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1. Ciu tric nguyén tur

« M&i nguyén tlr bao gébm: hat nhan
o trung tdm chra cac dién tich
dwong (proton), dwgc bao quanh
b&i cac electron.

« Sb electron bang sb proton trong
hat nhan va dién tich cua proton va
electron 1a bang nhau nén nguyén
tr trung hoa vé dién.

(a) A diagram of the
silicon atom,
showing its nucleus
and electron shells.
P = proton;

N = neutron.

(b) An abbreviated
diagram of the
silicon atom,
showing valence
electrons only.

Céc electron duoc sdp xép vao ba
qui dao xung quanh hat nhan.

Sé6 electron ti da N, ma 1&p vé n cé thé chira la:

N, = 2n2

0 Mai I&p vé nguyén t&r dwoe chia
thanh cac I6p con. Lép vé thir n
chtra n |&p con.

O Lép con dau tién chia__2_
electron, cac 1&p con tiép theo
chira nhiéu hon 1&p con trwdc dé
4 electron.

4 Caclépcon:s,p,d,f.

() A diagram of the
silicon atom,
showing its nucleus
and electron shells.
P = proton;

N = neutron.

(b) An abbreviated
diagram of the
silicon atom,
showing valence
electrons only.
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VD: Hat nhan cua nguyén t&r Ge (germanium) cé 32 proton. Xac dinh
sO electron trong maéi |&'p va I&p con cla no.

Ldp vo Ldp con Dung lugng Chura that su
K 5 2 2
$ 2 2

g p 6 6 >%
$ 2 2

M p 6 6 >18
d 10 10
$ 2 2
N p 6 2
. d 10 0
f 14 0
Tong cong 32

Khi hdp thu dd nang lwong, cac electron sé thoat ra khdi nguyén tor va
tré thanh cac electron tw do.

Chét dan dién c6 nhiéu electron tw do trong khi chat cach dién co rét it
electron tw do.

= Sé electron I&p vé ngoai cung ¢6 anh hwéng /g\
rat Ion dén tinh chat dién caa vat liéu. o e X

~ N x « A Je X 7 4 2 \ ‘
= Vat liéu dan dién co rat it electron trong I&p vo cé <j Z) ®/(%\®

ngoai cling, va chi can mét nang lwgng nho la \ \
c6 thé gidi phéng chung tré thanh cac © &g
electron tw do.

(a) A diagram of the (b) An abbreviated
silicon atom, diagram of the
showing its nucleus silicon atom,

= Pbi v&i vat lieu cach dién, I&ép vé ngoadi cung e g s
thwong lién két chat vé&i hat nhan, do do
chung co rat it electron tw do.
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CS) | 2. VAt li@u ban dAn (st gengisdadeds edsde)

trang thai bén virng.

dé co trang thai bén virng.

Vat liéu ban dan khéng phai Ia vat liéu cach dién ma cﬁrkg khong phai la vat liéu
dén dlén tét ( Now ‘H’wng 3.‘am 2:}4@ VQ,“ ﬁac da‘.\,\)al'eg va ﬁ&mg da¥ sy :

/

Vat liéu ban dan, n6 c6 khuynh hwéng dat dén trang thai bén viing tam thoi ban
cach lap day I&p con cua I&p vé ngoai cung.

Vat lieu dan dién, I&p vd ngoai cling clia nguyén ti cé rat it cac electron, né co
khuynh hwéng gidi phong cac electron nay dé tao thanh electron tw do va dat dén

Vat liéu cach dién lai cé khuynh hwdng gilr lai cac electron I&p ngoai cung cua no

)

Nguyén tir ban dan thwc hién diéu nay bang cach chia sé bon electron 16p vé ngoai
cung cla né v&i bon electron cdia bon nguyén tr lan can.
Céac chat ban dan dién hinh nhu Germanium (Ge), Silicium (Si),.. La nhirng nguyén
t0 thuéc nhém 4 nam trong bang hé thong tuan hoan.

-
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Vi du vé nguyén tir ban dan Silicon (Si)

Nguyén t& ban dan Si, cé 4 electron & I&p ngoai cung.

O Hat nhéan

(— mot niva liénkét hoa tri
(— = liénkét héa tri

Lién két do 2 e I6p vé ngoai cling cda 2 nguyén t
1an can tao thanh goi la lién két hoéa tri (covalent
bond)

N~
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3. Dong dién trong ban dan
« Vat liéu dan dién co rat nhiéu electron ty do.

« Khi & diéu kién méi tredng, néu duoc hap thu mét nang lwong nhiét cac
electron nay sé dwoc giai phong khoi nguyén tir.

- Céc electron chuyén ddng cé hudng sé sinh ra dong dién.

« V&i vat liéu ban dan, cac electron tw do cling dwoc sinh ra mdt céch twong

te.

« Tuy nhién, ndng lwong can dé giadi phdng cac electron nay Ién hon dbi voi

vat liéu dan dién vi chung bi rang budc bdi céc lién két hoa tri.

« Nang lwong nay phai du Ién dé pha v& lién két hoa tri gitra cac nguyén ti.

« Thuyét lwong t&r cho phép ta nhin mé hinh nguyén t&r dwa trén ndng lwong

cta no, thudng duwoc biéu dién dwéi dang gidn d6 nang lwong.

9/28/2018

W"‘\ d;h
(ehdo)

Gian dd n3ng lvong

-V&i mot nguyén tiv, cac electron sé dugc sap xép vao cac mire ndng lwong rdi rac
nhau tuy thuéc vao I&p va I&ép con ma electron nay chiem. Cac mirc nang lwvong

nay gibng nhau cho moi nguyén tir.

-Vé&i toan bd vat liéu, mdi nguyén t&r con chiu anh hwéng tlr cac tac ddng khac nhau
bén ngoai. Do d6, mrc nang lwgng cla cac electron trong cung I6p va I&p con cé

thé khong gpn bang nhau gira cac nguyén te.
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\Vung héa tri 14 viing ctia cac electron nam
trong |&p vé ngoai cung, ching mang nang
lwong thap hon so vé&i vung dan.

0.67 eV | forbidden band
| /i valence band%
b

I I valence band
%%
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Nhan xét

- Sb electron tw do trong vat liéu phu thudc rat nhiéu vao nhiét
do va do do do dan dién cua vat liéu cling vay.

* Nhiét d6 cang cao thi nang lwong cua cac electron cang lon.

PURTIN , = , oA X  n n s A Oy S .2
« Vatliéu ban dan c6 hé sb nhiét dién tréo am. /w’"’ﬁ? o5, Rytam,

« Vat liéu dan dién co hé sb nhiét dién tré dwong.

J

J

3.1 L6 trbng va dong 16 trbng

Vat liéu ban dan tdn tai mét dang hat dan khac ngoai electron tw do.

M6t electron tw do xuét hién thi déng thédi né ciing sinh ra mét 16
trong (hole).

L tréng dwoe qui wée 1a hat dan mang dién tich dwong.

Dong di chuyén c6 hudng cla 16 trong duoc goi la dong 16 trong
trong ban dan.

Khi 16 tréng di chuyén tir phai sang trai cling déng nghia v&i viéc cac
electron I&p vo ngoai cung di chuyén twr trai sang phai.

~
el trvig
S#M"tfo .

2y G5Tiras ce chungéi sy o 710G

e di' ch“ye(: Mglﬂ;[ hu%é VO"
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S e Lihoa a1
L’)a; d{j‘f‘huaﬁ‘; m; = Py Phés v LK F:;r"' o a 9/28/2018
va
b dg electrom (electron /omg) #) Too 1 A eteckvar v S
M,{‘ “1 b = A7 v 6\“ “"/)JJ&W 8*4’0’0 ,)&:dahﬂam,A
p; - mar do 4o '"'“"9 Celectron lom? ) =) S0l rtrnang =116 UG €

O C6 thé phan tich dong dién trong ban dan thanh hai dong electron.

Q pé tién loi ta thwong xem nhw dong dién trong ban dan la do dong electron va
dong 10 trong gay ra.

U Ta thuwdng goi eleptron tw do va 16 tréng 1a hat dan vi ching cé kha nang chuyén
ddng c6 hwéng de sinh ra dong dién.

O Khi mét electron tw do va 16 tréng két hop lai v&i nhau trong vang hoa tri, cac hat
dan bi mat di, va ta goi qua trinh nay l1a qua trinh tai hop hat dan.

O Viéc pha v& mot lién két hoa tri sé tao ra mot electron tw do va mét 16 tréng. do
do soO lwgng 16 trong sé ludn bang so lwong electron tw do. Ban dan nay dwoc
goi la ban dan thuan (intrinsic).

-_

- Ta co: n; = p; €L

n;: mat do eletron (electron/cm3) W-é phi 5 o Fyfhaf-lrg”:) —xir kit 4¢

p;: mat do 16 trong (16 trong/cm3) i A€ 165 r%”
> E);a% /

fGS(@

3.2 DONG trO] (defy e s chgis g il 1)

« Khi mot hiéu dién thé dwoc dat lén hai dau ban dan, dién trvong sé lam cho céc
electron tw do di chuyén ngwoc chiéu dién trwdng va cac 16 tréng di chuyén cung
chiéu dién trudng.

+ Ca hai sy di chuyén nay gay ra trong ban dan mét dong dién cé chiéu cung chiéu
dién trwdng dwoc goi la dong tréi (drift current).

» Dong tréi phu thudc nhiéu vao kha nang di chuyén cla hat dan trong ban dan, kha
nang di chuyén dwoc danh gia bang dé linh déng cta hat dan. B linh ddng nay
phu thudc vao loai hat dan ciing nhw loai vat liéu.

Silicon Germanium
& K@=0.14 m?/(Vs) u, =0.38 m*/(Vs)
Anb 3o cher . 5
L =0.05 m?/(Vs) u,=0.18 m?/(Vs)
d6' bl 3132\7 MI}W .
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3.2 Dong troi

-Van tbc cda hat dan trong dién trwdng E:

V,= E.pn')vp: E.u,

-Mat dé dong dién J:
J=J,+J,=nq, 1, E+pq,u,E= nqnvn+pq v,

M& Medl chu 3‘4 —) rmE‘_ 'do eCa/" cao ,) C‘DD‘D( {07/) v
J mat do dong dién, (A/m2) , a J d ‘0
E cudng do dién trudng(V/m) Tiet e | Jyf A3
S l - UI/ z) J~>T.

n, p mat dé electron tw do va 16 tréng, (hat ddn/m3)

Kadd

4,>9,= don vjdién tich electron =1.6x10"1°c 2
— J'UT N 5 T ™M 1w wm
Hy 5 1, = d0 linh ddng cla electron tw do va 10 trong (m?/Vs) —.— = r
) x| DV
VusVp=  van toc electron ty do va 16 trong, (m/s) N
Vidu 1-1

Mot hiéu dién thé dwoc dat Ién hai dau ctia mot thanh ban dan thuan
trong hinh vé&. Gid stv: n. =1.5x 10'° 1a electron/cm3
4, =0.14 m>/(Vs); p,=0.05 m’/(Vs)

Ii.m.: i‘ 0.6 cm >
1.Van toc electron tw do va 10 20 mry
tréng; e -
~ a s 20 mm . *
2.Mat dé dong electron ty do Si
va 10 trong;

3.Mat do dong tbng cong;
4.Dong téng cdng trong thanh
ban dan. ]




Mbt hiu dién thé duoc dst 1en hai dAu cia mét thanh ban din thuan
trong hinh v&. Gid stv : n, =1.5x 10'° 1a electron
4, =0.14 m?>/(Vs); wm,=0.05 m’/(Vs)

le———0.6 cm ———>] Iim:

20 mi¥ 1.Van téc electron ty do va 16

trong; -

20 mm

1 @ 2.Mét~dcf> ’dbng electron tw do
va 16 trong;

[ ]

3.Mat do dong tdng cong;
'Dong [tdng cdng trong thanh

12"v /bén dan.
\V

5
- U_ 12 =240 (Vim) Doad"ffq’
d  0p02

N

Wl 1" e do: v,z E u,

1]

3
2.46 .0,449= 280 (miy )

Wota 4T v s B, = 2.40° 008 =400 (min)

b) Wb a8 oy i ebPdo: T,z mg, = 4540 46457 980 = 0,6%2 (Almt)
[ t

~m v

16
P m =m= 4,5.40 (e&c"'/‘o"/’mg)

t
46 -
Mk & doy m”&’mg; Jo= B-9p-U,= 4540 . 4,640 400 = 6,24 CAw’)
M_ﬂ#ﬁdw&‘fﬁfgcq@d c Tz T,+Tp= 0,672 t+ 0,24 - 0,912 (A"

-

Oy tigaly . To Ta= 0,912 (20046°D = 5648 15 (A)

5 2 = 0‘565 ’M74
142\5 : déa/ﬁgl' dm V’l',



1. Ta co:
9 3 12
E=U/d=210"V/m = ——
. o i m 0,6 40>
u:;: .~ V,=Ep, =2.8x10m/s

gwfﬂ' <V, =Epn, =10 m/s

2. Vi vat liéu Ia thudn nen: /2% Hat

p, =n,E1.5x10°(7 cm’) =1.5x10"°(/m?)

J =n.q,v, =0672 A/ m’
J,=n.4q,v,=024 4/ m"

3. J=4, +Jp =0.672+0.24=0.912A/m?

4.Tiét dién ngang cda thanh 1a : (20x10~ m)(20x10~° m)=4x10" m’

Dong dién:
1=JS=(0.912A/m?).(4x10* m?)=0.365mA
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Mot so lwu y
- Dién tré c6 thé dwoc tinh bang cach dung céng thirc:

R — p l 5:;’-—)'
Qm O
- Pién dan, don vi siemens (S), dwoc dinh nghia 1a nghich dao cua dién
tré) va dién dan suét, don vi S/m, la nghich dao cla dién trd suét:

PlQm)
- Dién dan suét ctia vat liéu ban dan cé thé duwoc tinh theo cong thirc:
k|
= nqnllln + pqpﬂp - E
CSim)




Vidu 2 (DCw- —O—)

1. Tinh dién dan suét va dién trd suét ctia thanh ban dan trong vi du 1-1.

2. Dung két qua ctia cau 1 d@é tim dong trong thanh ban dan khi dién ap
trén hai dau ciathanhla 12V. T
'y - 5 U f) J- } E

Mét hiéu dién thé dwoc dst 1én hai dAu ciia mét thanh ban dn thuan
trong hinh v&. Gid str: 1, =1.5x 10'° 1a electron/cm?
u,=0.14 m?>/(Vs); wm,=0.05 m’/(Vs)
20 mm
y 3

fe—— 06 em —— Gia”:
)

zolmm @

E4

-~ N N
Baw olaw Hhudw -

L ]

2
Pe=m; = 1'5. AOMCM{:,%&MICWQ’)

4,516 Cugue 47 5 )

6 =1
6= m,. 9, M.t P Qp Mp = 4,8./164 . 4,6.40 3(0/4‘1 + 005 )

-4
4,5¢.40 ( Sim)

Al

9 P 2 - 2433 CQw.
G)

b) EzV- 12  _ 2000C Vi)
A os10°

J- EG= 2000 4,56.40 *=0942 ( Alw")
-6 —¢,
D I= TS= 0912 (202040 )= 364810 "(A)

= 0,369.%1*_



Vi dy

1. Tinh dién dan suét va dién tré suét ctia thanh ban dan trong vi du 1-1.

2. Dung két qua clia cau 1 dé tim dong trong thanh ban dan khi dién ap

trén hai dau cuta thanh la 12V .
Hwéng dan

1. Vi ban dan thuan nén:

n=p=n=p=15x10°/m3,q,=q,=1.6x10"°C

c=4.56x10"* S/m
1

p=—=2192.98 Om
(e}

R=p—=32.98KQ

s
S
1= ~0.365mA
R
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3.3 Dong khuéch tan

. N~éu nhw trong ban dan cé sw chénh léch mat dd hat dan thi cac hat
dan sé c6 khuynh huwéng di chuyén tr noi c6 mat dé hat dan cao

dén noi c6 mat do hat dan thap hon nham can bang mat dé hat dan.

* Qua trinh di chuyén nay sinh ra mét

dong dién

bén trong ban dan.

Dong dién nay duoc goi 1a dong khuéch tan (diffusion current).

« Dong khuéch tan cé tinh chat qua do (thdi gian tén tai ngan) trir khi
sw chénh léch mat dé dwoc duy tri trong ban dan.

Kbt ds 48" €18 ) Dong By T fo5 .

10
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4. Ban dan loai P va ban din loai N

« Trong ban dan thuan (intrinsic semiconduyctor) c6 mat do electron
tw do bang v&i mat do 16 trong. (K% dag fihiech )

 Trong thuc té, ngudi ta sé tao ra vat liéu ban dan trong d6 mat do
electron I&n hon mat dé 16 trong hoac vat liéu ban dan cé mat dé 16
X P A A PR ~7 -
trong I&n hon mat dé electron tw do. (¢ dong Ahuichs v /)

emhi' &} hn
x . _ Nega hig C-)
« Ban dan ma electron tw do chi phoi dwgc goi lal ban dan loai N| con

ban dan trong do6 10 trong chi phoi chd yéu goi la ban dan loai P,entve (37

« Céac vat liéu ban dan nay dwoc goi la ban dan [cé pha tap [chét.

-

<N N\
didl hiels 4 @hofu

Cach thirc tao ra ban dan loai N

Uooow Wy
DOEDOEDOEDOS

1 ' Cau tric tinh thé ban dén
{ { chira mét nguyén ter donor.

ODOE OHE D @S" D@ Hat nhén cta donor ky hiéu

ca? LK 1 e la D.
oo’ [ ’“b'l 1 =) Pha 10, toorade =) Pha mD,tac rame

43
0 DOCODOCEODOE DOE A TumdicgastaN.
m m m m '
« Nguyén t& tap chat luc nay duoc goi Ié, nguyén t&r tap chat cho (donor) -> ion dwong.
» Cac vat liéu dwoc str dung n/hu tap chat cho donor théng thwdng la_antimony,
arsenic, phosphor.(maug&%hm 5)
» Céc electron cua tap chat nay da co thé tré thanh electron tw do trong viing dan va
nguyén t& tap chat tré thanh mét ion dwong.

11
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Cach thurc tao ra ban dan loai P Wi (oé‘,mao;-azj

C4u trac tinh thé ban dén
co6 chira moét nguyén tor
acceptor.

@ @ @ @ Nguyén t&r acceptor duwoc

SEEODOEDOCOOE K heulai
m m m m

’:) Pha dnvtA '1"0'0&"“ 1 (6“‘0"7'7;“:9/’ _EhQ [%] /»"‘14/‘—‘-0( Nan (oﬂ'Q

« Nguyén ti tap chat dwoc goi la tap chat nhan (acceptor) -> ion am. ey

 Vat liéu thwodng dwoc dung lam tap chét trong trwdng hop nay 1a
aluminum, boron, gallium, indium.

N /
Nhan xét
At [ Trong vat liéu ban dan loai N, mac du sb lwong electron tw do nhiéu hon han so
o v&i 16 trong nhwng [0 trong van ton tai trong ban dan.
j Ca’v"H".aﬁ z . L, ~ ~ . . . X
’5'4"9 ews |\ ¢ Lwong tap chat donor cang Ion, mat do electron tw do cang cao va cang chiém wu
foo bas dSd thé so voi lwong 16 trong.

NP | ¢ Do dé, trong ban dan loai N, electron tw do dwoc goi la hat dan da sé, 16 trébng dwoc
Nhu{‘ eh (5 s = . R X
;Y ] goi la hat dan thiéu so.
‘h"v';:? &g-}oﬁ‘ﬁ', e n i~ n n N ~ T Y X .
* Moi quan hé quan trgng gilra mat doé electron va mat dé 16 trong trong hau hét cac
ban dan trong thuwc té la:

2
np =n;

1

Véi: n: mat dé electron
p: mat do 16 tréng

n;: mat do electron trong ban dan thuan.

12
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Mét thanh silicon c6 mat dé electron trong ban dan thuan la 1.4x 1016
electron/m? bi kich thich b&i cac nguyén tlr tap chat cho dén khi mat do 16
trébngla 8.5x107 16 tréng/m3. B6 linh dong cta electron va 16 tréng 1a

u, =0.14 m*/(Vs) va u,=0.05 m>/(Vs).

1. Tim mat dd electron trong ban dan da pha tap chét.
2. Ban dan la loai N hay loai P?

3. Tim dé dan dién cGa ban dan pha tap chét.

Hwéng dan

1. _(1.4><10">)2

n= £ — W =23x 1010 electron/m3
P .5x10°

2. Vip >nnénvatliéu la loai P.

3. o=nugq,+pug,
=(23x10')(0.14)(1.6x107" ) +(8.5x10*" ) (0.05)(1.6x10™"")
=5.152x107"° +68 ~ 68 S/m

13



m. -
A= 6
Mét thanh silicon cé6 mat dd electron trong ban dan thuan la 1.4x10'
electron/m? bi kich tplch bé&i cac nguyén tlr tap chat cho dén khi mat doé 16
trébngla 8. 5x10°" 15 trébng/m3. Do linh déng cua electron va 16 tréng la

4, =0.14 m’/(Vs) va u, =0.05 m*>/(Vs).

1. Tim mat do electron trong ban dan da pha tap chét.
2. Ban dan la loai N hay loai P?

3. Tim d6 dan dién cta ban dan pha tap chét.

[ PR SRR} P

2

1) MG ewtdo:  mz " = 2,3.40" Celm®)
p

L)Ta Wy pOn =) v das b

g) = Mc’”/uu-\— P q, ’MP 63(5/’“4)



