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I. CAUTRUC VUNG NANG LUQONG CUA
CHAT BAN DAN

Tu dudng tin sic E(k) c6 thé xdc dinh dudc nhi€u

tinh chat clia vat liéu.

Thuc t€ cdc tinh chit lién quan t6i dién t (tinh chat
quang, dan dién ..) cia cdc chat ban dan hoan toan
dudc xdc dinh bdi sO electron ndm & ving dan va 16
trong & viung hoa tri

— chi quan tAim dén cdc nhdnh E(k) lién quan tSi vung
din va vung hda tri trong pham vi cla vung

Brillouin.


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

Viing dan: Vi tri (cuc ti€u) thip nhit cda mot nhanh E(k)
cia ving dan — x4c dinh ddy ving dan. Ta co:

hzkx_k z+£y—koy5—+h2{z—kozi

E(k) = E(ko) + >

2m1 2m3

V6i m; = m, = m;: khoi lugng hiéu dung ngang
m, = m; : khoi lugng hiéu dung doc
— Xdc dinh bang phuong phdp cong hudng Cyclotron

Ti sO L : x4c dinh tinh di huéng clia mit ding ning.

m
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Ving hoa tri: Cuc dai cua ca ba nhanh E(k) cua vung hda
tridéud vitri k=0 — dinh vang héa tri & tAm cta ving
Brillouin tai k = 0 ¢ suy bi€n ning lugng; twong tdc spin —
qui dao 1am gidm suy bi€n mot phan.

* Trong hai nhdnh dau:

+ Trong vung héa tri khoi lugng hiéu dung dudc tinh bdi:

v6i A, B, C 1a cdc hing s6 khong thi nguyén phu thudc
vao cdc chit bdn dan.

ongThanCong.com
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C6 hai loai 10 trong:

+ L0 trOng ning:

+ L0 trong nhe:

* Nhanh tha ba:

Khoi lugng cta 10 trong:

p nang

p nhe
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Khodng cdch ngdn nhat gitta ddy ving dan va dinh ving
héa tri bing d0 rong ving cAm Eg.

Cdc chitco ddy vang dan va dinh ving héa tri ndm cung
mot di€m trong viung B (cing k) — chdt c¢é viing cdm
thang hay truc tiép.

VD: GaAs.

Ngudc lai: chit ¢ ddy ving dan va dinh ving hda tri
nim cling mot diém trong ving B (khick) — chdt co

viing cdm nghiéng hay gidn tiép.

VD: GaP.
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II. BAN DAN TINH KHIET
BAN DAN TAP CHAT

Dinh nghia
Chat ban dan 12 cic chat c6 do dd dan dién o
nam trong khodng:
Tu 10-10 QT em! (dién mo1)

/

dén 104+10°Q T ecm!  (kim loai )
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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 416 yorid 4012 4010 4o 8 1076 1p=9 40" | 102 0% 0% 40
b6 dan dién o (s/cm) |

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

-
™,
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o cuda chit ban din phu thudc nhiéu vao cdc yéu
t6" bén ngoai nhu nhiét dd, dp suat, dién trudng,
tr trudng, tap chit ...

Bdn dan sach hay bdn dan tinh khi€t — khong pha
tap chat — con goi 1a chdt bdan dan dién riéng.

Pha tap vao chat ban dan 1am d0 dan dién cta né
thay d0i manh = Bdn ddn tap chat.
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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 d0 dan dién mong mudn.
+ ChAt bdn dan loai n hay p.

Khi dua tap chit vao tinh th€ bdn din: tap cé thé
th€ chd cdc nguyén tf gdoc & nit mang — fap
chdt thay thé.

hay nim xen k& vao gilta cdc nit mang — fap
chdt dién khit.....
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Céc chat ban dan nguyén to

Chu ky 11 111 AY V Vil
. B ( N
Boron | Carbon | Nitrogen
3 Vie Al Si P S
Magnesium Afuminum Sificon |Phosphorus Sulfur
4 fn (sa LY As Se
LZine  Gallium Germanium Arsenic  Selenium
3 (d In 1 Sh Te
Cadmium Indinm Iin |(Antimony Tellurium
0 Heo Pd

Mercury Lead

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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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 AlSbh CdSe PhTe
BN CdTe
CraAs Sns
(saP nse
Crash ZnTe
InAs
[InP
[In&shb

Chat ban din nhiéu thanh phan

CuuDuongThanCong.com

https://fb.com/tailieudientucntt
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Tap chit lam thay d6i rat nhi€u d6 din dién clia cdc chit ban din .

Pha tap chit Bo vao tinh thé Si theo ty 1& 1 : 105 Iam ting d6 din

dién cia Silén 1000 Ian & nhiét dd phong.

Sy phu thudc cua dién trd suat p (Qcm) ctia Si va
GaAs vao nong dd tap chit & 300K

chdt ( cm™) N p N b
n; 2.10° 7.107
10' 40 180 |12 160
107 4,5 12 0,9 22
10 0,6 1,8 |02 2,3
10" 0,1 03 |9.103 0.3
10" 2,5.10°2 6.2.102 | 2,1.10° 3,5.10
2

1019 6.10-3 1,2.10°

uuuuuuuu hafCong.co 2,9 1O;i//fbmm/mieudemucm 8,0 10
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Su phu thudc cia dién trd suit vao nong do tap chat
104

103 — Sj

-~
o
~n

p-GoAs

S

n-GoAS H

o
1

- §-4
Ba

it n-Si >

/4

1072

Pién trd suit (2-cm)

1073

1074 :
1012 1013 1014 10'5 1016 10'7 1018 1019 1020 102!

Nong 46 tap chit (cm-3)
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Su phu thudc cua dién tro vao nhiét do

Kim loai : Dién tr suat phu thudc nhiét dd gan nhu tuyén tinh

P =P l_'_(xt(t_to)—

v6i  p,=dién trd sudt & nhiét do t (°C)
p = dién trG sudt  moOt nhiét do tham chi€u nao do
(. (thudng1a 0 hoic 20°C)
o, = hé sO nhiét cua dién trd suit.

Su bi€n thién cua dién trd theo nhiét o

R =~ R l+at(t_to)—

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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D tré suat Heé s6 nhiét D6 dan dién o

Vatheuw ' " om) twéndoC  x107/Om
Bac 1.59 x108 .0001 6.29
Pong 1.68 | x108 .0068 5.95
NhOom 2.65 x10% .00429 3.77
Tungsten | 5.6 | x108 .0045 1.79
Sat 9.71| x108 .00651 1.03
Bach kim |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
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Su phu thudc cua dién tré vao nhiét do

Chat ban dan :

Dbién tr§ sudt phu thudc nhiét dd theo ham mii: gidm khi nhiét
do tang.
2 A
P, =P exp( —)
kT
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Su' dan dién trong Si sach ¢ nhiét d0 T=0K

SXEIINE

SXENENENE

]::: ;.;o;
COBOGBOGBCOSOal it

Si** (Ge*"): 4 outer electrons (sp-hybride) [C) no electrons in the conduction band* |

hand structure

-EC

E,=1,11 eV (Si)

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

Khong c6 electron trong ving dan

ongThanCong.com
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Su' dan dién trong Si sach ¢ nhiét do T >0 K

O

S NEICINS

SRR

E

c

“EV

~
A

T>0 : electron trong vung dan

10 trong trong vung héa tri
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Tap chit trong cac chiat ban dan

< Tap chat thay thé
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Tap chat trong cac chit ban dan
Tap chat donor va acceptor

Chuky | Nhom

I [ v vV v VI

_acceptor | | Ponor
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Talp chaat thuoac nhoum V trong chaat baun daan nhoum IV

https://fb.com/tailieudientucntt
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- Nguyén t¢ As thé chd mot nguyén tir Ge & nut:
Bon héa tri ciia As lién k€t véi bon nguyén t& Ge 14an cén,

electron hda tri th nim cia né lién k&t 10ng 1o vdi
nguyén ti As = c¢6 thé chuyén dong tuong ddi tu do trong
pham vi rOng xung quanh nguyén t As gdc ciia né — hat
tdi dién chinh 12 electron — As dudc goi 1a tap chit cho

(Donor) — bédn dan nay 1a bdn dan loai n.

Mitc ning lugng cta electron ctia tap chidt E, ndy nim

trong ving cAm va gan ddy vung dan.

ongThanCong.com https://fb.com/tailieudientucntt
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Chii ¥: Céc electron ndm & ciac mdc tap chit khong hoan
toan tv do nhu cdc electron trén ving dan ma phin bo
gan cdc tAm tap chadt — miuc tap 12 mic dinh xd.

D€ tich electron tht 5 khdi nguyén t& As ta ding cong thic
cua niang lugng lién k€t trong nguyén t& Hydro:

me 1
E. = =~  13,6(eV )

2% 2

Nhung thay m - m™*; g, > €€,

— Ning lugng ion clia nguyén tif tap chat As:
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Ning lugng lién két

m0e4 1 _ 13,6
;2 2 (eV)
2(4™ h)" n n

m, - khoi lugng clia electron ty do

e - dién tich cua electron

g, - hing s0 dién moi clia chan khong
h - hing s6 Planck

n - s6 lugng t chinh

Trong trang thai cobann=1,E; =-13,6 eV

ongThanCong.com https://fb.com/tailieudientucntt
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Ning lugng ion hda tap chat donor

* 4
m e

€ € 2
2(4T o h)

Ge: m* = 0,22m, ¢ = 16

r

E = 0,01 eV

Si : m* =033m, ¢ =12

r

E. = 0,031 eV

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

Trén thyc t€, ning lugng d6 ¢6 khdc nhau vdi cdc tap chit khéc
nhau, nhung su sai khdc d6 khong 16n 1am.

com/tailieudientucntt
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Chat bdan

Ge
Si
InSh
INAS
InP
GaSh

GaAs

E, (V)
§ 273 K

0,67
1,14
0,16
0,33
1,29
0,67

1,39

Khéi lugng

hiéu dung m*/m, Hing s6
Electron | Ltréng di€én moi
0,2 0,3 16

033 | 05 19
0013 = 0,6 18
002 | 04 14,5
0,07 0,4 14
0,047 = 05 15
0072 = 05 13
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Su xuit hién cdc mifc ning lugng tap chat
trong ving caim
Khi duwa cdc nguyén tf tap chit thudc nhém V vao Ge hay

Si, trong ving cAm xudt hién cdc mic ning lugng nim
khéng xa ddy cua vung dan .

Tap chat cé thé cung cip dién t& dan dién: tap chdt donor
va muc tap chit dudc goi l1a muic donor

I C

Eg Muc donor

DuongTh_lps //fb.com/tailieudientucntt


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

Miitc niang lugng tap chat

Sb P IEI-H Ti C Ft g )
1 0.039 {]545 Q.21 0,16
Si 0054 — 25 0.25 —
A 0,38
==p
054 031
e e e e ?1—-_ ——
0.4
g4 035 036 E—
& — "D ——pozes
* . = —
B Al Gag In Pd
S Se Sn Te Si C O
Sois | |0.006 0.006 0.006 553 0.0058 D.0DE
0.4
0.63
T ey il
04q D
0.24
+ | 0.028 0.028 0.031 .035 '3"'3'355.5;:_.5 —0.14
Be Mg 2n Cd Si C Cu Cr

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

CuuDuongThanCong.com

https://fb.com/tailieudientucntt
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Chat ban dan loai N : chdt bdn din c6 chita tap chit donor.

n>>p
Hat tai dién co ban : electron
Hat tdi dién khong cd bdn : 10 trong

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

viiog hoa Lej vilng hoa trl

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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SU PHU THUOC CUA
NONG PO PIEN TU DAN VAO NHIET PO

Nong do electron tir mitc Donor nhdy 1én ving dan:

= A (— ED W
n_ - exp
? ? \ 2kT /

Ap:hé so ti1é

Ej : ning lugng ion hda clia nguyén tf tap chit (1dy goc
ning lugng la ddy viing dan); Ep<<E,

Ep

Lnn , — LnA D
2 kT
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O nhiét do T khong cao: mot sO electron & mic Ep c6

thé nhdy 1én viing din

— Cidc electron trong vung dan chu yé€u 1a cdc electron tir

muc Ep nhdy 1én

—  Mat do n_ cia electron trong viing din 16n hon rat

nhiéu so véi mat do 16 trong n  trong viing héa tri
— Hat tdi dién chu y€u (co ban) 12 electron

— Bén dan loai N.

— DPudng bi€u dién cla Inng theo 12 dudng thing cé do
doc 1a E,.
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<O nhiét dd T di cao sao cho toan bd electron & mifc Ep
nhdy hét dudc 1én viung dan, khi d6 néu ti€p tuc ting
nhiét do thi nong do electron & trong vung din van
khong tdng nita — dudng ngang.

Ln np
A

O nhiét dd T rit cao sao cho D,
cic electron ¢ vung hda tri
c6 thé nhdy 1én ving din — \D
sO electron trong vung dan ?
tang vot. D,
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SOi phui thuoac cula noang noa fniean tod daan vago nhieat noa

. ) [, .
—_— —_—
6000 -5 80

£y £y
E, E,
T30K [ncreasing T

mién dan dién tap chat  n ~ exp ~

mi€n dan dién ri€éng "~ exp -

Room temperature

A
E,

2 kT

Ee

2 kT

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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In (n)

0
dan di€én
riéng

1/2kT
dan dién tap chat

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Khi ting nong do tap chat N Low, - S phan nim

ngang ciia dudng bi€u dién Lnny theo _!  gidm
2 kT

va khi dat t61 mot ndong do thich hgp Q\ID.%) thi doan nim

ngang bi€n mat

— Chiing td cac electron tr vung hoéa tri d3 nhay 1én
ving dan trude khi hét electron & mic Ey va ning lugng
ion hda ctia nguyén t tap chat gidm.
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GIAI THICH

Khi c6 qud nhiéu tap chit — khodng cdch giita cdc nguyén
tu tap giam — chiing tuong tic nhau

— cdc muc niang lugng E; md rong ra thanh vung. Téi
mitc vung ndy md rOng va cham vao ddy ving dan

— ning lugng ion hoa bing 0 — NoOng do electron ty do

khong doi tir nhiét d6 rat thip — Nhiét dd bit dau qua
trinh dan dién riéng (dén khi cdc electron tir ving héa tri
nhdy 1én viung dan)

— ChAat b4an dan kim loai.

G nhiét do thdp ching c6 tinh chat cia kim loai n = const.

2 SA A A A A o A A , X
O nhiét @0 du cao nong d0 tap di dé bi€én chit bian dan
thanh ban kim Jead.-


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

Talp chaat thuoac nhoum Ill trong chaat baun daan nhoum [V

Acceptor : B, Al, Ga, In

T"-]ngntu B

binh thud¥ng ™



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

Su xuit hién cdc mifc ning lvgng tap chit trong vung 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 cidp 16 trdng din dién : tap chdt
acceptor va muc tap chat dudc goi 1a miic acceptor .
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Chat ban dan loai P: chdt bdn din c6 chita tap chat
acceptor. p>>n

Hat tdi dién cd ban : 10 trong

Hat tai dién khong cd ban : electron

chit bdn din ridnp

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

mue ac-xXcp-to

viug héa tri

viiny boa Lrej

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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MOt nguyén to B thay th€ mot nguyén t&¢ Si § ndt mang;
dung ba electron héa tri lién k&t v6i cdc nguyén t Si lan
can. Tuy nhién vi thi€u mot electron hda tri nén nguyén tu
B ¢6 xu hudng 14y thém mot electron G cdc nguyén tu Si
lan cin. Ning lugng cin thiét d€ thuc hién di€u d6 nhd
hon nhiéu so véi E,

— tao thanh muc ning lugng tap E, trong viing cAm gan
dinh viing héa tri.
— nguyén tf Si bi chiém modt electron — thi€u mot

electron — tao thanh 10 trong

— electron cua cdc nguyén to¢ Si dé dang nhdy vao 10

trong d6 va tao thanh mot 10 tréng mGi — ¢ nhu thé 16
A y: A2 . A X LN \ / ®

trong co thé di chuyén dé dang trong vung hoa tri.


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

SU PHU THUQC NONG PO CUA LO TRONG
VAO NHIET BbO

< O nhiét do thudng cdc electron & viing héa tri 14p day mdc tap
E, va bi giit & d6; cdc 16 trong c6 thé di chuyén ty do trong ving
héa tri — hat tdi tv do chd yéu
— Tap chit nhém ba nay dudc goi 1a tap chit nhin (acceptor) —
mifc tap xuét hién trong ving cAm E, goi 1a mc Acceptor —>
B4n din loai P.
Trong ban dan loai P: n, >>n,, v6i n, 1a nong d6 16 tréng trong
viing héa tri, n_1a ndng dd electron trong viing dan.

Lo trong 12 hat tdi dién chd yé&u trong ban dan loai P

Sy phu thudc ctia n, (ndng do 16 trong) & vang hoa tri theo nhiét
do trong ban dan loai P tuong ty nhu sy phu thudc cia ny & viing
dan trong ban dan loai n.

ongThanCong.com https://fb.com/tailieudientucntt


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

BAN DAN LOAIP

I- hdo hoa
\
\
\
\
\| A

CuuDuongThanCong.com

Lunp (1fmd)

Mhiét dg (?C)
o ?nq:luz.-?n :Hl::.\ 1|:| -100 -1|5ﬂ -zlmmiﬁ
i
|1 Ha1 1di dn viényg
* — 109
L Ld 1réng (do 13p)
— 1074
B ' 00082 at% B
54 |—
N Li 1réng (do 13p) 0.0013 at% B _|ges
52 l—
i —{10%2
E':“_
Hai 1di dién riényg
o 12l
4& |
g T I | 1020
i) 0,002 0004 OuDda 0008 0010 Q012 Qu0l4

1/T (1/K)

https://fb.com/tailieudientucntt

Méng 4§ bgi 15 (L7 mI)
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Noang noa cauc hait tadi niean trong chaat baun daan
Nong d¢ hat tai dién (n,va p,) trong diéu kién can bang.
V6i chat bin din dién bat ky (riéng hoic tap chit) trong di€u kién
cAn bang & nhiét do T
Pon vicuan, vap, [ cm ]

0 Nong do electron :
E.’

Xae saeit Bn oy teang i

(™ e.BsEa
. x =1 EYI(EME
Viung dan Ha E g (
B
E, S ymng Wiveng 1an’weng Yhednz 4
0 Néng do 16 trong : Cac at oo T8 1 o TD
Ev Ev’ ' s '1 '
Viing héa tri iy j@ g, (EN1- 7 (£)HE
EE e <

v S 1mng iveng 1an' ueng Yhedng d5
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Noang noa electron trong vugnhg daan

Ecl
n,~ lg(E)f(E)dE
EC
g(E) 1a mat do trang thai
_ 2mn B
g(E)= 4™ (—")" (B~ E,)"""

h
m_ 13 khoi lugng hiéu dung cla electron trong ving dan E_ 12
ning lugng & ddy ctia viung dan.
E.: ning lugng mdc i trén ving dan.

C1

va ham phin bd Fermi- Diric:

F(E) ™

F+1

exp
kT
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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 :

E, E

kT

1. FOE)™

2. mé rOng gidi han 14y tich phan ra d€n vo6 clng
(khi E 16n, f(E) ti€n dén 0 ).
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Chon E-=0; E; — o, ta co:

(2 )3/2 Ep 1 _E
m ©® - T
no=4“k 2“) e ¥T | E2c ¥ gE
0
h
_ E
bat :x & —
kT

Nong dd electron trong ving din & di€u kién cin bing
theo T:

(2 ka/z =F :
m R —
n_ :4n\ nz ) ekT.‘. x2e Tdx
O
h

ongThanCong.com https://fb.com/tailieudientucntt
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Theo dinh nghia va tinh chit cia hAm Gamma :

U'in)= [x" te
0

Feony=mn—0)V (n 1)

r(%):ﬁ

X

dx

| w

an kT 2 A A s e , ? N A
N, =2 )2 mdt do trang thdi rut gon cua vung dan

3/2
2nmnkT )

3/2
m —
:4,831.1015[ ”] T° %(em °)
n: o/

m,

e

3
2%m kT E E, E
n, — 2( '2’ )2exp—F=Ncexp( £ <)
CuuDuongThanCong.com h k T hnps://fb.com/taunmdiﬁf
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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 & di€u kién

can bang: Fv Er
= kT
P Ny .e
3
B 27 m, kT — E, " E, _ E, E,
Py~ 2 5 )2 exp — N, exp
h kT kT

Ey : ndng lugng dinh viing héa tri

3

anka N A A Lo y ? \ Y °
N_ =2 )2 mdt do trang thai rut gon cua vuang hoa tri

’ h° , eeey

27‘kTW T, (e

:>n0p0:4( %lnm/e\ /

\ p !
B (2’T1<T) < T =
np 4 mm — e ' ~ const
U R/ :

EogDuEgThanEg@n _ EV : d@ r@ ng Vl\lng C/a\'/Ippé://fb.comlldlieudientucntt
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Noang noa hait tadi niean rieang

3 — _ s
_ (ZRKTW ‘ 3/2 E:
np, 4 . m m_— € const

\ h? /

— V§&i mot chat ban dan cho trude va & nhiét dd T cd dinh, tich
n,p, 12 mot hing so :

np, = const

V§i chdt ban dan riéng (sach = tinh khiét): n, = p, = n

27T 2 3 _E
—)"(m m )" exp
h 2kT

g

—~n ~ 2(
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Nieadu kiedn trung hoga fiedn trong chaat baun daan. Moéuc Fermi
e o A N ’ N ° A “
Néu biét dugc Eg thi tinh duge n, va p,. Ngudc lai: dé tinh dugc Eg
ta dua vao diéu ki€n trung hoa vé dién.

V6i mot chat bidn dan bat ky, di€u kién trung hoa dién

- +
ng "N, T py TN

N, , N,* tuong ¢ng 1a nong do ion acceptor va nong do ion donor.

Chat ban dan riéng : n, =p,
E. E E E
Ncexp( F c): Nvexp( y F)
kT kT
2E, _ N, E,TE,
exp N exp
kT N kT

kT N E TE 3kT m E TE
EF= In v 4+ "¢ Vv — In P 4+ ¢ v
2 Nc 2 4 m 2
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_|_
E-TE

@O T=0K:Ep~ Y 361 v6i ban din riéng & OK

muc Fermi nam giira viing cAm.

% KhiT#0: Vim,#m, - mic Ehdi léch khdi tim

vung cam.

» Bdn dan loai N: muc Eg léch v€ nita trén viing cAm,
nong do acceptor cang nhiéu, miic E; cang gan ddy E.
ctua vung dan.

» Bdn dan loai P : mic E; 1éch vé na dudi ving cdm,
nong do donor cang nhiéu, mic E; cang 1éch vé dinh
vung hoa tri.

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Mouc Fermi trong cauc chaat baun daan

Chat ban dan riéng

E . = In R >
4 m, 2
Ving dan Vung din Ving dan
EC EC EC
_____ E,
————— Eg;

EV EV EV
Vung hoa tri ‘ Viung hoéa tri | Vung hoa tri

ChAt bd riéng loai N loai P

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Cauc hait tati niean khoang caan baeng
G diéu kién can bing nhiét dong:
Qua trinh sinh = Qua4 trinh ta1 hgp
— 8o = I = TNuP,

VGi g 1a sd cdp dién tif — 10 trong sinh ra do nhiét trong mot don
vi thé tich.

r. 12 sO cdp dién tf — 10 trdng bi mat di do tai hdp trong mot don vi
thd1 gian.
=Trong kim loai, trén thuc t& ta khong thé 1am thay d6i ndng do hat
tdi dién trong thé tich.
Trong bdn dan, sv tao thanh cdc cip electron — 10 trong tao nén mot
sy thay doi 16n dd din dién trong thé tich — goi 14 cdc hat tdi dién

du = cdc hat tdi dién khong cin bing.
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Cdch tao cdc hat tai dién khong can bang:

+ Chi€u sdng chit ban dan bdng dnh sidng co

ndang lugng photon:
e=ht 2 E,

+ Dung chum cac hat ¢6 nang lugng cao nhu

chum electron, proton, hat a, tia X, tia v, ... chi€u vao.

+ Phan cuc thich hop cdc 16p chuyén ti€p: kim
loai — ban din, hay 16p chuyén tié€p P — N.
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Khi mdéi dudc tao thanh, ddng ning cua cac
hat tdi dién khong cin bing c6 thé vudt xa ning
lugng nhiét trung binh cua cac hat tai di€n can
bing.

Nhung do tdn xa vSi mang tinh thé ching
nhanh chong nhuéng ndng ludng vugt tro1 do va
khong con phan biét dudgc vd8i cic hat tai di€n
cin bing.
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Nong do hat tai dién bing
n=mny+4n ;p=p,+ 4

3

_ _2(2%m kT )* E,
n, J1g(E)f,(E)dE ~ X exp ——
h kT
3
_ _2(2"m kT )? E
n=lg(E)f (E)dE = n exp —in
h3 kT

f_(E)1a ham phan bd khong cin bang cla dién
(.
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E.Fn va Bp tuong tng dudc goi 1a chudn mitc Fermi clia
dién tr va 10 trong
— E Fn Lk Fp
np ~ n, p, €xp
kT

Hiéu nédng lugng E, - E dac trung cho do léch khoi
trang thdi cAn bang

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Thégi gian soang

“*V@Gi chat ban dan di€nriéng An = Ap
dn _ dp _ B _ _

ST, Vo T (n,Ap T p At Anbp)y =TT Ann, Y p,)
dt i

« Trudng hgp kich thich y€u 4n << n, + p,

dn :_An
dt T
- 1
T =
_I_
7 (n, " p)
A=A _

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

A
di—_'yr(An)z __Il
dt T

o 1
T =
Y Ap

Trong cdc chat bdn dan tap chat, néi chung 7, # ¢
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Cauc quau trinh taui héip trong cauc chaat baun daan
Thoi gian sdng T clia cdc hat tii dién do cdc qud trinh tdi hdp x4y
ra bén trong chit ban dan quy dinh.
C6 thé phan loai cdc qud trinh tdi hdp thanh
+ Tai hgp vung - vung
+ T4i hdp thong qua cdc tAm trong ving cim
+ Tai1 hgp mat ngoai

Néu trong chit bin din dong thdi xAy ra cd 3 qué trinh tdi hgp néi
trén thi thdi gian sdng T cla cdc hat tdi dién dudc tinh theo cong
thue :
1oyl 1,1, 01
T T T T

L vang ving bay mdt

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Tieap xuuc kim loaii - chaat baun daan
Dong phat xa nhiét dién tuw . Cong thodt nhiét dién tu

Pién t& nim trong tinh thé chiu sy tudng tdc Coulomb tir phia cic
ion duong cua mang.

Mot dién t¢ mudn thodt khdi chit rin can tén mot ning ludng xdc
dinh nao do.

Mat @6 dong phat xa nhiét dién ti (dong di€n tich cua cac dién tu
di ra chan khong trong mot don vi thGi gian qua 1 don vi di€n tich
cua vat li€u d mét nhi€t do T) :

O

j, — AT “ep T —

KT
dugc goi la dong phdt xa nhiét dién tir .
A 12 mot hing s6 khong phu thudc vao vat liéu

B 4”moek 2

A=
3

CuuDuongThanCong.com h https://fb.com/tailieudientucntt
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® = E,- Eg 1a cong but dién tu
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-----

chaat baun daan

Gid st chit bdn dan 1a loai N va c6 cOng thodt dién ti

Opan < OkL
SO electron thoat j
EL

khoi chit ban dan
dé€ sang kim loai J
s€ 16n hon s6  Eg
electron  chuyén

dong theo chiéu

ngugc lai
Px1 > Prp.N
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- phia kim loai ¢6 tich dién 4m con phia chit bdn din
mat di mot sd dién ti dé lai cdc ion donor duong khong
dugc trung hoa

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

- Pién trudng ndy ngin cidn su chuyén dong cda
electron tir chit bdn dan sang kim loai nhung khong dnh
hudng dén cic electron chuyén dong tir kim loai sang
chat ban dan .

—>Khi cin bing : § ranh gidi cua hai vat liéu xuat hién
mot dién trudng 6n dinh E,, dudc goi 1a dién truong tiép
xic.
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O trang thdi dirng, dong electron di ti¥ chdt ban din

sang kim loai jpp bing dong electron di tir kim loai sang

chdt ban dan jy,

= AT “exp ~ 2 > = J AT " exp
KT KT

jBD

TU nhitng ddnh gid sd bd vé cdc 16p dién tich khong
gian va tinh dén hiéu ¢ng dudng ham khi khe d hep ta
c6 thé vé gidn d6 ning lugng cho 16p chuyén ti€p kim

loai - ban dan trong di€u ki€n cin bing
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_T_“_ ...... f;‘U.:.“ o eU, 0
@ o f '''''''' o
[ .\i Q)BD'N QKL Q)BD-N
el
J d E, l | E
EF ------------- T‘ """"""" = e  SUTR EF
i

\ va b EV

b1 > Prp.N Px1 < Ppp.N

Mién dién tich th€ tich w trén mit
chat bdn dan c6 dién trd rat 16n so Trong trudng hop ¢y < dppy

véGi dién trd cta kim loai va ciia mién di€n tich thé tich cé dién trg
mién ban din trung hoa. Lép d6 nhd nén dugc goi 1a Idp dbi ngan.

thudng dugc goi la [dp ngdn.
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Mitrc chin khong
"'".I'.""""""""-..__ ;Fm

Kim loai - BD loai N

CuuDuongThanCong.com

Mfl’C Chﬁn khéng H_.."""i" -:-_.-:E;r““l“ ———
.-.u:------u-u-n -

Py

Kim loai - BD loa1 P

https://fb.com/tailieudientucntt
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Pic trung Volt - Ampere cta chuyén tiép
Kim loai — Ban dan

<*Khi chua dit dién 4p ngoailén hé kim loai — ban dan:
jKl — de — js
— Dong dién tong cong qua 16p ti€p xic kim loai — bdn
dan:
J=Jxi-Jga=0
“*Khi dat di€én ap I€n hé hinh thanh 16p ngdn (¢, > Pgy) VI
dién trd 16p ngidn 16n nén toan bd di€n dp ngoai coi nhu
sut tai 16p ngian d6, bo qua su sinh va tai hgp cdc hat tai

tai IG6p ngan.

ongThanCong.com
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Phan cuc thuin
Vigoai =V = @pq - 0 >0

Pién 4p V tao nén dién trudng ngodi ngudc chi€u véi
dién trudng ti€p xdc lam gidm hang rao thé ning doi véi
cdc electron chuyén tir ban din sang kim loai —  jg,
tdng, jx; = const.
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— Dong dién tong cdng qua 16p ti€p xdc kim loai
— bdn dan:

(ev
— —_ . — kT —
J de Jkl JS c 1
\_ J
ke U V) |
_| KL BD |— Ep '_ieV-___ E;
N ‘ EV >
n I V
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Phan cuc nghich

Vngoéi =V = Ppg - Py < 0
Pién trudng ngodi cling chi€u véi dién trudng ti€p xdc,
1Am nang hang rao thé& ning d6i v6i cic electron chuyén

dong tir bdn dan sang kim loai.

jKl :js
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— Dong dién tong cong qua 16p ti€p xic kim loai — bdn
dan:

4 eV A
j:jbd_jklzjs e *' 1

\. /

) It

_| KL | BD |— Er }FG(U‘JW)

<+

e V

-+
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— Tong qudt cda hai trudng hdp phan cuc thuin va

nghich:
. I eV | |
J JsLeXp{_l_kT} IJ
] 1
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<+ Ti€p xtic ¢6 ¢y > Py = LEp ngin = ti€p xic chinh luu
— diod kim loai — ban dan hay diod Schottky.

< Trudng hgp chon 16p ti€p xdc c6 Oy < dggny hay oy <
Ppqp = 16p @01 ngdn = Dong dién chay theo cd hai chi€u
kim loai sang bdn din hay bdn din sang kim loai déu c6

dién trd nhd — 1iép xiic Omic.

j 4

194 . \Y%
0 V

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

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

+ Phuong phdp cdy ion.

Trong cdc cich ché tao trén 16p chuyén tié€p P-N
dudc hinh thanh trén ciing mot don tinh thé .
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Chuyean tieap P — N : nieau kiean caan baéng

Gidn do viang ndng luong ciia I6p chuyén tiép P - N. Thé hiéu tiép
xuc

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 tir mi€én N sang mién P
16 trong khuéch tin tir mi€n P sang mién N.

—> bén mién N xuit hién cdc ion donor duong khdong dugc trung
hoa va bén mién P con lai cdc ion acceptor Am khong dudc trung
hoa bdi 10 trong.

G ranh gidi clia 2 mi€n hinh thanh dién trudng huéng tr mién N

sang mién P.

Dbién trudng nay han ché qud trinh khuéch tdn cta cac hat tai dién
cho nén dén mot lic ndo d6 s€ dat téi trang thdi cAn bang.

.com/tailieudientucn
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Chuyean tieap P — N : fieau kiedn caan baeng
Dong ktan cta 16 trong

>
Dong ktin cua electron
D u
5095] ool [696P 0
o 20| [Q0g| |o P0|%0qg
0,09 09 o 0.0° [oP 4
i i
Pién truong txic

BD-P BD-N
Trong mién dién tich thé tich W & ranh gi6i clia hai mién N va P
c6 dién trudng ti€p xic E, va
dong diénte tr NsangP : j = j : dongdiéntir tu P sang
N

dong 10 trong t Psang N : j = dong 10 trong t N sang

P jps :
P

dong tong cong qua I6p chuyén ti€p j = (j, +Jp )_ “(Jpst Jus) =0
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2
EVP ________ EF ________ ECN
?
EVN
Vingdin } Lop |
ECP s ngﬁn .....
i i eU,
B mmm==mm=—--- _ EF R A ECN

VP \ yd [
Vung hoa tri

CuuDuongThanCong.com

EVN

https://fb.com/tailieudientucntt
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Chuyean tieap P — N : nieau kiean caan baéng

t £
E.p T
E. ) P_ eU,
iP '
el - Een
E,,| = SPamgrtaEmTone o
vP . F
o FR
Khuéch tan’ E’. N
< — @
cudn £n
X
L ] ] .
-x, 0 X
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Thea hieau tieap xuuc

s A A , v s s A , ~ . 7
Mién dién tich th€ tich chi c6 cac dién tich c6 dinh (cac
ion N* va cdc ion N,") nén di€n trd cua mi€n nay rat
hon dién trG cia cdc mién P va N trung hoa.

E, E

Trong mién N : cN

n, ~ N_exp
kT

_ 2
NonPon = I
Khi EFinN thi N,y = N. nén:
E. E

— F iN
oN Tt €XP
kT

n
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Thea hiedu tieap xuuc

Trong mi€én P :

_ 2
Dop Pop = 1
E, FE
— _ &F P
P ,p Nv exp >
kT
— _Ep Ep,
Pop M exp
kT
E.. — E. n eU
- 2 P _
nON pOP — ni exp IP IN - oN 20P — exp 0
kT n, kT
Thé hiéu ti€p xic :
kT n kT P
UO_—Ln ol - —In of
e n

oP € P oN
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Chuyean tieap P — N : fnaéc trong Von-Ampe
Xét 16p chuyén ti€p P-N .
C6 c4c dong sau chay qua 16p chuyén ti€p d6 :

+ dong 10 trong tir mi€n P sang mién N : jp
( dong hat tai di€n cd ban )

+ dong 16 trong tf mi€én N sang mién P : Jos
( dong hat tai di€n khdng cd ban )

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

+ dong dién t tit mién P sang mién N : j
( dong hat tai di€n khong co ban )
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Khi khong dit dién 4p ngoai vao, dong tong cong qua 16p chuyén
tiép

trong do

J ns en oP

Jps €P N T
p

batdién 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.
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Chuyean tieap P — N : phaan coic thuaan

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)

~_eauv)

Y - =
A ”
../"" : el E. ¢ 4‘/

— -d"-.- L -.-q' --.'L-I'.?"'
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Sy gidm nay khong dnh hudng gi dén cdc dong hat tdi dién
khong cd ban nhung lam ting cac dong hat tai di€én cd ban :

o eV _ L eV
J Jus €Xp ——  en p ——exp ——
kT v kT
o eV _ L, eV
Jp,  Jp €xp —— " ep, T exp ——
b kT T kT
p
N g A 2, A NG
Dong tong cdng qua 16p chuyén ti€p
= .+ . -, . + .
J~(J, Jp ) (s J ps )
. + . eV — — Ln + Lp eV _
T (Jus T pg MNexp kT 1)~ e(np Poy — Nexp — 1)

. ) kT
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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 lén. Thé hiéu ti€p xidc bay gid
bange (U,+V) .

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


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

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 :

o eV _ L eV

Jn J,c €Xp —— en p —— exp ——
kT v kT

. =11 Vi Lp _ €V

J J exp - ep N —exp -

P P kT ’ T kT

Dong tong cdng qua 16p chuyén ti€p

eV _ L L, eV
1)< e(np T" TP —Nexp

kT ) , kT

- 1)
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K&t hgp cdc két qud trén, cé thé viét bi€u thitc clia dudng dic
trung Von - Ampe dudi dang

ji
L= . + eV _
J~ Jgexp —— 1)
kT
trong d6 14y dau + néu phan cyc thuin
va dau - khi phan cuc ngudc. l :
A 4
. _ _ L L
V61 -]s_(-]ns +Jpn) e(noP _+poN _p)
n P
L L L L
Jo T ey Y py =) T en [ (— A=t —)
n p NA n ND p

phu thudc nhiéu vao nhiét do .

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


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

vanthang@hcmut.edu.vn


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

