
( dong hat tai fiien khong co ban )
+ dong fiien t6 t& mien N sang mienP: J_
( dong hat tai filen co ban)

+ dong fien té té' mien P sang mien N : |
( dong hat tai fien khong co ban )

ns



Khi khong fiat fiien ap ngoai vao, dong tong cong qua 16p chuyen
tiep

j — (jn+jp)_(jps+ jns) =0

trong no L
P n
Jns = €Nop —
Tn
. L,
Jps = €PoNn —
Tp

Nat fiien ap V len he P-N.
= Do flien trd cua l6p fien tich the tich rat 16n nen gan fiung co
the xem toan bo V sut het tren mien nay.

= Xet trodng hdp 16p ngan mong fie co the bo qua cac qua trinh
sinh va tai hOp cac hat tai filen trong mien nay.



Chuyean tieap P — N : phaan coic thuaan
P N

+)
- (+)
*
—a
- L Q t
Dong lo trong Dong electron
41 =

Nien ap V tao fiien trédng ngoai ngdoc chieu voi fiien trédng
tiep xuc. Do hai fien trédng ngdoc chieu nhau nen fien trédng
tong cong trong 16p chuyen tiep giam xuong. The hieu tiep xuc
bay gioibange (U,-V)

\5__ e(Uo'V)
;(f‘ el EH{E /'?_

- En'- ] u

_-d"-.--.-.--.-q' ---iﬂ"




SO giam nay khong anh hoong gi fien cac dong hat tai flien khong
cO ban nhoéng lam tang cac dong hat tai fien co ban :

: : eV L, eV
Jn = Jns EXP— KT = €Nyp ;expﬁ
] ) e I—p eV
ip = i ps €XP-— = €Pon ;expﬁ

Dong tong cong qua I6p chuyen tiep
J=(n + J )_(jns + jps)

eV L, eV
—(Jns + Jps)(expk—_l) e(noP T, T+ PoN ;)(expk—.l__l)



Chuyean tieap P — N : phaan coic ngodic

Mien ngheo

£ |

Nien ap V tao fiien trédng ngoai cung chieu voi fiien trédng tiep
xuc. Do hai fien trodng cung chieu nhau nen fien trédng tong
cong trong l6p chuyen tiep tang len. The hieu tiep xuc bay gid
bange (U, +V) .




Sdl tang the nay khong anh hdédng gi fien cac dong hat tai fiien
khong c6 ban nhong lam giam cac dong hat tai filen co ban :

. eV L, eV
Jn = Jns ©XP=7= KT = €Npp ;_expﬁ

eV L, eV
J — Jps eXp—k = €N ;exp_ﬁ

Dong tong cong qua I6p chuyen tiep

J=(Jn+ jp)_(jns'l' jps)
eV L —-eV

L
= exp— —1) = e(n p =" —P)(exp——-1
= (Jns + Jps)(EXP = )=e(Ngp — o + Pon 1:p)( Xp— — )



Ket hdp cac ket qua tren, co the viet bieu thdc cua Addng fac
trong Von - Ampe dooi dang

.. eV
= |.(expt—-1

trong no lay dau + neu phan coc thuan

va dau - khi phan cdic ngodc. l
Tl
A : : : L L
VOi  Js=(Jns + Jpn)=e(noP_n+ PoN _p)
. L L L L
Js=e(noP_n+ PoN _p)=eni2( —+ . )
Th Ty Nathn Nptp

phu thuoc nhieu vao nhiet fio .



