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TONG QUAN & PHAN LOAI

FET chia thanh céac loai theo cau tric clia cwc G va cla kénh dan

nhw sau:

> JFET (Junction FET) : Transistor hiéu (rng trw&ng diéu khién bang
chuyén tiép PN, cuwc diéu khién G ngan cach v&i kénh dan bang
ving nghéo clia chuyén tiép PN phan cuc nguoc.

> IGFET (Isolated Gate FET) : Transistor hiéu *ng trww&'ng cuwc ctra
cach ly v&i kénh dan, dién hinh Ia linh kien MOSFET (Metal-Oxide-
Semiconductor FET) va MESFET (Metal-Semiconductor FET).
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TONG QUAN & PHAN LOAI

MESFET: cwe diéu khién ngan céch véi kénh dan bang ving

nghéo cla chuyén tiép kim loai-ban dan.

« MOSFET cwc diéu khién cach ly han véi kénh dan théng qua
mot I&p dieén mai (Si02). Pay moi dung la Transistor triwong
theo dung nghia cua thuat nglr nay, vi chi cé loai nay dong
chay qua kénh dan mai dwoce diéu khién hoan toan bang dién
trvdng, dong diéu khién hau nhw bang khéng tuyét déi, trong
khi d6 dong ro cta chuyén tiép PN hodc Schottky phan cuwc
ngwoc, chwa hoan toan bang khéng).

« Mo@i loai FET con dwoc chia thanh loai kénh N va kénh P.
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TONG QUAN & PHAN LOAI
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PHAN LOAI
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JFET — CAU TAO & HOAT bONG

Co 2 loai JFET: kénh N va P. JFET kénh N thdng dung hon.
JFET c6é 3 cuc: cwe Ngudn S (source); cuwc Cong G (gate); cuc
Mang D (drain). Cwc D va cwc S dwoc két noi vao kénh N. Cuc G

dwoc két nbi vao vat liéu ban dan P.

Drain
(D)
— E— g — —

—P
Gate N Ga?l N
(G) == G
Source
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Source 6
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HOAT DONG CUA JFET

JFET hoat déng giong nhw hoat ddng ctia mét khda nwée.

« Nguébn ap lwc nwdce-tich Ity cac hat e

& dién cwc am cla ngudn dién ap cung ~ [ T ==
cAp tr D va S. |
« Ong nudc ra - thiéu cac e hay 16 trong
tai cwe dwong ctia nguodn dién ap cung cap tr D va S.

e Piéu khién lwvong dong mé nwée-dién ap tai G diéu khién
do rong clha kénh n, kiém soat dong chay e- trong ké&nh n tiv
S t&i D.
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SO’ DO MACH JFET
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PAC PIEM HOAT PONG CUA
JFET

JFET kénh N cé 3 ché dé hoat déng co’ ban khi V¢ >0:
A. Vss =0, JFET hoat dong bao hoa, I,=Max
B. Vg <0, JFET hoat déng tuyén tinh, 1]

C. Vg =- JFET ngwng hoat dong, 1,=0

ngat!
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DAC DIEM HOAT DONG CUA JFET

Voi JFET kénh n
Khi khong co phan cuc, kh()él é:o dong qua kénh n
Source Drain
L — O — ——~< >
Channel n
— D

®
Vigs>0 n01 pn phan cye thuan va do do sé co dong di¢n

tir cre nguon S dén cuce thoat D 16n nhung khéong diéu
khién dwoc v
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DAC DIEM HOAT DONG CUA JFET

Khi Vo =0V vaVy >0 thap, ving hiém nhd, kénh n con
rong, dong dién tang nhanh
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DAC DIEM HOAT DONG CUA JFET

Khi V4 tang, viung hiém cang rong gan nhu cham vao nhau,

kénh n bi nghén, Fet dan bio hoa

Gate
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PAC TUYEN VA CONG THUC DONG THOAT I,

1. Dac tuyén ngb ra I = f(Vs) taiVgs=h,s.
Cé6 3 vung:

Vung dién tr& Vung bao hoa

< »
< Ll |

v

Fig. 6.29: Typical I, ve Vg characteristics of a JFET for various

fixed gate voltages Vs

From Frnciples of tronic Materials and Devices, Second Edition, 5.0, Kasap ([© McGraw-Hil, 2002)
Vung ngwng
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PAC TUYEN NGO RA JFET
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PAC TUYEN TRUYEN I, = f(Vso)

Tpe i Output
D
I =0 -—
" e wlFET  'ps 18V
G —
S I
VGS -
T
Input
(a) (b)

Fig. 6.33: (a) Typical I vs V' ge characteristics of a JFET (b).
The DC circuit in which Vg in the gate-source circuit (input)

controls the drain current fpg in the drain-source (output) circuit
in which }Vpg is kept constant and large (}pg = }Fp).

From Principles of Electronic Materials and Devices Second Edition, 5.0, Kasap (B McGraw-Hill, 2002)
http:ffhaterals. Usask.Ca
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Lwu y rang dac tuyén truyén con dwoc suy ra tir dac

tuyén ra cho san nhw sau:

I (MA)
I ) md) DY (st ~'
S-rrmrm e Vo =0
_________ 4 o 2V
I VGS =4V
V.=5V
G8
< - -== ‘D“C ““““““““ 0‘ [ [ >
12
Fig. 6.29: Typical I, va ¥y charactenistics of'a JFET for vanoug
fixed gate voltages Vs
From Principles of Eleciranic Matenals and Devices, Second Ediion, 5.0. Kasap (8 McGraw-Hil, 2002)
V hitp: Materialssask. Ca
GS(V) 6 4 2 0
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CONG THUC DONG THOAT I,

Cong thure dong dién thoat I,
Trong vung bao hoa, dong dién thoat cho b61 phuong trinh
Schockley: D

{ o

2
Vs <>Iﬁ5.‘~?[l = g
lp=1lpss| 1 (2) Y

& fo=10
VGSOFF *

|5ss dong bao hoa cuc dai ( khi Vg = 0V). 2

Vs dién thé phan cuc cong - nén.

Vsor p(hoiic —Vp) dién thé ngung tuy thudc vao JFET dugc sir
dung. 18
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PHAN CUC JFET

= Khi hoat dOng trong vung tuyén tinh, JFET 1a 1 dién tro co tri
thay doi theo dién thé phan cuc, trong ving nay Vg rat bé.

= Khi hoat ddng trong ving tuyén tinh két hop voi ving ngung
JFET hoat dong kiéu giao hoan ( chuyén mach).

= Khi hoat dong trong vung bao hoa (hay vung dién tré khong
d6i),JFET c6 tinh khuéch dai.
Cac cach hoat dong no1 trén tuy thudc vao dién thé phan cuc

19
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PHAN CUC JFET

Piic tinh k¥ thuit- Tri s6 gioi han
JFET c6 cac tri s6 2101 han sau:

Pién thé cuc dai V bsmaxs néu vuot qua s¢ xay ra hién
twong huy thac lam hu FET.

Dong thoat I; khong dugc vugt qua |

Dmax

Cong suat cuc dai Py, khong duoc vuot qua

Vung dién tich an toan (SOA) gi61 han bot 3 vung dién
tro, vung bao hoa, vung ngung, va 3 duong do 3 tr1 cuc
dai néu trén. Muon thiét ké mach khuéch dai diém tinh
diéu hanh phai nam trong vung dién tich an toan.

20
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CAC CACH MAC & HO PAC TUYEN

< Twong tw nhw BJT, JFET ciing c6 3 cach mac chi yéu la: CS,
CD va CG

% Trong do, kiéu CS thuwdng dwoc dung nhiéu hon ca vi kiéu mac
nay cho hé so khuéch dai dién ap cao, tré khang vao cao. Con
céac kiéu mac CD, CG thuworng dwoe dung trong tang khuéch dai
dém va khuéch dai tan sb6 cao

+Ep +Ep
Rp C,
C, [
. I Q 1 C2 Q Ura
Uvao I 1 ¢ ﬁl
H R, U, —|
RS Uvao R
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SO SANH CHE PO LAM VIEC GIUA
JFET & BJT

BJT
Vung bao hoa
Ving dan
\Ving ngat

JFET

Ving dan
Vung bao hoa
\Ving ngat

So' do CS CG CD
Pau vao/ Dau ra G/D S/D G/S
Khuéch dai dong co khong co
Khuéch dai ap Cé6 (=1/10 BIT) co khong
Pha tin hi¢u Dao pha Pong pha Pong pha
Tré khang dau vao Rat16n (Rys) nhd Rat 16n (Ryp)
Tré khang dau ra Nho (Rp//1;) Lon Nho (Ry//1/g,,)
Ung dung Hau nhu khong

stir dung




BJT vs JFET

1.Ve cau tao.
FET

Cé hai loai:
 JFET:: Kénh N va Kénh P.
JFET kénh N théng dung hon.
JFET c6 3 cuc:
s MOSFET: c6 2 loai:

» MOSFET loai tang cwong

(EMOSFET)

» MOSFET loai hiém

(DMOSFET)
> MOSFET c6 cau tric ban dan
cho phép diéu khién bang dién ap
v&i dong dién diéu khién cwe nhd.

<% GOm 2 ndi tiép xuc xen
ké nhau.

% CO 2 loai Transistor nbi:
npn va pnp .

23
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PHAN BIET BJT & FET

2. Vé chirc nang:

Giong nhau:

« S dung lam bd khuéch dai.

 Lam thiét bi déng ngat ban dan.

« Thich rng v&i nhirng mach tré khang.

Tuy nhién MOSFET thwong c6 cdng suat Idn hon rat

nhiéu so v&i BJT.
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PHAN BIET BJT & FET
3. Vé hoat déng:

FET BJT
% JFET hoat dong giong nhw  C6 4 kiéu phan cuc tly
hoat ddng cua mét khdéa nuéec. theo cach cap dién:

< Mosfet hoat dong & 2 ché < Ngung.

dd dong va mé. Do 1a mét phan  B3o hoa.

tr v&i cac hat mang dién co « Tac déng thuan.
ban nén Mosfet c6 thé dong cat  « Tac dong nghich.
v&i tan so rat cao. Nhwng ma dé

dam bdo thdi gian dong cat

ngan thi van dé diéu khién lai 1a

van dé quan trong.
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PHAN BIET BJT & FET

Khac nhau:

BJT

FET

Phan cwc bang dong.

Phan cwc bang dién ap.

C6 hé sb khéch dai cao.

Co tro khang Ién.

Nhay cam vo&i nhiét do.

It nhay cdm vé&i nhiét do
nén thwdng st dung
trong cac IC tich horp.

Trang thai ngat khéng tot

Trang thai ngat tot hon.
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PHAN BIET BJT & FET

Wu diém cua FET so véi BJT:

» Dong dién qua transistor chi do mét Ioairhat
dan da s6 tao nén. Do vay FET la loai cau kién
don cuc.

« FET c0 tr& khang vao rat cao.

» Tiéng 6n trong FET it hon nhiéu so v&i
transistor lwong cuec.

 FET khong bu dién ap tai dong ID = 0 va do do
co tac dung ngat dién tot.

« C6 dd 6n dinh nhiét cao.

« Tan so lam viéc cao. .



PHAN BIET BJT & FET

Nhwoc diém cua FET so v&i BJT:

« Nhwoc diém chinh cta FET la hé sO
khéch dai thap hon nhiéu so v&i transistor
lwo'ng cuwc.
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TOM TAT

< BJT phan cwc bang dong, con FET phan
cwc bang dién ap.

< BJT c6 hé s khuéch dai cao, FET co tré
khang vao lon.

 FET it nhay cam v&i nhiét dé, nén thudng

dwoc st dung trong cac IC tich hop.

< Trang thai ngat cia FET tot hon so v&i BJT
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< Cau tao

“*Nguyén ly hoat dong

< Cac cach mac & ho dac tuyén
‘*Phan cwc cho JFET

“*Cac mo hinh twong dwong

<+ M6t so6 irng dung cta JFET

30
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CAU TAO
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LPNG DUNG

Céu trac MOS da va dang la cong nghé chu dao tao ra cudc cach

mang vé Iinh vwc dién t&. 'ng dung clia cau tric MOS:

< Dung trong nhiéu vi mach twong tw va so6: MOSFET la phan to
co ban trong ho vi mach CMOS

< Dung nhiéu trong cac vi mach nhé: DRAM, EPROM...

< Dung c6 cac thiét bi anh nhw camera CCD (Charge-Couple
Device)

% Dung trong cac loai man hinh chi thi nhw LCD, ...
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HINH ANH CUA MOSFET

/

J
MOSFET vo nhya

MOSFET céng suat cao

.\/IOSfET vo nhua t(‘mgwi hop véi dau MOSFET vo hoan toan béng kim
nhiét kim loai loai
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NGUYEN LY HOAT DONG

< Nguyén ly hoat ddong ctia MOSFET loai N va loai P gidbng nhau.
Chung chi khac nhau vé chiéu cta ngudn dién cung cap la nguoc
dau nhau.

% MOSFET duwoc phan cuwc sao gilra vung BULK va kénh tao ra
viing chuyén tiép nghéo bao quanh kénh dan, va dong cac hat dan
da s di vao kénh tr cwc S va ra khoi kénh tir cwc D tao ra dong
7

< Nguyén ly hoat ddng co ban ctia MOSFET Ia cwc cdng G két hop
v&i 1op dién mdi nam dwdi nd va kénh dan ban dan nam dudi I&p
dién mdi chinh la cau trac tu dién MOS. Dién ap diéu khién tac
dung I&n cwc G sé tao ra mdt dién trwdng lam bién thién ndng dod
hat tai tw do trong kénh dan, hodc thiét dién cta kénh dan, do dan
clia kénh sé thay doi. Dong dién |, phu thudc vao dién ap Ve va
Vs. DP&c tuyén quan trong ctia MOSFET ciing |a dac tuyén ra va
dac tuyén truyén dat twong tw nhw JFET.

< Dac tinh ctia MOSFET vé co ban twong tw dac tinh cta JFET
nhwng c6 nhiéu diém wu viét hon.
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DAI NANG LUONG

FLAT BAND
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Gian d6 nang lwong cla vung tuyén
tinh & vung bao hoa

n, controlled by Ejp
l\\ hich is controlled by V,

M S!lthlchmx i \lU]\
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Cong thic MOSFET

« Vung ngwng dan: Vge< V-
b=l =0

» Vng tuyén tinh: Vss>V+ and Vpg < Vgg-Vo
Ip = Ky (WIL)[(Ves-Vr)Vos - V/5Vps?l

* Vung bao hoa: Vsg>V:and Vpg> Vigg-Vy
lp = 1ok, (WIL)(Vgs-V1)?

Trong do k.= (electron mobility)x(gate
capacitance)

= “n(gox/tox) . .electron velocity = u,E

Va VT phu thudc vao nong do pha tap va vat lieu
str dung dé ché tao cuc G et



DAI NANG LUONG

(“flat band” condition; not equilibrium)
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,U\
- -

Oxide

L

(C)

'
D |
k
E¢ 1
o = oy o=-gw = - I'
[ _¥49%__ E,
Buk &

v Vhl

(equilibrium)

= (b(,‘ (D\l

o

fppt.com



4
QG

Op

| ST |

(a) Equilibrium

N

: Qi
025

(b) Accumulation

fppt.com



Channel Charge (Q,)

Depletion region
charge (Qg) Is due

Qr:[ ‘

to uncovered acceptor ions

Oy

=D
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Weak inversion
]

Accumulation  Depletion | Strong inversion

-

1' CA *
i
v, @ Gate Cor Low frequency

= Oxide

Substrate

High frequency

—_ ‘ /
V de

(a) (h)

Figure 7.3 (a) Circuit for measuring the capacitance of a MOS capacitor. (b) Capacitance-voltage
characteristic for a MOS capacitor at low and high frequencies.
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PIEN THE NGUONG

/
;[Q:J-;:_-::: : Vs = V; when the carrier
o E 1l % concentration in the channel
£y — | IS equal to the carrier
/ concentration in the bulk

silicon.

Inversion

layer

Mathematically, this occurs
when ¢.=2 ¢,

where ¢, Is called the
surface potential
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Applications(cont.)

Transistor
applications

Switch Amplifier

— Switch for a digital signal: BJT or MOSFET

— Switch for a analog signal: JFET

— Switch for a power signal: Power MOSFET or BJT

— Current controlled-current amplifier: BJT

— Voltage controlled-current amplifier: JFET or MOSFET
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