DHBK Tp HCM-Khoa B-DT
BMDT

GVPT: H6 Trung My
M6n hoc: Dung cu ban dan

Chwong 4

Chuyén tiep PN
(PN Junction)

ccccccccccccccccc


http://cuuduongthancong.com

NOI dung chuwong 4

. Chuyén tiép PN — Gidi thiéu cac khai niém
. Diéu kién can bang nhiét

. Mién nghéo

. Dién dung mién nghéo

. Dac tuyén dong-ap

. Cac mo hinh cua diode ban dan

. Dién tich chtra va qua trinh qua doé

. Danh thang chuyén tiép

9. Chuyén tiép di thé (Heterojunction)

10. CAc loai diode ban dan

11. Gi&i thiéu cac rng dung cla diode ban dan

ccccccccccccccccc

0O N O O B W N —
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4.6 Cac mo hinh
cua diode ban dan
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Cac rpé hinh diode
(chwa xét dén danh thung nguoc)

dv
—_ =T
di .
0 " "
ngroc thuin 4 nguwoe 0 "“.“'“' thuin V nguoc 0 "‘1-5‘-\' thuin ¥
Phan cuc: — e SRR Sl
: OFF :+ ON OFF : ON
Diode: o ™Y >l < > <
1 I I
D
o—DPh—o o——DF——i|—o o—F—i|—wa—o0
T . xri:lx 1“(]“\'
‘-.._______ r P —+— _ + —
(a) (b) (c)
M@ hinh diode Iy twéng M0 hinh sut 4p hing M4 hinh véi dién tré thuan
(xap xi bac 1) (xap xi bac 2) (xap xi bac 3)

¢ Vo =0.7V véi Si |
+ Fpla dién tro thudn = dV/dEtairdiém Q (c6 Vg >Voyn) = Vi/lpy

4
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Cac cap dién tré

- Ban dan hoat déng khac nhau v&i dong dién DC va AC.
 C6 3 loai dién tro
— Dién tro tinh hay DC : Ry, = Vy/l,
— Dién tré déng hay AC: ry=AVp/ Al
dinh nghia tong quat hon ry=dVy/dl, ( = V/I, & diém V> V)

— Dién tré AC trung binh: ry = AVp/ Al (tr diém dén diém)

] :'*A]d #ﬁ[d

AV,

DPién tré tinh R Dién tré-démg, Dién tr¢ AC trung binh 5
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> M6 hinh tin hiéu nho (Small Signal Model):

Vp /nVy

Pic tuyén dong-ap (I-V): = I =1Ie (giasit V,>>V;)
V&1 dién ap tirc thot vp (O V() =V, + v, ()
Thi ta c6 dong dién 4p tic thoila  ip(b):

iD (t) _ IDeVd (t)/nVy

Néu v, (t)/nV, <<1, nghia la gia st tin higu nho

: t
1,(t) = IDeVd(t)/nVT =1,(1+ Va(®) +-) = 1 +—ID vy (t)
nv.; nv.;

Neéu i (t)=1, +i,(t)=DC+AC;
Ta c6 cac thanh phan i-v AC

id (t) — ID

nv,

vy(t)

Vi vay, ta ¢6 dién tr¢d tin hi¢u nho
_ vy (1) _nV; (Q)
L, I

Iy

CuuDuongThanCong.com
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Circuit Model

» Categories of Circuit |-V Models:

\

Exponential (physical);
Piecewise Linear; > Non-Linear Model
Constant Voltage Drop;
|deal-diode;

Small signal (linear approximation);

- Reference : Table 3 1

CuuDuongThanCong.com
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dodelngtheDide Forar Crarcteisde
T ﬂ }h%ﬁw} ?‘:\. '\.hh“'-fh 5 '_:h F EEM_ *-«._:-H__ .-ﬁ : ‘H % o T =
Graph Equations Comments
e Lo=107""Ato 1077 A,
A AR depending on junction
;i frea
vy = 230V, log Lﬁ Wrz 25 my
» - 1 2
Vg = Epem 230V o rﬁ] Sosi
B ST e tR LB Physically bused and
. : . el remarkably sccurate
23a¥ =00 m¥ forn=1 o n:UdEl
= 230V, = 120 mV forn = s Bl
0y 0.5 Y Ty analysis 18 needed

FContined)

CuuDuongThanCong.com 8
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e g o ey - B =, ot A AT Y e . 3 L2 g : g

B e e R T L e S A

TABLE3] (& ﬁﬁhﬁ% Rx'ﬁiﬁ“{ﬁ R ‘-‘ﬁ\" e *‘%%h S
3 - = o =

S e
e
- - - i 3] e | 3 i R

"'-‘3':.1:&{}"{:*: ‘%xfﬁh%&%{t:{iéqﬂt '\-'&-ﬁ{"\\.% T e e e = -:"-"\."': -.,‘_.q‘ -‘ . o o B o 23
s =

-""i-":}-é:.*"' 3 :.-.."- 2T
H&Mﬁm S

Model Graph Equations Circuit Comments

Piccowise-linear Pt a5 ¥ Choive of ¥y und ry, 13
{ battery-plus- . i determined by the cur-

: o= |#p ip=1 ;
resigiance) 4 Slope = L7¥p K rent range over which
Bor wp 2 Voot the mocel is reguined,
e For the ameunt of work
i = l.ft.“_ P myvolved, not as use-
Sy L ful as the constant-
voltage-dropy model.
Lised cnly infreguently,
i
I:::I 1:_:‘::”-' :-II_:

Constanl-vollage- £ For i, =1 Fasy 1o use and very
drop for the i =T ¥ pupular Tor the quick,
“0.7-% modal™) hand analysis that is

essential in circuit
desipn.
. -
E il R

CuuDuongThanCong.com
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ldeal-diode F Bor iy =
3] :
i SER
o
) i
small-signal b For small signals superim-
i Slope — 17, sl on Vi and T
Iy= 1y
t—=== fo=H¥ il
iFor =1, 7, 15 limited o
ImV:fora=2 1) myv)
|
|
]
o
4 Vi i

Croed o determining
which diesles are con-
ducting and which are
cutoff in & multiple-
dicde circuit.

{iood for ebtaining
VErY Apprusimale val-
s Lo diode curments.
especially when the
cirenit voltapes are
inmuch greater thamn V.

ll..:.i-ﬁ

PR,

et
e

L

.__:-{.--.

4
ey

Ulsizlul Lor Iinding the
sigial compencent of
the diode voltage
fe.g.. in the voltage-
regulator application),

Serves as (he basiy
for small-sirnal mod-
eling of ransistors
(Chapters 4 and ).

CuuDuongThanCong.com
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> ldeal-diode Model:

{ 1=0, forv<O < OFF
1= any positive value >0, forv>0 < ON

¥
1
i
— & - — = Reverse bins —— Forward bias
- —l”—— P
{ r
—_—
T (} 1
|
—IPINE
1
(b}
i
- —_—
o —) 4 o o— o — -
(c) ()

CuuDuongThanCong.com
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» Example of the Branch Current Calculation :
(based on the ideal-diode model)

+10 V +10V
1 k() 1 kO)
m A U maA
Y Y .
0\ s 10

CuuDuongThanCong.com
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» Constant Voltage Drop Model:

{ 1=0, forv<0.7

»

<  OFF

1 =any positive value >0, forv>0.7 < ON

+10 V
A

$10

¥ o7v

9.3mA |

(a)

+10V
A

§lk£1

U mA

CuuDuongThanCong.com

0.7V

v

13
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> Piecewise Linear Model:

1=0, forv<Vy,

1=

HIH[]L’

(V B VD,o )

I'p

< OFF

, forv=2V,, < ON

& L_. .

(k)

|

CuuDuongThanCong.com

+10V

14
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> Terminal Characteristics of a Real Diode:

Real I-V in normal scale

Compressed

|
|
Forward J l
|
,. |
—Vzx scale

R

—

—

=N _—

=
=
~3
-

’1||'
A
\

|

Breakdown | | Reverse
|
|

Expanded scale

CuuDuongThanCong.com
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* The forward - bias diode current :

i: Is(ev/n-vt 1) = Isev/n-vt

where

I, 1s the saturation current or the scale current;
v, 1s the thermal voltage (= 25mV);

n 1s the i1deal factor.

For two diode currents I; and I,,
we can have
[, [,
V2 _Vl = thln — | = 23n Vt lOglo I_
1

CuuDuongThanCong.com
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» Temperature Effect on the diode current:

*At a given constant current the voltage drop
across the diode decreases by approximately
2mV for every 1°C increase in temperature.

CuuDuongThanCong.com 1 7
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Ex. Using the fact that a silicon diode has I.=10-1* A at 25 °C
and that |, increases by 15% per °C rise in temperature,
find the value of | at 125 °C.

Sol :
I[=10"A @25°C
=? A @125°C

S

(T-25%)

[(T)=(1+15%) " -1.(25)
p—
[.(125°)=(1.15)'""-10"* =1.174x10~° (A)

CuuDuongThanCong.com 1 8
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4.7 Dien tich chira
va qua trinh qua do

19
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O phan cuc thuan, dién tlr dwoc
bom t&r mién N vao mién P va 16
dwoc bom vao tir mién P vao mién
N. Khi di qua chuyén tiép, hat dan
thiéu so tai hop v&i hat dan da so va
suy giam theo ham mi véi khoang
cach di dwoc n, p
» Nhirng déng gop cua cac hat dan
thiéu s nay dan dén co dong dién
va tich trir dién tich trong chuyén
tiep P-N.
« Ta xet dién tich dwoc tich trir nay,
hiéu (rng clia n6 1én dién dung tiép ‘ —x
XU, va GG X0 qud d0 ol chuyén 1 7@ syt
tiep P-N do nhirng thay d6i dot ngot ohan cuwc thuan
& phan cuc. CouDongTanCong com 20



http://cuuduongthancong.com

4.7.1 Tich trir hat dan thiéu so
(Minority-Carrier Storage)

- Dién tich cta nhirng hat dan thiéu s6 dwoc bom vao trén don
vi dién tich dwoc chira trong mién N trung hoa c6 th‘é dwoc
tim bang cach lay tich phan nhirng 16 thira trong mién trung
hoa (phan hinh vé co t6 den-H.17a), dung phwong trinh 51:

Qp = qj;:(pﬂ _Pﬂﬂ)' dx,

=qf; Pm(eqw”—l) o ) B gy

= gLyp o -1). (75)
Chu thich:
p Uy du pm(ngkr y 1) e—[x—xﬂ]pr | 51)

Vi chieu dai L= VD,z, la chiéu dai khuéch tan cua 16 (hat dan thiéu sd)
trong mién N. O x = x,,

D ;
JP(IH) — _qDF %uuDu ngThaia:qﬁi\“‘;;_‘;gmF"pi(g'3"1'-r kT —_ 1) (52) 21
dx | L,
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« Ta ciing c6 biéu thirc twong tw cho nhirng dién t&r duwoc
tich trir trong mién P trung hoa. S6 hat dan thiéu sb tich
trr dwoc phu thudc vao ca chiéu dai khuéch tan L va mat
do dién tich & canh (bién) mién nghéo. Ta cé thé biéu
dién dién tich chira theo dong bom vao. Tl cac phwong
trinh 52 va 75, ta co6

7 2
Qp = D_Zfr(xﬂ) = T'FJP(I“)' (76)

P R L

« Phwong trinh trén phat biéu rang lwong dién tich cha Ia
tich s6 clda dong dién va thoi gian sbng cta hat dan thiéu
sO. Co diéu nay 1a do 16 (dwoc bom vao) lai khuéch tan
nira vao mién N trudc khi tai hop néu thdi gian sdng cla
chung dai hon, nhw vay c6 nhiéu 16 dworc tich tri hon.

CuuDuongThanCong.com 2 2
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EXAMPLE 7

For an ideal abrupt silicon p*-n junction with N, = 8 x 10" em™, calculate the stored minority
carriers per unit area in the neutral n-region when a forward bias of 1V is applied. The diffusion

length of the holes is 5 pm.

SOLUTION From Eq. 75, we obtain

8x 101
=4.69%x107% C/em?. <

2
9
_ gV /kT _ -19 -4 (9,65}: 10 ) HGLEEI
QP—qLFpme =1]=16x107""x5x 10 cmx x| g™ -1

CuuDuongThanCong.com 2 3
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4.7.2 Pién dung khuéch tan

- DPién dung mién nghéo dwoc xét trwdc day thi dung cho dién
dung chuyén tiép khi né dwoc phan cwc nguoc.

« Khi chuyén tiép dwoc phan cwc thuan, cé thém déng gop
dang ké vao dién dung chuyén tiép tlr sy sap xép lai ctua dién
tich chtra trong cac mién trung hoa. Bé chinh 1a dién dung
khuéch tan C,, co duoc tlr diode that khi hat dan thiéu so di
chuyén qua mién trung hoa do khuéch tan.

« DPién dung khuéch tan cta 16 dworc tich trir trong mién N trung
hoa c6 dwgc bang cach ap dung dinh nghia Cy = AdQ,/dV vao
phwong trinh 75

2
_ATLyPro qvie

Ca kT

(77)

v&i A 1a dién tich mat cat ngang cla dung cu. Ta c6 thé thém
dong goép C, do dién tlr chira-trong trwdrng hop dang ké dan.
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 V&i chuyén tiép p+-n (N0 << Ppo), doNg gop C, cua dién twr
chiva tr& nén khéng dang ké. Khi phan cwc ngwoc (nghla la V
am), phwong trinh 77 cho thay C, vi sw tich trir hat dan thiéu
so c6 thé bd qua duworc.

 Trong nhiéu &ng dung, ta thwéng biéu dién chuyén tiép P-N
bang twong dwong. Ngoai dién dung khuéch tan C, va dién
dung mién nghéo C, ta phai ké den dong dién di qua dung cu.
V&i diode ly twong, do dan dién co dwoc tir phwong trinh 55:

TRt (AR SV AN S
Ch thich: |
I=JF(xﬂ)+]ﬂ(_IP) =]$(€qkaT_1): (53)

* Trong phan tich mach dlen ter, nguo’l ta dung ky hiéu r;= 1/G

uuuuuuuuuuuuuu
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Mach tworng dwong tin hiéu nhoé cua diode

I I .
v vy — v G =—=C ==,
l o —8 N -
(a) MO hinh chwa ké dén Rg va Lg
T C | C
Ci J
|
R, L
' Wy
|| C
J
— f
A A A 6 — > Iu

(c) C phu thuéc vao phan cuwc
(b) M6 hinh ké dén Rq (dién tr& Kh&i) va Lg (dién cam day danys
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4.7.3 Dap rng qua do

« V&i cac ap dung chuyén mach, chuyén déi tir phan cuc
thuan sang ngwoc gan nhuw la ddt ngét va thdi gian qua do
ngan. Hinh 22a cho thay mach don gian véi dong thuan /.
chay qua chuyén tiép P-N.

« Tai thoi diém t=0, cdng tac S dét ngdt dwoc chuyén sang
phai va dong nguoc ban dau /, ~ V/R chay qua. Thoi gian
qua do t_, dwoc vé & hinh 22b, Ia théi gian can cho dong
dién dat dén 10% cla dong ngwoc ban dau /4.

 Thoi gian qua dé cé thé duwoc wdc lwong nhw sau. Trong
dieu kién phan cwc thuan, hat dan thiéu sb chira trong mién
N vOI I 79)
= =T, —,
Qp =TpJp =Tp A |
v&i I 1a dong thuan va A |a tiét dién ngang cla dung cy,

CuuDuongThanCong .com
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I
I S R
Yy t
v = =\
F = =V
v! +
tuff

(a) Mach chuyén mach co ban (b) Bap rng qua dé clia dong dwoc chuyén

tr phan cwc thuan sang nguoc

Hinh 22. Ung x& qua dd cta chuyén tiép P-N.

CuuDuongThanCong.com 2 8
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« Néu dong trung binh chay trong lic diode tat 1a I% aves thO'
gian tat 1a thoi gian can dé lay di tong dién tich chira Q,;

R fp{ S } (80)

IH ave Iﬂ,m-e

» Nhu vay thoi gian tat phu thudc vao cé ti so clia dong
thudn trén ngwoc va thdi gian song cia hat dan thiéu so
T, (xem hinh 23).

« V&i cac dung cu chuyén mach nhanh, ta phai gidm thoi
gian song cua hat dan thiéu sb. Do dé, cac trung tam tai
hop-sinh c6 nhirtng m&rc nang lwong gan gitra dai cam,
nhw nguoi ta thwong thém Vang vao Silicon.

CuuDuongThanCong.com 2 9
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10!

P
T T 71

I T 11

1073

1074
1073 1072 1071 10V 101 102
I,/ 1,

Hinh 23. Thoi gian qua d6 duoc chuan héa
theo ti s6 dong thuan /. trén dong ngworc /x.

CuuDUuongThanCbng.co
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i(1)

Phan tich thoi gian tat ¢,

A
1
I Al | - Static current
Ief———7~
. / R ,
t i / — Switching current
- > S Y /
3 = ~ r
f; f- 7/ PP v
— >
< f. —> t > I, ~ " 0
_IR 4
!

t_ con dwoc goi la théi gian hoi phuc ngworc (reverse

recovering time ) t, hay ¢,,.
t.=t +¢

Tai t,<=0; I.,=I-

Trong khoang t; <t <t,. I,

gThan

=l=-V/R

31
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Thoi gian tich trir dién tich f,

D - — L,
Pox? Ot T,
J p o p _a |
qADp A x =W, A x g 1iTe At L qA}?nde T Tp ID quHde
dQ, ¢
A, =T, 7)) =—2+=L
P ? dr

Wy>>L,, J,(W,) ~0

CuuDuongThanCong .com 3 2
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t<0: [:[jj (,?Q,)/(,?}‘:O

)
[1 — Q_l”
0<t< t§; 4 dQ Q
i=-L=AJ,(0)=——+—
o dt T
Giai phwong trinh vi phan trén: 14

Ou(t) = - 5,l> + C exp(-t/1,)
1=0.0,(0) = 0l; =  C=nl+D)
= Oyt) =- 5,l, + 1,(l; + 1) exp(-t/1,)

= Z};]}?(] +[g/]g).

NX: Thoi gian tich trlr dién tich t, phu thudc vao:
thdi gian song cua hat dan thiéu so;
dong dién thuan bomrvao-tsy
dong dién nguwoc rut ra /,

33
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Theéi gian héi phuc ngworc t.

(reverse recovering time )
Pinh nghia: . = t, + lr

v&i t1a thoi gian xuong (fall time)

V&i chuyén tiép p*-n:

Khi 7, >>1L,
1
P 2 5 -1
t+t, ~—(=)
s Ty
2 1
Khi w, << L,
w, 1, _,
t+1t (=)

34


http://cuuduongthancong.com

(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:

5.]
dAp, :—1V~J _p 1D 1 ~Ap,
dt q b p q ('3x T,
\
d d
Q =] (t)—Q——>](t)z] (1) = QP+QP
dt T, £ dt

Q,(#) = excess hole charge I
Valid for p™n diode

CuuDuongThanCong.com 3 5
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Diode turn-on:

* For <0, the switch is open, and

the excess hole charge is:

0,(t<0)=0,(07)=0 ‘o
o At =0, the switch closes, and we
have the following boundary 1)1,
condition:

0,(0)=0,(07)=0 -

* Final expression for the excess hole charge:

—t/ —t/
Q,(t)=A+Be Y =’Cp[F|:1—€ t TP}

CuuDuongThanCong.com
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 QGraphical representation:

0,1 P (x,0) 1

Slope almost constant

Tl ph----=- t increasing

Pro[ """
i > [ » X

 Steady state value for the bias across the diode:

%

1V —x/L v, 1V
Apn(x)zpno(e d —l)e >0, =qun0Lp(e d —1]

1

V. =V ln(l + Fj
lg

CuuDuongThanCong.com 3 7
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Diode turn-off:

* For <0, the switch 1s 1n position
1, and a steady-state situation 1s

established:

v
[Fz—F

o At =0, the switch 1s moved to

R

position 2, and up until time =t¢,

we have:

p,0,60)2p.g—>V, 20

 The current through the diode

until time ¢, 1s:

Ig

N/
~/

R

R

CuuDuongThanCong.com

=0

VF -
R

Vi
R

M
1
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To solve exactly this problem and find diode switching time,
1s a rather difficult task. To simplify the problem, we make
the crucial assumption that /, remains constant even beyond
t).

The differential equation to be solved and the initial
condition are, thus, of the form:

dgQ, Q
~lr=— , 0,(00)=0,0") =1,
t rp
This gives the following final solution:

—t/1

O,0)=-1,lp+1,(Ip+Ig)e
Diode switching time:

0,,)=0-|t, =1, ln(l+j

39
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 QGraphical representation:
V(1)

a

>

A

P, (x,t) 1 Slope almost
constant

=0

t,—> switching time
t..— TEVerse recovery time

CuuDuongThanCong.com 4 0
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4.8 banh thung
chuyeén tiep PN
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Panh thung & phan cwc ngwoc

« Chuyén tiép PN khi bj phan cwc nguoc cho dong bio hoa
ngwoc gan nhw it phu thudéc ap ngwoe, diéu nay chi dung
cho dén khi phan cwc nguoc dat dén téi han, khi d6 cé ddnh
thung (breakdown) xay ra. Nguoi ta goi dién ap téi han nay
la dién ap danh thung Vg , khi d6 dong ngwoc qua diode
tdng nhanh, c6 dong twong ddi Ién chay qua chuyén tiép voi
sut 4p gan nhw khong doi.

- Panh thing ngwoc do 2 co’ ché, ma méi co’ ché can dién
trerong té&i han trong mién chuyeén tiep.

- Danh thing dwong ham (hay Zener) : hoat dong & dién ap
thap (vai Volts)

- Panh t,hl]ng thac lu: hoat dong véi dién ap cao hon (vai
Volts dén hang chuc ngan.Volts) 49
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Reverse breakdown in a p-n junction.

4

Forward
e current

;l

Reverse saturation
current

i ~ "\
| P
I 4 RKeverse breakdown

—r ) current

CuuDuongThanCong.com
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Panh thung chuyén tiép

« Hiéu irng xuyén ham (Tunneling effect)

* Nhan thac G (Avalanche multiplication)
— Pat gidi han cao & phan cuwc nguwoc véi hau hét diode
— Gid®i han dién ap collector cua BJT
— Gidi han dién ap drain cua MOSFET

— C6 thé tao cdng suat vi-ba (microwave), nhw trong
diode IMPATT

— Phat hién tin hiéu quang nhw trong diode quang thac
IG (avalanche photodetector)

CuuDuongThanCong .com 4 4
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Hiéu trng dwdrng ham (Tunnel effect)
Panh thiing dwdng ham xay ra trong cac chuyén tiép pn pha nhiéu
tap chat va co bé rong mién nghéo W khoang 10 nm.

« Khi co dién trwdng E cao (cung chiéu
dién trwdng ndi cua mién nghéo):

— Di chuyén cta dién tlr hoa tri tr dai
héa tri sang dai dan (xuyén ham =
tunneling)

— Xay ra chi khi dién trwdng rat cao

« Si, GaAs trén 10%V/cm

« Pha tap chat cao, trén 5x10'7cm-3
— Hé sé6 nhiét &m (TCVgx <0)
— Dién ap danh thung

« Nho hon 4E /q

* Voithac IG: lon hon 6E /q

- Gilra 4 va 6E/q, tron ca hai thac |0
va duong ham
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Nhan thac [0 (Avalanche multiplication)
La co ché quan trong nhat trong danh thing chuyén tiep, nghfa I3
no xac dinh gioi han trén khi phan cwc ngwoc cho hay hét cac diode

« V@i tap chat pha vao Ny <=10"7cm-3
dwdi phan cwc ngwoc
« Dién t sinh ra do nhiét trong mién
ngheo co dwgc dong nang tw dién
triong
— Néu do lgi nay da déng nang
— Khi va cham véi 1 nguyén to
— Pha v& cac lién két mang tinh thé
— Tao ra cap dién to-16
« Pién tlr va 16 méi duoc tao cod duoc
~ ddng nang
— Tao thém cap dién ti-16

— Nhan thac |G
- “*H&'§6'nhiét dwong (TCVgz > 0) 46
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Avalanche mechanism:

Generation of the excess electron-hole
pairs 1s due to impact ionization.

CuuDuongThanCong.com

Expanded view of the
depletion region
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Diéu kién danh thing

| 1,(W)
Hé s6 nhan: M, =
\Im r ~
[ Dong dién tr tang thém & x bang so cap dién tkr-16 dwoc

sinh ra trong 1 gidy trong khoang dwdng dx.

| I I I
I [ d(—”)={—~”—] o, dx)+| -+ o dx
ANEAWENEY Y
[ (1 hose - dl, +la, —-a, )l =a,l
P L (W z t (el =2,
‘ —+— Giastrrang: O, =0, =0
IRy 1,(W)-1,(0)
L IH(I)| f =Jﬂ odx
Iﬂﬂ -’; r‘-dx ] v I]_
TU Y W l_i'uT = nW oLdx
Pidu kién "
V&i o, va a, la toc dd ion danh thang:
hda cla dié |en ter va 16: cbrenhmeeea jf odx = 1. 48
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Toc dd ion héa va cham

P : Probability of having an ionizing collision with lattice

N, : Electron number entering from p-side

n =n. (l+p+p° +p +...c..... )

out 111
Electron Multiplication (M, ) :

n_. :
M, == =]4+p+p +p +..c.o... =

n

M = Carrier Multiplication factor (M):

Il

V n=3~6

Empirical relation !

CuuDuongThanCong.com
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DPién trwdng t¢i han tai danh thang (10°V/cm)

20

Dién trwro'ng téi han tai danh thung
(Critical field at breakdown)

| One-sided abrupt junction at 300K

----- GaAs |

— .

|

W,
’,'# . Tunneling
""""""""" «—— Avalanche ——
||||| |||||| 1 | 1 |||||||:
ml-‘l ]{}]5 I{}lfi IDH 1[}|H

rop =3
N (em™)
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¢ Xuyén dworng ham chi xay
ra & pha tap chat cao

¢ Dién ap trong mién nghéo
dwoc xac dinh tr giai
phwong trinh Poisson,
chuyén tiép bwéc 1 phia

2
VB(breakdﬂmm voltage) &V _ Eﬁ‘; (NB ]_1
¢ V&i chuyén tiép bién doi déu
tuyén tinh

QEW 46,

V. = =
£ g 3

/2 1/2
253} -1/2
=]
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Breakdown voltage V.H (V)

Dién ap danh thung thac |G
(Avalanche breakdown voltage)

[mpurity concentration Ny (cm™)

IGH ”J[fr 10[5 lﬂ]?' IG]B
1000 e e e e e e o EEmae ] 1000
T T=300K1m
100 . | 4 100
abrupt junction -
N
Linearly Ml
raded junction
10 g : T Seat 10
=== GaAs a1 !
| 1
IOEU IHE] 10}.'?_’ 1[]23 102-1

[mpurity gradient a (cm™)

CuuDuongThanCong.com

Puwong dirt nét & vung pha
tap chat cao chi hiéu rng
xuy&n ham

GaAs co dién ap danh thung
cao hon Si v&i cung tap chat
Ng

— Khe nang lvgng Ion hon

— Can dién trwong Ion h on

— Dién ap danh thung cao hon.
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Breakdown voltage for the diffusion junction

1[:-4_-..._

10° |

* The breakdown voltage

Gradient a
\/
|
l - X

10!

'1 |
Ng

Pl

IIII.|

IDIH

. line between

]nl{n

; — Abrupt junction and linearly
10¥ graded junction consideration
0"+« For larger a and low Ng

109 = — Vg is given by the abrupt

s 0 junction results

’ — Shown on the bottom line

* For small a and high Ng

— VB is given by the linearly

“']H

|
1t

”1]]5

Background concentration Ng(cm™)

10 graded junction results

— Indicates by the parallel lines
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Example 8

Calculate the breakdown voltage for a Si one-sided p*—n abrupt junctions with Ny, = 5 x 10" em™

SOLUTION From Fig. 26, we see that the critical field at breakdown for a 5i one-sided ahrupt
junction is about 5.7 x 10% V/em. Then from Eq. 85, we obtain |

,
A AT
1'H(hreakdmm \'mltage) = > = {_-"‘ 3

11,9::5-55:-:10'“1(5.7:‘:1(}5)3 [_ 6"
- 9 X

2x16x107"
=214 Y.
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