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Ch.7 Mach transistor trudng

e Pal cuong
Transistor trucdng co nhiéu 'ng dung :
- Khuéch dai tin hieéu nho (ha tan, cao tan).
- Khuéch dai tin hiéu Ién( KP cong suat).
- Mach dao dong.
- Mach dién tré thay doi theo diénthé.
- Mach giao hoan ( mach logic, mach
digital)
Trong chuong nay chi xét mach khuéch dai tin
hi€u nho va mach giao hoan.
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Output
Signal

(@)

Fig. 6.34: (a) Common source (CS) ac amplifier using a JFET. (b)
Explanation of how Ip is modulated by the signal vgy In series with
the dc bias voltage VMga

From Prnciples of Electronic Materials and Devices, Second Edition, 5.0, Kasap (© McGraw-Hill, 2002)
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Pudng thang tai tinh

DA YioadTine,dlope=—-i-
D

/

/

j Yps(sa) =Vgs— Vv

4 MA [————

2 mA

VGSQ - 241 V

Vps(sat) Vpsg=7V Vpp=12V  vps
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Cach phan giai mach

e Tuong tu nhu trong mach khuéch dai tin hieu
nhd dung transistor ta cé the phan g|a| dua
theo dac tuyén hoac phan giai theo mo hinh
toan hoc bang cach lan luct:

e Phan giai DC ( xac dinh diém tinh diéu
hanh Q va ducong tai tinh ).

e Phan giai AC: vé mach dién tucong ducng
trong ché do dongvai mo hinh thong so
cua FET va tinh cac dai luong dac trung Zi,
Av,Ai,Zo.

Luu y:

Do mo hinh thong s6 FET dan xuat tu toan hoc
va thuyét td cuc nén mo hinh nay déu dudgc su
dung chung cho cac loai FET ( JFET, MOSFET)
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II. MO hinh thong so cua FET

e Do dong thoat I la ham s0 :
ID:=':(\hﬁ¥‘VDS)L
nén dao ham riéng phan :

d1 o = ol L dV ss T o1, L dvV (1)
D a GS 6 DS
V 6s DS =hs. V bs GS =hs.
Goi:
p— al D p— id j— N N VA t’\\l
9 3 hé sO truyén dan
V es VDS ~hs Vogs vds=0
j— al D = id j— s N\ 2 Y 4
ra dien tro cuc thoat
V bs VGS =hs Vs vgs=0
u=— 2V os = — Vs = hé s6 khuéch dai

| d O https://fb.com/tailieudientucntt
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M& hinh gan ding cta FET

0D 0D
I_
GO—o Y> OmAVes=41p '*>
+ GO—V
Ags
0SS OS

MO hinh MOSFET Ky hiéu MOSFET
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e Ta cd biéu thirc lién hé giira 3 thong so:
Oy oy \( O j
— DS | = DS D = —U =

6V os L al 5 J 5\/ s rdgm (2)

e Thay cac dinh nghia trén vao lai (1)ta
dugc:._ L Vs

I q g mV gs
I a (3)

Do mach G-S cé t6ng tré I6n , nén ta cé
mach tuong duong cua FET nhu' sau:
— <.
CONEEE

gmvg s
vds

S
o I L L O
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e Tinh g,, trén dac tuyén truyén
I,4{(mA)

AID

9

AV ss g

Pudng biéu dién g, theo V¢ 1a 1 dudng thang
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Cach tinh théng so g,

e VGi JFET:

V GSOFF

(
dlp, _ d _
|D53L1
dV GS dV GS
2| DSS ID — 2
V GSOFF DSS V GSOFF

e VGi EMOSFET

J

d |
— |
dV GS

’\“DlDSS

i

VGS J

2|DSS

V GSOFF

-

V GSOFF

_ 2 | _ _
K Vs Vrw |~ 2K Vs Viy

J
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III. Phan giai mach khuéch dai FET

rap cuc nguon chung ( CS)

1. Mach khuéch dai JFET
Mach c6 dang
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Mach dién tuong duong (AC)
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Thay mo hinh cua JFET vao :

Vo

ANN———@

gmvgs

|
r
RG Vgs - Vi -

@)
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Hoac mach khuéch dai phan cwc cau chia thé
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Mach dién tucng ducng(ac)

Ri | | Ro
«Ij\s;w —> G D e
) i O O - O
I + R | +
Iy
t R1||R2 ‘{gs + gm‘{gs ‘o Rp Vs
- 0
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e Phan giai mach:
= ToOng trd vao:

Zi = Rg (1)
= PO Igi thé:
Vo = ZLIo =_ZLId= - ZL( nggs)
AV - Vo / Vi = Vo/Vgs=_ ngL (2)

= TOng trd ra:
Z,=ry vaZ,/  =ry// Ry (3)
Cha y: Tuy theo mach cé thé cd tri :
Z =rq// Ry // R,
Z = Rg =R, // R,
Avs = Ay [ £/ ( £+ Rgq ) |
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2.Mach khuéch dai N-EMOST rap CS

Vbp

%
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e Hoac mach c6 dang:

+ VI I
BT
Bl |:
O
= <
P=ig o4 |_| gt
) 2
- 'C‘-.-“::' e + LC=
=1 _ p—
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Mach tuong dudng N- EMOSFET rap CS

Al

v (t) RiR> ~0 S —

@
®
®
O



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

e Phan giai trong ché d6 dong:
Ta co két qua nhu & cach phan giai
mach khuéch dai dung JFET.
Zi = Rg (1)
AV = Vo / Vi = Vo/Vgs='ngL
(2)

ry

ra // Rp (3)

ZO

va Z,’
Chu vy:
Tuy theo mach cé thé cé tri :

ZL_ rd// RD // R|_
Zi=Rg=R;//R,
Ais =A/[ £/ (4 + Rsig ) |
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3. Mach khuéch dai N-DMODFET rap CS

e Do DMOSFET cé thé hoat ddng theo kiéu
hi€ém hodc kiéu tdng nén :

e VGi kiéu hi€m : phan giai nhu JFET.

e VGi ki€éu tang: phan giai nhu MOSFET.
tuy nhién DMOS it dugc dung theo kiéu
tang vi dé lam hu linh kién khi c6 dong I,
qua Ion.
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e Mach khuéch dai rap CS khong co tu Cs
ap dung chung cho JFET va MOSFET.

o

+ VDD
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e Mach tuong ducong
Tong tré vao:
Z;: = Rg (1)
Po Igi theé:
I, = 9nVgsZ,

Vi — vgs(1+ ngS) - (910%
v — Z|_ IO — o é}

o
— gmngRD
_V,_ 9,R e
Ay B + - (2) __O=
Vi 1 .Rs ; >

Tong tré ra :
ZO — rd//RD - RD (3)
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4. Mach khuéch dai theo nguon( SF hay CD)
a. Mach JFET khuéch dai theo nguon

W=4dor

Hoac mach dung N-EMOSFET hinh sau:
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V. g = V bD
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Mach twong dwong (ac) cua mach SF
G D

O +

Im AV cs
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e Phan giai ac
TOong tré vao:

Z; = Rg (1)
Po Igi the:
Vo = gmvgsZL

vi = vgs + Rngvgs =

=Vgs(:l-"' ngS)
W g Rs

Av T T S10(2)
Vi 179 _Rs
TOong trd ra:
= V o — V gs
Z o
I o ViTO;RS > gmv gs

Z'o Rs‘gm

(3)
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e TONg tréd ra:

— V 0
Z o
| o Vi=0:;RS > *®
vsig=0
Vsig =0->V, = VgS

CuuDuongThanCong.com
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gmvgs
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vgs
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5.FET & tan so cao
O tan so6 cao do c6 sw
hién dién cac dién 1t VDD
dung lién cwc nén
mach cé dang( H.) B .
Ta goi cac tong dan: Cyd (A
Y gd C gd ri o

Yoo “C g | T

W |
Y ds C s vi Cys

Va cac dién dan: T s

gd - , Y|_ - #
I d R . __|_
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e Ta cO mach tuong ducng ac:

T ® ® —O
IL
; 1L
I3 J/ I5J/ ’

o RG J)z § rd cq RD . QRL

15 Vg Vg Y @)
1370 Vg OVa YeVas YiVa (2)

W@ 7 Vg 9, Ygd Vs 9y Ya Y Yo

m

_I_
Vo _ Vo, dn Y gd
Vi Vgs Yds+Ygd+gd+YL

Av
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B Mach giao hoan ( switch)
1.Céng NOT dung JFET

b (MA)
Q'+ ump
- |
5 bHR2 $ |
|+_O
O——AAA NJFET
N I
0 Vee Vee(V) E L

Vi < Vgsorr? Vo = Vpp
Vis Vesores Vo = Rplpon) =0V
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II. Cong NOT dung MOSFET

DD
Rbp
o V Out
l-—<_
V in (- [ |

MOSFET inverter

V)

VDD =5V

Switching characteristic
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e Piéu kién phan cuc
EMOSFET co dac tinh sau:
Khi EMOSFET ngung > Ry o Fat Ion.
Khi EMOSFET dan > Rp oy rét bé .

Nha san xudt cho :Ryony=Vpson) / Inony
do tai Qtest'

Phan cuc trong vung dién trd thoa diéu
kien: Ippn < Ipiony Khi Vgs = Vesony

e Khi v, <V;, sNMOSFET ngwng, V_ = V5 = V4
Khi V, > V-, >NMOSFET dan, V, =0V=
vOL

Vo = [Rosion) / (Roson+Rp)] Vpp=0V
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e Vung dién tro
o ID

V gs—= V Ggs(on)

I D(ON)\ Test
I D(sat)

R pscon) = Vbs(on) /7 L beon)
ID(sat) =VDD/ RD

I D(sat) < I D(ON) khi Vv GS = Vv GS(
ON)
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Cach hoat dong ché do giao hoan
e Khi khong c6 xungvao:MOSFET khong dan.

Ta co:
R ps(Off)

V (off ) —
Ro ' Rps(Off)

oo )

— 20V

e Khi cé xung vao: MOSFET dan

Ta co:
_ Rps(ON)
VvV ,(on) N V
Ro  Rj.(on)
= 10° 20V
1k €2 102

CuuDuongThanCong.com

DD V oo  VoH

- 20V

=~ 0,198V = 0,2V

Rp

I

Vo

ilDS(off)

/
1

+VDD

LV,

-L RDS(ON)
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e COng NOT - NMOS:
ky hiéu

A > F=A

Bang su that:
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e COng NAND - NMOS tai thu dong
O = logic1 = 0V- 0,5V
1=logic 1 = Vp

TTJIJI?

0z I_| o
B A |F=Vo R [
E ’—‘ =
0 0 1 ] NHOS
0 | 1 | 1 —
1 0 1 -
1 1 0
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e COng NOR-NMOS tai thu ddng
Do 2 NMOS ghép song VLD
song nén chi cAn c6 1 NMOS dan la dién thé

ngo ra xuong muc thap: -

= = O O W
= Ol = O >
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Pac tuyéen chuyéen NMOS véi tai thu déng

vo (V) A
Cutoff
Vpp=35 -
|
I \
'3\ M RrR=5k0
4 - | \ \ T
: ' \\ Saturation //
I \ e Vor= Vi — VN
. |
3 | - Nonsaturation —
|
| -
|
2 - I \
o
| - R =50kQ
11— |
| —
| =
| e
I/jl, I __-r = — ﬂ==_n.— - -
0 1 2 3 4 5 vy (V)


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

e COng NOT - NMOS
Do dd déc chuyén mach
khong dugc thang ding

,Nén chon Q2 co dién tro T
Ion hdn Q1 hoac dung %D
N-DMOS lam tai dong. l_ R
e Cach hoat dong -
Khi V. < Vo4 2Vg =1 =
Khi V;= V> Vo = 0V N e
, —
LUy Yy o |
1 = Vpp = V14 °
—L

0 = VDS(ON)
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Cong NOT vdéi tai dong
1. EMOS lam tai dong

Do Vgs = Vs, NMOS hoat
dong nhuw 1 dién tré khéng
tuyén tinh co tri s6 twong
doi I&n nhwng lai chiém chd
rat nhd so voi dién tré
thuan trong ky thuat ché tao
Vi mach.
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Vo (V)
4.0

2‘0 j B

Vi(V)
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Vy O |
1 +

Vesp

IL.oad

Driver

CuuDuongThanCong.com
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DMOS la tai dong

VoD

>

vps (sat) =vgs — Vpy=—Vpy

VGs =

I >
VDS (sat) vDS

(b)
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NMOS véi tai dong la DMOS

1455
lIDL
+
4' My Vpgr Load
& O VO
lIDD
+
Vi © . l Mp  Vpsp Driver
Vesp
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Tai dong la D-NMOS

« DPac tuyén chuyén nhanh hon
(d6 doc thang hon) tai dong
2 EMOS ( h.B).

* VOI Vg, = 0V; V, = Vgg, Va
Vo = Vps1 = Vpp-Vpss-

10

Vo(V)

I | |

o B OO O

' ' |
2 468 10 Vi(V)
Voot oo

+ VDD

'||— TTTT o« o4

vO
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Pac tuyén chuyéen ciia N-EMOS tai dong

la N-DMOS
Vo (V)
5.0
00 ¥, (V) ;0
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Cong NAND-NMOS tai dong

e Mach dién
e Bang chan ly

Vao | Vao Ra
B Y = Vo e
.

O O | 0O
=== O
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Cong NOR-NMOS tai dong

e Mach dién
e Bang chan ly 7 veo

;"

B A Y=Vo
@
0 0 1
L
0 1 0 — _
0l 02
1 0 0 O—Jﬁ 0—[
1 1 0 .
p—

VO
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Cong logic NMOS tong hop
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11.Céng logic dung CMOS

- Cau trdc : N-MOS + P-MOS
Vesn™ Vrnn >0 Q, dan
Vesp > Vanp < 0 Q,dan

1.Céng NOT-CMOS T o
- KhiVi:A: oV =2 uz:jﬂz
Vesn =0, Qq ngwng mzl'—
Veep = Vi, Q2 dén AELE
Vo = Vob - Vpsp=Vor = IDg) e
= KhiV,=A =V, o

Vasn = Voo, Q; dan
Vesp= Vop-Vpp =0, Q, ngung —=
Vo, = Vpsion) = ovV=V,,
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vy ©
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Pac tuyén chuyén cia CMOS

Pac tinh:

» Do Ip;=Ip, rat thap( luén cé6 1 EMOSFET
ngwng) nén cong suat tieu thu rat be ( vai
nW).

- D6 doc thang dirng
NOT- CMOS la gan nhw la bac dién ly twong
rat théng dung trong che tao IC so.

* Ngoai ra CMOS con:

On dinh nhiét tot
Cap dién tir 3V - 18V
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Pac tuyén chuyén cua CMOS

—
O Vv Ve vipp— I Vel VDb Vi
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daC
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logic CMOS kh

y

ac cong

2.C

a.Cong NAND - CMOS

t VLD

T21
L ;
O
> ] ] - | O
L LL LL
< =z L L LL
o O O O O
LL L
mMm [ Z =z LL LL
o O O O |O
L L
N LL LL = =z
o O O O O
L LL
—] L |2 LL =z
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Bo

(a)

CuuDuongThanCong.com

Mpp l Mpy
) e_l oVo
A
H | M £
] 0
| VoD
AO * I M NA O
—1— VoD
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b. Cong NOR - CMOS

B

A

Q1

Q2

Q3

Q4

Vo

OFF

OFF

ON

ON

ON

OFF

OFF

ON

OFF

ON

ON

OFF

ON

ON

OFF

OFF
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AO . I MPA
Bo——) Mpg
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A B

0 0

Vop 0
0 Vop
Voo Vpp
(b)
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IV . Cong truyen

1
Chi cho qua tin hiéu khi -
dudc cho phép (dieu
khién). {— i
nen). At
a. Cong truyen NMOS- 1 a —‘
don hudng )

Khi v, = Vppvac=Vy,>
cuc a hoat dong nhu cuc D
( phan cuic Vpp)va b la
cuc S ( vi phan cuc 0V),

MOSFET dan, C, nap dién Uf_ ‘} o
2 Vo = Vpp~Vriu- J} —



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

KhiV. =0V vaC=Vyy,>alacucs,b
la cuc D. Tu C, xa qua MOSFET cho
dén hét > MOSFET ngung, Vo = 0V

xem nhu cong cho logic 0 truyén qua
Khi C=0, kénh n ngung , cbng MOSFET
khdong cho tin hiéu truyén qua.
Tom lai:
Khi C = 1( logic 1)cdng cho tin hiéu
vao V, truyén qua V, = V..
Khi C = 0(logic 0) cong bi khoa
khoéng cho tin hiéu truyén qua.
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CAc Cong truyen khac

Cong truyen don cwe dieu
khién dao

KhiC=1,/C=0- Coéng bi
khoa tin hiéu khéng truyén
qua.

KhiC=0,/C =1 cong mé&,
tin hiéu dworc truyén qua
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Cong truyén dao

e Mach co6 dang:
C=0 = A Khong truyén qua B
A—

C=1 > A dudc truyén qua B

e Ta cling cé cong truyén A
dao diéu khién bang /C

C=0 : /A dudc truyén qua B
C=1 : A khong truyén qua B
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3.Cong truyén CMOS - truyén lwdng cuwe
Mach dién

e KhiC=0,/C=1va 1T!'
V;=Vpp> NMOS ngung ( O_JL = }__O
Veey = 0) va PMOS dan( .. g
Vesp= - Vpp) T oS
Vo = Vpp .
« Vi = OV > NMOS din( )
VGS = VDD), PMOS T
ngung(VGSP = 0V
o & oV ) o— LRI} ——o.,
Céng déng cho truyén '° i

qua V| Vo
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eKhiC=0,/C=1 va

= Vi = 0V > NMOS ngung(Vggy=0V)
PMOS ngung(Vesp = Vpp)

= Vi = VDD >NMOS ngung(Vsen=-Vpp)
PMOS ngung( Vgep=0V)

> ¢cbng bi hd khdéng cho tin hiéu
truyén qua.

Tom lai:

Khi C = 1 cong cho tin hiéu truyén qua

Khi C = 0 cong khéng cho tin hiéu qua
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e Do cau truc MOSFET co tinh doi xU'ng
.cac cuc S va D cd thé hodn dai vi tri
nhau, nén khi cho tin hiéu vao tu B
tin hiéu sé ra bén A va theo cung
cach diéu khién trén : nén céng co
thé truyén theo ca 2 chiéu A-> va doi
lai B> A . Cong truyén ludng cuc.

e CONg truyén ludng cuc dudc thdng
dung trong ky thuat so, truyén so
lieu ca 2 chiéu ( hudng).
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