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BO MON DIEN TU
GV: Ho Trung My
Huéng din 6n thi LT mén Vit 1y ban din
HK 2 — Nam hgc: 2015-2016
Chu y:
e D& thi tric nghiém voi tong s cau tbi thiéu 1a 50.
S6 dé: 4 dén 8
Pé thi khong cho st dung tai liéu
Trong tdm o6n thi cua cac chuong nhu sau:

Chuwong 4. Chuyén tiép PN
Chuyén tiép PN

0 K& tén 4 budc chinh trong qua trinh planar dé ché tao chuyen tlep PN. Téc dung cua lop SiO; 1a gi?

0 Dinh nghia cta chuyen tiép PN loai budc (step), loai bién doi déu (graded)

0 Su tao thanh chuyén tiép PN:

Hinh 4.1 (a) Cac ban dan
(dugc pha tap chat déu) loai P
va N trudce khi tao thanh
chuyén tiép.

(b) Pién trudng trong mién
ngheo (depletion region) va
gian do dai ning luong cia
chuyén tiép p-n & diéu kién can
bang nhiét

(a)
([ ]
O su hinh thanh mi€n nghéo- chuyén dong cua hat dan?

0 mién nghéo, mién trung hoa.

=l : : B
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E
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(b)

Chuyén tiép PN chwa cé ) phén cyre (V61 chuyen tiép budc) (chuyen tiép PN & diéu kién can bang)

Thé néi khuéch tin Vy; (hay ¢5) hay rao thé Mién dién tich khéong gian (mién nghéo)
NaWp = NoWn
kT NDNA nno Pro
V, =—n =V, In =V; In V—IEW
q ni Npo Pro bi _E m
Chu y: Epladién :mrc‘mg cye dai tai giao tiép eV (1 )
cua P va N W 1a bé rong mién nghéo cua W =W, +W, = M(— +—]
chuyen tiép PN, Wp (con goi la xp) 1a bé rong q N, Np
mién ngheo bén ban dan P va Wy (con goi 1a gN W, gN,W,
Xn) la bé rong mién nghéo bén ban dan N, va & E, = P
la hang s6 di¢én mdi ctiia ban dan. * ®

Khéng phan cuc Phan cuc thuan

Phan cuc ngugc

Ve Va
t I |
N J t N\ J
p //2@ n P ,/-’5 - b / \\\:\‘ [
N A N
et
Mién nghéo

Céc phan cyc c6 thé ¢6 & chuyén tiép PN

Lam sao nhan biét chuyén tiép PN dang ¢ tinh trang: khong phan cuc, phan cyuc thuin, hay phan cuc

nguogc? (du’a vao Vp =
[ ]

0 Phan cyc thuan? (Vp > Vy).

Vp — Vi, v6i Vp 12 dién thé tai P [anode] va Vy 1a dién thé tai N [cathode])
Chuyén tiép PN dwoc phén cuc thudn (forward bias) (voi chuyén tiép bude)

0 Khi phén cuc thun tdng thi : mién nghéo gidm va dién tré mién nghéo giam.
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W = \/M[ N +Lj V61 Vi > V> 0 1a dién &p thuan trén diode
q A D

0 Dong dién thuédn do céc thanh phﬁn hat dan nao tao thanh, da sb hay thiéu s6?
0 Phuong trinh dong di¢n qua chuyén tiép PN dugc phan cuc thuan:

e =lofe"V7-1)

voi lg (con duoc goi 1a Is) 1a dong dién bao hoa ngugc va khi nhiét d¢ tang thi Iy ting.

— ]

. 7 Ip = Ingiority = s —+—— [, Minority-carrier flow
"n: ajority | il ";‘"ljtx oy = 0
D -®
‘ 99 “@®+ @
@+ @ ee @+@ @®
‘—v—’ n
Depletion region
I o ! D
Iy
g L
v,
(a) Chuyeén tiép PN véi phan cuc thuan (b) Chuyén tiép PN véi phan cuc nguoc

o Chuyén tiép PN ¢ phén cwe nguoc (reverse bias) (vGi chuyén tiép budc)
0 Phan cuc ngugc? (Vp < Vy)..
0 Dong dién nguoc: Ig = Io (khi nhiét d6 tang thi I tang)
0 Bé rong mién nghéo ting 1én
(voi dién ap ngugcVy: Vpr (dién ap danh thung) > Vg > 0, dién ap dat vao diode la Va= -Vg <0)

W = 265 (Vi +VR)[L+LJ
g Na Np
e Dong dién sinh tdi hop

Dong dién tai hop thang thé & phan cuc thuan thip va dong dién khuéch tan thing thé & phan cuc thuan
cao hon.

Ik = 1o[e/ V1)

v6i 1 13 hé sb 1y tuong (hé sé phat xa) co tri tir 1 dén 2 tuy theo vat liéu ché tao, thi du véi Ge 1a 1, véi Si 1a
1.1 hodc tir 1.2 dén 2
0 xem hinh 4.4 cac do doc khac nhau do cai gi anh hudng?
0 tac dong cua n dén dic tuyén I-V nhu thé nao?
/ Mién phun cao
|~ "Mién
3 Diode hoat déng nhu
| dién trd tuyén tinh

\_ AV

\

103 F 1 \
\

Dong ‘
sinh-tai hop |
\

\

\

\

106 | thang thé I=

|
|
|
|
|
\ eV
\‘__|[__|:exp (L’BT _1]
|
|

Hinh 4.4 Dong diode dang

< A
semilog ( In 1 =f(V) ) & phan cuc =
thuan § 10-9 |
(Vi e=dién tich dién tir; ks=hing 5 \
s0 Boltzmann; rs= dién tr¢ khoi)). | ,
S G
kgl

'—)

L L |
02 04 06 08

FORWARD BIAS, V (volt)

10-15

o Dién tré vit ligu khéi Rs
= |0 (e(VA_IFRS)NT —1)
tac dong cuia Rg dén dic tuyén I-V nhu thé nao?
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* Di¢n dung mi’én nghéo ciia chuyén tiép PN .
Xét chuyén tiép PN vdi phan cuc nguoc (Va=—Vr <0): hinh thanh dién dung mién ngheo.
bién dung mién ngheo trén mot don vi dién tich mdt cat ngang Cep (F/cm?) (con goi 1a Cp:

c =% W= 265 (M +Vr) 1.1
dep W

q N, Np

khi ap ngugc Vp tang thi Cuep giam va nguoc lai. Nguoi ta ing dung hiéu ung nay dé ché tao diode
bién dung (varicap hay varactor).

o Cic mé hinh diode: (chua ké dén ving dénh thung)

Q —
di =
0 .'I "
) nguoc thudin v nEuge " \!"‘ thuin 4 ngurege 0 \','-\ thuin V'
Phan cuc: o —_—
OFF ON OFF _ : ON { )i:}.‘l .( ON
Diode: >le I | ’ <
I / ]
—_— .. SR —_—
o—h—o o—F—i[—o 0—[)1-—‘||$—M;\-—o
+ Von Von _
(a) (b) (c)
M@ hinh diode ly twong M5 hinh sut ap hang M5 hinh véi dién tré thuan
(xap xi bac 1) (xap xi bac 2) (xap x1 bac 3)

© Von=0.7V vé6i Si (1 s6 TL khéc goi la V.)
« Fpladién tro thuan = dV7dl tai diém Q (co Vpo > Von) = Vo/lpg
o Mo hinh diode tin higu nhé vdi tin soé thip:

Phén cyc vé1 Vbo < Von Vo > Von
Mach tuong duong #Z = % v #Z = % Ty
r; dién trd nguge > 10 MQ vOi 14 1a dién tré AC cua diode

Chua y: Véi tan sb cao thi c6 thém dién dung song song.

o Dién tro dong rp va dién tro tinh Rp cua diode
0 Dién tré dong rp hay ry (con goi la dién tré AC)
dVe V: Vr KT
o= =—=—=— (6 T=300°K thi rp ~ 0.025V/Ip)
dlo lo lo g lo
v6i Vp, Ip 12 4p va dong qua diode, Ig 12 Ip & diém lam viéc Q.

0 Dién tro tinh Rp (con goi la dién tro DC): Rp=Vp/lp=Vo/1Zp

o Di¢n dung chuyén tiép PN o o
O v&i phan cuc ngugc: cd dién dung chuyén tiép C;[F] (J=junction=chuyén tiép) )
& A
C,=AC, = VSV—
v6i A: dién tich mit cit ngang; s hang s6 dién moi ban dan; W: bé rong mién ngheo.
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e 1 R  aen Z , 1.7
O VOi phan cyc thuan: c6 dién dung khuéch tan Cp [F]: C, =27

a
v6i Tr 1a thoi gian di qua diode (con goi 13 thoi gian chuyén tiép [T=transit])

2 (WO
1+-£
0
6 V-R (’ — gsiq NAND L

0
2 N,+N,V,
Hinh 4.6 Dién dung ciia diode chuyén tiép PN véi phan cuc ngugec Vo =—Vr (Chi ¥ : Vi=Vy)
e (Cac loai diode khac

0 Diode chinh Iwu: diode tiép xuc PN thong thudong
- chinh Iuu: cho dong dién di qua 1 chidu (tir anode sang cathode)
- thuong thi c¢6 dién 4p danh thung 16n.
0 Diode én dp (con goi la diode Zener)
- St dung hiéu ing danh thung Zener va/hodc hi¢u tng danh thing thac Ia.
- Xem lai anh hudng cua nhiét d9? Véi dién ap danh thiing Ver=—-Vz (v&i Vz>0) thi TCVz < 0 véi
danh thung Zener va TCVz >0 v6i danh thung thac 1a.
0 Diode bién dung (varicap hay varactor)
- ung dung dién dung tiép xtic Cy = f(VR), khi Vi tang thi Cy giam (phan cuc ngugc V5 = -V < 0)

(xem hinh 4.6).
Fl'z

A O—
_ V,>0
! I,>0

- ‘,Z E: r?.
| R S +
+ +
KO KO KO
DC model Small-signal model
V,=IR,+V;, v, =15,

Hinh 4.7 M6 hinh diode Zener v6i phan cuc nguoc Vi > Vy
O Diode Schottky N
- tao tr chuyén tiép M-S (M=M~etal=kim loai va S=Semiconductor=ban dan) cé tinh chinh luu, thi
du M Ia platinum va S 1a ban dan loai N hinh thanh diode Schottky v&1 Anode bén M va cathode
bén S.
- Hay ké thém cac kim loai khac ngoai Platinum?
- €6 rao thé nho (~ tir 0.2V dén 0.3V)
- hoat dong tat/dan ¢ toc do chuyén mach cao.
e  Cac ung dung cia diode
0 Mach chinh luu: ban ky, toan song, va chinh luu. So d6 va cac cong thirc
Mach lgc séng gon bang tu. Cach tinh tu véi cdc mach chinh luu di véi mach loc.
Mach xén dung diode thuong va Zener.
Mach 6n 4p dung diode Zener.

O o0O0o

Chuong 5. BJT (TRANSISTOR TIEP XUC LUONG CUC)
e Tai sao co tén goi ludng cuc? ti€p xuc (hay chuyén tiép hay moi noi)?
e Cautao BJT loai NPN va loai PNP.Ky hiéu jg, jc. Nong d6 tap chit ciia cac mién?
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Ky hi¢u:

+ [ = Cmitter = Phat, B = Base = Nén, va C = Collector = Thu
+ Jp: chuyén tiép PN gitta Bva E

 J.:chuycn tiép PN giita B va C

E Emitter | Base | Collector c E Emitter |Base | Collector c
Pt N P ) N* P N

B B )
e,  Vec_ I
E C
Vep=Ve—Vy + +
Veg=Ve-Vg VeB lfs Ves
Vec=Ve-Ve
=Vip - Ven B
(a) pnp
I,=1,+1,

Hinh 5.1 Ky hié¢u cua hai loai BJT: (a) PNP va (b) NPN.
e O ky hiéu BJT thi miii tén ¢ cuc E c6 y nghia gi?
e (Céc dong di¢n trong BIJT & ché db tich cuc [thuan]:
Je phan cuc thuan Je phén cuwec nguoc

o BE » * — + (B » +

dong tai hop

Déng l6 R ~
H& v /B / dcpg M lego

IBE R

P > Ipp

u_b</’;4 D <f
C

o JBC
D 1

> @

oA

EB V)
I Déng dién tlr Inc @’z

n P i

e Dong dién ri (ro) lcgo (dong tir C dén B voi E ho mach) va lceo (dong tir C dén E v6i B ho mach) trong
BJT (nhiét d¢ tang dan dén dong ri ting)
0 cau hinh CB: I¢c= alg + Icpo
0 chu hinh CE: Ic=Blg+Iceo V61 lceo = Iepo/(1-a)
e Hé sb van chuyén mién nén B, hiéu suét cuc phéat yg? Chung phu thudc nhu thé nao voi cac tham sb cua
BIT (ndng do tap chat, bé rong mién nén)?
BJT tot c6 B, ¢ tién gan t6i 1.
O Higu suit cwe phdt yg

7/ zl_lizl_ peO DEWB
IEN nbO DB LE

voi Pe0 = Ni2/NpEe ; Nbo = NiZ/Nag : Wg =Dbé rong mién nén
De = hé sb khuéch tan cta hat dan thiéu s tai E = Dp
Dg = hé sb khuéch tan cta hat dan thiéu s tai B = D,
Le = chiéu dai khuéch tan cua hat dan thiéu sb tai E= Lo
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(0]

(0}
(0}
o

Thay céc bi€u thirc trén vao % , ta c6 dang bicu dien khac cia % nhu sau:

0 H¢ so vin chuyén mién nén B

7/ez1_

N Do We
Nee D, L,

B

2
11(W_]
2( L,

voi W= bé rong mién nén phén trung hoa =~ Wp

Lg = chiéu dai khuéch tan cua hat dan thiéu s6 tai B = L,
e do loi dong dién cuc nén chung a = B.yg =I¢/Ig
e d0 loi dong dién cuc phat chung B=o/(1-a) =11z
B cao can: tdc do tai hop thap & mién nén va thoi gian chuyén tiép (di qua) ngan & mién nén
B phu thudc vao I¢ va nhiét dg.
BDC: py=Ilc/lgvéilc, Igla dong DC
BAC: fac=AlclAlg voi Alg, Alg 1a sy thay ddi cua Ic, Ig do dong tin hi¢u AC

o Cic ché dp lam viéc (ché d6 hoat dong) ciia BIT va dic diém cia ching:

Phéan cwc cho ) .
Ché do6 hoat déng Cach nhan biét véi BJT NPN
JE Jc
R Tich cwe [thuén] Ve = Voy Va Ve > Vg
Thuan | Nguoe | ch dai) Ie= flg
. Vae Ve < 0 (thuc té Ve, Ve <V,
NQLI’O’C NQLI’O’C Tét (OFF) BE- BC ( LPC e BF> BC ON)
le=1g=1g=0
Vge=V, a Ve =V,
Thuan | Thuan |Bao hoa (ON) B = Versat V8 VoE = Vegsat
le < flg
Tuong tw véi ché dé tich cuwe thuan
Nguwec | Thuan [Tich cyc ngugc nhung hoan déi chirc nang E va C:
le=frlg (Br<<p) va Ic=lg+Ig

Chuy:

o MRlaps ché do tich cuc nguoc.
0 SV tu suy ra cadch nhan biét véi BJT PNP.
e M@ hinh tin hiéu lon cia BJT (TD: xét BJT Si loai NPN)

npn

IE =0 I”CE =02V

a) Tich cyc

(hay Tich cyc thuan)

0 V&1 BJT NPN Si thi Von= 0.7V, Vgesat= 0.7-0.8V, va Vcgsat = 0.2V.

I npw

f=]

(3%

-
Mo— —on

E
Izg=0 Blg=I-=0 Vge<05V
b) Bao hoa c) Tat

(VEsa=0.7V > 0.8V)

Vge=0.5V

Hinh 5.2 M6 hinh tin hi€u 16n cia BJT SI loai NPN trong céc ché dd hoat dong khac nhau
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e Cic cdu hinh mic BJT: (Nhu 1 mang 4 cuc voi: Bén trai 1a mach vao va Bén phai 1a mach ra)

g c e
VBE T] VCB
+ B -

Be

e
+ 1 C
I If(.b’
- K
+ I CE
v, -
BE L[ E
- E

a) CB = Common Base = B chung b) CE=Common Emitter=E chung
Hinh 5.3 Cac cach mac BJT NPN trong mach
Hay néu dac diém cua cac cach mac voi ng dung khoa dién tir va mach khuéch dai?

Le,
_ rE
I/’
Iy » Falg
— VCE
VCB .
* (“r TI C

¢) CC=Common collector=C chung

o Phwong trinh cdc dong dién trong BJT NPN & ché dé tich cuwe thuin:

Dong [dién ¢ cuc] thu I

Dong [dién & cuc] nén lg

Dong [dién & cuc] phat Ig

I V£

I I VBE

;e T =(ﬂ+1)|B

| C
E
(04

Vee Vee
_ v ] oV _ _
l.=1g|e™ —1|=le" =4l =al;
s a1 D,n}
voi s 1a dong bao hoa: Is:h
NAWBn

trong d6 Ag 1a dién tich mat cit ngang tai mién phat, Na 1a ndng do tap chat Acceptor tai mién nén va Wa, 1a

bé rong phan trung hoa trong mién nén.

o Cic Pdc tuyén Volt-Ampere ciia BJT (con goi 1a cac dic tuyén I-V)

Ie (mA)

90 pA
™ amn 8O UA
15 (nA) Vep =1V . TO pA
100 - Vep =10V 60 pA
00 Veg=20V {(Mién bao hoa) 5 S0 pA
80 ks 4 40 pA
70 - 4
60 30 uA
50 - 3 (Mién tich cuc)
20 uA
40 3 /’/—
30+ =
20— - 10 pA
- ] A 4 + 4
10~ [ ;
L1d1d L 111 == Ig =0 pA
of 02 04 06 08 10 off T s DR ERNE 20 Vi O
Chsm (Mién tat)
Iepo= Bl
a) Pac tuyén vao b) Péc tuyén ra
Hinh 5.4 Cac dac tuyén vao va ra cia BJT NPN mac CE
o Anh huwong cua nhiét dj den cdc ddc tuyén ciua BJT (TD v6i BJT NPN)
B (xA) ic (MA) e (A
Vce = 15V
Voe = 18V j C  2sec
5000 =t =" Ig = 300 gA 50°C
25°C ————————— lg = 200 sA 25°C
W——¢— .
100}~ ——$- —-4 (—2.2 mvI°C) — (22 mVvie0)
—— — —— lg = 100 pA | I
! ! s = 0 Sl - VBE (MV)
2 L ————— 0 645 700
o= €a5 700 Vee (mV) h Vce (V)

a) Dac tuyén vao

b) Dac tuyén ra
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Diéu ché mién nén: Xét BJT NPN phan cuc & ché do tich cuc [thuan] (khuéch dai), néu Veg tang = bé

rong hiéu dung ciia mién nén giam = dong I¢ ting. Nghia 1a bé rong mién nén bi thay do6i (diéu ché) khi

dién ap Vg thay doi.

khuéch dai) déu di qua diém nay.
Do doc tai diém lam viée Q:
dlc

Dién dp Early V,: gia tri dién ap tai diém nam trén truc hoanh ma moi duong cong I¢ theo Vg (6 phan

lco lco ¢
= ~— (n€u Vo >> Vcgq)
dVee Vceo+Va  Va
Ic
Khi do6 dong Ic: L J
Vee - v
V- CE T BE
I c = Ise T 1+ ’__’,’—’1‘:: fffff
A ,_f_’:‘.:‘:-_: —————————————— \

Dién ap danh thiing BV cgo , BVcro

Veea Veg ————

0 CB: BVcpo (dién ap danh thung gitra C va B khi ho mach E) khong bi anh huong boi Ig.
0 CE: BV¢go bi anh hudng béi I (I tang thi BVgo gidm)

12 T T T

Ip=10mA
10 1
A

I-(mA)

lepo ™
¥

/' IEZO

Y

20 40 60 80

Ve (V)—»

T
Iy=0.06 mA

0.01

ICEOJ
v =0 §

20 40 60

0 80

Vee (V) ——>

Hinh 5.5 Mot thi du vé danh thung & BJT

Ve _ NMee Ve
Tai Tai Tai
Rs
Vi—WA—C, !
~- ~

a) Khoa dién tor dung BJT NPN

K/
A X4

Khéa dién tiv ding BJT : Khéa mo voi BIT tit (OFF) — Khoa déng voi BIT bdo hoa (ON)

_ Vee Vee __ Vee
[
\/; Rs
Tai Tai Tai
LooL D

b) Khoa dién tir dung BJT PNP

Do dién tich chira tai Jc khi bdo hoa nén giam téc d6 chuyén mach ctia BJT khi chuyén tir bio hoa

sang tt. Ve
o Transistor Schottky:

Céu tao Mach tuong duong Ky hiéu bic diém
al C e Giam dién tich chira
E R l . tai Jc khi BJT bao hoa

) -4 /‘LQ_//——‘:L Si0; B | [: z| collector | vi diode Schottky co

A ! base E Von nhd hon Vo ctia

) _ chuyén tiép PN.
emitter e Ting tdc do chuyén

L E mach
c
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e Mo hinh tin hiéu nhé ciia BJT (tan sb trung binh)

C

. ( J
B
B D E ‘l' .L}:! n [ ."
o
E E E

(a) Mo hinh © (mic CE)

c
O
1

Ve

(b) M6 hinh T (néu khong bo qua r, duoc thi s& c6 dién tro r, ndi tir C dén E)
e Mé hinh tan sé cao ciia BJT é ché do tich cwc: (C=Cpe, C,~Chc)

-

I‘A B‘ (,u
I
B o—W\ l 1 l ocC
+
V. r; C, I, Cos
_ —l_ .V ‘
E

Tan sé cit fr (khi d6 B =1)

f=f = ~pf On

“ 2, ﬁzZﬂ(C”+Cy)

V§i 7,12 thoi gian dién tir di tir E dén C v6i BJT NPN mac CB & ché d tich cye, f, va f,1a cac tan so ma &

do ayc va fac giam di V2 so véi tri sO ¢ tan so thap, va S, (=fusc=hre) 1a gia tri cia fac ¢ tan so thap.

e M6 hinh tham sé h. Cac tham s6 h cho BJT c4u hinh CE:

OVee Vy . V. V.
hieErszrbeEg = :ﬂacre:ﬂlT zﬂIT
e Ve b lveeso EQ co
Olc i
hfe Eﬂac = ai L/ == = gmhie
leMce b lvee—o
g, =~ -]
mo N,
Vi oo,
r=r =L=a\/CE _Vﬁ :MzV—A (néuVA >>VCEQ)
c=lo=T"=72 :
he Oicllg . |, leo leo

Chuy: fuc=hre=Icllg ; fac=hee=1ilp (6 tan sb thép va trung binh: S = fuc=p)
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o  Guong dong dién (Current mirror)
Mach Diéu kién dé 1a ngudn dong Phuong trinh
Dong hing qua tai:
L’iﬁ 1. Q1 va Q2 c6 dic tinh gidng nhau I
. 2. QI (duge mic nhu diode) va Q2 lour = 7
ludn ¢ ché do tich cyc thuan (dan 1+ =
Ie § = Tai dén c6 gioi han véi dién tré tai Ry) " B
v6i dong chuan Ig:
Chu y Vec vaVee >0 —
&7 Tour | = Vcc +VEE VBE
R =
Q1 Q2 R
Gio61 han cua tai Ry 1a
V.. +V, -V,
cc " Vee T VcE sat
-Vee 0< RL < |
out
e Thyristor: 1a dung cu cong suat quan trong, dugc thiét ké dé xir Iy dién dp cao va dong di¢n lén.
0 Diode 4 lop p-n-p-n
Cau tao Dac tuyén dong-ap cia diode p-n-p-n
1 23 1
6— 1 1 2| n2 - a (3)
(Anode) P " P n (Cathode)
| | | | I
(a)
! I L l " comincing
10% - b o ,‘ (Dén thuan)
| Nong do tap chat |
1018 : tai cac Ié&p cua SAGR : ;
. : l : Ver
106 - ' ! y
! e (0)
: \' Reverse
104 |- | blocking blocking
] (Chan nguoc) (Chan thuan)

x=0
(b)

(3)~

0 SCR (Silicon Controlled Rectifier)

Cau tao cia SCR

a) Cau tao clia SCR 2 cyre planar

J1 2z B

—

AT

nl n2

pl

p2
1,

b) Mat cét ngang 1 chidu clia SCR planar

Ky hiéu Dac tuyén dong-ap ciia SCR
I,
-
A (Anode)
o
I 2> Ij:] >1 =0
EE‘;:‘."*‘-—‘_%—- -
"'"-u-"':‘ -.:
V
0 AK
) G{Gate) Ig =0< Ig1 < Ig%
K (Cathode)

Khi dong céng /,; tang thi dién ap chuyén V. gidam

HD 6n thi-VLBD-AY 1516-S2—-Trang 10/14




Chuong 7. MOSFET

MOSFET c6 cach 1y giita cong va kénh din bang 16p cach dién, thanh phan co ban 1a kim loai (M=Metal), 16p
cach dién SiO, (O=Oxide), va ban dan (S=semiconductor).

Cac tén goi khac cia MOSFET la MISFET (Metal-Insulator-Semiconductor), IGFET (Insulated Gate FET).
Nguyén tic hoat dong cua FET la dong hat dan tir ngudn dién mang dugc didu khlen bang dién ap cong hay
dién truong cong. Pién truong nay 1am cam tng dién tich trong ban dan ¢ giao tiép ban dan-oxide.

e Ciu tric ciia MOSFET

MOSFET loai giau MOSFET loai ngheo
(con goi 1a MOSFET kénh dan chua lap san) (con goi 1a MOSFET kénh dan lap san)
n-channel MOSFET p-channel MOSFET vos -
Ly G - . s G D T s G D
J_ﬁ b lly all - % [1 D
- = E 5 = S L
L piwesi ‘ ] rtype si (>~ \ o ] o
ispe n-channel G
. S s
* Kénh dién t (loai N) dwoc |* Kénh I6 (loai P) dwoc cam N_PMOAS N DMOS

cam (rng trong ban dan P do | (rng trong ban dén N do céc
cac dién tich dwong & cong. |dién tich am & cong.
+ Goi tat la N-EMOS - Goi tat la P-EMOS
(MOSFET loai giau kénh N) [ (MOSFET loai giau kénh P)

|||—|

e - oo
n-type prchannc | G
II Body s
P-DMOS P-DMOS
Ky hiéu cia EMOS:
N-EMOS P-EMOS
D D D D D D D D D D
j G G G ,j) G G G
GO-l? ¢ 0 BO—l B0—| O—l Go—lp—? Go—l Bo—l Eo_l O-C{
s s s s s 1 s s s s s
n <=— p n<—p
IEEE standard symbol |IEEE standard symbol
e Mo ta dinh tinh hoat dong cia N-EMOS
] =0 0< V< Fpy: Vg 1 hodic 1én
C p-si khong c6 kénh dan, khong dong dién

(V= dién ap ngudng MOS kénh N)

I&ép dao ngwoe

L i Vo> Vi Vps =0

’, -
“““““ nnge ] > g theo Tos

Ve> Vi Vpg nho, > 0
I tang theo 7, nhung toc
@ do tang bi giam

Va™ Viyl T’DS nghet (pinch-off)
I da‘[ dén gid tri bao hoa, I, .
@ Gizi tri Vg duoe goi la Vg

[~ 7 V> T
! Vo™ Vew: Vos™ Vs sar

“““ g | I, khong tang nita,
/

______ v mién bao hoa.
(d)
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o Cdc ché dj phén cwe cho tu MOS trong N-EMOS

C6 3 ché do phan cuc quan trong cho tu MOS:

O Tich liy 16 (Hole Accumulation): khi phan cyc am giira kim loai va ban dan (Ves < V<0, Ves 12
dién ap dai phang), tai giao tiép giita ban dan va cach dién s& c6 tich liy 18.

0 Nghéo (Depletion): khi phén cyc duong gitra kim loai va ban dan (Veg < Vs < Vi, Vv > 0), tai
giao tiép giita ban dan va cach dién s& cac 16 bi ddy xudng dudi hinh thanh mién ngheo.

0 Ddo ngugc (Inversion): khi phan cuc duong gia tri du 16n gitra kim loai va ban dan (Vgs > V),

cac dién tor dugc hit vao mién gan giao tiép gitta ban dan va chat cach dién, do d6 hinh thanh nén kénh

dan dién tir (kénh N) trong ban dan P.

e Ciu triic N-EMOS
Ban cuc

Gate dan dién
Source o

—° Drain

Ky hiéu mach
G

L

Dé (hay thén )-p

SOJI-—OD

Chat cach dién

Vit liéu dung cho ban cuc din dién thuong dung Silicon da tinh thé dugc pha tap chét rat nhiéu (con dugc goi

1a polysilicon hay polySi hay poly). Vat li¢u cach dién thong thuong 1a Si0,. bé t01 thiéu hoa dong dién giira
mién than va mién S(source)/D(drain) nguoi ta thuong nbéi mién than vai cuc ngudn.

o Swtao thanh kénh dén trong N-EMOS

Su tao thanh kénh dan N

Su anh huc’mg cta chiéu déli~kénh dan L va
chiéu rong kénh dan W

p=substrate

Mién ngheo

F Ves 2 Vi
G -

p-substrate Kénh dién tircam tng

oy ‘o
Short \‘4
Long .ﬁ
Vo v,

e MOSFET duoc goi 13 MOSFET kénh ngén

khi L < Tpm, trong IC nguoi ta thuong dung
MOSFET kénh ngan.

e MOSFET duogc goi la MOSFET kénh dai khi

L>Ipm

o Cic mién hoat dong ciia N-EMOS voi Vs > Vn

Mién tuyén tinh (mién Ohm hay mién triode)
(Vps < Vps sat—VGS_VTN)

Mién bdo hoa (hay mién tich cuc)
(Vos 2 Vpssa=Ves—Vn)

! V053

° O canh mién bao hoa VDS=VDS,sat
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Khi Vps nhé (c6 thé hoan d6i D va S) thi ¢6 thé xem e O mién bdo hoa Vps > Vpssat
nhu di¢n tré dugc diéu khién bang ap (Vs3> Vg™
Vsi>Vin)

R =

aN

1

~ IV r r
H ('0.\' f (I; GS 4 IN )

| D Mién H Mién
tricde i bac haa
I
i

¥ -

Vias -V p-';s

Khi Vps tang, diém nghet di chuyén vé phia cuc ngudn

e Dic tuyén truyén dat va diic tuyén ra ciia N-EMOS

Dic tuyén truyén dat Dic tuyén ra

Vs = Vpssat = Ves -V

_— ' H [ = -3 A
< | riogde —><——DPd0N0d —s
i Vass w

Vass > Vesa ™ Vesa ™ Vasz > Vast
Vgsy

o
Vasa Vv V
” <
VG_52 T?t » GS TN
Vasi | ~ A
0 y_ & v
0 > Vps
BVpss

BVDSS= dién ap danh thing giita DS khi ngan mach & cong

Cac phwong trinh dong dién mang Ip trong N-EMOS
o Ves < Vry: mién tat = Ip=0
* Vas>Vin: (Vossa=Vas—Vin) i ) .
0 0<Vps<Vbpssa: mién tuyen tinh (con goi 1a mién Ohm, mién dién trd hay mién triode)

W V2
Ih =u,C, T (VGS —Vin )VDS _%}

VO iy 12 d6 linh dong dién tir va Cyy 1a dién dung 16p céch dién trén 1 don vi dién tich.

Néu |Vps| < 2(Vgs —Viy ) thi Ip 1a ham tuyén tinh theo Vps: (c6 thé hoan doi D va S)

W
Ip =1,C,, T(VGS —Viy )VDS

Khi 46 MOSFET tong duong vSi dién tré Ros (Rox hay Roson): Ros =—— !
#:,Co T(VGS —Viy )
N P U RS S . 1 W 2
0 Vos 2 Vossu= Vas —V7v : mién bao hoa (con goi 1a mién tich cyc) véi |, = 5 1,C,, T(VGS -V )

Nguoi ta thuong tng dung mién tit va tuyén tinh cho MOSFET lam khoa dién tir, va mién bdo hoa cho
MOSFET lam phan tir khuéch dai tin hiéu hodc 1am ngudn dong.
o M5t s6 diic tinh khong Iy twong ciia MOSFET (Xét N-EMOS 6 mién biio hoa)

0 Diéu ché chiéu dai kénh dan: twong tu hiéu ung Early trong BIT, khi ting Vps thi diém nghet dich
chuyén vé mién ngudn, din dén chiéu dai kénh dan hiéu dung nho hon hay dong Ip ting 1én. Khi d6
phuong trinh dong dién mang c6 dang

Iy = %,unCOx WT(VGS V) (14 WV, ) V6i A= VL va Va l1a dién ap Early
A

0 Hiéu tng than: khi ting Vsg lam dién ap ngudng Vry ting = anh hudng dic tuyén I-V.
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0 Anh huéng cta nhiét do: khi T ting = Vry va do linh dong giam = dong Ip giam
O Su bdo hoa van téc: khi kich thude transistor gidm, d§ day lam oxide mdéng hon = van toc dién tir

bdo hoa va lic phuong trinh dong Ip: 1, = % 4,C,, V%(VGS —Vp )" v6i a=1-> 2, tiy theo cong nghé.

o Mo hinh tin hiéu lén ciia N-EMOS (ding dé phan tich tong quét hay tinh diém tinh)
Vas> Y
VDS > Vcs - VTN

Go—o D
- » )
\J % “ncux%’(vas_\"rm ) (1+ 1 Vps)

5

VGS > Vi
Vps < Vgg— VY

G o—vo D

S
(b) Mién triode

o M0 hinh tin hiéu nhé ciia N-EMOS (khi N-EMOS lam viéc & mién bio hoa va ‘Vgs

(a) Mién bao hoa
Vgs> Vi
Vos << 2(Vgg= Vo)

— Go— D
2 1
\j %llncox%[ﬂvas—vm}voyVns] Ron= W
= = l'ncoxr (Vgs=Vm)

S
(¢) Mién triode v&i Vps nhd

<0.2(Vgs —Viy )

M6 hinh MO hinh T Tan s6 cao
Ge—s +—D
vgs g ri.ingT FO
L S G
Ho dan gp: <
dl i W
9y = dVD =" = uuncox T(VGS _VTN )
sslo Ve A A L g
i&n tré Tansocat f, =—F————
Dién tro ra ry: Zﬂ(cgs N ng )
_NVos| Ve VatVosg Vi
"y, Ioo oo

0 Céc cach mac MOSFET: CS, CD va CG. o ‘
0 Cac Ung dung ti€u bi€u cua MOSFET la khoa analog, dién tré dugc di€u khién bang ap, nguén dong
va phan tir khuéch dai tin hi¢u trong mach khuéch dai.

o Tom tit quan h¢ dong-dp ciia MOSFET

NMOS

PMOS

Mién tit Vs <V): Ip=0
Mién triode (Vgs > V1N va 0 < Vps < Vps sat)
2

V )
I, =K, (VGS —Viy )VDS _%} voi K, =x,C

Mién bio héa (Vs > Vn va Vps = Vs sar)

K
ID = Tn(VGs _VTN )2

9, =K, (VGSQ —Viy ) = \IZKnIDQ

DPiém chuyén tlép Vpssat = Ves — Vin
Loai giau: Vx>0
Loai ngheo: Vin <0

w

oxT

Mién tit (Vs >V1p): Ip=0
Mlél’l triode (VGS <V val=Vps> VDS,sat)
Vil . w
o =K, | (Vos —Vap )Vos T, | Y Ko :lupCOXT
Mién bdao hoa (VGS < V7p va Vps < VDS,sat)

K
ID = Tp(ves _VTP )2

g, :—KP(VGSQ ~V, ): 2K Tog

Diém chuyén tiép Vpssat = Vs — Vrp
Loai giau: Vrp <0
Loai ngh¢o: Vrp >0
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