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I. Kh4i niém vé so

Thi du vé c4i bac dién

Khi SW hé : Pén tit “0” s
Khi SW dong: Pen sang “1” L

Cho ta khai niém vé tin hiéu
khong lién tuc hay tin hiéu “s6”

H L 1 0
5V oV
Diing sai

Digit 1 0 —
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Dic tinh cua bac dién tu

control =“1

4

control = “0”

Khi diéu khién = “0” , bac hd, bac & trang thai OFF
Khi diéu khién = “1”, bac déng, bac 6 trang thai ON

Vay ta c6 th€ thuc hién cac ham logic bing cac bac (dién t)
MOSFET la mt trong nhitng linh kién thuéng dugc su dung lam béc
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IL. Bic MOSFET

MOSFET ( Metal Oside Semiconductor) hién nay dugc dung trong
ché& tao vi mach, nhat 1a vi mach kich thuéc rat 16n (VLSI — Very
large Scale Integration).

Ky hiéu cua linh kién MOSFET:

D Drain D ‘
Gate G JS G |: -
S Source S ‘
linh kién roi vi mach (IC)

khong doi xing  doi xitng gitta D va S

n - MOSFET
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Cach hoat dong bac MOSFET
Theo quan di€ém hai cang:
1. S mod (Switch mode)

Theo dang oscilloscope:
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S <sl

(SR GH
OFF ON

¥
VGS<VTH T vGS> VTH
d . CI
vr = 1V
A lDS
Ves < Vim
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Inverter (Mach Pao)

0 V,.=IV SV v,

m
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Miic dién th&

GdGi Nhin
1: 5§ 5 1
4,5 Vou
4,1 Vg
0,9 Vi
0,5 VoL
0 0
VoL = 0,5V Vi, = 0,9V

Vo = 4,5V Vi = 4,1V
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V., = 0,2V vV, =05 |
B B "Yes
V., ~ 4,8V V., T 4,5V ]
V., ~ 0,5V V., 1,5V |
' no
V., = 4,5V V., 3,5V
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2. Model SR ( Switch resistor model) cua MOSFET
Model MOS chinh xac hon

Ips

L s

d
% OFF G%fRON
S S

o

VGS<VTH vGS> VTH

0-——0

1v

VT

VDD T

O-—~ " A—-0

N Bang su that
i_zo c |v.
H OFF G o O 1
c -1 1 0
vGS<VTH ON
d . vGS> VTH
d _ R
oV, T = Voo = Voo

V() =VDD= “ 1 ” ON D
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II. CAu tao MOSFET

Transistor EMOSFET dwoc thwc hién trén 1 gia ( nén,
than) Si loai p. Va trén nén néi trén 2 viing pha dam n+
dwoc khuéch tan tao nén cwe nguon S va cwe thoat D.
Mot Iop cach dién ( S.0,) dat dwéi cuc cong G, nén dién
tré» ngoé vao ( cwe G ) rat Ién co thé dén vai chuc — vai
tram Ohm.

Do cau tric nhw trén nén FET nay c6 tén MOSFET ( MOS-
Metal-Oxide-Semicon-ductor )

Do giira 2 cwc S va D thanh lap vung hiém I&n, nén
MOSFET khéng dan dién khi chwa dwoc phén cwc .
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Metal electrodes

$ ),
S10 5 insulation
Heavily doped G Blk
n-region l g

p-type substrate
Depletion layer

Blk @Bulk (Substrate)

Fig. 6.36: The basic structure of the enhancement MOSFET and its
circuit symbol.

From Prnciples of Electronic Materials and Dewvices Second Edition, 5.0, Kasap [© McGraw-Hill, 2002)
http:/Materials. Usask.Ca
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Donor ions
Gate overlaps the drain and source ¢ i i

hY

Donor implanted #-regions
(a) (b)

Fig. 6.41: (a) There is an overlap of the gate electrode with the
source and drain regions and hence additional capacitance between

the gate and drain. (b) » T type ion implantation extends the drain
and source to line-up with the gate.

From Prnciples of Electronic Matenals and Devices, Second Eaifion, 5.0, Kasap (© McGraw-Hill, 2002)
http:dif atenals. Usask . Ca
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2.Cach hoat dong

E-MOSFET kénh n con goi la NMOS loai tang trwéc
tién dwoc phan cwc véi V. (>0) nho va gilr khong
doi, cho V. thay doi:

» Khi Vs <0, dwéi cong ( dwéi 16p oxid) chi cé 16p
dién tich dwong (do cam rng ) nénl; =0,
MOSFET khoéng dan.

 Khi Vs > 0 nhwng van V¢ < V;, MOSFET van
ngwng dan.

* Khi Ve > Vo, s0 dién tich am dwéi cwe cong du
hinh thanh kénh n tr cwc S sang cwc D, nho doé
cac dién tir tw do dé dang di chuyén tir S sang D
dwéi tac dong cua dién trieo'ng ngoai ( cwec D ¢co
Vyp rat lon).
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->MOSFET dan dién nhwng do dién trwéng cén nhé
nén dong Iy vao khoang vai uA.

 Khi Vzs> 0 cang Ién, so dién tir tw do ( hat tai da
so ) trong kénh cam rng cang tang lam déng thoat
|, cang tang.

* Néu gilr V. du I&n nhw trén va 1am thay doi V¢
(bang cach thay déi V,):

> LUc Vps €On nhd dong | tdng rat nhanh

» Luc Vg tang du I&n, do vung thoat phan cwc
nghich, viing hiém lan réng l1am hep va bi nghén
tai cuoi kénh, dong thoat I, dat tri s6 bdo hoa ( cé
tri I&n nhat va khéng doi) Ve, .
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Sau do, neu tiep tuc gia tang V5 > Vg, VUNQ
hiém phla cwc D cang rong lam diém nghen di
chuyén vé phia cwc nguén S nén dong I, van giir
tri khong doi ( bao hoa) (H.9).

Chuy
(1). Do EMOSFET dan dién chi bang cac hat tai da
sO nén con goi la linh kién hat tai da s6 hay

transistor don cwe (don hwdng).

(2). Viéc dieu khién cac hat tai da so bang dién
trwwdng nén EMOSFET con dwoc goi la linh kién
dieu khién bang dién trwéng.

(3). Voi cac EMOSFET kénh p thi ly luan twong tw
nhwng v&i kénh cam (rng la cac 10 trong, cwce S va
cwe D I1a cac 16 trong cho san (xem giao trinh ).
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Fig. 6.37: The MOSFET I, vs Iy charactenstics
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Fig. 6.38: (a) Typical I 5 vs V py characteristics of an enhancement
MOSFET (V,,=4 V) for various fixed gate voltages V5. (b)
Dependence of 7, on Vizg ata given Vg ( >V pggas)-

Fram Prnciples of Electronic Materials and Devices, Second Editon, 5.0, Kasap @ McGraw-Hil, 2002
http:/haterials. Usask.Ca
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Figure 9.32 n-channel enhancement
MOSFET circuit and drain characteristic for
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- 3. Biéu thirc dién thé va dong dién
a.Biéu thirc dién the

Dwa vao ly thuyét va dac tuyen, quy tich cac
diém c6 Vg, cho boi:

7VDSbh =Ves — Vo (1).
b. Bieu thirc dong dién thoat |.

- Trong vung dién tr¢ :
Ves < Vg hay Vg < Vg — Vo
ta co:
lp = k[ 2( Vs-V1i)Vos — (Vo)  (2)
- Trong vung bao hoa:
Ves >V hay Vpg > Vgg-Voy,
ta co :
o= k(Vgs — V4 )? (3) k hang so tuy thudc linh kién .

ccccccccccccccccc
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Table 5.1 Summary of the MOSFET current-voltage relationships

NMOS PMOS
Nonsaturation region (vpg < vpg(sat)) Nonsaturation region (vep < vep(sat))
ip = K [20s - Vix)vps — Vi ip = K26 + Vipvsp = )
Saturation region (vpg > vps(sat)) Saturation region (vgp > vsp(sat))
ip =K, (s~ Viy) ip = Kyfvss + V1)
Transition point Transition point
ips(sat) = vgs — Vry sp(sat) = vsg + Vrp
Enhancement mode Enhancement mode
Viy = ( Vop <)
Depletion mode Depletion mode
Vy <0 Vp>0
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Théng so ky thuat cia EMOSFET
« 2N7000 c6 tri s cwc dai:

Vpss 60 V

Viss 60 V

o 200 mA
Pon 400 mW

T -55 + 150°C

jmax
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a. Phan cuc bang cau chia the va R
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iD (mA) A

0.30
Nonsaturation / *Ds (53 =Ves—Vry

025"\\43Ti\ /
/
0.20 - [ Transition point

0.15 [~
\ Q-point
Vesg=2V

Cutoff

0.10

0.05 4

VDS
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* Mach c6 thé bé dién tr& R vi FET on dinh doi
v&i nhiét do
Céac phép tinh giong nhw trén nhwng cho Rs =0

VoD

VGSQ
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