LOI NOI PAU

Giao trinh Mach Pién tir dugc bién soan dua trén co sé la cac giao trinh va
tai liéu tham khao cua Truong Pai hoc Bach Khoa HN, DPai hoc Giao Thong
Van Tai, Pai hoc Can Tho cling nhu cac kién thirc dua trén thi nghi¢m thuc té.

Giao trinh dugc st dung dung lam tai liéu tham khao cho sinh vién cac
nganh: Pién tir cong nghiép, ky thuat stra chita mdy tinh, k¥ thuat vién thong, k§
thuat ldp dat dién va diéu khién trong céng nghiép. Sach cling c¢6 gia tri tham
khao véi cac can bo ki thudt va cong nhan cac nganh lién quan dén k¥ thuat dién
tu.

Véi muyc dich trinh bay nhiing kién thirc co s& vé mach dién tir, gido trinh
gdm ¢6 7 chuong:

- Chuong 1: Mach khuéch dai tin hiéu nho dung transistor
- Chuong 2: Mach khuéch dai tin hiéu nho diung FET

- Chuong 3: Pap ung tin sb cla transistor va FET

- Chuong 4: Mach ghép transistor — hoi tiép

- Chuong 5: Khuéch dai cong suat

- Chuong 6: Dao dong

- Chuong 7: On ap

Trong qué trinh bién soan, tic gia di duoc cac dong nghiép dong gop nhiéu
y kién bd ich, dugc Khoa Dién — Pién tir - Pién lanh, Phong Pao tao cling nhu
nha truong tao diéu kién dé hoan thanh gido trinh. T6i xin chan thanh cam on su
gitp do quy bau do.

Mic du dd ¢ gang stra chita, bo sung cho cudn sach duoc hoan chinh hon,
song chic chan khong tranh khoi nhitng thiéu sot, han ché. Tac gia mong nhan
duoc cac v kién dong gop cua ban doc.

Nam Dinh, thang 11 nam 2011
TAC GIA
Bui Trung Kién



CHUONG 1 MACH KHUECH PAI TIN HIEU NHO
DUNG TRANSISTOR

1. KHAI NIEM

Mach dién tir 1a loai mach c6 nhi€ém vu gia cong tin hi€u theo nhirng thuat
toan khac nhau, chiung dugc phan loai theo dang tin hi¢u dugc xur 1y.

Tin hiéu: 1a sb do dién ap hoac dong dién cua mot qua trinh, su thay doi cua
tin hiéu theo tho1 gian tao ra tin tirc hiru ich.

Tin hiéu duoc chia 1am 2 loai 13 tin hiéu twong tu Anolog va tin hiéu sb
Digital.

- Tin hi€u tuong tu 1a tin hi¢u bién thién lién tuc theo thoi gian va co thé nhan
moi gia tri trong khoang bién thién ciia no.

Tiéu biéu cho tin hiéu tuwong tu 1a tin hi€u sin, nhu hinh 1.1, véi tin hiéu sin ta

c6 thé tinh dugc bién do cua tin hiéu tai timg thoi diém khac nhau.
\
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Hinh 1.1. Tin hiéu hinh sin

- Tin hiéu s6 12 tin hiéu da duoc roi rac hod vé mat thoi gian va lugng tur hoa
vé mit bién do, n6 duogc biéu dién boi tap hop xung tai nhiing diém do roi rac.
Tiéu biéu cho tin hiéu roi rac 1a tin hiéu vuong, dang tin hi¢u nhu hinh 1.2,
bién d) cua tin hiéu chi c¢6 2 gid tri mic cao Vy va muc thép Vi, thoi gian
chuyén mirc tin hiéu tir mic cao sang murc thip va nguoc 1a rit ngan coi nhu
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Hinh 1.2. a, xung vuéng dién dp > 0. b, xung vuéng dién dp déu nhau

Tin hiéu xung khong chi ¢ tin hiéu xung vudng ma con c6 mét s6 dang tin
hiéu khac nhu xung tam giac, ring cua, xung nhon, xung nac thang c6 chu ky
tuan hoan theo thoi gian v6i chu ky lap lai T.

Tin higu c6 thé dugc khuéch dai, diéu ché, tach song, chinh luu, nhd, do,
truyén dat, diéu khién, bién dang, tinh toan béng cac mach dién tir.

pé gia cong 2 loai tin hi¢u s6 va tuong tu dung 2 loai mach co ban: mach
tuong tw va mach sb, trong khudn khd gido trinh nay chi xem xét cac mach
tuong tu.

V61 mach dién tu tuong tu, chi quan tam toi 2 thong s6: bién dd tin hiéu va
do khuéch dai tin hiéu.

- Bién d6 tin hiéu: lién quan mat thiét dén d6 chinh x4c cta qua trinh gia cong
tin hiéu va xac dinh mirc d6 anh huéng ciia nhidu dén hé thdng. Khi bién do tin
hiéu nhé mV, huic x V, thi nhi€u c6 thé 1an 4t tin hiéu, vi vy khi thiét ké cac hé
théng dién tir can luu ¥ nang cao bién do tin hiéu ngay O tAng dau ctia hé thong.

- Khuéch dai tin hiéu 1 chirc ning quan trong nhat ctia mach tuong tu, c6 thé
thuc hién truc tiép hodc gian tiép trong cic phan tir chirc ning ctia hé thong,
thong thuong trong mot hé théng lai chia thanh tang gia cong tin hiéu, tang
khuéch dai cong suat.

Bo khuéch dai tin hiéu nhé:

Nguoi ta thuong quan niém b khuéch dai tin hiéu nho 1a b khuéch dai
tin hiéu cho tin hiéu vao va ra du nho. Hiéu nhu vay la chua chinh xac. Pé hiéu
chinh x4ac khai niém tin hiéu nho cta bd khuéch dai can phai tim hiéu dic tinh
truyén dan hay dac tinh vao ra cua bo khuéch dai. Vi du, dung Transistor luong
cuc lam bg khuéch dai.

Pic tinh truyén dan cua Transistor ¢ dang nhu hinh 1.3

Trén dic tuyén nay Poan AB A o
tuyén tinh. Néu tin hiéu vao (Ig) thay ’
” B
doi trong doan Igalgs thi tin hi€u ra
7 (V4 h 4 h-,\ N\ N B I
c6 dang giong nhu tin hiéu vao va 5 .

khong b1 méo dang. Ta goi la bd
khuéch 1a tuyén tinh. BS khuéch dai
tin hiéu tuyén tinh dwoc goi la bé Hinh1.3.Ddc tinh truyén dan ciia Transistor
khuéch dai tin hiéu nho

Mach twong dwong ciia transistor

Isa



Piéu kién dé mot transistor dan 1a phan cuc thuan véi tiép giam BE va phan
cuc nguoc voi tiép giap BC, mach twong duong cia transistor nhu sau:
Trong do:

o C
+ Ry 1a dién tr¢ doan tir cuc B va gitra vung % l i
~ Rc
ban dan cua cuc B. o | ’
B
\ A 9 A 2 re O—
+ I?e la di¢n tré thuan ¢ trang thai xoay _V N ﬂ
chiéu lo Reé l le
ctiia mdi nbi BE: Re = 26mV/ig(mA) I
+ R 1a dién tré nguoc ctia mdi ndi BC.
Mach twong duong transistor dung thong sb ctia ma tran H:
Rb
O
_.’
B, C
le l Re CL io= 3 .o
Vbe Vce
E
O O

Hinh 1.4. So' do twong dwong ciia BJT
Trong do6: + Ip: dong dién tin hiéu ngd vao, gia tri phu thudc vao Ry, Re
+ i¢ : dong dién tin hi€u ngo ra, ic=f iy
Phuong trinh déc trung theo ma tran H:
Vpe=h11.ip + h12.Vee  Ic = hap.ip +h22.Uee
+ h11 = Vielip: dién tré ngd vao
+ hy1 = icfip: hé sb khuéch dai dong
+ h12 = Vpe/Vee: @0 khuéch dai dién ap nguoc
+ h22 = io/Vee: dan nap ngd ra.
2. MACH MACKIEUE -C
2.1. Mach dién co ban
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Hinh 1.5: So' d6 cdu tao mach Transistor mdc theo kiéu E chung (E-C) thuc té

Trong d6: Vi: Ngb vao
Vo: Ngo ra
Rc: Dién trd tai dé léy tin hiéu ra.
Re: Dién trd 6n dinh nhiét
Rb, R1, R2: Dign tré phan cuc B
+ Vce @ ngudn cung cap mot chiéu

a. So do phan cwe theo dong cé dinh ( hinh 1.5a)
-Taco: V. =R,.1, +Vge + R, wee

Trong d6 1, =1+ p).1, | l llc
b
=1, = Voo —Vee (1_1)
Rg + @1+ B).Re RO
Vcc _VBE
= 1. =41,=24. R, + (Lt B)R. (1.2) | K

- Mach thu —phat (C-E): lé
S

Rc
Q
Re
Vee =R, +V + R,

=1, +1. =1, VIlp<<lI

= Ve =V _(Rc + Re)'lc (13)
b. So do phén cwc bing héi tiép dién dp ( hinh 1.5b )
- Mach nén — phét (B—E): V.. =R_.I. +R,.I, +Vg +R..I, wvee
Véil =1+, =1, ~I_ =41, Vil,<<I, §lRIC°
Rb <
Ve =V ‘
| = cc BE 14  AAA—
TP TR 1AR, R (14) g _lillc
l. =41 1.5 — ﬁ Q
C ﬁ b , ( ) |b Iell
- Mach thu — phat (C - E): < Re
<
VCE =\‘/CC _(fzc + Re)'lc (16) __I_
¢. Phin cuc bang cau chia dién dp (hinh 1.5¢) N
Ry, =R /IR, = ﬂ (]_7) Vele
Rl 2

|
R1 Rc Cl} Rc

R2 |



R
V,, =V, .—2 1.8
bb cc R1+R2 ( )
- Mach nén — phéat (B—E):
V,, =Ryl +Vge + R,
Thay 1, =@+ )1,
_ Vbb _VBE
Ry, + L+ B).R,
AR
- Mach thu —phat (C-E):
Vg =V —R..I,—R_.I,
Vil, ~l, Vg =V, - (R, +R,).I, (1.10)
2.2. Mach twong duong
So @6 mic mach E - C nhu hinh1.6a va 1.6b

b

(1.9)

__+VCC Ii

X b c
. T o L Bi, ot
o N\ ? @ ti
-—| I—o ﬂ.re
c1 . I—.J
o— | b Q2 &SVl Rb e VO
! N 3 - 3
Vi Re Vo Re
I e ~ | T .
= = = Z. Zy = .

Hinh 1.6a: Cdch mdc mach kiéu E-C Hinh 1.6b: So do twong dwong mach E-C
Tri s6 B do nha san xuét cho biét
Tri s6 re duge tinh tir mach phancuc: r, = 26ImV

c

2.3. Céc thong so ki thuit ciia mach:

2 NP v,
- Tong tro ngo vao: Z,=—
i

Tadat z, = Vi - Al * L+ AR,

~pr.+R)~pBR. =2, =R, 1z, (1.11)

Iy Iy

2 N v
- Tong tro ngd ra: Z,=-2
0

D¢ tinh tong tré ra cua mach, dau tién ta noi tat ngd vao (vi=0); &p mot
X .o ) Lops A \ , ~ \ A0 A \Y
ngudn gia tudng co tri sO vo vao phia ngod ra nhu hinh 1.7, xong lap tis6 2, =2
0

lo
—

Vi

Il
(@)

Re Vo




Khi vi=0 = i, = 0 = B.iy=0 (twong duong mach hd) nén Z, :\i/—o =R. (1.12)

0

- Do khuéch dai dién ap ( Do loi dién ap ):

, ] ) : \Y; R
Tacov, ==fiyRe ;v =fi,r.+ A+ SR, = A, :v_?__ﬂ.re +ﬂ(1+c,3).Re
A R
Do g >>1nén ~ s —32 1.2.4).
p A L AR, ( )
RC

NéuRe>>r1, = A, . (1.13)

Dau - cho thiy Vo VA Vi nguoc pha
- Do khuéch dai dong dién ( Do loi dong dién ): A :Ii—°

=Yoo .V _ V4

iy = R, 't 2 = A "R (1.14)
Z;

Ha.y Ai:—A/.R—
c

2.4. Tinh chat  Mach nay co mot s6 tinh chadt sau:

- Tin hiéu dugc dua vao cuc B va lay ra trén cyc C.

- Tin hjéu ng() vao va ngod ra nguoc pha (dao pha). ’ ‘

- H¢ s0 khuéch dai dong dién A =i, \i. = g 16n tir vai chuc dén hang tram lan.

- Hé sb khuéch dai dién ap A, =v, \v, 16n c¢& hang tram lan.

- Tong tré ngd vao khoang vai traim Q dén vai KQ.

- Tong tré ngd ra khoang vai kQ dén hang tram kQ.

- Dai thong cua mach hep.

Chu y: Trong mach co ban hinh 1.5 néu ta mic thém tu phan dong Ce (nhu
hinh 1.8) hodc ndi thang chan E xuéng mass (nhu hinh 1.9) thi trong mach tuwong
duong xoay chiéu s& khong con sy hién dién cia dién tro Re .



+Vec
+Vec

Re <Re . ;ih
. C | = v o
\'J_‘ _|::
R £—‘—C
by e

1

Hinh 1.8. Hinh 1.9
- Mach khuéch dai E - C véi kiéu phan cuc béng cau chia dién thé va 6n dinh
cuc phat. Pay 1a dang mach rat théng dung do c6 do 6n dinh tét. Mach co ban
nhu hinh 1.10 va mach twong duong xoay chiéu nhu hinh 1.11
So sanh mach twong dwong ta thay hoan toan gidng nhau néu thay Rg =
Ri/IR;

+ l-i-—- e - [

Mo
e o
P
R ﬁrﬁ o
Ca 2% ¥i RE  Ra '—%: Re °
W
R g -

F.‘ }_b E—i— ‘—lz,

J\ Fi Zb =

= =

Hinh 1.10 Hinh 1.11
A =-— xR (115)

"rL+R, R, '

Z, =R IR, IZ, (1.16) v6i Z, = p(r, +R,) = AR,

Z, =R, (1.17)

7
A=-AZ (1.18)

- Mach khuéch dai cuc phat chung phan cuc bé“mg hoi tiép dién thé va on dinh
cuc phat. Mach tong quat nhu hinh 1.12 va mach tuong duong xoay chiéu dugc
v€ ¢ hinh 1.13

C
Wy He 1 W,
Re © v, A %ﬁr' Dﬂh -

RE Z.

Hinh 1.12 Hinh 1.13



A A A . [N y Vv

+ H¢ s6 khuéch dai dién ap : A, =2
Taco i, = Bi, +i'~ Bi, (do Ry O gid tri rat 1on )
=V, =—R_i, =—AR. i,

Ma v, = gr.i, + L+ B).R. i, = B(r, +R)i, = A, —V—°=—Ir '}R z—% (1.19)

o Vo=V,
+T0ngtr0va0 Z_— ;taco v, =p(r, +R)i, VOii =i +i'=i +-2—
|.

=V, = A(r, +R))i, LB ARV, B+ RV,

Rb Rb

Thay v, =v,.A, vao ta duoc :
Vi :ﬂ(re +Re)ii +ﬂ(reR+ RE)'Vi'A/ _ﬂ(re-Ri_Re)vi
= 40, +R Y=y + PRy 4oy =y AR gy
7 =ﬁ_ pr. +R,)

i ii ﬁ(l’ +R )(1 A\/)
NéuRe>>re = Z, » ﬁéRe

1-A)
Do Ay <0 =1- A, =1+|A |=|A/| VI |A|>>1
_7.- BR. R, (1.20)
R, + AR |A|

+ Hé s6 khuéch dai dong dién : A =2

+Tong trora : Z, =\_/—°; ndi tit ngd vao (vi=0)
I0
= ip=0va i, =0
=2Zo=RJ/IRy

3. MACH MAC KIEU B-C:
3.1. Mach dién co ban : Hinh 1.14
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Hinh 1.14. So dé cdu tao mach transistor mdc theo kiéu B-C

Trong d6:  Vi: Ngd vao
Vo: Ng0 ra
Rc: Dién tré tai
Re: Dién tré ngd vao
Rb1, Rp2: dién tré phan cuc
3.2. Mach dién twong duwong

bie é e
ér ol éﬂf; Yo

+_%VEE
¥i i %RE c . i
i & ' lli | = Ré
— )
r Reg LCs “|§:RC ° l_" ]
; £y

B .
Jlj j

Zo

Hinh 1.15a: Cdch mdc mach B-C ~ Hinh 1.15b: So dé twong dwong mach B-C

Trén so d6 mach hinh 1.15a 14 so dd mach transistor mic theo kiéu B-C cua
transistor pnp. Vi i, =i, nén gitta hai cuc B vac C dugc thay thé bang mdt

ngudn dong cé gia tri lda .ie. VOI sy thay thé d6 ta co so do twong duwong nhu

hinh 1.15b

Khi transistor duoc phan cyc va hoat dong ¢ ving khuéch dai thi tiép giap

BE duogc phan cuc thuan. Khi @6 diode D twong dwong véi mét dién trd co gia

tri bang dién trd thuan cua diode , dién tré nay dugc ky hiéu 1a re va duoc tinh:

V.

e

e

_ 26mV

e -

e

3.3. Cac thong sb co ban

r,=--. V&1 Vr 1a dién ap nhi¢t, & nhi¢t d§ binh thuong V1 = 26mV, do do:

- Tong tré ngd vao: y A Re/lr, =R, (1.22)
i
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- Tong trd ngd ra: Z,= o= R. (1.23)
0
- D6 khuéch dai dién 4p: p Vo @R R Re g o
i re'le re re
_ Vo
_ D6 khuéch dai dong dien: A =l - Re __p 2 Re T _ 3 (125
Ii Vf‘ RC re C
Z

3.4. Tinh chat: Mach nay co mot s6 tinh chdt sau:
- Tin hiéu duoc dua vao cuc E va léy ra trén cuc C.
- Tin hiéu ngd vao va ngd ra déng pha.
- Tong tré ngd vao nho tir vai chuc Q dén vai trim Q.
- Tong trd ra rat 16n tir vai chuc kQ dén hang MQ.

- Hé s khuéch dai dong dién A =2 - _ £
L1, p+1

1 e

- H¢ s6 khuéch dai dién ap Ay 16n c& hang trdm lan.

+VCC

- Dai thong cua mach rong.
4. MACH MAC THEOKIEU C - C %

Rc

4.1. Mach dién co ban R
o J I) Q1
Trong d6:  Vi: Ngd vao
Vo: Ngo ra Vi
. oo R2 Re Vo
Rc: Dién tré tai |

Re: Pién tré ngo ra =

Ro1, Rez: dién tro phan cue g 116 Sor do cdu tao mach mdc

theo kiéu C-C
4.2. Mach twong dwong: hinh 1.17

+¥ec ] .
' e p b E .
R‘é Pr. éTiu
i B, Bi Vo
Vi G |~ | c lt'|
1 Fan, . — l q__l
C L
'_| Iz_n 1“"leu ]Z_iP Zl _';_ Zn
REé b
L
Hinh 1.17 a: Cdach méc mach C-C b: Mach twong dwong cdich mdc C-C

4.3. Céc thong s6 co ban
- Tong trd ngd vao:

11



pit  z, =Y Alb IR g gy,

Iy Iy

—Z, =R /I B(r, +R. )~ R, | BR,. (1.26)
i ‘
- Tong tro ngd ra: Nbi tat ngd vao (vi=0), ap 1 dién thé v, 6 ngd ra
B ip E iu
= S - T
| ﬁre | RE:->> | +
V= R3{ "
< Bin Vo
| c | ‘ |
-
fh -

v v
Taco iy =—>—1i, — Bi, ==—>=—1+p)i
0 =R, h By R, 3+ B)d,
i, =——2 |0:V—°+ﬂ.voz(i+1).vo
ﬂre RE ﬂre RE e
SN L NE BN N W (1.27)
ZO VO RE e
- B khuéch dai dién ap:

A Vo §1+,B).RE.ib . Re ~1 (1.28)
v, pri+@Q+pA).Rci, r.+Rg

- D6 khuéch dai dong dién:

4.4. Tinh chit: Mach c6 mét sé tinh chit sau:
- Tin hiéu dugc dua vao cuc B va léy ra trén cuc E.
- Tin hiéu ngd vao va ngd ra dong pha.
- Hé sb khuéch dai dong dién 16n téi vai chuc dén hang tram lan.
- Hé s6 khuéch dai dién ap: A, = \\//—0 . :
i B
- Tong trd ngd vao tir vai kQ dén vai chuc kQ.
- Tong tré ngd ra nho tir vai chuc Q dén vai tram Q.
- Dai thong cua mach trung binh.

12



Chu y: - Mach khuéch dai C - C ciing ¢6 thé duoc phan cuc bang cau chia dién
thé nhu hinh 1.19. Cac cong thirc trén mach phan giai trén van dang, chi can

thay RB:R1//R2 .
- Mach ciing ¢6 thé duge mac thém 1 dién tré Rc nhu hinh 1.20. Céc

cong thirc trén van dang khi thay Rg=Ri1//R,. Tong trd vao Z; va tong trd ra Zg
khong thay ddi vi Rc khong 1am anh huéng dén cuc nén va cuc phat. Rc dua

vao chi lam anh hudng dén viéc xac dinh diém tinh diéu hanh.

+¥co "'frcc
R,<
; le; ch
Wi ] ,l v; 'ﬁl | l——"l
d; 2 \l'lg L c2 Yo
Ra= ‘i R %
REx l Re<g
Hinh 1.19 Hinh 1.20

BAI TAP CHUONG |

Bai 1: Trong mach dién hinh 1.21 c6 =100

a. Xac dinh cac tri phan cuc Ig, Ic, Vg, Vce .
b. V& mach twong duong xoay chiéu véi tin hiéu nho (khong co Ca)
_Y
A v

c. Tinh téng trd vao Zi va do 1gi dién thé ctia mach (khong c6 Cs)

d. Lap lai cau b, ¢ khi mac Cz vao mach

__ +VCC=+12V
< R3
a1 < 2,7k c2
39k ( o
C1
o |{ | Ze) 10uF
[\ Pay
10uF
Vi oK R4 C3
< 1,8k T~
< 100uF
o _L o)
Hinh 1.21

Bai 2: Trong mach dién hinh 1.22 c6 =100
a. V& mach tuong duong xoay chiéu véi tin hiéu nho
b. Thiét 1ap cong thtrc tinh Z;, Ay
13



¢ . Ap dung bang sb dé tinh Z; va Ay

d. Lap lai cdu b, ¢ khi mic C; vao mach

__ +VCC=+12V
{ R3
4,7k
R1 <, c2
39k |( o
c1 I\
o |( - o 10uF
I\ l\ﬁ
10uF
\5 R4
220
< Vo
Vi R2
10k
JRs _]| c3
> 18 —~
N 100uF
(o] J O
_L_'
Hinh 1.22

Bai 3: Trong mach dién hinh 1.23

c6 B =100

<

a. Xac dinh A, =%
b. Xac dinh A, :‘;ﬂ

c. Nhan xét gi gitra vo1 Va Vo

+VCC=+12V

Rcl

4,7k c2

R1
39k Rc2  100uF

1k ca =

Bai 4: Trong mach dién hinh 1.24 ¢6 g =100

. o vol
I( 10uF
° I\ Q C3
10uF
Vi (———o vo2
? Tozk Re  10uF
1k
o —1- o
Hinh 1.23

a. V& mach twong duong xoay chiéu véi tin hiéu nho

b. Thiét 1ap cong thirc tinh tong tré vao Z; va do loi dién thé A,
c. Ap dyung bang s dé tinh Z; va A..

14



_+tVCC=+12V -VCC=-12V

1k
C1l

P—— AN/
P
oD
—/"N—]
>3
N O
=

10uF 10uF

Vi Vo

Hinh 1.24
Bai 5: Trong mach dién hinh 1.25 ¢6 =100
Xacdinh A, =-2; A =2, Z :\i'_i
ii Vi c1 1 F_OVO
-_— I/ _ V' o1 10uF
CHUONG 2 M?ﬁHJ{HUE PAI TiN HIEU NHO
DUNG FET

C3
100uF

Ngudi ta cling c6 @?T dé khuéeh—ddi tin hiéu nho nhu & BJT.

JFET va DE-MOSFET khi Zdleu hanh fieo kiéu hiém c6 dang mach gidng
nhau. Diém khéc nhau cha yéu & JFEWDE@\/IOSFET 1a tong tré vao ctia DE-
MOSFET 16n hon nhiéu. Trong lic d6 ¢ BIT, sy thay doi dong dién ngd ra
(dong cuc thu) duoc diéu khién bing dong dién ngd vao (dong cuc nén), thi &
FET, su thay dbi dong dién ngd ra (dong cuc thoat) duoc diéu khién biang mot
dién thé nho & ngd vao (hiéu thé cong ngudn Ves). O BIT ta c6 d6 loi dong dién
B thi & FET c6 d6 truyén dan g

Véi tin hiéu nho, mach tuong duong xoay chiéu cta FET nhu hinh 2.1a,
trong d6 r, 1a téng tré vao cua FET.
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Hinh 2.1. Mach twong dwong xoay chiéu ciia FET
O JFET, 1, khoang hang chuc dén hang trim MQ, trong lic & MOSFET
thuong ¢ hang trim dén hang ngan MQ. Do d6, thuc té ngudi ta co thé bo 1,
trong mach twong duong (hinh 2.1b).

rq la téng tro ra cua FET, dugc dinh nghia:

AV L \ A s - R A1 oA
r, = A—DS Vo1 Vgs tuy thudc vao diém di€u hanh, rq c6 thé thay
D

doi tir vai chyc kQ dén vai chuc MQ.

rg VA gm thuong duoc nha san xuat cho biét dudi dang re=1/Yos; Gm = Yis O
mot diém diéu hanh nao do.

Néu trong mach thiét ké, Rp (dién tro ndi tr cuc thoat 1én nguén) khong
16n 1am (vai kQ), ta ¢ thé bo rq trong mach tuong duong (hinh 2.1¢).
1. MACH KHUECH PAI CUC NGUON CHUNG (S-C)
1.1. Mach dién co ban

Co thé dung mach phan cuc ¢ dinh (hinh 2.2), mach phan cuc tu dong
(hinh 2.3) hodc mach phan cyc bang cau chia dién thé (hinh 2.4).
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Hinh 2.3. Phdn cuc tw dong
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Hinh 2.4. Phdn cuc bang cau chia dién thé  Hinh 2.5. Mach twong dwong xoay chiéu

16



Nguon tin hiéu vao vi c6 bién do tin hiéu nho nén dién 4p Vs lubn am
trong qua trinh lam viéc. Gia tri Vg s€ dao dong quanh gia tri Vgso. Khi Vgs thay
d6i, Ip cling thay ddi theo, Ves cang am thi dong iq(t) cang giam va nguoc lai.

Vay ig(t) bién thién ciing chiéu voi vg(t).

Ta 6 Vas(t) = Vop — ig(t).Ro nén khi ig(t) bién thién ting thi vg(t) s& giam.
Nghia 1a su thay d6i ctia vy(t) nguoc chiéu voi sy thay doi cia dong ig(t) tic 1a
nguoc chiéu véi su thay ddi cua tin hiéu vao vgs(t) hay noi cach khéc tin hiéu ra

nguoc pha voi tin hiéu vao.
1.2. Mach dién twong dwong ( hinh 2.5)

Trong d6 Ri=Rg ¢ hinh 2.2 va 2.3; Ri=R;// R; ¢ hinh 2.4.
1.3. C4c théng s6 co ban : Phan giai mach twong duwong 2.5 ta tim duoc:

- Hé s6 khuéch dai dién ap: A, = \\ll—" =—0,. (R, /) (2.1)

- Tong tro vao :

- Tong tré ra : Z,=r,lIR,

2.2)
(2.3)

* Pj loi dién thé ciia mach khuéch dai cwe nguén chung véi dién tré Rs -
Gi4a su ta xem mach hinh 2.6 vé1 mach tuong duong hinh 2.7.
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Hinh 2.6. Mach phdn cuc tw dong
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Taco: iy=9g,v,+ Or :
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95+
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Vivg =Vi—Io0.Rs; nén i, =g, —i,.Rg)+—2

gm'vi

i: =
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rd
Néu ta bo ry trong mach twong duong :

1.4. Tinh chéat

- Tin hi€u vao va tin hi€u ra ngugc pha nhau.
- Trd khang vao vo cung lén Z, =R, ~ .
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Hinh 2.7. Mach twong dwong xoay chiéu
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- Tro khangra z, =R, //r,.

- Hé s6 khuéch dai dién 4p 16m.
2. MACH KHUECH PAI CUC MANG CHUNG (D -C)
2.1. Mach dién co ban

Ta co thé dung mach phan cuc tu dong hodc phan cuc bﬁng cau chia dién ap
nhu hinh 2.8 va hinh 2.9.
T Voo —J Voo

SN S = S . L
v _—I Ho Vi '?' H\j

< Re Vo R2 5 ©
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Hinh 2.8. Mach phdn cuc tu dong. Hinh 2.9. Mach phén ciee cdu chia dién dp
Khi dua tin hiéu vao vi(t) vao cuc G s& 1am cho Vs thay d6i, ddn dén dong
Ip thay d6i. Dong ig(t) thay doi 1am cho dién ap ra vo = ig(t).Rs cling thay doi.
Trong mach nay tin hiéu vao v; va tin higu ra vo dong pha nhau vi khi vg(t) bién
thién thi dong iy cling tang va vy cling tang.
2.2. Mach dién twong dwong
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Hinh 2.10. Mach twong dwong xoay chiéu
Mach tuong duong xoay chiéu dugc v& ¢ hinh 2.10. Trong d6: R;=Rg trong
hinh 2.8 va Ri = R; //R, trong hinh 2.9.
2.3. Cac thong s0 co' ban
- Hé s0 khuéch dai dién ap: Taco: v, = (g, )(Rs //T1,)

Yoo 9n(Rs/%) g (7 5)
v, 1+9,(Rs/ry)

Vgs:Vi_VO :A/ =

- Tong tré vao : Zi = Ri.
- Tong trd ra : ta thdy Rs song song vdi rq va song song véi ngudn dong dién
OmVgs. Néu ta thay thé nguon dong dién nay bang mot nguon dién thé nbi tiép véi
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dién tro 1/gm va dat ngudn dién thé nay bang 0 trong cach tinh Zo ta tim duogc
tong tro ra ciia mach : Zo = Rs // 14 // 1 (2.6)

2.4. Tinh chit
- Tin hiéu vao va tin hiéu ra d6ng pha nhau.
- Tro khang vao rat 16n ( hon ca trong so d6 SC).
- Tré khang ra rat nho.
- Hé s6 khuéch dai dién 4p nho hon 1.
3. MACH KHUECH PAI CUC CONG CHUNG (G-C)
3.1. Mach dién co ban
Mach dién hinh 2.11 véi tin hiéu vao vi duoc dua vao cuc S va tin hiéu ra vy
duogc 14y ra tai chan D
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Hinh 2.11. Mach phan cuc tw dong Hinh 2.12. Mach twong dwong xoay chiéu
3.2. Mach dién twong duwong
Puoc thé hién trén hinh 2.12
3.3. Cac thong sb co ban
Tir mach twong duong xoay chiéu ta thay :

VgS =V ; Vo :_gm'vgs'RD = gm'vi'RD
= A ="=g,R, (2.7)
Vl
s LY v, 1
Ngoaira:i=——-g.V.=—+Q. V. =V L=
g R O Vs R, 9.V =Vi(g, RS)
sz oW R gyl )
L 1+9,.Rg "
Va Zo = RD (29)

Néu dua rg vao mach twong duong thi :
A =g, (Rolit,) 5 Z, =R - ; 2, =Ry IIT,
g

3.4. Tinh chat
Mach nay rét it dugc sir dung vi trd khang vao rat nhé ( Z; = Rs// 1/gm ), trd
khang ra 16n ( Zo = Rp // 14 ) khong st dung dugc cac vu diém cua FET.
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Chu y : Thiét ké mach khuéch dai dung FET

Van dé thiét ké mach khuéch dai dung FET & day gi6i han & chd tim céac
diéu kién phan cuc, cic tri s6 cua linh kién thu dong dé c6 duoc do loi dién thé
mong mudn.

Vi du: Thiét ké mach khuéch dai phan cuc tu dong dung JFET nhu hinh
2.13 sao cho hé s6 khuéch dai dién 4p bang 10.

T +VDD=+30V
B,
1uF
0——|lUF ——[:' QL Vo
Rs

Vi

Hinh 2.13
lbss = 10mMA ; VGS(Off) =-4V r4= o

Vi mach phan cyc 6 Ves=0nén: g, =49,, L =5mA/V
Ves (0ff)
A =Yo__g R, =-10 =R, =—— — 2k
Vi g

BAI TAP CHUGNG 2

Bai 1: Hay thiét ké mot mach phan cuc tu dong dung JFET c6 Ipss=8MA;
Ves(off) = -6V va diém diéu hanh Q ¢ Ipg = 4mA véi ngudn cung cap Vpp=
+14v.

Chon Rp = 3Rs.

Bai 2: Thiét ké mot mach phan cuc bing ciu chia dién thé dung DE-
MOSFET voéi Ipss = 10mA, Ves(0ff) = - 4v ¢6 diém diéu hanh Q & Ipg =
2.5mA va dung ngudn cap dién Vpp = 24v. Chon V¢ = 4v va Rp=2.5Rs v6i Ry =
22MQ.

Bai 3: Tinh Zj, Zo va AV cta mach dién hinh 2.14 véirg = «
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