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I. Cdc chdt ban dan dién
Dinh nghia
= Chat bdn dan 1a cdc chat c6 @6 dd dan dién o ndm trong khodng
tu 10-10 Q-1 em-! ( dién mo1 )
n 104+10°Q!'cm!  (kim loai)

Dién trd sudt p (8-cm)

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

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

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

-!- CHATBANDAN —+CH§T DAMNDIEN-

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

=+ CHATCACH PIEN




Tap chat lam thay ddi rat nhiéu do din dién cta cac chat ban dan

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

dién ctia Si lén 1000 l1an & nhiét do phong.

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

Nong do Si GaAs

tap chat N p N p

(cm™)
0 2.10° 7.107
1014 40 180 12 160
10" 4,5 12 0,9 9
1016 0,6 1.8 [02 2.3
1017 0,1 0,3 9.1073 0,3
108 [25.102  62.102 |2.1.10% 3,5.10?
1010 | 6-107 1,2.102 |2.9.10* 8,0.107




Su phu thudc cia dién tré sudt vao nong do tap chat

10* ey :
g ) I00K
103 - 5i
\T Ei F -===x GOAS
11-1' il 1_" 11
a 10!} el i
= = i p-5i
*¢=u 1 i i + i i
= = i
’E n—-Gods =
el -Iﬂ"'1 ] x: . !==::q_==
e n-5i R
-— -2 HI'.. "I"'E
(] 10 , e i
=== am w = |
- 1]
- i ~
1073 = 8 q :
i .
1ot [ il

jnl2 1ni3 Tk Tolk:] 10ie 10T 0!8 10'? 4020 4ot
Nong d6 tap chit ©m-3



Su phu thudc cua dién tro vao nhiét do
« Kim loai : Dién tr6 suat phu thudc nhiét do gan nhu tuyén tinh
Pr = IOO[]_I_aT(T_TO)]
v6i pp = dién trd suat & nhiét do T (°C)
P, = dién tr§ sudt & mot nhiét do tham chi€u nao doé

T, (thudngla 0hodc 20°C) va

OLr = hé s6 nhiét ctia dién trd suit.

e Su bién thién cia dién tr theo nhiét do

R, =R, |I1+a,(T-T,)]
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e D tr§ sudt p Hé so nhiét Do dindién o
Vit liéu

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

Thdy ngdin 98 x10® .0009 0,10



Su phu thudc cua dién trdé vao nhiét do

Chat ban dan :

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

Nhiét dg (C)
to000— T
A 0.0052 at% & 04 n dié n rié ng

pT : po exp(_) .l Q0013 at% B |

kT 7 ]

A % 10— -

GT — GO exp( ) o d4 o dién ri¢ng - ]
kT

0.01 | I I L 111 |

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



Bién trd sudt (O m)
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Céc chat ban dan nguyén to

Chu ky

-4

N

0

Mo

Z.n

111 v
B (
Al
(sal
In Sn
Pl

A5

Vi

I ¢



Pon tinh thé Si nudi bing
k¥ thuat Czochralski cua

Hang Wacker Silitronix
Hikari Nhat ban.

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

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




Cac chat ban dan hgp chat

Chat ban dan hgp chat ( AXB3x) :

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

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

InP
InSh

Chat ban dan nhiéu thanh phan : AIGaAs, InGaAsN ,



Il. Tap chdt trong cdc chdt bdan dan

< Tap chat thay thé
<+ Tap chat dién khich




Tap chat trong cac chat ban dan :
Tap chat d6 no va ac-xep-to

Chuky | Nhom

Il i IV V Vi Vil




1) Tap chdt thudc nhom V trong chdt ban dan nhém IV

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

m binh t hut ng

electron
// \ khéng li¢n k£

=
k]




Mo hinh nguyén tu Hydro cua Bohr

©
D§ 16n cua ban kinh Bohr

Nguyén tur tuong tv Hydrogen : Ham séng cua trang thai

cd ban la 3
%

w(r) = —=| | exp[-r/a,]

Jr | a, ’

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

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



Mo hinh nguyén tu Hydro cua Bohr
Ning luwgng lién két

moe4 1 13,6

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

Ey = (eV)

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

Ning lugng ion héa tap chat do-no

4
m,e

E. =— 5
2(4re g,m)

l




Ning lugng ion héa tap chat do-no

E - mne4 _ 136m, 1
2(477:808,,1’])2 n’ m, 8,,2
Chat E, (eV) m*/m, Hing sO
bian dan 3273 K  Electron Ltrong dién moi
Ge 0,67 0,2 0,3 16
S1 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
GaSb 0,67 0,047 0,5 15

GaAs 1,39 0,072 0,5 13



Ge: m =022m, g = 16

r

E. = 0,0l eV

Si : m, =033m, g =12

r

E. = 0,031 eV

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

Trén thuc t€, ning lugng d6 c6 khdc nhau vdi cdc tap chat khéc
nhau, nhung sy sai khdc d6 khong 16n 1am.



Su xuét hién cdc mifc ning lugng tap chit trong ving cAim

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

Tap chat cé thé cung cAp dién t& din dién : tap chdt dé-no va
miic tap chat dudc goi 12 mifc db-no.




Muc nang lugng tap chat do-no

Sb P ﬁ:- Ti
0.039 II:ICI-'IE- 0.058 e Q.el

Si

IRp——————— e




Cha't ban dan loai N : chit bdn din c6 chita tap chit dono.

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

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

viioy boa Lri ving hdéa trl



Su phu thudc cda nong dd electron ddn vdo nhiét do

2% 1016 -

n (cm™)

1 x 106

P
1 //I I Y 1

1
0 100 200 300 400 500 600 700

T (K)
Silicon chira 1,15 x 10'° nguyén tir As/ cm?

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



Su phu thudc cda nong do electron ddn vdo nhiét do

mién din dién tap chat n-~ exp— AE;
2kT
. x Eg
mi€n dan di€n ri€ng n~ exp———
2kT
ittt tt, If

In {n)

o

3

O

hd rnyg
E‘.

g
\M

/ ]




Lnn

0 ? "1 /2kT

dan diénriéng | din dién tap chat



2) Tap chdt thudéc nhém Il trong chdt ban dan nhom
\')

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

Lie o ket

- . L
bioh thuofmy -,




Su xuét hién cdc mifc ning lugng tap chit trong ving cAim

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

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







Cha't ban dan loai P : chit ban din c6 chita tap chit ac-xep-to.

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

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

mue ac-xXcp-to

Beo.

viioy hoa Lri vilng héa trj



Bdn dan loai P

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

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

Ming 4§ by 13i (17 mI)



Ciac mic niang lugng tap chat

Sb P As i C Pt fu O
'
: 0.16
gi | | 0039 0045 G54 22! 0.25 0.25 -
L 038,
054 0.51
2 —————— e e
0.4
034 035 038 —
0.16 0 ——0223
0.045 0.067 9072 — 03" T
B A Ga In Pd
5 Se sn Te Si C (8]
e )
Goas | |C:006 0006 0.006 §g3 0.0058 0.006
0.4
0.63
e b 067 — A —-
044 D
- Q.24
} | 0.028 0.028 0.03) ﬂﬂiﬁﬂﬂﬁﬁunza —0.14
EBe Zn Cd Si G Cu ﬁr

Mg



I1l. Nong do cdc hat tdi dién trong chdt bdn dan

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

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

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

0 Nong do 10 trong :

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

S 1mma eiveng Lon' ueng Yheing dR



1) Nong dd electron trong vang ddn

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

3/2(E E )]/2

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

va ham phin bd i 1
fE) =

ex +1
P




Nong do electron trong vang ddn :

E
2m ¢ 1
E. exp kTF+]

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

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

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

C6 thé dung gan ddng sau : E,-E

kT

‘ —47r( ”)2 exp IE2 exp——dE

f(E)zexp




2 Py E Py E
n, =dm(2in )2 exp—FJ-E2 exp——dE =
h

’ 2 kT | kT
o I
2 T 5 E 5
=4n( Iy K )2 exp—J.xZe *dx
h? kT 2
.. _E
vGil x_kT

Theo dinh nghia va tinh chit cia hAm Gamma :

I'(n)= jxn_]e_xdx
0
C(n)=(n-1)T(n—1)

r)=vr



o 1
_[xze—xdx=
0

kaT— E
n =4r 2 oxp—£
0 ( 2 ) ka

h kKT

3
XF(E)

27'L'm kT_ E E-—FE
n. =2 2 oxp—t = N exp(=f£_—c
o =2( . ) P =N P( T )

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

3/2

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

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



2) Nong dé 16 trong trong vang hoa tri :

chat ban dan khong suy bién

2mm kT = E —E E —E
=2(—L )2 expL—L N exp—r—L
Fo : P T
znmka g A A 7 e ’ ? \ / .
N, =2(———)* matdo trang thdi rit gon cua vung hoa tri
h



3) Nong do hat tai dién riéng

3 3

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

n,p, =4(

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

nl—Z(

m.m. )4 exp——&
)% (m,m,)* exp KT



IV. Diéu kién trung hoa dién trong chdt bdn ddn
Mdc Fermi

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

n,+N 4, =p0+NlJ5

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

Chat ban dan riéng : n, =p,

Er—FE L -k
Ncexp( F C)=Nvexp( 1% F)

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

C n



Mdc Fermi trong cdc chdt bdn ddan

Chat ban dan riéng

_3kT , m, E +E,

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

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

Chat ban dan riéng loai N loai P



V. Cdc hat tdi dién khong ¢dn bang
Cédc hat tdi dién cin bang
8o =Ty = V1D,
Sy tao thanh cdc hat tdi dién khong cin bing trong chat ban dan.
= Trong kim loai, trén thuc t€ ta khong thé 1am thay doi ndng dd
hat tdi dién trong thé tich.

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

Su tao thanh cédc hat tdi dién du ( hat tdi dién khong cin bing )
lam thay doi nhiéu d6 dan dién & trong thé tich.



Khi méi dugc tao thanh, ddng ning cua cac hat tai di€én khdéng cin
bing c6 thé vugdt xa ning lugng nhiét trung binh clia cdc hat tai
dién can bing. Nhung do tdn xa v4§i mang tinh thé ching nhanh
chong nhudng nang lugng vudt tro1 d6 va khong con phan biét
dudc véi cac hat tai dién cin bang.

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

)  2(2mm kT)? _ Ej
no = | 8(E) fo(E)dE = e
el
2(2mm,kT)?  Ep
= | ¢(E)f,(E)dE = . exp——"
n=g(E)f,(E) 3 P T

f_(E) 12 ham phin b khong cin bang clia dién ti .



EFn _EF

kT
EF _EFp
kT

n=n,exp

P = Po €Xp

E. va EFp twong ng dudc goi 12 chudn mitc Fermi cia electron
va 10 trong

EFn _EFp
kT

np =n,p, €Xp

Hiéu ning lugng E, - E Fp ddc trung cho d6 1éch khoi
trang thdi cAn bang



VI. Thoi gian song

Vi chat bdn dan diénriéng An = Ap

dn d
=L g, —1,p =7, (n,Ap+ p,An+ AnAp)
dt dt
* Trudng hgp kich thich yéu An << n, + p,
dn __An
dt T
1
T =
7/1" (no + pO)
t
An = An(0) exp——
T

t 12 thdi gian ma sau d6 ndong dod hat tdi dién khong cin bing
gidm di e 1an - thoi gian séng cia electron (10 trong ).



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

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

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



Cdc qud trinh tdi hop trong cdc chdt bdn ddn
Thai gian song T clia cdc hat tdi dién do cdc qud trinh tdi hgp
x4y ra bén trong chit ban din quy dinh .

C6 thé phan loai cdc qud trinh tdi hgp thanh

* g

1. Téihdp ving —ving 'E i

2. Tai hgp thong qua bay s F.

3. Tai hgp mat ngoai Ey

4. Tai hop Auger ‘ E,
(1) (2) (4)

Néu trong chit ban din ddng thdi xay ra cd 3 qud trinh tdi hop
néi trén thi thdi gian song t clia cdc hat tai dién dudc tinh theo
cong thuc :
1 1 1 1 1

T

= +—+
i  Vvang—vang bdy Vmat



VII. Tiép xdc kim loqi - chdt ban dan
1) Dong phdt xa nhiét dién tw . Cong thodt nhiét dién tu

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

47rmoek2

A= 3




® = E,- Eg la cong rut dién tu .




VII. Tiép xac kim loai - chdt bdn dan

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

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

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

Do tdc dung ndy ma dén mot lic ndo d6 sé& dat trang thdi cin
bing : & ranh gidi cla hai vat liéu xuit hién mot dién trudng 6n
dinh &,, dugc goi la dién truong tiép xiic.



O trang thdi dirng, dong electron di tit chit ban din sang kim
loai jpp, bing dong electron di tir kim loai sang chat ban dan jy,

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

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



........
cl, .
g .
——————— + Ppp-N
.QU“ | E
............. S T
N .

k1 > Pap.y

Mién dién tich thé tich w trén
mit chit ban din c6 dién trd rat
16n so vGi dién trG cua kim loai
va clia mién b4dn din trung hoa.
L&p do thudng dugc goila lop
ngan.

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

+ N Ev

Px1 < Ppp.N

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



Muc chan khong
--u--I m EmE ------u--u.‘...- : Fbll M]:['C Chan khé\)ng :....'..‘_.-i-- -:-I;E;r----l------.-

-l-..l EEEEE EIEEEEEEEE EEEN I.I..:..............L
F 4

Kim loa1 - BDDP loa1 N Kim loa1 - BDD loa1 P



Phin cuc thuan

Phin cuc ngugc



VII. Tiép xac kim loai - chdt bdn dan

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

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

jKL = jBD = js

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

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



1. Phan cuc thuin 16p chuyén tiép :

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

jKL = Js
+elU —eV eV
JBD P T Js €XP T

Dong tong cong qua 16p chuyén tiép

eV
o i i€V
J=Jpp —Jkr = Js( P )
S —3(UeV) E, I |
1 KL BD |+ Er _'_'.feV"" Er
N ‘ E, }
+ _ \%




2. Phén cuc ngugce 16p chuyén tiép :

Pién 4p V tao nén dién trudng cung chi€u véi dién trudng tiép
xuac & .

DPién trudng ngoai lam ting hang rao thé ning ddi vdi cic electron
chuyén dong tir chi't ban din sang kim loai va do d6 1am thay doi
jepMa khong dnh hudng gi dén dong jy :

Jkr = Js
JBD = AT? CXp— Ppp*elptel =Js CXP—ﬁ
kT kT v
% 2 oA e . . . e
Dong tong cong qua 16p chuyén ti€p J = Jgp — Jk1. = Js (exp—k—T—l)

L It
— KL | BD [ Fr >&_e(1{0+\f) E,
i — T —_— EF

[T
<v




VIIl. Chayén tiép P - N

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

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

Phuong phédp plana.

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



1) Chuyén tiép P — N : diéu kién can bdang

Gidn do ving ndng luong ciia I6p chuyén tiép P - N. Thé hiéu
tiép xiic

Khi méi dugc hinh thianh 16p chuyén ti€p, do ¢6 chénh léch vé
nong do cla cdc hat tai dién ( electron va 16 trong ) trong hai
mién , X4y ra cdc qud trinh khuéch tin sau :

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

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

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



Chuyén tiép P - N : dieu kién <¢dn bang

Dong ktdn cta 16 trong

>

Dong ktan cua electron
4| .

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

BDP-P BDP-N Pién trudng txic

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

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

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

jps :

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



Chuyén tiép P - N : diéu kién <¢dn bang

ECP
EVP """" EF _______ ECN
v

E




+ E

EcP

EiP

vP




2) Thé hiéu tiép xiic

'k A / /{’ / / / A / A, ° / *
Mién dién tich thé tich chi c6 cdc dién tich cd dinh ( cdc ion Ny*
va cdc ion N,°) nén di€n tr6 cua mi€n nay rat hon dién trd cua
cac mien P va N trung hoa.

. E-—-—F
Trong mién N: R,y =N, exp F cV
kT
Ny Poy = 17
Khi E.=E. thi n, = n, nénco th€ viét
Ep—E;y

n,n =n; exp KT



Thé hiéu tiép xac
Trong mi€n P : ny, pyp = 02

Er-E
=N, exp————F
Popr y €XP kT

Ep—LE;p
kT

Pop = N €XP—

»  Ep—FEp

l

Non Pop = 1 €XP T

Thé hiéu ti€p xtc :

kT

€

U

o

— NI;OP = exp er
n; kT
noy _ kT KT Pop

n,p € PoN



Th€ hiéu ti€p xdc phu thudc vao ndong dod tap chat trong cic
chuyén ti€p P* N hoic N*P

0.95

0.8

0.75 I S I I A N - RS - R
101 1015 1016 107

N, hodc N, (cm™)




3) Chuyén tiép P — N : ddc trung Von-Ampe
Xét 16p chuyén ti€p P-N .
C6 cdc dong sau chay qua 16p chuyén ti€p do :

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

+ dong 10 trong tir mién N sang mién P : Jos
( dong hat tai di€n khong co ban )

+ dong electron tir mién N sang miénP: j_
( dong hat tai di€n cd ban )

+ dong electron tr mi€n P sang mién N : T s
( dong hat tai dién khong co ban )



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

= (ytiy) - Cpg+ ) = 0
¢ )
rong do o L,
Jns = €Nop ——
n
L
Jps = €PoN —
Tp

batdién ap V I€n hé P-N.

= Do dién trd clia 16p dién tich thé tich rat 16n nén gan ding c6
thé xem toan bd V sut hét trén mién ndy.

= Xét trudng hgp 16p ngin méng d€ cé thé bd qua cdc qud trinh
sinh va t4i hop cdc hat tdi dién trong mi€n nay.



a. Chayén tiép P - N : phdn cuc thudn
P N

Dong 10 trong | | Dong electron
AL
I

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

N eU:V)

J -ﬂﬁ.-ﬂn-ﬁr Lo B

- E,..:
d'(f ':JFE}:

— -"'-.— I ---}-Il-i.ﬂ"




Su gidm nay khong dnh hudng gi d€n cdc dong hat tdi dién khong
cd ban nhung lam ting cdc dong hat tai dién cd ban :

: : eV L, eV
Jn = Jns expk_T=enoP _nexpk_T
L, eV L, eV
Jp = Jps expk_T=epoN;expk_T

Dong tong cong qua 16p chuyén tiép

j=(jn+jp)_(jns+jps)

Lo eV L L eV
=(Jns T J ps J(exp——1)=e(n,p —+ PoN _p)(exp—_l)

kT T, T kT



b. Chuyén tiép P - N : phdn cuc nguoc

Mién ngheo

N +
o O PO L . | | |
< ©00000000000000 _
- SR
™ el ™
Gﬂg = - -
. g

Pién 4p V tao dién trudng ngoiai cung chiéu véi dién trudng ti€p
xtic. Do hai dién trudng cing chiéu nhau nén dién trudng tong
cong trong 16p chuyén ti€p ting 1én. Thé hiéu ti€p xic bay gid
bainge (U,+V) .



Su ting thé nay khong dnh hiong gi dén cdc dong hat tdi
dién khong co ban nhung lam giam cdc dong hat tai dién co

ban :
. eV L, eV
Jn = Jns exp_k_T= €n,p ;_expk_T
L eV L, eV
Jp = Jps €x _k_T=epoN ;exp_k_T

Dong tong cong qua 16p chuyén tiép

j=(jn+jp)_(jns+jps)

. . —eV L
= + ex
(Jns + Jps )exp T

n

T, T,

—-1)=e(n,p —+ p,n —p)(exp

—eV
kT

-1)



K&t hop cdc két qud trén, c6 thé viét bi€u thic cia dudng dic
trung Von - Ampe duéi dang

eV J1

= j. (expt—-—1
J=Js(exp - )

trong d6 14y dau + n€u phin cyc thuin

va dau - khi phin cyc ngugc.

— dle—

J
. . . . Ln LP
T, T,
. L L L
Js=e(nop—"+poN—p)=eni2( n_4 P )
T, ’Cp NATn NDTp

phu thudc nhi€u vao nhiét do .
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