DHBK Tp HCM-Khoa B-BT
BMDT

GVPT: Hb Trung My

Mbén hoc: Dung cu ban dan

Chwong 4

Chuyén tiép PN
(PN Junction)

NOi dung chuwong 4

. Chuyén tiép PN — Gi¢i thiéu cac khai niém
. Diéu kién can bang nhiét

. Mién nghéo

. Dién dung mién nghéo

. D&c tuyén dong-ap

. Cac md hinh cua diode ban dan

. Dién tich chira va qua trinh qua dé

. Danh thang chuyén tiép

. Chuyén tiép di thé (Heterojunction)

10. C4c loai diode ban dan

11. Gidi thiéu cac ing dung clia diode ban dan

©O© 0 N O O B W N
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4.7 Dbién tich chira
va qua trinh qua do

« O phan cuc thuan, dién t&r dwoc
bom ttr mién N vao mién P va 16
dwoc bom vao tlr mién P vao mién
N. Khi di qua chuyén tiép, hat dan
thiéu s6 tai hop véi hat dan da sé va
suy giam theo ham m véi khoang
cach di dwoc

« Nhirng déng gbp cla cac hat dan
thiéu s& nay dan dén c6 dong dién
va tich trir dién tich trong chuyén
tiép P-N.

e Ta xét dién tich dwoc tich trlr nay,
hiéu (rng cta no 1én dién dung tiép
xuc, va &ng x& qua dod cta chuyén
tiép P-N do nhirng thay déi dot ngot
& phan cuec. 4




r'é

4.7.1 Tich triv hat dan thiéu sé
(Minority-Carrier Storage)

« Dién tich ctia nhitng hat dan thiéu sé dwoc bom vao trén don

vi dién tich dwoc chia trong mién N trung hoa c6 thé duoc
tim bang cach lay tich phan nhirng 16 thira trong mién trung
hoa (phan hinh vé c6 t6 den), dung phwong trinh 51:

Q;p = Q.':,(Pn —pno) dx,
=q. Pw(e"wkr - 1) e gy

= 4Ly (™ -1). (75)
Chu thich:
Pa~Pno = pm{eq"/kT - 1) e—(x_r“]le > (51)

where L,, which is equal to VD, 7, is the diffusion length of holes (minority carriers) in
the n- reglon Atx =x,,

(52) s

R

L,

P odx

« Taciing c6 biéu thirc twong tw cho nhirng dién t&r duoc tich triv
trong mién P trung hoa. Sé hat dan thiéu s tich trir dworc phu thudc
vao ca chiéu dai khuéch tan L va mat do dién tich & canh (bién)
mién nghéo. Ta c6 thé biéu dién dién tich chira theo dong bom vao.
Tw cac phwong trinh 52 va 75, ta cé

2

L
Qp = ZTp(a)=Tplxa) (79)

P

« Phuwong trinh trén phét biéu rang lwong dién tich chira la tich sé cla
dong dién va thoi gian séng clia hat dan thiéu s6. C6 diéu nay la do
16 (dwoc bom vao) lai khuéch tan niva vao mién N trudc khi tai hop
néu thoi gian séng clia ching dai hon, nhw vay c6 nhiéu 16 dugc
tich trlr hon.
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4.7.2 Pién dung khuéch tan

* bién dung mién nghéo duoc xét trwde day thi dung cho dién dung
chuyén tiép khi né dwoc phan cye nguorc.

» Khi chuyén tiép dwoc phan cyc thuan, c6 thém dong gop dang ké
vao dién dung chuyén tiép twv sw sap xép lai cla dién tich chiva
trong cac mién trung hoa. Bé chinh la dlen dung khuéch tan Cq»
c6 duoc tir diode that khi hat dan thiéu sb di chuyén qua mién trung
hoa do khuéch tan.

» Dién dung khuéch tan clia 16 dugc tich trr trong mién N trung hoa
cO dwgc bang cach ap dung dinh nghia Cy = AdQ,/dV vao phwong
trinh 75

Ag°L
Cp= "l (0T | = Mg Ny = Gr, (1)

v&i Ala dién tich mat cét ngang cla dung cuy, 1, | thoi gian song
clia hat dan thiéu sé, va G la dién dan cta chuyén tiép. Ta co the
thém dong gop C4 do dién tir chira trong trwdng hop dang ké dén.

* VGi chuyén tiép p*-n (ny, << p,), d6ng gop C, cta dién tir
chira tré nén khoéng dang ké. Khi phan cuc nguoc (nghla la
V am), phuong trinh 77 cho thdy C, vi sw tich trir hat dan
thiéu s6 co thé bd qua duoc.

« Trong nhiéu ng dung, ta thworng biéu dién chuyén tiép P-N
bang twong dwong. Ngoai dién dung khuéch tan C, va dién
dung mieén nghéo C,; ta phai ké dén dong dién di qua dung
cu. V&i diode ly two’ng do dan dién co dwoc tr phwong

trinh 55:
qA . gvikT _ A gl
G= Evl e =L (4)) = <11y (78)
Chu thich:

]=]P(x )+]n( ) ](quT 1) (55)




Mach twong dwong tin hiéu nhé cua diode
I . .

(a) Md hinh chua ké& dén Rg va Lg

e,
|

3 C C
i a
I
R, L.
C.
J
Rl
M~
(c) C phu thudc vao phan cyc

(b) M hinh ké& dén R (dién tré khdi) va Lg (dién cam day dan)

Differential capacitance

The differential capacitance of a pn junction can now be described in the
form

1
Y(Crop + Car | Y Ct man

Cd = Differential capacitance

The differential capacitance of a diode is given in the graph.

)

—————— capacitance (C,).

P 3
- P . Camax_____ e
= Depletion (C,,,),
8 o.6f diffusion (Cy),
c . . .
8 L maximum diffusion
§ (Cy_may) @nd differential
S

0.2 0.3 0.4 § 0.6
Voltage (V)
10
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Differential capacitance

The maximum of the differential capacitance is observed under
forward bias conditions. Under reverse bias conditions the

differential capacitance is determined by the depletion capacitance,
which is more or less constant.

Under forward bias the depletion capacitance gets larger, because
the width of the depletion region is reduced, so that the differential
capacitance is increased. The diffusion capacitance is zero for
reverse bias. Only under forward bias the diffusion capacitance
contributes to the differential capacitance. The diffusion capacitance
increases as the minority carrier concentration increases in the
neutral regions.

The differential capacitance of the diode is limited by a maximum
diffusion capacitance. The maximum diffusion capacitance is
determined the Debye length for the electrons and holes. The Debye
length defines a lower limit for the width of the depletion region.

11

AC-Analysis

(a) Diffusion capacitance and small-signal equivalent

circuit

This is capacitance related to the change of the minority
carriers. It is important (even becomes dominant) under
forward bias conditions.

The diffusion capacitance is obtained from the device

impedance, and using the continuity equation for minority
S )

carriers: dAp, 5 d2Ap, Ap,

n
dt P dx2 Tp

» Applied voltages, currents and solution for Dp,:

V(t) =V, +v1e‘_°°tt, V; <<V,
J(t)=Jy+ 3", I << I,

iot

I pn(X!t) = pns(x)+ pnl(x)e

12
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 Equation for p,,(x):

2 ; 2
d pn1_1+|0ﬁp p (X)=0—)d pnl_ pnl(x):0
2 D nl 2 2
dx pr dx Lp-

» Boundary conditions:

pn (Oo1t) = pnO - pn]_(oo) =_0

1ot
P, (0,) = ppo eXp Vo Vs — Py (0) = PooVs eXp Vo
Vq Vq Vy

* Final expression for p,;(X):

PnoV1 Vo X
Py (Xt exp exp
D Vr (VT j { Ly }

13

» Small-signal hole current:
dPng AdD p PnoVy - (Vo J
=—————— [1+lot jexp| —— =YV,
Pdx |yo L Vr P Vg
» Low-frequency limit for the admittance Y:

AgD
= qppnoexp(VOJ(l-l—;i(DT p) = Gd + i(’OCdif

I, =—AqD

Y
LoVr Vo
Gy _ A% Pno (Vojzlsezlzdl, | — Forward current
LoVr (V2 VARV
1 AgD, Pno V, 11
02 Ly PPy ) 2w P
pVT T T

* RC-constant:
Tp / The characteristic time constant is on
RyCuait = 3 the order of the minority carriers lifetime.

14
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Equivalent circuit model for forward bias:

Cdepl | |
I
Caif | | s >
1 MWr—pp
1
Rd =a
Wy
Bias dependence: C Cyit

4.7.3 Pap wvng qua do

V@i cac ap dung chuyén mach, chuyén déi tr phan cwe thuan
sang ngwoc gan nhw la dét ngdt va thdi gian qua dé ngan. Hinh
22a cho thdy mach don gian véi dong thuan I chay qua chuyén
tiép P-N.

Tai thoi diém t=0, cong tdc S dot ngdt dwoe chuyén sang phai va
dong ngwoc ban dau I ~ V/R chay qua. Thoi gian quéa do ty, dwoc
vé & hinh 22b, |a thdi gian can cho dong dién dat dén 10% cua
dong ngwoc ban dau Is.

Thoi gian quéa do co thé dwoc wéc lwong nhw sau. Trong diéu kién
phan cwc thuan, hat dan thiéu sb chira trong mién N véi chuyén
tiép p+-n dwoc cho béi phwong trinh 76:

Ig
Qp = Tp.]p =Ty _A_: | (79)

v&i |- 1a dong thuan va A |a tiét dién ngang cia dung cu.
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I

an- IFO JT—?

uo T

v +
F =
[

toff

(a) Mach chuyén mach co ban (b) Bép tng qué d6 ctia dong dwgc chuyén
tr phén cwe thuan sang nguwoc

Hinh 22. Bap &ng qué d6 ctia chuyén tiép P-N.

17

« Néu dong trung binh chay trong ltc diode tat 12 Ig 4, thoi
gian tat lIa thdi gian can dé lay di tong dién tich chira Qp:

g E P rp( Iz J (80)

- I.ﬁ,ave Iﬁ,nve

« Nhuw vay thoi gian tat phu thudc vao ca ti sé clia dong
thuan trén ngwoc va thoi gian song cua hat dan thiéu s6
T, (xem hinh 23).

« V&i cac dung cu chuyén mach nhanh, ta phai giam thoi
gian séng cta hat dan thiéu sb. Do d6, cac trung tam tai
hop-sinh ¢6 nhirng mirc ndng lwong gan gita dai cam,
nhw ngudi ta thwdng thém vang vao Silicon.

18
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P

t /7

L

1072 /
10°¢ /
10 /
1072 1072 10! 10 10! 102

I/ Iy

Hinh 23. Thoi gian qua dd dwoc chuan hoa
theo ti sO dong thuan I trén dong nguoc Iy.

19
Phan tich th&i gian tat t g
A
-k A ; dong tinh
] y
B g
if1) : ) /,/|  dong chuyén mach
0 ” ; —> , é,’ Y,
7 > 1(_// T2 pr. 3 v,
— t, >t T >
1r“___.__/ f* G _‘H\\ ) Y
! \\ﬂ
Iy

t.; cON dwoc goi la théi gian héi phuc ngwoct (reverse
recoveringtime ) t, hay t,,.

t, =ty +t

Tai t <=0; 1;=I¢

Trong khoang t; <t <t,: I,=Ig=-VRx/R

20
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Thoi gian tich trir dién tich t,

V6i chuyén tiép p*-n, ding phwong trinh lién tuc, ta c6

2 35
dp_%p P
Poxt Ot T,

Nhan gAdx & ca 2 bén cla phwong trinh trén, ta cé

cp Iz 1w
qADp|r .\'=0} = E'I‘O qunde + T_IO qu;Jde
p

ox
w0, 0
dt 7,

ap

ox

x=W,

Hoac

A7, -7,07)]=

Néu W, >> L, J(W,) =0

Do dé:
do )
AJ (0) = ez +£+p
P dr T, o

t<O0: Gtrangthsixaclap [ 1, (pp,/fé% 0

Do dé: )
IIZQJ
TP
o<t<t.: JdO0 O
- S:
T i=-L = AJ (0)= & .5
v dt 7,

Giai phwong trinh vi phéan trén, ta cé nghiém:
O,(t) =- 5> + Cexp(-t/ty)
Boivith  1=0,0,(0) = 5/} = C=g5 +1)
= O,t) =- 5L, + 5(I; + L) exp(-1/7)

= Ip ZH(] e I,r,fflg_)..

NX: Th&i gian tich trir dién tich tg phu thudc vao:
« thoi gian séng cla hat dan thiéu s6;
* dong dién thudn bom vao |,; 22
» dong dién ngwocritra l,

11



Théi gian hoi phuc nguworc t,
(reverse recovering time )
Binh nghia: t, =1t; + I
v&i t; la thdi gian xudng (fall time)
V&i chuyén tiép p*-n:

Khi 7, >>L,
T, I
P 25-1
[ +1, ~—
Khi W, << L,
WL
¥l e )
752D, 1, .

(b) Diode switching

» For switching applications, the transition from forward bias
to reverse bias must be nearly abrupt and the transit time
short.

» Diode turn-on and turn-off characteristics can be obtained
from the solution of the continuity equations:

%=—1V-J _Rr. 1D >_Ea‘llf’_Apn

d q 7 P qaox T,

\

daQy Q dQ, Q

I (F g N C) N B} J g

a ~ O IO LO=
Q,(t) = excess hole charge I

Valid for p*n diode

24
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Diode turn-on:

» For t<0, the switch is open, and

the excess hole charge is: I P n __l_

Qp(t<0)=Q,(07) =0 -

e At t=0, the switch closes, and we
have the following boundary
condition:

Q,(07)=Q,(0")=0 =

Ir

» Final expression for the excess hole charge:
~t/ ~t/
Q,(t)=A+Be o =Tp||:[1—e t Tp}

25

» Graphical representation:
Qp(t) Pn (X,1)

A Slope almost constant

t increasing

 Steady state value for the bias across the diode:
V, IV -x/L V, IV
Ap,(X) = pno(e al’m —1% e —>Qp = qunOLp(e al’m —1]
J

V, =V; In(1+IFJ
IS

26
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Diode turn-off:

» For t<0, the switch is in position .
1, and a steady-state situation is P n 1

established: t=0
V
lo ~ 1
F™R
e At t=0, the switch is moved to R
position 2, and up until time t=t,
we have: = =

P,(0,t) = pg >V, 20

* The current through the diode
until time t, is:

27

» To solve exactly this problem and find diode switching time,
is a rather difficult task. To simplify the problem, we make
the crucial assumption that 15 remains constant even beyond
t,.

» The differential equation to be solved and the initial
condition are, thus, of the form:
dQ, Q _
P 0 Qp(07)=Qp(0) =1yl
p

g =—F
R™ dt
» This gives the following final solution:

—t/‘cp

Q) =—-tplg+1,(Ig +1g)e
» Diode switching time:

|
Qp(tr) =0ty =1, |n(1+|2}

28
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» Graphical representation:

Va (1)
Ph(X,t) 1 Slope almost t
constant
t=0
pno - Eft_s _____
t—t,, X

t;— switching time
t,, — reverse recovery time

29

4.8 Panh thung
chuyen tiép PN

30
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15



Panh thung & phéan cwc ngwoc

Chuyén tiép PN khi bi phan cuc ngwoc cho dong b&o hda ngwec gan
nhw it phu thuéc &4p ngworc, diéu nay chi ding cho dén khi phan cuc
nguwoc dat dén téi han, khi d6 c6 danh thang (breakdown) xay ra. O dién
ap téi han nay Vg ,dong ngwoc qua diode tang nhanh, c6 dong twong dbi
I&n chay qua chuyén tiép v&i sut 4p gan nhw khéng doi.

Panh thing ngwoc do 2 co’ ché, ma méi co ché can dién trwong toi
han trong mién chuyén tiép.

- Panh thing Zener: hoat dong & dién ap thap (vai Volts)

- Danh thang théac 1G: hoat dong véi dién ap cao hon (vai Volts dén hang
chuc ngan Volts)

31

Forward
v current

Reverse saturation
current

o ‘\
I ! — Reverse breakdown
=1 current
n

‘ Reverse breakdown in a p-n junction.

32

9/29/2010
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Panh thung chuyén tiép

« Hiéu rng xuy&n ham (Tunneling effect)
* Nhan thac 10 (Avalanche multiplication)
— D4t gisi han cao & phan cwc ngwoc véi hau hét diode
— Gi&i han dién ap collector cta BJT
— Gi&i han dién ap drain cia MOSFET
— CO6 thé tao cbng suét vi-ba (microwave), nhw trong
diode IMPATT
— Phét hién tin hiéu quang nhu trong diode quang thac
IG (avalanche photodetector)

33

e HiGU ing dwrONg ham
a wa phan Cuc:
- (Tunnel effect)

* Dién trwdng cao (reverse direction)
— Di chuyén cla dién tl héa tri tir dai
héa tri sang dai dan (xuyén ham =
tunneling)
7 — Xay ra chi khi dién trwdng rat cao
— W = « Si, GaAs trén 108V/cm

* Pha tap chét cao, trén 5x1017cm-3
— Hé sé nhiét am (TCVgR <0)
— Dién ap danh thang
+ Nhé hon 4E4/q
* V6ithac IG: Ion hon 6E4/q
* Gilra 4 va 6!Eg/q, tron ca hai thac I
va dwdng ham

34
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Nhan thac |G
(Avalanche multiplication)

* V&itap chét pha vao N <=1017cm-3
dw&i phan cyc nguoc
e Dién t& sinh ra do nhiét trong mién
nghéo c6 dwgc dong nang tir dién
trwdng
— Né&u d6 lgi nay da dong nang
— Khi va cham véi 1 nguyén tt
— Phé v& céc lién két mang tinh thé
— Tao ra céap dién ti-16
« Dién tlr va 16 méi dwoc tao cé duwoc
dong nang
— Tao thém c&p dién ti-16

— Nhan thac |G

« Hé sé nhiét dwong (TCVgg > 0)
35

Piéu

IM'L In {r) [

kién danh than

TO 1 W

Vi o, va o 1a toc do ion
hda ctia dién tir va lo:

, (W)
Hé sb nhan: M, =
|
Dong dién tlr ting thém & x bang sb cép dién t-16 dwoc
sinh ra trong 1 giay trong khoang dwong dx.

(1N
e e
hodc g1, .
= (ocp —an)ln =a,l
Giastrang: O =0, =0
1,(W)-1.(0)
I

1 w
]—M =, adx

n

=J," odx

Diéu kién
danh thdng:

[o adx=1. %

9/29/2010
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Téc do ion hdéa va cham

P : Probability of having an ionizing collision with lattice

1, : Electron number entering from p-side

n

out

=n_(1+p+p°+p° +........ )

n

Electron Multiplication (M,) :

n 5 1
Mll=—°‘1T:1+p+p2+p’+ ........ =—1
n in - p
|
M = o Carrier Multiplication factor (M):
1 V n=3~6
\Y b Empirical relation !

37

Dién trwdng t&i han tai danh thdng (105V/cm)

bién trwdng t&i han tai danh thang
(Critical field at breakdown)

A ¢ Xuyén duwdng hdm chi xay ra &
i pha tap chat cao
6 - One-sided abrupt junction at 300K
----- GaAs o x .
0 | + Dién ap trong mién nghéo dwoc
ot \ xac dinh t gidi phwong trinh
L ‘ , Poisson, chuyén tiep buéc 1 phia
V. 1]
P £W £ é:‘ o=l
8 ) V(brealkdown voltage) = Z20 = &% (N
I Lz ‘ Tunreling B( 8 ) 2 2q ( B}
"""" . ; ¢ V&i chuyén tiép bién déi déu tuyén tinh
4 [oom=mmo== <—— Avalanche — 4 4
E 53/2 ¢ Y142
2EW  4E 2¢ \=1/2
) S U R T T»’B=;=—-—-ﬁ-—t——i; [a]
e A L PO 2 ¥ ied
N, (em™)

B

Ec: dién trong t&i han (critical field)

38
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bién ap danh thung théac IG
(Avalanche breakdown voltage)

Impurity concentration N, (cm™) N , s, > <
A « Pwong dirt nét & viing

1014 1015 1016 1017 1018

1000 =5 —————1m pha tap chat cao chi hiéu
S T=300K - - N
. | rng Xuyén ham
AR el on w * GaAs co dién 4p danh
: Bl \\ i thing cao hon Si vo&i
Linearly | S8 | NI N X
E " “gradedjy'unction\\ \Si_\::\\\ // 0 Cung tap Chat NB
: ==: TSR — Khe nang lweng I6n hon
o i — Can dién trwdng Ién h on
e e R R— — Dién ap danh thang cao
hon.
Impurity gradient a (cm™)
39
Breakdown voltage for the diffusion
junction
10 g e e The breakdown voltage
E 5 line between
I AN 210” — Abrupt junction and linearly
10t g graded junction consideration
S " % « Forlargeraand low Ng
S g 19 S
o= 30 — Vg is given by the abrupt
102 F 102 junction results
: x — Shown on the bottom line
| : « For small a and high Ng
1011013 = ...1.014 = I“i|015 —= ”“1015 — VBis given by the Iinearly
Background concentration Ng(cm™) graded JunCt'On results

— Indicates by the parallel lines

40
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Example 8

Calculate the breakdown voltage for a Si one-sided p—n abrupt junctions with N, = 5 x 101 e

SOLUTION  From Fig. 26, we see that the critical field at hreakdown for a Si one-sided abrupt
junction is ahout 5.7 x 10° V/em. Then from Eq. 85, we obtain

. £ W el =
I'B{hreakdovm \-nltage) =1 (7 = E—‘_:-r-—(.\‘g} l,
b ;(,J

11.9xs.35x10“*x('5:x105)' _ i
- 8 (5x10")
2x16x107%"®
=214 V.

41

Breakdown Mechanisms

e Junction breakdown can be due to:

¢ tunneling breakdown
+»» avalanche breakdown

* One can determine which mechanism is responsible for the
breakdown based on the value of the breakdown voltage Vg

< Vpp <4Ey/q — tunneling breakdown
< Vpp >6E,/q — avalanche breakdown

< 4Ej/q <Vpp <6E//q — both tunneling and
avalanche mechanisms are responsible

42
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Tunneling breakdown:

* Tunneling breakdown occurs in heavily-doped pn-junctions
in which the depletion region width W is about 10 nm.

Zero-bias band diagram: Forward-bias band diagram:

Reverse-bias band diagram:  Tunneling current (obtained by
using WKB approximation):

o /Zm*quchAeXp[_‘lWEglzj

v 4ﬂ2h2Eé/2 3thcr
F. = average electric field in

the junction

* The critical voltage for
tunneling breakdown, Vg, IS
estimated from:

I, (Vgg) < 101

o With Th, Eg¢ and I .

44
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Avalanche breakdown:

» Most important mechanism in junction breakdown, i.e. it
imposes an upper limit on the reverse bias for most diodes.

* Impact ionization is characterized by ionization rates a,, and
a,, defined as probabilities for impact ionization per unit
length, i.e. how many electron-hole pairs have been
generated per particle per unit length:

Oc-ocexp(— i j
' grF,,

- E; > critical energy for impact ionization to occur
- F > critical electric field
- 1 > mean-free path for carriers

45

Avalanche mechanism:

\\
/

Generation of the excess electron-hole
pairs is due to impact ionization.

Expanded view of the
depletion region
46
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» Description of the avalanche process:

—

‘Jn

dx

Jp+o,dndx

—|

—

J, +a,J,dx

Jp

—

Impact ionization initiated by electrons.

J, g |7+ opdpx
Jp+apdex Jp

dJ
dJ—'”>0,—'°<0
dx dx
%_ de
dx  dx

J=J,+J, =const.

Multiplication factors for
electrons and holes:

_J,w) 1,00

Impact ionization initiated by holes.

"0 P

S J,W)

47

» Breakdown voltage =» voltage for which the multiplication
rates M, and M, become infinite. For this purpose, one
needs to express M, and M, in terms of &, and a,;:

oy =opdy +apd

dx -
de
d7= aan (Xp\]p

_}((an_ap )dxl
0 dx

_}((O‘n —0p )dxl
0 dx

The breakdown condition does not depend on which
type of carrier initiated the process.
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» Limiting cases:

(a) a,=a, (semiconductor with equal ionization rates):

W
1—'\j'=jocndx—>Mn: Wl
n 0 1- [o,dx
W 0
l—N:IL=j0cde—>Mp: Wl
p 0 1- Japdx
0

(b) a,>>a, (impact ionization dominated by one carrier):

W
[ondx w
M,=e? ~1+ [a,dx
0
49
Breakdown voltages:
(a) Step p+n-junction « For one sided junction we can make
the following approximation:
W =W, +WIO ~W,
p+ n * \Dltage drop across the depletion
region on the n-side:
1 1
Vi = - FnaxWn =Vap = _ Fa W
—Wp W, 2 o 2
» Maximum electric field:
- F(X) gN W K.e
Fax = 2 —Vpgp = -3 0 F2
— FmaX max kSSO BD qu b max

» Empirical expression for the
breakdown voltage Vgp:

>

3/2
Vgp =~ 60 o Np [kv}
BD 1.1 1018 ) | cm
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(b) Step p+-n-n+ junction

» Extension of the n-layer large:

1
VB 2 Fmame
* Extension of the n-layer small:
1 1
V 2 I:mame 2 Fl(Wm _Wl)

* Final expression for the punch-
through voltage Vp:

W W
Vp =Vgpt|2--1
P BDW [ W j

m

51

4.9 Chuyeén tiép di thé
(Heterojunction)

52

9/29/2010

26



Chuyén tiép di thé

Cho dén bay gio, chiing ta da ban vé hoat dong clia nhirng chuyén
tlep dong the(homo junctions). Mét chuyén tiép PN l1a chuyén tiép
dong thé néu co cung khe nang lwong cho ban dan N va P. Voi
chuyén tiép di thé thi khac. Khi d6 2 ban dan c6 khe nang lwong khac
nhau tao thanh chuyén tiép. Chuyén tiép di thé xay ra trong nhirng
vung khac nhau do:

— Céc nguyén nhan vé cong nghé

— Ddc tinh dién:

« Dién trwdng trong mién dién tich khdng gian dwoc tang 1&n.

« Pin mat tr&i (Solar cell): dién ap hé mach cao hon va sy rit cac hat dan ra
tét hon.

¢ Transistor c6 d6 linh dong cao: Transistor nhanh hon
— Bdc tinh quang:
 Céc |&p v&i khe nang lvgng cao hon cé thé dwoc ding lam "clra sb quang”.
Chuyén tiép dj thé la chuyén tiép co tir 2 ban dan khong giong nhau.
Chung c6 khe nang lwong Eg khac nhau. Hon niva, 2 ban dan khac
nhau sé& c6 hang sb dién m0| €5 khac nhau, cong thoat qd® khac,,
nhau va do ai lwc dién t& qy khac nhau.

» Cong thoat q®, dwoc dinh nghta la nang lvgng dé lay
dién t& ra khéi m&rc nang lwvgng Fermi E¢ dén vi tri bén
ngoai vat liéu (mc chan khoéng).

« D0 ai luc dién t&r gy 1a nang lvong can dé 14y dién t ra
khoi day dai dan dén mdc chan khong.

_______ T Sl Nagualel Sy
9% Gds g%z 9ss AE; = Q(ZEHII)
T Eal iy |
P, ______T___‘L e, AEy = Eg + g1 — (Egz + qlz) = AE; — AEg
E, .
E, E’z 1 o V&i AEg |a hiéu so dai nang lvong
_____ L S Va AEg = Eg — B
E?
Ey,

Hinh 32a. Gian d& nang luwgng clia 2 ban dan céch ly.
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« Né&u 2 ban dan duoc ndi lai, gian dd ndng lwong sau
dwoc hinh thanh. Chiing ta gia s rdng hang sé mang
tinh thé cta 2 vat liéu thi khép nhau. Nguworc lai thi sé
bay & giao tiép khéng thé bé qua duoc.

Hinh 32b. Gian d nang luong cla chuyén tiép di thé
PN ly twéng & can bang nhiét.. 55

C6 2 yéu cau co ban khi xay dwng gian dé nang lvong:
a) mirc Fermi phdi giéng nhau & cé hai bén cua giao tiép ¢ can
bang nhiét.

b) mdrc chan khdng phai lién tuc va song song véi cac canh dai
néng lwong.

Sw bat lién tuc khéng bi anh hwdng béi mirc pha tap

chat mién la nhirng d0 ai lwc dién tdr va khe nang lvgng
khong phai la ham ctia mc pha tap chat.

Thé néi tdng cong la: Vi, = Vi + Vi

V@i V,,, V,, la thé tinh dién & can bang nhiét trong cac
ban dan 1 va 2.

Gia str xap xi mién nghéo: £,E,= e,E, va E;(x=0)=E,(x=0)
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v, = &N, (be - V) Dién ap ndi trong ban dan 1
glimrl + SZNYZ

, _ ey =V)

iy = Dién ap ndi trong ban dan 2
2 T T
N, + &N,

N, va N, 1a ndng dé tap chét trong mién ban dan 1 va 2.
Bé rong clia mién ngheéo tinh theo cac cong thirc sau:

o 288N, (7, -V)
gV, (N, +&,N,) B& rong mién nghéo trong ban dan 1

£ = 266N, '(Vbz' _V)
"2\ gV, (5N, +&N,)  B&rong mién nghéo trong ban dén 2
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