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Chuong 1: Mach Diode

CHUONGI
MACH DIODE

Trong chuong nay, chiing ta khao sat mot s mach ing dung cin ban ciia diode ban
dan (gi6i han & diode chinh luu va diode zener - Cac diode dic biét khac s& dugc ban dén
lac can thiét). Tuy theo nhu ciu tmg dung, cac md hinh Iy tudng, gan dung hay thuc s& duoc
dua vao trong cong viéc tinh toan mach.

1.1 PUONG THANG LAY PIEN (LOAD LINE):
Xem mach hinh 1.1a

J;
A Do)
I
—
‘ _H_‘ i E'IIR
VD
|+ M .
= Rewvg Burémg thing 1y dién
| Ing
@ )
>
iV E
Hinh 1.1 ®) o VDl

Nguén dién mét chiéu E mic trong mach’ lém‘ cho diode phan cuc thuan. Goi Ip 1a
dong dién thuan chay qua diode va Vp la hi¢u thé 2 dau diode, ta co:

W
I, =1 2 -1 1.1
I u|:EXP T :| (113
Trong do: Ip 1a dong dién ri nghich

v, = L 40,026 &nhiét d8 binh thusng (300°K)

g
n=1 khi Ip 16n (vai mA tré 1€n)
n=1 Khi I, nho va diode ciu tao bang Ge
n=2 Khi I, nho6 va diode ciu tao bang Si
Ngoai ra, tr mach dién ta con co6:

E - VD- VR= 0
Tl E=Vp+Rlp (1.2)
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Chuong 1: Mach Diode

Phuong trinh nay xac dinh diém lam viéc cia diode tirc diém diéu hanh Q, duoc goi la
phuong trinh duong thang liy dién. Giao diém cua dudng thang nay véi dic tuyén cua diode
Ip=f(Vp) 1a diém diéu hanh Q.

1.2. DIODE TRONG MACH PIEN MOT CHIEU

- Nguoc lai khi E < Vi, mach dugc xem nhu hé, nén:
ID:IR:OITIA 5 VR RIR ov 5 VD E - VR E

In + W, =E -

Hinh 1.4

1.3. DIODE TRONG MACH PIEN XOAY CHIEU - MACH CHINH LUU

Mach chinh lvu 1a tng dung thong dung va quan trong nhat ciia diode ban dan, c6 muc
dich d6i tir dién xoay chiéu (ma thudng 1 dang Sin hoic vudng) thanh dién mét chiéu.

1.3.1. Khai niém vé tri trung binh va trj hiéu dung
1.3.1.1. Tri trung binh: Hay con goi la tri mgt chiéu
Tri trung binh cia mot séng tuan hoan duoc dinh nghia bang tong dai s6 trong
mot chu ky cua dién tich nam trén truc 0 (dwong) va dién tich nim dudi truc 0 (3m)
chia cho chu ky.
Mot cach téng quat, téng dai s dién tich trong mdt chu ky T cia mot song tuan

hoan v(t) duoc tinh bang cong thirc:
T

= [vit).a

a

Do do tri trung binh duo'c tinh bing ¢dng thirc:
vV, :—_[v(t) dt (1.3)

M6t vai vi du:
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Chuong 1: Mach Diode

Dang song Tri trung binh
Wit
o =, 5, +5
(1) : et _ By 2
5, o Voo = =
T
— .
T
&
S, +58,
- u] 3, = - VDC = T O
=L I
T
Vimy
F
0 Sl = 5+ 5,
vDE < 0
> T
SE
b B —
T
Hinh 1.5

1.3.1.2. Tri hi¢u dung:

Nguoi ta dinh nghia tri hiéu dung cua mdt song tuan hoan( thi du dong dién) 1a tri
s0 twong duong cua dong di€n mot chiéu Ipc ma khi chay qua mot di¢n trd R trong mot chu
ki s€ c6 nang lugng tda nhiét bang nhau.

T

RI? T=[Ri%[1).dt
juley I}
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Chuong 1: Mach Diode

. 1t
Nh vay: IZ, =T-!:12 (t).dt
Tr1 hiéu dung duoc ko hidu la:

T

1
12 =T_|-i2(t).dt

Lo do:

Méu 14 dién thé ta cling co:

1T
Vo - _J’vi(t].dt
Ims T
0

Vai thi du:
Dang song

(1.4)

(1.5)

Tri trung binh va hiéu dung

Truong Van Tam I-4
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Chuong 1: Mach Diode

Wit)
F

Wi t)
&

N
a N

VAVAVA

Wit)
&
7

m

/NN

D\N\\

woNN

Tam glac

v
Vo, =2
L2

Vo, = 240,637V,
m

24
v
Vo= _m
=2

=

Yy, =2 #0318V,

[\_:'||;::|' =

E*ii
I

Eii
I

o

Hinh 1.6
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Chuong 1: Mach Diode

1.3.2. Mach chinh luu nira song (mot ban ky)

Trong mach nay ta dung kiéu mau 1y twéong hodc gan dung cua diode trong viéc phan tich

mach.
Dang mach can ban cung cac dang song (thi du hinh sin) & ngd vao va ngd ra nhu hinh 1.7
Ip fim
— vm
- _H_ - ; /\
D=t
. Vit Ruft&) § “Vuy
| :J.;.(t)
| Vo
- /\
(a]
Hinh 1.7

Diode chi dan dién khi ban ky duong ciia vi(t) dua vao mach
Ta co:
- Bién d¢ dinh cua v,(t)
Viem= Vm- 0.7V

- Pién thé trung binh ngd ra:
v

dem _ 0,318V L)
or dem
n

- Dong dién trung binh qua tai:

o Vor  Via B
E, m, =
Trong dé:
e ‘;dm - Tri dinh ciia dong dién qua tai
L
- Pién thé dinh phan cuc nghich cua diode la:
VrmM=Vm

(1.6)

(1.8)

Ta ciing c6 thé chinh luu 14y ban ky 4m bang cach d6i dau diode.

Truong Van Tam I-6
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Chuong 1: Mach Diode

1.3.3. Chinh luu toan séng véi bién thé cé diém gitra

Mach co ban nhu hinh 1.8a; Dang song & 2 cudn thir cAp nhu hinh 1.8b

H'U Drlr’Si | " _:h,/i: /\
, \ .
el BAY

D /5 2 éRL —F
2 L ANVANE
\/ Y

b

—t

+

Wim

: L
Hinh 1.8

- O ban ky duong, diode D, phan cuc thuan va dan dién trong luc diode D, phéan cuc
nghich nén xem nhu hé mach (hinh 1.9)

Va=0.Tv
I
r I
1 I
] T "i.,.TL
'y
D,
P +§
v SR
_VR_I-\FII T:-q:) L -I;Urdcm
: .
Hink 1.9 N

- O ban ky am, diode D, phan cyc thuan va dan dién trong luc diode D, phan cuc nghich
nén xem nhu hé mach (Hinh 1.10)

el l
B v
L +
¥ Rpy ¥,
S VAN
= Hinh 1.10

‘ Dé y 1a trong 2 trudng hop, I, déu chay qua Ry theo chiéu tir trén xudng va dong dién
déu c6 mat ¢ hai ban ky. Pién thé dinh ¢ 2 dau R, 1a:

Vdcm:Vm‘Oa7V ( 1. 9)
Va dién thé dinh phan cyc nghich & mdi diode khi ngung dan la:
Vrrv=ViemtVin=2Vn-0,7V (1.10)

- Dang séng thuong tryc ¢ 2 ddu Ry duoc dién ta ¢ hinh 1.11

Truong Van Tam 1-7 Mach bién Tt



Chuong 1: Mach Diode

Vet

Hinh 1.11

-Piénthé trung binh & hai dau RL la:

-5 Tdm _
Voo =2 - = 0,637 Vo (1.11)
- Dong dién trung binh qua Ry
_ Ve
o RL

Nguoi ta cling co thé chinh luu dé tao ra dién thé am & 2 dau R, béng cach ddi cuc cua
2 diode lai.

1.3.4. Chinh luu toan séng dung ciu diode

Mach co ban
DySi
Vm
Wi
D4/Si D.ISi
_Vm
i
Hinh 1.12 me

- O ban ky duong cua nguén dién, D, va Dy phén cuc thuéq va dan dién trong luc D,
va D, phan cuc nghich xem nhu hé mach. Dung ki€u mau di¢n thé ngudng, mach dién dugc
vé€ lai nhu hinh 1.13

Truong Van Tam I-8 Mach bién Tt



Chuong 1: Mach Diode

D1 s

' _ID1 ' - Dy o V=0T
/\ + X

i i A Ry
= D4 EI_ J_
e Dj T-|- VD :I:I.?V
q - b ‘[ B,
. &
Hinh 1.13 : Uf“” -

- O ban ky am ctia ngudn dién, D; va D5 phan cuc thuan va din dién trong luc D,, Dy
phan cuc nghich xem nhu hé mach (Hinh 1.14)

DE DE
- ..H.a Py
D1+ :!_ V=0
RL D1 T R

N lt it U o ey
D,l* D+ +Vm Dfi\ D

Hinh 1.14 v, =0.7v

Tu cac mach tuong duong trén ta thay: ‘
- bi¢n thé dinh V., ngang qua hai dau Ry la:

Viem=Vm-2Vp=V-1.4V (1.12)
- Pién thé dinh phan cuc nghich Viy 6 mdi diode 1a:

Viv=ViemTVp=Vm-Vb

Vim =Vn-0,7V (1.13)

-Diénthé trung binh & 2 dau RL la:

v e
T (1.14)
- Dong dién trung binh qua Ry la:
oL 2V,
Ipp=—= R
TRy (1.15)

-
Trong do: I = 2=
E

L
DPé y 1a dong dién trung binh chay qua mdi cdp diode khi dan dién chi bang 1/2
dong dién trung binh qua tai.
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Chuong 1: Mach Diode

1.3.5. Chinh luu véi tu lgc

Ta xem lai mach chinh luu toan song véi bién thé co diém gitta. Nhu két qua phan
trén:
- Dién thé dinh & 2 dau Ry 1a: Vo=V 0,7V
- bién thé trung binh ¢ 2 dau Ry 1a: Vpc=0,637V gom
Néu ta thay R; bang 1 tu dién c6 dién dung C. Trong thoi diém tir t=0 dén t=T/4, tu C
s& nap nhanh dén dién thé dinh V4e,. Néu dong ri cta tu dién khong déng ké, tu C s& khong
phong dién va dién thé 2 dau tu duogc giit khong d6i 13 Vyem. Py 1a truong hop ly tudng.
Thu’c té, dién thé trung blnh thay doitr 0 637Vdcm dén V. Thuc ra nguon dién phai cung
cap cho tai, thi du Ry, mic song song voi tu C. O ban ky duong tu C nap dién dén tri Vem
Khi nguon dién bat dau giam, tu C phong dién qua R, cho dén khi gip ban ky ké tiép tu C
moi nap dién lai dén Vgem va chu ky nay cur lap di lap lai. Hinh 1.16 m6 ta chi tiét dang song
& 2 dau tu C (tic Ry). Hiéu thé song du dinh ddi dinh duoc ky hiéu 1a V..

v.: Tu zifr dién
/\/\/\/\/ \ o< 7 Ve
o
Tunap d1en
A i _
b L Tu nap didn

L Bad

- o ;
Tu gl dién

(c)

= Hinh 1.15

Do dién thé dinh tdi da 1a Vg nén dién thé trung binh t6i thiéu 1a
Vdcmin:Vdcm'Vr(p-p)

V()
&
vdcm

prj \/’”\\ 7 \ Vi \\ Ve Viem M EI; -1

v

Hinh1.16
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Chuong 1: Mach Diode

Khi chira mic tu C vao, tri trung binh la:
2V
T

v, = = 0,637V,

Ehieatuloe C

W =W

detrity dcm'vr(p-p}

MNén tr1 trung binh & ngd ra:

* Hg 56 song dw: (vipple Jactor)

Ta xem lai dang song ¢ 2 dau R.. Biang nguyén ly chdng chit, ta c6 thé xem nhu dién
the 2 dau tai bang tong cua thanh phan mot chiéu Vpc véi thanh phan séng du xoay chiéu c6
tan sb gap doi tin s6 cuia ngudn dién chinh luu.

4 it 4 Ve Song du
Vaom o~ T
v ."'-‘_‘x"\-. A = W + | ~ L
e ~7 =
0 ‘t / > t
Hirh 1.17

Vi thoi gian nap dién thuong rat nho so véi thoi gian phong dién nén dang cia thanh
phan song du cé thé xem gan dung nhu dang tam giac

Wl
& T ‘Vr [m

B NN

C'hu ki=Ti2 T
Hinh 1.18

Y -

Ve (p=p)
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Chuong 1: Mach Diode

Nhur vay tri hiéu dung cla song du la:

v
v _ rip-p
I{ms |
JEWE (1.17)
Ngwin ta dinh nghia hé 56 song du:
R'Trl:ms]
Ve (1.18)

Hoac:

vrims]
t% = ———— 100%
L

Heé sb song du quyét dinh chat luong ctia mach chinh luu.

* Phwong trinh dién thé séng dw

Néu goi i, 12 dong phong dién cua tu dién c6 dién dung C va V¢ 1a dién thé 2 dau tu
dién thi:
dv . e AW

dt At

Néu sy thay d6i dién thé 2 dau ty 14 tuyén tinh thi dong dién i, 1a dong dién mot
chiéu.

Néu coi song du c6 dang tam giac thi dong phéng cua tu 1 hang s6 va ky hiéu 1a Ipc.
Do chinh 1a dong dién qua tai

i, =C

4
Iy =C— - =C ‘;P’=2c ‘1111”
3 = E
Hinh 1.19 = e = 20CV,
pe
H&Ef F;":F—F:' =2If_|:" (120}

Vi f1a tan s6 cia nguon dién chinh luu.
Néu goi f; 1a tan s6 song du, ta co

Inc
vl":P-P:' =fr_c (1.21)

Nhu vy song du ti 1¢ thuan voi dong dién trung binh qua tai va ti 1¢ nghich voi dién
dung C. Song du s€ tang gap doi khi chinh luu ntra song vi luc do f=f;

1.4. MACH CAT (Clippers)

Mach nay dung dé cit mot phan tin hiéu xoay chiéu. Mach chinh luu ntra séng 13 mot
thi du don gian vé mach cat.

Truong Van Tam I-12 Mach Bién Tu



Chuong 1: Mach Diode

1.4.1. Mach cit néi tiép

Dang cin ban nhu hinh 1.20. Hinh 1.21 cho thiy dap ung ctia mach cét cin ban ddi
v6i cac dang song thong dung khi coi diode 1a 1y tudng.

]
. —p .
V1 R % Ya
+ JI_ _
Hinh 1.20 =
Drang song Bap g
N W
n *
' Vin
0 0 .
— L
" Wi
I
Vi i
L Vm
vm """""""""""" []
O -
-
L W
Y vt
F 3
"‘v"l m
| T
0 A 0 SN
_Um ....................... \_/ \

Hinh 1.21
Bay gid néu ta mic thém mot ngudn dién thé mot chiéu V nbi tiép v6i diode nhu hinh
1.22b. Néu tin hi€u vao vi(t) c6 dang hinh sin v&i dién thé dinh 12 Vm thi ngd ra s€ c6 dang
nhu hinh v€ 1.22¢ v6i dién thé dinh V-V tiic V(=V;-V (coi diode ly tuong)

w{t) Vi)
L L

+

+

||--— __Ii|_.__

Vgl . " G

vi R

VASWAWY T VAN IVAN
"\ T —

Val ) Hinh 1.22 -

{a
1.4.2. Mach cit song song

* Mach can ban c6 dang

Truong Van Tam I-13 Mach Bién Tu



Chuong 1: Mach Diode

Wt} D Viit)

Hinh 1.23
Hinh 1.24 14 dap ung ctia mach cét song song cin ban véi cac dang song thong dung
(diode ly tuong)
v i i)

L ! J[VD

LS
o
+

- [ v, (t)
0 __t 0 _rc
v N
vm |:t:|\/ 'vm \/
I ¥ | Ji "'."II:I |:t:|
W,

=)

-+
=)
+

Hinh 1.24
* Mach c6 phan cuc
Ta cling c6 thé mac thém mdt ngudn dién thé 1 chi€u V ndi tiép voi diode. Dang
song ngod ra s€ tuy thudc vao cuc tinh cia nguon dién mot chiéu va diode.

Thi du: ta xac dinh v, ciia mach di¢én hinh 1.25 khi v; c6 dang tam giac va diode xem nhu ly
tuong

Hinh 1.25

- Khi diode dan dién: vy=V=4V

- Khi vi=V=4V, Diode dbi trang thai tir ngung dan sang dn dién hodc ngugc lai
- Khi vi<V=4V, diode dan dién = vo=V=4V

- Khi v>V=4V, diode ngung ddn = V= v;

Hinh 4 Valt) 1.26 1a dang va bién do
cua ngd ra v0
/\ A t
0 Tiz T -
Truong Vin Tam Mach Dién Tu
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Chuong 1: Mach Diode

1.5. MACH GHIM AP (Mach Kkep - clampers)
bay 1a mach ddi mie DC (mot chiéu) cua tin hi¢u. Mach phai c6 mot tu dién, mot
diode va mot dién trd. Nhung mach cling c6 thé c6 mot nguén dién thé doc lap. Tri s6 cua
dién tré R va tu dién C phai duoc lua chon sao cho thdi hing t=RC du 16n dé hiéu thé 2 dau
tu giam khong dang ké khi tu phong dién (trong sudt thoi gian diode khong dan dién). Mach
ghim &p can ban nhu hinh 1.27

i (t)

fr R
+ || [ | +

; an |m ‘  Hinh127 v,

Dung kiéu mau diode 1y twong ta thay:

- Khi t: 0 — T/2 diode dan dién,tu C nap nhanh dén tri s6 V va v{=0V

- Khi t: T/2 — T, diode ngung, tu phong dién qua R. Do 1=RC 16n nén C xa dién
khong dang ké, (thuong nguoi ta chon T<101).

Luc nay ta co: vy=-2V

Lii’i'fﬂ' WV (t)
L TR T

+V

s
Hinh 1.28

Diém can chua ¥ 1a trong mach ghim 4p bién d6 dinh d6i dinh cta vi va v, ludn béng
nhau.
Sinh vién thir xac dinh v, cia mach dién hinh 1.29
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Chuong 1: Mach Diode

40 -
10% :

Vi ‘i Rglum{ Vi
0 Ti2 t ) T

] | ]

=20

Hinh 1.29 =

1.6. MACH DUNG DIODE ZENER:

Ciing twong tu nhu diode chinh luu, v6i diode zener ta ciing dung kiéu mau gan dung
trong viéc phan giai mach: Khi din dién diode zener twong dwong v6i mot ngudn dién thé
mot chibu v, (dién thé zener) va khi ngung né twong duong véi mot mach ho.

1.6.1. Diode zener véi dién thé ngd vao v; va tai R, ¢6 dinh

Mach cdn ban dung diode zener cé dang nhu hinh 1.30
Khi v; va Ry ¢0 dinh, sy phan tich mach c6 thé theo 2 budc:
- Xéc dinh trang thai cua diode zener bang cach thdo roi diode zener ra khéi mach va
tinh hi€u thé V ¢ hai dau ctia mach hé
R L
i
R+R,

(1.22)

* NEu V= V. diode zener din difn = V=V

. - W
*Eu Vo« TJZ diode zener khdng dan dién—=: TJD = W IZ=D': Ig =1 = R+R,
- Dung mach tieng duong thich hop d# tim cac thong 6 chua biét,
¥l dan dién, dong dién Iz chay qua diode zener dwoc xac dinh b
L=k
Trong do: I, = ViV,
E
.
I, ==
RL
R .
A
—_— | I
I R l Iz l
""'"II i1 V A * é RL II"-"II o
Truong Van Tam Mach Bién Tu
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Chuong 1: Mach Diode

Cong suit tiéu tan boi diode zener duoc xac dinh boi
P~=V.,l, (1.23)

Cong suit ndy phai nhé hon cong suit tdi da P,y=VIzy cta diode zener (Iny: dong
dién t6i da qua zener ma khong lam hong)

Diode zener thuong dugc dung trong cidc mach diéu hoa dién thé dé tao dién thé
chuan. Mach hinh 1.30 14 1 mach diéu hoa dién thé don gian dé tao ra dién thé khong doi ¢
2 dau R;. Khi dung tao dién thé chuan, dién thé zener nhu 13 mot mérc chuén dé so sanh véi
mot mirc dién thé khac. Ngoai ra diode zener con dugc sir dung rong rai trong cac mach
diéu khién, bao vé...

1.6.2. Ngudn V; ¢6 dinh va R, thay doi

Khi V; ¢d dinh, trang thai ngung hodc dan cua diode zener tiy thudc vao dién trg tai Ry

em lal mach hinh 1.30

E
= L W,
R+R,
Tri 58 téi thidu cia RL @& cho zener cé thé din dién g v TJ=TJZ.
Wiy
E EV
. = &v =R . = Z (1.24)
R+R, . v, -V,
Ung v R; =Ry . - dong qua tai RL sécpcdaivalaly
-I;"'TIZI -I;"'TZ
ILm.ux = R = R
Lmin Lmin (1.25)

Do R ¢b dinh, khi Diode zener dan dién, dién thé Vg ngang qua dién tr¢ R s& c¢d dinh:
VR:Vi -Vz ,
Do do6 dong Ig cling co dinh:

Y
Ry
= Iz=Ip-IL

, Dong I s€é nho nhét khi’ I, 16n nht. Dong I dugc gidi han bdi Iz do nha san xuét cho
biet, do d6 dong dién nhd nhat qua Ry 1a I s phéi thoa man:

Lon ™I " pin
= i ™TR
BEtngvOl Ry ldnnhat Ry

R, = (1.26)
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Chuong 1: Mach Diode

Cubi cung khi V; ¢6 dinh, R phai dugc chon trong khoang Ry min va Rimax
1.6.3. Tai RL co dinh, di¢n thé ngé vao Vi thay doi

Xem lai hinh 1.30
N¢éu ta gilr Ry ¢0 dinh, vi phai du 16n thi zener mé1 dan dién. Tri sO to1 thiéu cua V; dé
zener coO thé dan dién duoc xac dinh boi:

R
V=V, =V, = - Vi
R+E,
R+R
Ve — =V, (1.27)

Tri 56 téida cha Vi duroe gidt han bén dong thida IZM qua zener

Vi IZ:IR'IL
TRmax—lzn L
-
=1 =T, +—=
Emxr 2 R L
Viay: vm=v + Uz
v, =RL__+V_ (1.28)

1.7. MACH CHINH LUU BOQI AP
1.7.1. Chinh lwu ting déi dién thé

Hinh 1.31 mo t4 mot mach chinh luu tdng d61 dién thé mot ban ky

+ 91- ) D2

el L -
LT
| ‘_\_

Hinh 1.31
- O ban ky duong ctia ngudn dién, D, din ,D, ngung. Tu C, nap dién dén dién thé dinh V,,
- O ban ky am D, ngung va D, dan dién. Tu C, nap di¢n dén dién thé C=V +Vc1 2V
- Ban ky duong ké tlep, D, ngung, C, phong dién qua tai va dén ban ky am ké tiép C, lai
nap di¢n 2V,,.. Vi thé mach nay goi la mach chinh luu tang do61 dién thé mot ban ky. bién thé
dinh nghich ¢ 2 dau diode 13 2V,,,.
- Ta ciing co thé dung mach ghim ap dé giai thich hoat dong ctia mach chinh luu ting doi
dién thé.
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Chuong 1: Mach Diode

C. 0. i
.—-‘t | |- L e 'H-‘ - A
D .
}H L Volls
+
+ "‘fﬂf‘l
vl:l .............. _Evm
&
+v/  Ghim ap \Chn;kl lyu nita song

SANNANVANTEEN
VAAVAAREE A WAVAN

Hinh 1.32

- Ta ciing c6 thé mac mach chinh luu ting d6i dién thé theo chiéu duong

"

——— Vm &

Dy Cote 2Vm

Hinh 1.33

Hinh 1.34 1l mach chinh luu ting 381 dién thé 2 ban ki ding rat phd bién,

vm —l_+ +
___ C 1

- O ban ky duong cua ngudn dién D, dan, C, nap dién V=V, trong lic D, ngung.
- O ban ky am D, dan, C; nap dién V=V, trong ltic D, ngung.
- Dlén the ng6 ra VOZVC1+ch:2Vm

1.7.2. Mach chinh lru tiing ba, ting bén

N 3V, _
—ut _'l';l TN -
I 1|
+ | [
i 2
D
7 1 D Dy Dy
CS I:’:IS
- Hl
Il [
27, EL
-
E?m
4
Hinh 1.35
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Chuong 1: Mach Diode

Pau tién C, nap dién dén V=V, khi D, dan dién ¢ ban ky duong. Ban ky am D, dan
dién, C, nap dién dén V=2V, (tong dién thé dinh cta cudn tht cdp va tu C;). Ban ky
duong ké tiép D, dan, C; nap dién dén V=2V, (D; va D, dan, D2 ngung nén di¢n thé
2V, cua C, nap vao C;). Ban ky am ké tiép D,, D, dan, dién thé 2V, cua C; nap vao C; ...

Dién thé 2 dau C, 1a 2V,,
2 ddu C,;+C=1a3V,,
2 dau C,+C,4 12 4V,

BAI TAP CUOI CHUONG 1

dekkkkk
Dung kiéu mau dién thé ngudng dé giai cc bai tap tir | dén 8
Bai 1: Xac dinh Vp, Vg va Ip trong mach di¢n hinh 1.36

In Si .
—
E J_: Yook é Ve
0.59v | [ -
Hinh 1.36
Bai 2: Xéc dinh Vp, va Ip trong mach dié€n hinh 1.37
3 i Si Yo
12v. —— S}I i
In oz %
5.6k
|
Hinh 1.37
Bai 3: Xéc dinh V,, va Ip trong mach dién hinh 1.38
5 i G
12w s ill ﬁ Vo
I
5 B %
L
I 1.38 ;
Bai 4: Xac dinh I, V4, V, va V, trong mach hinh 1.39
S M Si
Wa
+ 10w NP H =
47K v
i
22K :

Hinh 1.39 -5v
Bai 5: Xac dinh V,, V, Ip; va Ip, trong mach hinh 1.40
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Chuong 1: Mach Diode

I 033K

—-
—a

T W I_Dl Slm ; :
10v | ED” I OS50 W,
== lY l¥

i l
Hinh 1.40
Bai 6: X4c dinh V, trong mach hinh 1.41
=i o
+ 12% 7]
e
e
Hinh 141 =
Bai 7: Xac dinh I, I,, Ip, trong mach hinh 1.42
I =1 =
. Toa 23Kk |f2
20V = l; =
| 2 & M—‘
Hinh 1 .42
Bai 8: Xac dinh dong dién I trong mach hinh 1.43
Si
+12v T 2.2 J_» e
| Si
Hinh1.43
Bai 9: Dung kiéu mau diode 1y tudng, xac dinh V, trong 2 mach hinh 1.44a va 1.44b
Wil
& Rt o DFI
g Moy B —f+ * ' -
b i D -+ l
s t i R ?K Vo Vi 5vm2
L S 7 B I - _+_
e T
(a)

Hinh 1.44 (b

Bai 10: Dung kiéu mau dién thé ngudng, xac dinh v, trong mach hinh 1.45

10K &
vit) " si s
10w w *
: /_\ . o + Shw [ - "o
- 5?.31}
e I
- —+ o

S Hinh 1.45
Bai 11: Thiet ké mach ghip &p c6 dac tinh nhu hinh 1.46 va hinh 1.47
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Chuong 1: Mach Diode

F Vi i Vo
207 t N - 30%
hiach thiét
a o, Va
= | k& Y 0 t
 —— |
=20V H. 146 -10%
Fy vi i Vo
10%7F
a t s . +
I‘-.r‘IE_lEh thiét i 5V e - t
_10% - k& — _ _10W
15V ---- Z i
H1.47
Bai 12: Cho mach dién hinh 1.48
Is s I
S s S S
25 22002 1 lIT_,
Vz=10w >
20v z c SR VL
P,m=400
Hinh 1 .48

a. Xéc dinh Vi, Iy, I, va Iy néu R =180 Q
b. Xac dinh gia tri ciia R sao cho diode zener hoat dong khong qia cong suat
c. Xac dinh gia tri toi thi€u cua Ry d€ zener co6 thé hoat dong dugc.

Bai 13:  a. Thiét ké h¢ thong mach ¢6 dang hinh 1.49 biét rang V=12V khi I thay doi tir
0 dén 200mA. Xac dinh Rg va V,
b. Xac dinh Py, ctia zener.

Is R= I
NN .
Jn.

[

=)

-
—
N

p

Hinh 1.4%

Bai 14: Trong mach dién hinh 1.50, xac dinh khoang thay ddi cta v; sao cho V=8V va
diode zener hoat dong khong qua cong suat.
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Chuong 1: Mach Diode

lp Rs
—
A
1000 lIz lIL ’
: 2000 >
v, Vz=8v SRLWL

P,.—400mA

Hinh 1.50
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

Chuong 11

MACH PHAN CU'C VA KHUECH PAI TIN HIEU NHO
DUNG BJT

Ta biét BJT c6 thé hoat dong trong 3 viing:

- Vung tac dong: (Ving khuéch dai hay tuyén tinh)
véi nbi B-E phan cyc thuan
ndi B-C phan cuc nghich
- Ving béo hoa: Néi B-E phin cwc thuin
Néi B-C phan cyc thuan
- Vung ngung: Noi B-E phan cuc nghich
Tuy theo nhiém vu ma hoat dong cua transistor phai dugc dét trong viung nao. Nhu
vdy, phan cyc transistor la dua cac dién thé mot chleu Va0 cac cuc cla transistor nhu thé
nao de transistor hoat dong trong vung mong mudn. Di nhién ngudi ta con phai thuc hién
mot sb bién phap khac dé 6n dinh hoat dong transistor nhat 1a khi nhiét do cta transistor
thay doi.
Trong chuong nay, ta khao sat chu yéu 0 BJT NPN nhung cac két qua va phuong
phap phén tich van dung voi BJT PNP, chi can chu y dén chiéu dong dién va cyc tinh cua
nguon dién thé 1 chiéu.

2.1. PHAN CUC CO PINH: (FIXED-BIAS)

Mach co ban nhu hinh 2.1
Ve

\
:
<

= Ic <Re
|
+
Ig + @_VCE
Hinh 2.1 —

Phuong phép chung dé phan giai mach phan cyc gdm ba budc:
- Budce 1 : Dung mach dién ngd vao dé xac dinh dong dién ngo vao (I hoac Ig).
- Budc 2: Suy ra dong dién ngo ra tir cac lién hé [=Plg [=alg
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

- Bwéc 3:Dung mach dién ngd ra dé tim cac thong sd con lai (dién thé tai cac chan,
gilta cac chan cia BJT...)
Ap dung vao mach di¢n hinh 2.1

- Mach ngd vao nén - phat:

+Voo-Rplp - Vpp =0
V., -V
= I = _CC BE (2.1)
RE-

Vi V=07V nfu BJIT 14 21 va Vpp=03V néu la Ge
- Buy ra: [.=pL
- Machngd ra ﬁm - nén:

Voe=FeletVieg
Hay Vep=Vee - Rele (2.2

Py 14 phurong trinh dudmg thing 1ay dién.
* Sw bdo hoa cua BJT: ) )
Su lién h¢ gitra Ic va Ip s& quyét dinh BJT co6 hoat dong trong vung tuyén tinh hay
khong. D& BJT hoat dong trong vung tuyén tinh thi noi thu - nén phai phan cuc nghich. O
BJT NPN va cu thé ¢ hinh 2.1 ta phai co:

Ve oWy =W, =Wy =V
=V, =V Rl = Vg = Vg =07V
Ve =07V
=, « L (2.3)
C
Woe =07V

Mén I, —
R

thi BJT s& di dan vao hoat dong trong vung bao hoa. Tu diéu kién nay va lién h¢ =I5 ta
tim dugc tri s6 t0i da cia I, tir d6 chon Ry sao cho thich hop.

v .. i
Néu Ic #_cc tre Vep g OV (thuc ra khoang 0.2V)
E

Z

thi Ve<Vg, néi thu - nén phén cuc thuén, BJT hoan toan nim trong wing bio hoa va dong dién

Io = I;GC' duroc goi la dong cure thu bio hoa Irgg
[y
I, = (2.4)
R C
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

2.2. PHAN CU'C ON PINH CUC PHAT: (EMITTER -
STABILIZED BIAS)

Mach co ban giong mach phéan cyc c6 dinh, nhung & cuc phat dugc mac thém mot
dién tré Rg xudng mass. Cach tinh phan cyc cling c6 cac budc giong nhu ¢ mach phan

cuc ¢b dinh.
o Ta cd: Voo = Relg+Vee+EelE
+yce  Thay p=(1+p)lp

|
Fg g Rec = I, = Voo - Vg (2.5)
Ig | 15 Ry +(1+ PRz
i “ ( Buyra Izt lign hé: Io=pIg
: o 3 mach thu - phit:
IE lé R Voo = ReletVeptERele
1 Trong dd Ie=Ig+l- # 1

= Vep=Veo-(Eo+Ee)ln (2.6)

* Sw bao hoa cua BJT:
Tuong ty nhu trong mach phan cuc c6 dinh, bang cach cho ndi tat gitra cuc thu va

cuc phat ta tim duoc dong dién cuc thu bdo hoa I¢gy
I _ -I;UTCC
TR, 4R
C E
Ta théy khi thém Rg vao, I¢g nhd hon trong trudong hop phan cuc cd dinh, tirc BJT dé&

(2.7)

bao hoa hon.

2.3. PHAN CUC BANG CAU CHIA PIEN THE:
(VOLTAGE - DIVIDER BIAS)
Mach co ban c¢6 dang hinh 2.3. Dung dinh Iy Thevenin bién d6i thanh mach hinh 2.3b

+Wern

— Hinh 2.3

Trong do:
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

R R
Rep =R/ R, — =122

R, +R, (283
R
VW 2
EE oC R1 _'_]5{‘2 2.5
e Mach nén - phat:
Vis= Rpplg+VeetRelE
Thay: IE:(1+B)IB
VE-E- h VE.E
Buy ra IE. = (2.10)
R
5 + {1+ B)RE
e Suy ra I tur lién hé: I=PIg
s} Iach thu - phat:
Veor=vVoo-Rolo-Relg
= Vop=Voo-EotRpilc (2.11)
NgOél ™a: vc=vcc—RcIc
Vep=Vgp-Fglg
® it bao hda cha BIT
Tiromg tw phian trivde: I _ Voo
CS&t - - -
R +Rg

* Cach phan tich gin ding: o 7
_ Trong cach phén cuc nay, trong mot so diéu kién, ta c6 thé dung phuong phap tinh
gan dung. Pé y 1a dién tré ngd vao cua BJT nhin tir cuc B khi c6 Rg 1a:

,|> Ra
. l>
- + "‘v'llEE - "y TIx
‘—| |—| —_—
ReS @B 1 L < A+BIRe Voo }l
= < T SRi=(1+p)Re

I
- + o 11

=1}
Hinh 2.4
Ta thdy, néu xem ndi tr& cia ngudn Vgp khong dang ké so véi (1+p)Rg thi
Ri:(l+B)RE- Né}l Ri>>R2 thi df)l’lg IB<‘<I2 nén Il# 12, nghTa la Rz//Rl # Rz. Do do6 dlél’l thé
tai chan B ¢4 thé dugc tinh mot cach gan dang:
R2

Vo H WV — 2
BT R 4R,

Vi R=(1+B)Rg # BRg nén thuong trong thuc té ngudi ta c6 thé chap nhan cach tinh
gan dung nay khi BRg > 10R,.

Truong Van Tam 11-4 Mach bién Tur



Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

Khi xac dinh xong Vg, Vg ¢6 thé tinh bang:
VE=Ve-VeE
VE
va Ip = —#I
E B [

E
Vor=vVoo- EotEpilo

Trong cach tinh phan cyuc nay, ta thiy khong c6 sy hién dién ctia hé sé B. Diém tinh
diéu hanh Q duoc xac dinh bdi I va Vg nhu vay doc 1ap voi B. Bay 1a mot vu diém cua
mach phan cuc véi dién tré cuc phat Rg vi hé s6 B rat nhay déi véi nhiét d6 mic du khi c6
Rp d6 khuéch dai cua BIT ¢6 suy giam.

2.4. PHAN CUC VOI HOI TIEP PIEN THE: (Dc Bias With
Voltage Feedback)

bay cling la cach phan cuc cai thién do 6n dinh cho hoat dong cua BJT

+Veo » Mach nén - phit:
. Voo =Rl +R 5l + Rl + Vi
Re 1 Re vei Te=le s =leg 1. = pIy
T E 2
V.-V
L. Q = I, = CC___BE (2.12)
SR ° =Pl
3 ® Ver=Veo-(RetEe)le (2.13)

2.5.MOT SO DANG MACH PHAN CUC KHAC

Mach phan cuc bing ciu chia dién thé va hoi tiép dién thé rat thong dung. Ngoai ra
tuy truong hop nguoi ta con co6 thé phan cuc BJT theo cac dang sau day thong qua cac bai
tap ap dung.

oo =+12v
us 5 Rc=1K = _
. ] R1-40 Fc=5l
p=100/si o
B=50/s5i = J_£ K R 210K p=100/=si
L x
—100 = b Vep=-12v Re=3K
J_— ) vm=—121?
Hinh 2.6 Hinh 2.7 Hinh 2.8
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

2.6. THIET KE MACH PHAN CUC

Khi thiét ké mach phan cuc, nguoi ta thuong dung cac dinh luat can ban vé& mach dién
nhu dinh luat Ohm, dinh luat Kirchoff, dinh 1y Thevenin..., d€ tir cdc thong s6 da biét tim
ra cac thong so chua biét ciia mach dién. Phan sau 1a mét vai thi du mé ta cong vi¢e thiét
ké.

2.6.1. Thi du 1:

Cho mach phan cyc voi dic tuyén ngd ra ctia BJT nhu hinh 2.9. Xac dinh Ve, Re,
Rg.

+Vee
Io(ma)

< > Re
g Tp=40mA >

0 / Vg(volt) L ~ ™Sl

207 1

Hinh 2.2
Tu duong théng léy dién: Vcg=Vee-Rele ta suy ra V=20V

v
Ioy = —= =8mA = R_. =2.5KQ
RC

- = 40pA

Mgoal ra: Iy =
Rp Rp

= Rp = 482.0K 2
Dé c6 cac dién trd tiéu chuan ta chon: Rg=470KQ; Rc=2.4KQ.

\g.:.:=20v

|

162, Thi du 2 Thiét k& mach phin cire cd dang hinh 2.10 v&1 In-=2mé,

R I{ ‘R Ver= 10V . , -
' [ Bnén trd R va Ry khéng the tinh tree ti8p tir cac théng s da bigt. Viée
| aNa401 cza didn tré Re vho mach 14 48 &n dinh didu kién phin cire. Re khéng thé c6 tri
L’ s& qua lon vi nhu thé lam giam Veg (38 lam giam 46 khuéch dat). Nhung néu Ry
B=150/8i qus nhé thi 45 &n dinh kém Thire nehifm ngudi ta thudng chon Vi khodng
) 11ovee.
Rg | 100pF
! 1
’ Vg = — Voo =2V
Hinh 2.10 10

R,=E4 e _ g

CIg Ig
VCC _VCE _VE
IC
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

Chon  Rp=12MQ

2.6.3. Thiét ké mach phan cwe c6 dang nhw hinh 2.11

1‘l.'rt;|:;='|‘2-"..‘|1.f - Ta Cé
v
Vg =%‘JGC =2V = Ry = I_E=1KQ
[
I.=2mA Rq = " = omA 4KC2
[

Bmin=80

100
- Hinh 2.11

bién tré Ry, R, khong thé tinh truc tiép tir dién thé chan B va dién thé ngu@)n. pé
mach hoat dong tot, ta phai chon Ry, R, sao cho ¢6 Vz mong muon va sao cho dong qua
R, R, gan nhu bang nhau va rat 16n doi véi Ig. Lac do

R, El—l[jBRE = 8K (2

v A
Ta cd the chon:

R

E,=68E0V, = L . =27V
E,+ER

Buyra:  Rq#4357KQ

C6 thé chon: R1=39KL hodic 47KQ

2.7. BJT HOAT PONG NHU MOT CHUYEN MACH

BJT khong nhimg chi dugc sir dung trong cac mach dién tu thong thuong nhu khuéch
dai tin hiéu, dao dong... ma con c6 thé dugc dung nhu mot ngat dié€n (Switch). Hinh 2.12
1a m6 hinh can ban ciia mot mach déo (inverter).
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

A Vi +VC$=+5‘? A VC
5v Re=082KQ g 5
0 ’_‘ t Vi Rp=63K “*VC of [0V r T
t 1 t 2 o O ™ —— Q t1  ta b
Bpc=125
Hinh2.12

Ta théy dién thé ngd ra cua V¢ la dao ddi véi dién thé tin hidu ap vao cuc nén (ngd
vao). Luu y 1a & day khong c6 dién ap 1 chiéu phan cuc cho cuc nén ma chi co dién thé 1
chiéu ndi vao cyc thu.

Mach dao phai dugc thiét ké sao cho diém diéu hanh Q di chuyén tir trang thai
ngung dan sang trang thai bao hoa va nguoc lai khi hi¢u thé tin hiéu vao ddi trang thai.
Diéu nay c6 nghia 13 I=Icpo * OmA khi Iz=0mA va V=V pe=0V khi I-=I¢y, (that ra
Vgsat thay doi tir 0,1V dén 0,3V)

- O hinh 2.12, Khi V;=5V, BIT dén va phai thiét ké sao cho BJT dan bao hoa.

. A"
Dong I, duwoe dinhnghia : T, = %
[
, I
0T Ig 32 BIT hoat d8ng trong ving bac hda cd thé duroe tinh gan ding: Ig,, = —Coat
Boc
I Czat

Do dé didukién 42 BIT bao hoala: Iy =
Poc
O mach trén, khi v=5Vthitrisd cialg la 1 _ Vi~ VBE _ g3,
B
O mach trén, khi v;=5V thi tri sb cua Iy 1a:

Vi~ Ver

I
B R,

= 63pA

VA T, = —CC _ 61mA
a4 Csat_R - :1
o]

Thu diéu kién trén ta théy:
I
I, =63pA > “Eent — 48,8uA

Dz

nén thda man dé BJT hoat dong trong ving bao hoa.
- Khi vi=0V, Iz=0pA, BJT ngung va [=Icgo=0mA; dién thé gidm qua R¢ luc nay la
0V, do do:
VC:VCc-RchZSV
- Khi BJT bao hoa, dién tré tuong duong gifra 2 cuc thu-phat la:
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

v
R,, =By IV __ o0
To, 61mA
l Lcsai l “
X ' ¢ Rumt#00
VoEea = T’ E

Hinh 2.13
Néu coi Vg €O tr1 trung binh khoang 0,15V ta co6:

015V
R, = Vo460
6,1mA

Nhu vay ta c6 thé coi Ry, #0Q khi no duoc méc nbi tiép vai dién tré hang KQ.
- Khi vi=0V, BJT ngung, di¢n tré tuong duong gitra 2 cuc thu-phat dugc ky hi¢u la
Rcut-off

Rcut—u:uff = VCE #VCC = 02
ICED ICED
llch {c
——I: Ve # Vee = . R#col)
| &
Hinh 2. 14

Két qua 1a giita hai cuc C va E twong duong véi mach ho ’
Thi du: Xac dinh R va Rg ciia mach dién hinh 2.15 néu I, =10mA

AV +¥oo=+10w
I.'[| F
107 é Rc lov
. Vi
A B S bl
tl t2 .
Poc=250/s1i tl t2
Hinh 2.15
Khi bao hoa:
Toow = Ver _1oma
RC
W
= B.=—C=1KE{ va IB=I°—5“=4DLJA
Coat LC
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

Ta chon Iz=60pA dé dam bao BJT hoat dong trong ving bao hoa
vy — Vg v -0TY

I,=—t P R =11""""_(155M2
RB |B

Chon Rp=150KC2 (tri tigu chudn), vay: 1 2 ¥i= VeE _go 0 o lom

=400 A
150K W

Lc
Vay ta thiét ké: Rc=1KQ
Rp=150KQ
Trong thyc té, BJT khong thé chuyén ttc thoi tir trang thai ngung sang trang thai dan
hay nguoc lai ma phai mat mot thoi gian. Diéu nay 1a do tac dung cta dién dung & 2
mbi ndi cua BIT.
Ta xem hoat dong cua BJT trong mét chu ky cua tin hi¢u (hinh 2.16)
- Khi chuyén tir trang thai ngung sang trang thai din, BJT phai mat mot thoi gian
la:
ton=tatt: (2.14)
tg: Thot gian tir khi ¢6 tin hi€u vao dén khi IC tang duoc 10% gia tri cuc dai
t.: Thoi gian dé IC tang tir 10% dén 90% gia tri cuc dai.

- Khi chuyén tir trang thai din sang trang thai ngung, BJT phai méat mot thoi gian
la: tor=tstte ) ) (215)
t;: Thoi gian ttr khi mat tin hi€u vao dén khi IC con 90% so véi tri cuc dai

tg: Thoi gian tur khi I 90% dén khi giam con 10% tri cyc dai.

Théng thll’b’l’lg tofr = ton
4 I.vi
5%
a t
F I.IC
100 % V
o0 %
10%
o .
— t Tt
t‘ii—h s ‘1—:
ton Tnff
Hinh 2. 16
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

Thi dy ¢ 1 BJT binh thuong:
t=120ns ; t=13ns
t—=132ns ; t—25ns
Vay: t,=38ns ; t.r=132ns

So sanh véi 1 BJT dac biét co chuyén mach nhanhvnhu’ BSV 52L ta théy: ton=12ns;
tor=18ns. Cac BJT nay dugc goi la transistor chuyén mach (switching transistor)

2.8. TINH KHUECH PAI CUA BJT

Xem mach dién hinh 2.17

+¥Yee

gRl R

R D]

Hinh 2.17

Gia su ta dua mot tin hi¢u xoay chiéu co dang sin, bién do nhé vao chan B cua BJT
nhu hinh v€. Pi¢n thé ¢ chan B ngoai thanh phan phan cuc Vg con ¢6 thanh phan xoay
chi€u cua tin hi€u vi(t) chong Ién.

vg(t)=Vetvi(t)

Cac tu C, va C, 6 ngd vao va ng6 ra dugc chon nhu thé nao dé c6 thé xem nhu nbi tat -
dung khang rit nho - ¢ tan s6 cua tin hiéu. Nhu vay tac dung cta cac tu lién lac C;, G la
cho thanh phan xoay chiéu cta tin hiéu di qua va ngan thanh phan phan cuc mét chiéu.
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

- Ehi vg(t) =V, tire ban ky dueong cia tin hidu, Veg ting tc dong Vi)
Ip ting va do Ic=PIp nén dong cue thu Ic cling ting. Do do 1
d1én the tai cue thu ve(t)=Veeo-R.i.(t) giam hon tri s0 tinh Ve

. . . ) a /‘\
- Ehi vg(t) <V, tire ban oy &m cla tin hidu, déng Ip giam dua dén

dong Iz cling giam va v.(b) ting, \/
N wdy &dmach trénta thﬁy v.(t) bidn thin nguce chidu véi vg(t) OB (th
. o , 7, (t) N Nt
tlre v (t) nguroe pha v wilk), Wewdn ta dinh nghiati s6: Ay = 0
i

148 ktnaéch dai (hay 45 1oty dién thé cliamach 0

5 : A n N 5 : : : n A ) 5
Chia khda dé phan gié1 va 2ac dinh céc thdng s& cba mach la mach f

¥t
trong duong zoay clhuen cl /\
3 mach ngoai, vé mach zoay chidu cée tu lin lac €, C2 v tu phin L
ding Cp zem nhwe ndi tat Hinh 2.19 1a mach trong duo'ng XKOay
chifu cia mach hinh 217 Chil i la ngudn dién thé 1 chigu ciing .
zem nhur ndi tat. Ngwdi ta dinh nghia cac thing s& chinh ca mach:
¥ I:t:l

| /ANEEE
Hinh 2,18 \/ \/

e D5 loididnthd: A, = O

Vi
o D&loidéngdién: 4, =10

1

2 2 KE
o Téngtrdvao Z;, = —
1.

1

] W " - " " - - A e - -
* Tdngtréra Z, = I—U 14 tAng tré nhin tir ngd ra khi ndi tat ngsd vao (v=0)
a

i:i.—h

e S L E
SRS
mn

’—z

24

Hinh 2.19

Vé BIT, ngudi ta thuong ding mach twong duong kiéu mau r, hay mach twong duong

theo thong s6 h. Hinh 2.20 mb ta 2 loai mach twong duong niy & 2 dang don gian va day

da
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

* Dang don gian
Kiéu méu re

- Mach cuc phdt chung va thu chiing

Kiéu théng so h

* Dang day du
- Mach cue phedt, thi chung i
=

i - B
— B il:- ] hie
B.?% £ i 1|:|:-l ’Irhﬂe hre Vee _|_

RO S O

hfe ih

_ Mach cuic nén CHEng

. le C
E s c E_ = —
% B ! ry=17hg, hava, i g Tihgy v,
_ B _
Hinh 2.20
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

Céc lién h& can chi ¥
ac l1én hé céan chi y =26m‘if#26m‘if

r&
Ig I

E’:hfe ; I‘Ezhi]::-
hg =-ce# -1

[ i v W 1 ]. .
HMgoat ra: Bre= == B = Bi, =g, ",
y Loy Em

Do d6 ngudn phu thudc Bi, c6 thé thay thé bang ngudn gu.vee
2.9. MACH KHUECH PAI CUC PHAT CHUNG

Tin hiéu dua vao cuc nén B, lay ra & cyc thu C. Cyc phat E dung chung cho ngd vao va
ngo ra

2.9.1. Mach khuéch dai cwe phat chung véi kiéu phan cwe c6 dinh va 6n
dinh cuc phat
Mach co ban nhu hinh 2.21 va mach tuong xoay chiéu nhu hinh 2.22

+ ] I +
m LT
.G = ., i iljr_' !: Re °°
R l = Ji_ g
L - '

Zo

Hinh 2.21

Tri s6 B do nha san xuét cho biét

Tri 6 r, dugce tinh tir mach phan cuc:
_ 26mV

= T

g

Tir mach tuong duong ta tim dugc cac thong s6 ctia mach.
* Po 1o dién the:
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

Ta cd: v = PuE:
vi=Pray {1+ B Ee
Suyra: A =20 = PRc (2.15]
R T Br. + 1+ PR
Dop>>1nén: A » _ Rc (2,177
’ . + R—E
Néh Rg > r. = A, #-2C (2.18)

E

Dau - cho thdy v, va v; nguoc pha

LT
* Tong tr&d vao  Z; = —
1
- v, ri, +{(1+MRCi
Tadat: Z, = —+= Prel ( P) E h #p(r, + R ¥#PR
Suyra  m=Rgim (2.19)

* P4 lol dong dién: A, =2

. V. W Z.
ID = — o : |I =_I :} AI =—_I:I_I
R z, v, R-
Hay A;, = _A, _%4,_ (2,30

: v
* Téng trd ra; Zy =2
1
0

bé tinh téng trd ra cia mach, dau tién ta noi tit ngd vao (vi=0); ap mot nguon gia
tudng co tri sd v, vao phia ngd ra nhu hinh 2.23, xong lap ti sb

T =2
1y

——

- jgb PGS

i
- -

Hinh 2.23

Khi vi=0 = 1, = 0 = Bi,=0 (twong duong mach h&) nén

z, =2 =R, (2.31)

ly
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

Chii y: Trong mach co ban hinh 2.21 néu ta mic thém tu phan dong Cg (nhu hinh 2.24)
hodc noi thang chan E xudéng mass (nhu hinh 2.25) thi trong mach tuong duong xoay
chiéu s€ khong con su hién di¢n cua dién tro Ri (hinh 2.26)

+Wee

+Weo

Re . 2
Re 'y Eg Ec
¥j E J I-"; v cz Yo
SR IS
J -
R 2’ ju— l:
Hinh 2.24 Hinh 2.25
ii B___ c
i pi tio
Bre
A S S E S S
Rc
—_ E —
— 1 =1,

Zs =
Hinh 2.25
Phan giai mach ta se im dugc:
_¥o __E
Av=gTTT (2.32)
z=lioR, i
i, B Pr, (2.33)
Zo=Rec (2.34)
A=Ay (2.35)

That ra cac két qua trén c6 thé suy ra tir cac két qua hinh 2.22 khi cho Rg=0

2.9.2. Mach khuéch dai cure phat chung véi kiéu phan cwe bing ciu chia
dién thé va on dinh cuc phat
bay la dang mach rat thong dung do c6 do 6n dinh tdt. Mach co ban nhu hinh 2.27
va mach tuong dwong xoay chiéu nhu hinh 2.28
So sanh hinh 2.28 vé6i hinh 2.22 ta thay hoan toan giong nhau néu thay Rg=R,//R,
nén ta c6 thé suy ra cac két qua:
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

ij 1
+ ol

=

+Um
R Ro
C1 o= iR Rz B Re °
R = — -,
il - S

Hinh 2.27 Hinh2.28

ay=——e _Ee (2.36)
r,+Eg g Eg
=R ARy Mg, v?1 5 =P, + R = PRg (237
Zn=Ec (2.38)
A =k (2.39)
RC

Chi y: Trong mach dién hinh 2.27, néu ta mic thém tu phan dong Cg & cuc phat (hinh
2.29) hoac ndi thang cuc phat E xuong mass (hinh 2.30) thi trong mach tuong duong cling
khong con sy hién dién cia Rg

+Wo +W o

v_n:lR( i}gﬁ—é’" LS g e
o 1

|
Hinh 2.2% Hinh 2. 30

:
1

Céc két qua trén van dung khi ta cho Rg=0

Aot (2.40)
W re
£
S -, (2.41)
;= Ry /Ry i pr. (2.42)
Zo=Fc (2.43)

2.9.3. Mach khuéch dai cue phat chung phéan cuc bing hdi tiép dién thé va
on dinh cuc phat

Mach téng quat nhu hinh 2.31 va mach twong duong xoay chiéu duoc v& ¢ hinh 2.32

Truong Van Tam I1-17 Mach bién Tur



Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

+ W

E W
¢ .
: -l %sri @ pon |1,
Re CT_D . E
(I:l J—’\/\/‘

Rl | = -

= Za
Hinh 2 31 Hinh 2. 32
* D0 loi dién thé:
A =20
W

Ta cé:io = Biy, +1'#Pi, (do Rgp thnrime rét 1ém

= ‘:.:"O=—Rc i o BRC lb

Ma  v—Pr i1+ PR #E RO,
Sy ra: AV — vD — RC #_ RC (2.44)
V. r. + R E
W

* Thng tréd vao: 217

Tacd: v=pr +Rpiy,

. T P
W 1, =1; H'=1;, +——

E

= v =P, +R.Ji +B(rE +Hglv,  pBir, +Rglv
RB RB

Thay v e vao ta duoc:

E; Fp :

= Bir, +Rli, =v, +@ﬂ_ﬁv)vi =Vi|:]+wﬂ_ﬁv):|
E

RB
gD R
o e TR sy
RB
, i3
NéuRp=>r, = Z;# BRB E
T+ —E- A
E
Truong Van Tam II-18
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

=27, = PRE-Ep
Eyp + BRgliy| (2.45)

i!:l
* D5 loi dong didn: &5 =

-

Zi
Hay: & =—&y T 2.46)

I

2 2 Vv L. L ~ N . NS
* ToOng tré ra: Z, = —=: noi tat ngd vao (vi=0) = 1,=0 va PBi,=0
10

= ZOZRc//RB (247)

Chii y: Ciing giéng nhu phan trude, & mach hinh 2.31, néu ta mac thém ty phan dong Cg
vao cuc E cua BJT hoac mac thang cuc E xudng mass thi cac thong s6 cua mach dugc suy
ra khi cho Rg=0

R r r
- Z = BrB & # E)Br
e T+t 1-4A) T+==|a,]
Re - Re
Z,=R, IRy A =—h i
- RC

2.10. MACH KHUECH PAI CUC THU CHUNG

Con goi 1a mach khuéch dai theo cuc phat (Emitter fllower). Dang mach can ban
nhu hinh 2.33 va mach tuong duong xoay chiéu vé ¢ hinh 2.34

+Veo _ _
L 15 B ip E .
Ré Pre éTiu
J o ) B e
PR T e N
Fa, > — | -
Ca T '
1= Ve 7 I = Za
R‘é b
L
Hinh 2.33 Hinh 2 34

Nhu két qua dugc théiy phén sau, diém dic biét cia mach nay la d¢ loi dién thé nho
hon va gan bang 1, tin hi€u vao va ra cung pha, tong trd vao rat 16n va tong trd ra lai rat

Truong Van Tam I1-19 Mach bién Tur



Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

nho nén tac dung g?ln nhu bién thé. Vi céac 1y do trén, mach cuc thu chung thuong dugc
dung lam mach dém (Buffer) gitip cho viéc truyén tin hi€u dat hiéu suat cao nhat.

* Thng tré vio Z

Bt z, = ot o Pes HUHPIR
ly iy

2 HB(r, + R

— 2z - T_z R, //B(r. +R ;¥R /(PR ;) (2.48)

* D3 loi didn thé A

Ay =To_ .(1+|3')RE-ib . e .4
v, Pri, +(1+pRei, 1 +ERg (2.49)

1

* Tong tro ra Z,
Noi tat ngd vao (vi=0), ap 1 dién thé v, & ngo ra
ip

B —_— E io
T e - =
] ﬁre ] Bg~ | +
Rat Dy
Ty n< N -
> rsth Ve
J_ c | |
=
Zn
Hinh 2.35
Ta cé: i0=;—l—z’a—|3ih= ;‘;E = —(1+ B,
W 1+ 1 1
Vi i, =——t = 1D—v° Bvu# —+— v,
Bre RE Bre RE re
1 0y 1 1
Z v, rmR, = Zo=nlRg (2500
vl:I
_ _ _ i R Z. .
* D6 loi dongdignai A, = 2=_"°-_a i (2.51
I Vi RE

Chu y:

- Mach khuéch dai cuc thu chung cling co thé dugc Phén cuc béng cau chia dién thé
nhu hinh 2.36. Céc cong thtc trén mach phan giai trén van dung, chi can thay Rg=R;//R,

- Mach cling co thé duoc még thém 1 dién tré Rgi nhu hinh 2.37. Cac cong tbﬁc trén
van ding khi thay Rp=R,//R,. Tong tr¢ vao Z; va tong tr¢ ra Z, khong thay doi vi Rc
khong lam anh hudéng dén cuc nén va cuc phat. Rc dua vao chi lam anh hudng dén viéc
xac dinh di€m tinh di¢u hanh.
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

<

=

Vi ||1 IfJ Wi (I:Il |
[ S — L T v

Ro= § R %

l REx RE{
24 L N
Hinh 2.36 Hinh 2.37

2.11. MACH KHUECH DAI CUC NEN CHUNG

Dang mach théng dung va mach twong duong xoay chiéu nhu hinh 2.38

-I-VE;E;
T .
Yio §RE IS v A, E
S | —F= I—T—Ilie TI
] E |§ Rg gr iz x}R;
Re Ce \RC = 1 J B 1 J
z]i_. : L | Zir < ‘—|ZD
) Hinh 2 32

Phan giai mach tuong duong ta tim dugc:

Z=Relit, #r1, (2527
7 R, (2.53)
a, =To Moo Fo Ko (2.54)
i rele re re
—_ v‘:'
pomtoBe iy Beon (2.55)
I Wy RC t, RC
z

2.12. PHAN GIAI THEO THONG SO h PON GIAN

Viéc phan giai cac mach dung BJT theo thong s6 h ciing twong duong nhu kiéu mau
re. O day ta s& khong di sdu vao cac chi tiét ma chi dung lai ¢ nhiing két qua quan trong
nhit cia mach. Cac thong s6 h thuong dugc nha san xuat cho biét. Ngoai ra ta can nhd
dén cac lién hé giita 2 mach tuong duong

h=fr, hy =,
h'f'na-:l3 hﬂ:u=' o
h\:\-ezl "IrrEI
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

2.12.1. Mach khuéch dai cuc phat chung

Thi du ta xem mach hinh 2.39a va mach tuong duong hinh 2.39b
Phan giai mach tuong duong ta tim duoc

- Tong tré vao Z=R,//Ry//Zy, (2.56)
voi: szhie+( 1 +hfe)RE#hie+hfeRE
+Vec
- i — +
R1< Rc{ Cs v %T;-I 110
= e ot
Vijllé—l— - Yi R R L—y Re 7°
Rﬁ’% —Cr F" — = %RE “—_[
Jt* R—i— l Zi le = Zo
(a) (b
Hinh 2 392
- B85 loi didn thé:
_ Ve hy B, he B
S _vi B b +{T+h JRg hy +h; Bg (258
Thurémg h; <<h Ry = A #-—F
E
- Tong tré ra: Z,=Rc (2.57)
- B8 ol dién thé:
v h E h, E
a =Y __ e & e 2.58
T h.+(1+h_ iRz h, +h Eg (25%)
3 RC
Thudng hy <<h By = A #—
FLE
- B lon déng dién:
polo s Z (259
i E

Ghi chl}: Truong hop ta mic thém tu phan dong Cg hodc mach di¢n khong c6 Rg (chan
E mac xu6ng mass) thi trong mach tuong duong s khong co su hién dién cua R
Céc ket qua sé la:
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

7. =R, /{Eafth,, (2.607
Z.=Rc (2.61)
A - bR ¢ (2.62)
w hm
£
R i 2.63
A =—h R (2.63)

2.12.2. Mach khuéch dai cwe thu chung
Xem mach hinh 2.40a v&i mach tuong duong 2.40b

oo , A= B —in E X

] T S
; s - — . c
o l j [ .u.nn - l i T J. | —

R % R F;5 Zr = Lo

;'ia) €L (b
Hinh 2 .40
- Téng tréd vao: Z;=R//R,//Z
Z, = Yi _h, +(Q+hg)Rz#h, +hoRy (2.64)

1y,

- Tong tré ra: Mach tinh tong trd ra nhu hinh 2.40c

| | rC | -
= |Zu
Hinh 2 40c
v, . v, ) v, .
Z, = L i, = R, —{l1+hy :l:l‘,#:R—E—hﬁgb
Trongdé ib=—v0 :>i0= Vo +h5,_ Vo
hu E e
-1t 1 g _pyle (2.65)
Z, ERg by hy
h‘:&
(l+bh 5 R h R
A _ v, . =B E = -1 (2.66)
v, [ +[E+h*jREJ. h, *h R
Thong thuong hie << hgRg = A, # 1
- B4 lgi dong dién:
11-23 Mach bién Tt
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

P (2.67)

2.12.3. Mach khuéch dai cwe nén chung

Dang mach va mach twong duong nhu hinh 2.41

L Co ¥ —
e | e I s e | e — ot
R & | RC{T i hevi ia
¢ < — Sl @ $
| g R e P R
E T Vo
L T
B T j T .
z; i Zch
Cad Hinh 2 .41 (b

Phan giai mach tuong duong ta tim dugc:

Zi=Ry/ by, # Iy (2.68)
7R (2.69)
a - _baRe (2.70)
(') hib

A= Zian # (2.71)
i = vR th -

C

2.13. PHAN GIAI THEO THONG SO h PAY bU

Diém quan trong trong cach phan gii theo thong sé h ddy du 1a cong thirc tinh cac
thong s6 ctia mach khuéch dai c6 thé ap dung cho tat ca cac cach rap. Chi can cha y 12 &
mach cuc phat chung 14 h;, hg, hye, hoe; & mach cuc nén chung 1a hy,, hg, hyp,, hep va &
mach cuc thu chung 1a h;, hg, h,, hg.

M6 hinh sau déy la mach twong duong tong quat cua BJT theo thong s6 h mét cach
day du, ¢ d6 nguoi ta xem BJT nhu mot tir cuc.

Rsé
* BJT Vg Re
Ve
Zi

Hinh 2.42

Truong Van Tam 11-24 Mach bién Tur



Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

L, .
i ‘_| N
R::'élf :
* ¥ é Ry -
¥a
_— q—i
z Zo

Hinh 2.43

Khac voi phén trude, ¢ day do loi dong dién A; dugc xac dinh trudc.

-Bé& loi déng didn: A, =2

1

lo=hg’ +i=hd"+hv,
Thay v_=-1_Fy, ta cd:

iozhfi:l - hoRLiozhfii'hoRLio

1 h
A= L i
= i, 1+h R (272)
Néuh,R; << 1= A;#h
—hfii(RLffhl) hfii(RLffhl}
- loiditnthd A, =-°= = -
Vi it T Vo hiii_hrhfii(RLHh_:'
—h,.R h,E
= == #-—L L (2.73)
hi + I:hiho_hfhr:'RL hi
A o Wy
- Téng tré vao: Z; = —
1
v1=h111+hrv0 v v0=_RL10=_RLA111
= vi=hyl; - by Ry Ag=Chi-hy A01
, h h,h_F
Va =—2 = Z, =h, -t rL (2.7
1+h R, 1+h R,

Ta tim lai dugc dang quen thudc Z;=h; néu s hang thur hai rat nho so vai sb hang
thir nhat
- Tong tré ra Z,
La ti s6 cna dién thé ngd ra va dong dién ngd ra khi ngd vao ndi tit (v,=0)
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

hrvl:-
1i:——
R, +h,

h.h_w

i =hi.+hwv =i =-—1"T2% 44
Mﬂ Q i o0 i Rs +hi oo
oz =¥ ! (2.75)
" h; +E,

Tg s€ tim lg}i duoc dang quen thude Z,=1/h, khi s6 hang thir hai (ctia mau sé) khong
dang ke so véi s6 hang thur nhat.

BAI TAP CUOI CHUONG II

Bai 1: Hay thiét ké mot mach phan cuc dung cau chia dién thé véi nguén dién V=24V,
BJT st dung c6 =100/s1 yé diéu hanh tai [cg=4mA, Vgo=8v. Chon VE=1/8V¢c. Dung
dién trd cé gia tri ti€u chuan.
Bai 2: Thiét ké mach dao véi thong sé nhu hinh 2.44. BIT dung c6 p=100/si va
Ica=8mA. Hay thiét ké véi I5=120%Ipma va ding dién trd tidu chuan.
+V e=+5
K

S

RC ;
Ve
f t V;D—“\/"R\_E—
| E=100/si

Hinh 2. 44

Bai 3: Trong mach dién hinh 2.45
a. Xac dinh céc tri phan cuc I, I, Vg, Vg -
b. V& mach twong duong xoay chiéu véi tin hiéu nho (khoéng c6 Cg)
c. Tinh téng trd vao Z; va do loi dién thé

cua mach (khong cé CE)
d. Lap lai cau b, ¢ khi mac Cg vao mach

+Voe=t+12
Fy 3K
40 Fe
10uF
10 Yo
W e -
el p=100/si
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

Bai 4: Trong mach dién hinh 2.46
a. Xac dinh tri phan cuc I, V¢, Vg, Vek .

b. V& mach tuong duong xoay chiéu véi tin hiéu nho (khong c6 Cr)

c. Tinh téng tréd vao Z; va do loi dién thé A =v,/v; caa mach (khong c6 Cg)

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

+VCC—‘|‘12
100|.LF| 1
E.
! lll}u.F
¥ . 330k
1 =10si
l[JIJ-F ﬁ si

Hinh 245 1.3

Rg 1 Cg 100pF
Bai 5: Trong mach dién hinh 2.47

a. V& mach tuong duong xoay chi€u voi tin hi¢u nhd

b. Thiét lap cong thuc tinh Z;, A,

¢ . Ap dung bang so6 dé tinh Z; va A,

+Wimr=t+12v

Vi

Bai 6: Trong mach dién hinh 2.48
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

a. >Cac dinh A= Yol + V=t 12v
K
b. Zac dinh V a
Hgg = Rei 4K
Wi B, t
. 40K 100pF
c. Nhan x¢&t gi gitra v,y va vy,
Kc: —
1k 10pE "
10yF — 2"
¥i l/-l
[ ﬁ B=10045i
|
R: g F B ¥e2
10K Rg ﬁ 10uH
1k
. ; Hinh 2.48
Bai 7: Trong mach dién hinh 2.49
a. V& mach tuong duong xoay chi€u véi tin hiéu nho
b. Thiét 1ap cong thure tinh tong trd vao Z; va dg 1g1 dién thé A,
c. Ap dung bang s6 dé tinh Z;va A,
V= 12° Voo =-12V
Ry ~  SRe =5K
B=100/=si
. 1K g
1 | 1 | —m
: 10LF X 1hF
Ry :::[ _L_100pF
1
Hinh 2 42
Bai 8: Trong mach di¢n hinh 2.50, Hay xac dinh:
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Chuong 2: Mach phan cyc va khuéch dai tin hiéu nhé dung BJT

A, =2 A, =22 z -0
W Vi 1
+VCC = 12
Re Re
N
|
g A — Fa,  P=100si
RE L
1K Rg 1 1001
+ ¥,
1K

" () -
—L z Hinh 2.50
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET

Chuong 3

MACH PHAN CU'C VA KHUECH PAI TIN HIEU NHO
DUNG FET

O FET, su lién hé giita ngd vao va ngd ra khong tuyén tinh nhu & BJT. Mot su khac
biét nira la ¢ BJT nguoi ta dung su bién thién cua dong dién ngd vao (I) lam cong viéc
diéu khién, con & FET, viéc diéu khién 1a sy bién thién cta dién thé ngod vao Vgs.

Véi FET céc phuong trinh lién hé dung dé phan giai mach 1a:
I = 0A (dong dién cuc cong)
Ip =I5 (dong dién cuc phat = dong dién cuc ngudn).

Ve |
Ip =Ipgs| - o— P .
Vg (o) | d8{ véi JFET va DE-MOSFET.

I, = k[Ves — Vs (t) [ a6i véi E-MOSFET

FET c6 thé duoc dung nhu mdt linh ki¢n myén tinh trong mach khuéch dai hay
nhu mot linh kién s6 trong mach logic. E-EMOSFET thong dung trong mach s6 hon, dic
biét 14 trong c4u tric CMOS.

3.1 PHAN CUC JFET VA DE-MOSFET PIEU HANH
THEO KIEU HIEM:

Vi khi diéu hanh theo kiéu hiém, 2 loai FET nay déu hoat dong & dién thé
cuc thodt duong so voi cuc nguén va dién thé cuc céng am so vo1 cuc nguén (thi du o
kénh N), nén c6 cing cach phan cuc. Pé tién viéc phan giai, & ddy ta khao sat trén JFET
kénh N. Viéc DE-MOSFET diéu hanh theo kiéu tang (dién thé cuc céng duong so véi
dién thé cuc ngudn) s& dugc phén tich & phan sau cua chuong nay.

3.1.1 Phén cuec ¢6 dinh:
Dang mach nhu hinh 3.1
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET

HDD
. Ly b g
= Voo
I Ep
D33 Vg =0v
TJl}s—lv
Q I 0 _
2 vt‘rs"vﬁt‘r
1] 1] \ .
Hinh 3.1 Voso o1 4 Y. bsg  ¥ps
GG B Hinh 3.2

Ta co: I =0; Vgs = -Rgls - Vg

:>RGIG:O:>VGSZ-VGG y (31)
— _ )
Thay Ve vao phurong trinh Schockley Ip = Ipss F UGE(OE]J ta xac dinh duroc dong dién Iy,

DPuong théng Vss=Vga duoc goi la duong phan cuc. Ta cling co thé xac dinh duoc
Ip tir ddc tuyén truyén. Piém diéu hanh Q chinh 13 giao diém cua dic tuyén truyén véi
duong phan cuc.
Tu mach ngo ra ta co:
Vps = Vpp - Rplp . ) (3.2)
bay 1a phuong trinh dudng thang lay dién. Ngoai ra:
Vs =0
Vb = Vps = Vpp - Rplp
V6 =Vss=-Vae

3.1.2 Phan cuc ty dong:

bay la dang phén cyc thong dung nhat cho JFET. Trong kiéu phén cuc nay ta chi
dung mdt nguon dién mot chiéu Vpp va ¢é thém mot dién trd RS mac ¢ cuc ngudn nhu
hinh 3.3
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET

+7

juy : & ID
LD
RD§ Ines
I Enréng phin cupc
—» [ - 1 Q
R
=" s
Ik |
Rq
? ¥ ggoth) Vs a th:‘rs
R e Hinh 3.4
Hinh 3.3
ViIGZOI’lénVG:OVéID:IS
= Vgs = Vg - Vg =-Rglp (33)

bay la phuong trinh duong phan cuc.
Trong truong hop nay Vgs 1a mot ham s6 cua dong dién thoat Ip va khong
¢ dinh nhu trong mach phén cuc ¢b dinh.
- Thay Vg vao phuong trinh schockley ta tim dugc dong dién thoat Ip,.

2 2
v E.I
I =Tl - —F | =T . [1+—5F 34

- Dong I, ciing ¢6 thé duge xac dinh bang diém diéu hanh Q. D6 1a giao diém cia
duong phan cuc voi dac tuyén truyen.

Mach ngo ra ta co:

Vbs = Vpp-Rplp-Rsls = Vpp-(Rp + Re)Ip 3.5)
Day la phuong trinh duong thang lay dién.
NgOéll ra: VS:Rle 5 VG = 0, VD = VDD'RDID

3.1.3 Phan cuc b?mg cAu chia dién thé:

Dang mach nhu hinh 3.5
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET

+TJDD I

I AT
o

?Rl RD? BE. =R IDSS
D

¥ gglofh)
Hinh35 Hinh 3.6
Ta co: Vgs = Vg - Vs
DoI;=0nén vG:vDD.RRﬂ (3.6

1 2

Vs = Rsls = RSID

= Vgs = Vg - Rglp (37)

bay la phuong trinh duong phan cuc.

Do JFET diéu hanh theo kiéu hiém nén phai chon R;, R, va Rg sao cho Vg

<0 tirc
E
V= LW < W, =Rl
E,+E,
Ing va Vgsq chinh 1a toa d§ giao diém cua duong phan cuc va dic tuyén
truyén.

Ta thiy khi Rs tang, duong phén cuc nam ngang hon, tirc Vg 4m hon va
dong Ip nho hon. Tu diém diéu hanh Q, ta x4c dinh dugc Vs va Ipg. Mat khac:

Vbs= Vop - (Rp + Rg)Ip (3.8)
Vb = Vpp - Rplp (3-9)
VS = Rle (3 10)

3.2 DE-MOSFET DIEU HANH KIEU TANG:

Ta xét ¢ DE-MOSFET kénh N.
bé diéu, hanh theo kiél} tang, ta phai phan cuc sao cho \{Gs >0 nén Ip >Ipgs,
do d¢6 ta phai cha y dén dong thoat t61 da Ip,,x ma DE-MOSFET ¢6 thé chiu dung duogc.

3.2.1 Phén cuce bang cau chia dién thé:

bay la dang mach phan cuc thong dung nhat. Nén cha ¥ 1 do diéu hanh theo kiéu
tang nén khong thé dung cach phan cuc tuy dong. Cac dién tré Ry, R, , Rg phai dugc chon
sao cho V>V tlic Vs >0. Thi du ta xem mach phan cuc hinh 3.7.
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET

AV L=t 187 ‘ID (1)
1067

Er=1.8k 10
D
(=110 =

/‘ I, g g =fitnd Ing N
| Wy (off)l=-5v

=101
§ R =15052 -
3 ot 1153 Voo Vol
e 3 W
Hinh 3.7 Hinh 3.8 Vosq
- Pac tuyén truyén duoc xac dinh boi:

IDSS = 6mA

VGs(Off) =3y

Khi v, = %vﬁs(oﬁ“j——l Sv =1, =

- Buong phan cuc dugc xac dinh boi:
Vol W, =

Vas = Vg-Rslp ' :
Vay YGS(Off) = 1.5volt - I[p(mA). 0,15 (kQ)
Tu do6 thi hinh 3.8 ta suy ra:

IDQ =7.6mA

VGSQ =0.35v

VDS = VDD - (Rs+RD)ID =3.18v

3.2.2 Phén cuc bing mach hdi tiép dién thé:
Mach co ban hinh 3.9

Hinh 3.9

- Pic tuyén truyén giéng nhu trén.
- BPuong phan cuc xac dinh boi:
Vs = Vps = Vpp - Rplp (3.11)
trung voi duong thang lay dién.
V¢ hai dac tuyen nay ta cé thé xéc dinh duoc Ipg va Vgsg
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET
3.3 MACH PHAN CUC E-MOSFET:

Do E-MOSFET chi phan cuc theo kiéu tang (VGS >0 & kénh N va VGS <0¢
kénh P), nén nguoi ta thuong dung mach phan cyc bang cau chia dién thé hoic hdi tiép
dién thé.

O E-MOSFET kénh N khi Vg con nhd hon Vs thi dong thoét Ip =0 mA,
khi VGS >VGS(th) thi ID duqc Xac dlnh boi:
2
Iy = k[vl:'ﬁ — Vg ':th:']
Hé s k duoc xac dinh tir cac thong sb6 cua nha san xut. Thuong nha san
xuat cho bi€t Vggeny va mot dong I twong tmg vo1 mot dién the Vggon),
Suy ra:
3 I fon)
[Ves (on) = Vg (th)
Pé xac dinh va v& dic tuyén truyén nguoi ta xac dinh thém 2 diém: mot
diem L'rng Vo1 VGS <VGS(0n) va m6t diém ﬁ'l’lg Vo1 VGS >VGS(0n)

(3.12)

I, (may)
Ipg
I, [om) .
P Hinh 3.10
I
Vs
0] Vst Vasr Vg VGS(&'R)
3.3.1 Phén cue bang hdi tiép dién thé:
o " ID
o vm
Q Hinh 3.12
Ing
Hinh 3.11 o Vgt Vaag Voo Vc,s-

Vi IG 0 nén VD VG va VGS = VDS
Vas = Vps = Vpp - Rplp (3.13)
Ta thay duong phén cyc trung voi duong thang 14y dién. Giao diém cta duong
phan cuc va dic tuyén truyén 1a diém diéu hanh Q.

3.3.2 Phén cue bang cau chia dién thé:
Mach nay thong dung hon va c6 dang nhu hinh 3.13
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET

N n R

Vilwn=0nén vV, =%V.. 2 -

3 o oD R, 4R,
Tir mach cbng ngudn ta cd: Vg = Vs - RsIp
= VGS = VG - RsID (314)
bay la phuong trinh duong phan cuec.
Al
HG;R?M ‘/Qéc tuyén truyén
]
Ing BEwréng phin cuc
o Tooll) Voo Ve T
Hinh 3.14

Hirnh 3.13
Do diéu hanh theo kiéu tdng nén ta phai chon Ry, R, Rg sao cho:
VGS >VS = Rsl]) tire VGS >0
Giao diém cua dic tuyén truyén va duong phan cuc 1a diém diéu hanh Q.
Tir d6 thi ta suy ra Ing va Vs va tir do ta c6 thé tim dugc Vg, Vi, Vs ...

3.4 MACH KET HOQP BJT VA FET:

Dé 6n dinh diém tinh diéu hanh cho FET, ngudi ta c6 thé dung mach phan
cuc két hop véi BJT. BJT & day dong vai tro nhu mot ngudn dong dién. Mach phan cuc
cho BJT thudng dung 13 mach ciu chia dién thé hay 6n dinh cuc phat. Thi du ta xac dinh
Vp va V¢ cia mach hinh 3.15.

W p=tl6v
ﬁRDFE.Tk o)
= R=82k
12
0
6
3
1825=Ip,,
= >
6 Vygg37v 3 [0 Vg
Hinh 3.1¢

Hinh 3.15 /J7
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET

Pé y 1a: BRg = 288k >10R2 = 240k nén ta c6 thé ap dung phuong phap tinh gan
ding:
E,
Vg = Vpp— = 3.62v
R +E,

= Ve =Wy — Vg =292
i
Ig=—=1825mh =1,=1, =1,
: E
i E

Efl' dé "iuTD = VDD - RDID = IDD?V
Ngoairado[n=0nénVo=Vp =362y
Vo=Ve=Vg-Vag=Vg-Vgg
]
.
: T =1 1— %
Wa lp DSS[ GS(OE}:|

Ta c6 thé giai phuong trinh trén dé tim Vgs. Pon gian hon ta dung phuong phap do
thi. Cach v& dic tuyén truyén nhu & phan trude. Tir d0 thi ta suy ra: Vgs=-3.7volt. Tir do:
VC = VB VGS =7.32v

V. =lév
3.9k oo

= v

4701

? 2.4k

AL

Nguoi ta cling c¢6 thé dung FET nhu mot ngudn dong dién dé on dinh phan cuc cho
BJT nhu ¢ hinh 3.17. Sinh vién thir phan giai dé xac dinh V¢, Vp cia mach.

3.5 THIET KE MACH PHAN CUC DUNG FET:

Hinh 3.17

Cong vi¢e thiét ké mach phéan cuc dung FET that ra khong chi gidi han ¢ céc diéu
kién phan cyc. Tuy theo nhu cau, mot sd cac diéu kién khac cling phai duogc dé v 01, nhat
1a viéc 6n dinh diém tinh diéu hanh.

Tir cac thong sb cua linh kién va dang mach phan cuc dugc lwa chon, dung cac
dinh luét Kirchoff, dinh luat Ohm... va phuong trinh Schockley hodc dac tuyén truyén,
duong phan cuc... dé xac dinh céc thong sb chua biét.
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET

Tong quat trong thyc hanh, dé thiét ké mot mach phan cuc dung FET, nguoi ta
thuong chon diém diéu hanh ndm tre=~:*~~Yoat d6r (oﬁ“)
Tri s6 tot nhat thuong duoc chon lat,, D;S hodc Vg = GST Ngoai ra, Vpg cling

khong dugc vuot qua tri s6 t6i da ma FET c6 thé chiu dung duoc.

Thi du: Trong mach di¢n hinh 3.18a, chon Ip = 2.5 mA, Vp = 12v. Dung FET c6
IDSS = 6mA, VGS(Ofﬂ =-3v. Xac dlnh RD va Rs.

_ VDD - TL'TD

Tacd R, = = 32K, chon Ry = 3.3 kO (tri tiéu chufn).

o
Tir ddc tuyén truyén = Khi Ip = 2.5mA thi Vgg=-1v.
Vﬁy VGSZ-RsID (RS :'VGS/ID =0.4kQ2 (Ch(_)n RS = 390Q)

W p= +20v
I & I ma
D¢ = s o

7 Ingg=tma
j Dy, (off)= v
2.5m
b3 _
& 3 w * ! ¥ (oD
Hinh 3.18

3.6 TINH KHUECH DAI CUA FET VA MACH TUONG
PUONG XOAY CHIEU TiN HIEU NHO:

Nguoi ta ciing c6 thé dung FET dé khuéch dai tin hiéu nho nhu ¢ BIT.
JFET va DE-MOSFET khi diéu hanh theo kiéu hiém c6 dang mach giéng nhau. Diém
khéac nhau cht yéu & JFET va DE-MOSFET la tong tr& vao ciia DE-MOSFET 16n hon
nhiéu (sinh vién xem lai gido trinh linh kién dién tir). Trong lic d6 ¢ BJT, su thay doi
dong dién ngd ra (dong cuc thu) dugc diéu khién bang dong dién ngd vao (dong cuc nén),
thi & FET, sy thay dbi dong dlen ngo ra (dong cuc thoat) dugc diéu khién bang mot dién
thé nhoé & ngd vao (hiéu thé cong ngudn Vgs). O BIT ta c6 d6 loi dong dién P thi & FET
¢ d6 truyén din gm.

Véi tin hiéu nho, mach tuong duong xoay chiéu caa FET nhu hinh 3.19a,
trong d6 r, 14 tong trd vao ctua FET.
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET

G <+ D
+ +
W W
o ds
VES
3

Hinh 3.19

O JFET, r, khoang hang chuc dén hang trim MQ, trong lac & MOSFET thudng ¢
hang tram dén hang ngan MQ. Do d¢6, thuc té nguoi ta co thé bo r, trong mach tuong
duong (hinh 3.19b).

rq 12 tong trd ra cua FET, dugc dinh nghia:
AV

Ty
o los gire tiy thudc vao diém diéu hanh, rd c6 thé thay doi tir vai chuc kQ
dén vai chuc MQ.
g va g, thuong dugc nha san xuét cho biét dudi dang 14=1/yos; =Yg & MOt diém
diéu hanh nao do.
Néu trong mach thiét ké, Ry, (dién tro ndi tir cuc thoat 1én ngudn) khong 16n 1am
(vai kQ), ta co thé bo ry trong mach twong duong (hinh 3.19¢).

3.7 MACH KHUECH DPAI DUNG JFET HOAC DE-
MOSFET DPIEU HANH THEO KIEU HIEM:

3.7.1 Mach cwe ngudn chung:

C6 thé dung mach phan cuc ¢o dinh (hinh 3.20), mach phan cuc ty dong (hinh
3.21) hodc mach phan cyc bang cau chia dién thé (hinh 3.22). Mach tuong duong xoay
chiéu v€ ¢ hinh 3.23.
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET

o

: .

4 =

e H L

| | v

W [ L] i B

i qu &

s r—iﬁ

Zi " Zi

:21;_- Hinh 3.20 inh 3 21

_ RD_? CIL
- o . ) -, "
=

fW

{L,

I L

Hinh 322
Trong d6 Ri=Rg ¢ hinh 3.20 va 3.21; R=R; //R, & hinh 3.22. Phan giai

Hinh 3.23

mach ta tim dugc:

W
":I:‘L‘ii" = V_D = —gm I:RD ."I.Ill rd:I (315}

- D& lod dién thé:

Vi_g (3.16)

1

-Téng tré vao: Z; =

i

- Téng tréra: Zog=r4//Rp (3.17)
3.7.2 Po loi dién thé ciia mach khuéch dai cwe ngudn chung véi dién tré

I{S:
Gia str ta xem mach hinh 3.24 v&i mach tuong duong hinh 3.25.
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET

Vo — W -1, —1.E
P 0 g gfp — 1t
Tacd i, =Ep Ve T =gV t———
ry ry

Vi Ugs = Vi - II:IRS

Meén:
: : -i,Ep i,k
ig =g (v;—igRe) +——— 5
T
=10 = gﬁ% +R =_%L
l+g, R, +—2 % L
Ty
Uy ra ﬁv=ﬂ=_ Zn o

. E.+E
Vi l4g Ro+—D2 %
Ty

Néutabd r4 trong mach tong duong:

_ _ Em R In
Vo 14g R, (3.18)
Yoo
iy
Vi 3 + D ] i
- i Ry CF Law |
i 1 |_ T -'=: GE)S = T,
W] IR_I -
N R, Fg % Wy T Wag
i Ta
Hinh 3.2 - :I: Hinh 3.25

3.7.3 Mach khuéch dai cuc thoat chung hay theo nguén(Common Drain
or source follower)

’ Nguoi ta co thé dung mach phan cuc tg dong hoac phan cuc béng cau chia
dién thé nhu hinh 3.26 va hinh 3.27
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET

Mach tuong duong xoay chiéu dugc v& ¢ hinh 3.28. Trong do:
R=Rg trong hinh 3.26 va R; = R, /R, trong hinh 3.27.
- D9 loi dién the:
Ta co: v = (gmVes)( Rs //1g)
Vgs =Vi-Vo
= Ay = Vo _ Bl Bglirg)
v, 1+g (B fir))

- Téng tro vao Z;= R; (3.20)

- Tong tro ra: Ta thay Rs song song voi rg va song song voi nguon dong
dién gnvg. Néu ta thay the ngudn dong dién nay bang mot ngudn dién thé noi tiép voi
dién tro 1/g,, va dit ngudn dién thé nay bang 0 trong cach tinh Z,, ta im duoc tong tro ra
cua mach:

<1 (3150

Z():Rs //I'd// l/gm (321)

3.7.4 Mach khuéch dai cwe cong chung: ( Common-gate circuit)

Mach cin ban va mach tuong duong xoay chiéu nhu hinh 3.29a va 3.29b.

+V

LD
c, c gy BT
| “| | LT
" kﬁ) K ReoOR
B
Z A7 Z,

s
Hinh 3 29a Hinh 3 29h
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET

Tir mach tirong dirong xoay chidu ta thiy:

T‘J‘gs ="

Yo = 'gznng'RD = &P ¥

i E
— 7 =-_1=—5=RS HL

;  l+g,Eg Zn (3.23)
VaZy=Rp (3.24)
N&u dua ry vao mach tuong duong thi:

Hay = g (Bp Ty

1
Z=Fa /i
1 = 2

3.8 MACH KHUECH PAI DUNG E-MOSFET:

‘ i Do E-MOSFET chi diéu hanh theo kiéu tang, nén thudng dugc phan cuc
bang cau chia di¢n thé hodc hoi ti€p dién thé.
Thi du: Ta xem mach hinh 3.30a c6 mach tuong duong xoay chiéu hinh

3.30b.
+1;'FDD
=By 3]
R':' § CE v, 3 G fllﬁ/ D i
— i =5
e Ry,

Cl v, 7,
i s y
Vi ZD

AT
zi
ST
Hinh3.30a Hinh 3.30b

n © 4n A Wu

P18 1o dién thé: bar= —

Vi

£

5 no 1-g, K TR
Vi, = v, nén: szﬁzt gaR o)t /Ry
W, E,+E, i

1
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET

Thong thuong g,,Rg >>1 nén Ay = -g(Rg //r4 //Rp)
Nhung R thuong rat 16n nén Ay # -gn(tq //Rp) (3.25)

- Xac dinh gia tri cua g,,:

g, thuong dugc nha san xuét cho biét & mot sd diéu kién phan cuc dac biét,
hay c6 thé dugce tinh tr diém tinh diéu hanh. Hodc gm CO thé duge tinh mot cach gén ding
tu Cél’lg thurc: gn = 2k[VGs - VGS(th)]

v6i k ¢6 tri s6 trung binh khoang 0.3mA/V2.

- Tong tré vao:

(3.26)

- Tong trd ra:
Zo=Rp //tq4//Rg (3.27)

3.9 THIET KE MACH KHUECH PAI DUNG FET:

Van dé thiét ké mach khuéch dai ding FET & day gidi han ¢ chd tim cac
diéu kién phan cuc, cac tri s6 cua linh kién thu dong dé co duge dd loi dién thé mong
mudn.

Thi dy: Thiét ké mach khuéch dai phan cuc ty dong dung JFET nhu hinh
3.31 sao cho d6 loi dién thé bé’mg 10.

+'JDD=+3EIV
Vi mach phin cuc & Vg =0 fén;
RD§ | 2l
uF _ _ Des
; _ B =8pp = -2 =5mh IV
14 )—| —,, Ipgs=10ma TV (o)
V~o(off)= -4v .
"ﬁR G5 Va g =0 o R -_10
&) rdz o Vi
77 =R, =-"% = 2kQ
Hinh 3.31 En
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET

Rg nén chon khé 16n dé khong 1am giam tong trd vao cua mach. Thi duy ta
co thé chon Rg= 10MQ2.

BAI TAP CUOI CHUONG III

Bai 1: Xac dinh Ip, Vps, Vp va Vs cia mach hinh 3.32

I l I +20%
D Rp=22k
UD IDgg =4 Smab .
Vi Vs (off)= -5v Hinh 3.32
Vs

jRg =068k

Bai 2: O mach hinh 3.33, cho Vps = 8v. Xéc dinh Ip, Vp, Vs, Vgs.

+12v
Ep =3k

Hinh 3.33

%g =2k
3v

Bai 3: Hay thiét ké mot mach phan cuc tu dong dung JFET c6 Ipgs=8mA; Vgsom=-6v va
diém diéu hanh Q 6 Ipg = 4mA véi nguon cung cap Vpp= +14v. Chon Rp = 3R.

Bai 4: Thiét ké mot mach phan cuc bang cau chia dién thé dung DE-MOSFET v6i Ipgs =
10mA, Vgsem = -4v cb diém diéu hanh Q & Ipg = 2.5mA va ding ngudn cip dién
VDD=24V. ChOl’l VG:4V va RD:2-5RS VOl R1=22MQ

Bai 5: Tinh Z;, Z, va Ay cua mach dién hinh 3.34
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET

+225
2.2k
_ 1uF 1UF
i | | | |
N I N o
1k Ines=7 S1md
§9 1182 vGS (O ff}=—4V
ry = Hinh 3 .34

fHMQ

Bai 6: Xac dinh gia tri cua Rp va Rg trong mach dién hinh 3.35 khi dugc phan cyc 6 Vgsg
= 1/2Vgs(ofty V& Vpso = 1/2Vpp. Tinh do lgi dién thé trong truong hop nay.

+TJDD=+2DTJ
Fo 1uF Tpes = Smd
Veeloff)=-2 5v
- . os(otD
| | = rg=m
v, I | !

10D

R _|_4?|.LF

Hinh 3. 35

Bai 7: Thiét ké mach khuéch dai dung JFET ¢6 dang nhu hinh 3.36, sao cho d6 loi dién
thé 1a 8. Dé gio1 han budce thiét ke, cho Vgsg gan tri s6 to1 da cua gm, thi du nhu ¢
VGS(ofﬂ/4-

+TUTDD =420y

R,
P 1uF Tpes =10mA
| | vl:l -I;“TGS (O ff:'= -dy

I |
HP F $1UM ry=e
i L] ST
nLEN. | 1
SOUF
P

Hinh 3.36
Bai 8: Thiét ké mach khuéch dai dung JFET c6 dang hinh 3.37 sao cho d¢ loi dién thé
bﬁl’lg 5. ChOl’l VGSQ:VGS(off)/ 4,
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Chuong 3: Mach phan cuc va khuéch dai tin hiéu nho dung FET

L5

Truong Van Tam

+1;"'TDD =422y
Rp 11F Tnes = 12mA
I_ HGS(OH}: -3y
1 v
I LIIE | "!_ ’ =
Hinh 3.37
II1-18

Mach DPién T



Chuong 4: Anh huong ciia ndi tré ngudn va tong tro tai

Chuong 4

ANH HUONG CUA NOI TRO NGUON TiN HIEU (Rg) VA
TONG TRO TAI (R;) LEN MACH KHUECH DAI

Trong cac chuong trudc, ching ta di phan tich va tinh toan cac thong sé cia mach
khuéch dai dung BIT va FET khi khong co tai va ngudn tin hiéu dugc xem nhu 1y tuong
(khong c6 ndi trd). Thuc té, nguon tin hiéu ludn c6 ndi tré Rs va mach co tai Ry. Noi tro
Rg va tai Ry nhu vay s& lam thay di cac thong sé ciia mach nhu tong trd vao, tong trd ra,
do loi dién thé va do loi dong di¢n. NOi dung ctia chuong nay la khao sat anh huong cua
Rgs va Ry 1én céc thong $6.

4.1 HE THONG 2 CONG (two-port systems)

Nguoi ta thudng xem BIT va FET nhu mot hé théng 2 cong (hay tir cuc) nhu hinh 4.1

i i i u]
—_— - K
A — t A= .
W4 Z]—P A, AL d—lz Vi i
_ i o i

] Agp= L

1 .

Hinh 4.1 '

AN S /()

! i 1,

Trong do v, 1;, Z; lan luot 1a dién thé (tin hi€u), dong dién va téng tré cua ngod vao.
Vo, 10, Zo 12 dién thé, dong dién va dién trd ctia ngd ra. Ayne, A 1a d0 1oi dién thé va do
loi dong dién cta hé théng. Toan bd cac thong s nay dugc dinh nghia khi ngd ra khong
mic tai va khong cé dién tré ngudn Re.
Ap dung dinh 1y Thevenin & hai cuc ctia ngd ra, ta c6:
R , |
Nguon dién thé Thevenin Ey, 1a dién thé mach ho gitra 2 dau ngo ra, do 1a vy. Vay:

W
— i}
i
Nén Eth:AVNL-Vi
Ta c6 thé dung R=Z;=v;/i; dé biéu dién mach ngd vao va dung nguén Thevenin
En=AvynL.V; va Zy=R, d¢€ bi€u dién ngo ra cia h¢ thong 2 cong.

Truong Van Tam IV-1 Mach bién Tu



Chuong 4: Anh huong ciia ndi tré ngudn va tong tro tai

% y R Y Hinh42

Ei W
Vg ? . Lo w o

7 2o

Pé thir lai mach tuong duong nay, ta thur tim Z, va AVNL Dé tim Zo, ta ndi tat ngo
vao tic vi=0v, tor d0 AynL. VI—OV va tuong duong v6i mach noi tat, do d6 Z=R, nhu da
dinh nghia phia trén. Sy vang mat cia tai s¢ dua dén i;=0 va dién thé giam qua R, 1a
Vro=0. Do d6 ¢ ngo ra ho chinh bang nguon Avyn.Vi.

Thi du: Cho mach phan cyc ¢6 dinh nhu hinh 4.3. Hay v& mach twong duong 2
cong.

Giai:

Phan gidi mach nay ta tim duoc: Z=1.07kQ; Zy=3kQ; Aynt=-280.11 (xem lai
chuong 2)

Dung céc dit kién nay ta v& lai mach trong duong 2 cong nhu hinh 4.4.

12+ N —
14 + Ep=3k
Ry=1 g B -
v B=100 Vi
=50k ] 280 11w )
Vres
Hinh 4.4

Déu trir trong ngudn dién thé phy thudc c6 nghia 12 ngudn dién thé that sy nguoc véi
ngudn diéu khién chi dinh trén hinh v&. N6 ciing cho thiy do 1éch pha 180° giira dién thé
ngd vao va ngo ra.

Trong thi du trén, dién tré6 Rc=3kQ duogc dua vao dé xac dinh d6 loi dién thé khong
tai. Sy phan tich trong chuong ndy s& xem céac dién tré phan cuc 1a thanh phan cta do loi
khong tai, tai Ry s€¢ duogc ndi vao cac cuc cua ngo ra.

4.2 HIEU UNG CUA TONG TRO TAI R,

Phan nay, ta xem anh hudng cia tong trd tai Ry d6i véi kiéu mau 2 cong. (xem
hinh 4.5)
Ap dung cong thure cau chia dién thé & mach ngd ra ta co:
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Chuong 4: Anh huong ciia ndi tré ngudn va tong tro tai

T — P‘% e are + = R—L..‘":".. I
1 * 1o R, +E, "°
R;i_? Vo
e <~> RL? Vo Ty E.
* - | A vs - Hay ﬁv:—_:m-ﬁm 4.1)
Mhdn xét: Bé 1di didn the ldc oé tal
AET n - . o
Hinh 4.5 luén luén nho hadn dé |1 dign the kh

khéing o tai,

Tuy R; thay doi tiy theo dang mach, nhung dong dién ngd vao luén ludn duge xac
dinh boi:

Dong diénngd ra i[] dwore Zac dith bé:

__ o
Dodd dd lor dong dién la:
_
ﬁi:i: Fo _ ¥ 2
1 i Vi Dop
Z
. Z,
Hay: a, :—Av_R (4.2)

L
Do loi dong dién nhu vay c6 thé tim duge tir d6 loi dién thé, tong trd vao va
dién tré tai.
Puong thang lay dién dong: (xoay chiéu)

B V|3|3=+12V
B i Re
470K l% 3k | Ce Ta xem mach dién hinh 4.6 Enfing thing 145
- [

1i ' V0 dién tinh oing dac tuysn ngd ra ddocvé d

- || § hinh 4 7. Bigntrdtdi Ry khéng tham gia vao

o '_‘ Ri=2.2K 4 s thing 14% diéntinh  vi no duc cé 14p
Zl_b )

vd mach phidn ot bdi tu lién lac Co. Khi

i kbi phdn tich véi tin kidu xoay chify, tu Oy
e

Hinh 4.6
duoc xem nhu ndi tit va tai cua mach dién dugc xem 1a Ry va dién trd cuc thu Re méc
song song voi nhau. Tac dung cta dién tro tai Ry 1am cho duong thang ldy dién dong co
dbc dung hon dong dién ldy dién tinh. Diém chi ¥ quan trong 1 ca 2 dudng thing nay
déu qua ciing mot diém Q.
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Chuong 4: Anh huong ciia ndi tré ngudn va tong tro tai

Khi chua méc tai Ry, néu ta ap mat tin hi¢u nhé hinh sin vao cyc nén cta transistor ,
dong dién cuc nén cua transistor se bién dong tur IBlden Ig; nén dién the ngd ra Vg cung
bién dong nhu hinh v&. Néu ta méc tai Ry vao, vi sy bién dong cua Iy van khong thay d6i
nhung d6 dbc cia dudng thang ldy dién da thay doi (ding hon) nén tin hiéu ra Vg nho
hon.

& I.
CEQ- 4 Burirng thang lay dién déng

+ E IL / . o
Enrirng thang lay dién tinh

Vegad B 1 b Veod Be®

Y
A
Ieg
Y
1
Vo * — R 1=Fy//Be
Khing o6 Ry |
Hinh 4.7
t . H,Hrf"‘l

4.3 ANH HUONG CUA NOI TRO NGUON Rg

Bay gio ta quay lai ngd vao cua h¢ thong 2 cbng va khao sat anh hudng cta noi tro
ctia nguon tin hiéu 1én do loi cua mach khuéch dai.
Hinh 4.8 mo ta mot nguon tin hiéu Vg ¢06 noi tr& Rg dugc ap vao ngd vao cua hé
thong 2 cong cén ban.
ii
—
- —

+ +

<~>1Fs Vi Z=Ri (HD Avnrn. Vi vq Hinh 4.8
Z Zi|_> ) -~ _
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Chuong 4: Anh huong ciia ndi tré ngudn va tong tro tai
Tu dinh nghia cua Z; va Ay ta théy chung khong bi anh hudng boi ndi tré Rg

nhung tong trd ra co thé bi anh huong boi Rs. , 7
Tu hinh 4.8, ta thay tin hi¢u v; dua vao h¢ thong 2 cong bay gio la:

E;
R, +R,
Nhu vay néu ndi tré nguén Rg cang 16n thi do lgi cia mach cang nhé (do tin hi¢u
vao v; nho).
Vi hé thong 2 cong bén trén ta co:
k.
v = = A v
1} WHL - Y1 WHL Ri+RS Z
Mén
7 k.,
A= _0_ toon (4.3%
¥y, R,+R, T
Dong dién vao clng giam vi si hign dién cha noi trd R
: Vg
1; = 4 4
CEE @.4)

4.4 ANH HUONG CHUNG CUA R VA R;:

Hinh 4.9 1a mot ngudn tin hiéu v6i ndi trd Rg va mot tai Ry duoc mic vao hé théng 2
cong véi cac thong so riéng Z=R;, Ayni, Z¢=R, nhu da dinh nghia.

1z 15 1n
%R o + ﬁ;ﬂu +
u]

+ +
: Hinh 4.9

<~>vs Vi ?Ri <~ P, « Vi R? Vo

L5
O ngd vao ta co:

COngdvaotacd: v, =

Vadngdra ¢ =——"L A 4.

Hay » =U_U=L_;JL
Yoy, Ry 4R,

1

Do lo1 toan mach:
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Chuong 4: Anh huong ciia ndi tré ngudn va tong tro tai

Vo Yo Vi

RFS Ui US
E E.
— A = L LA 4.5
¥R, +E, R, +R, @)
_ "o
L L.
vi i, =L nén J—‘-Ll:ll: L__ Yo
' i 1y M i By
E.
:>"'E"'1=_"'E"V' ! (46)
E,
Ngoai ra:
_ "o
1 — - = = = .
: E;+E; = g Vs Vg E;
E,+E;
E.+E,
b= by (4.7

E,

Vi ig=i; nén A=A, tirc phuong trinh (4.6) va (4.7) cho ciing mot két qua. ,
Phuong trinh (4.5) cho thay ca hai Rg va Ry déu c6 tac dung lam giam d¢ khuéch
dai.

4.5 MACH CUC PHAT CHUNG DUNG BJT:

Trong phan nay ta xét cac dang khac nhau cia mach khéch dai cuc phat chung dung
BJT v6i anh huong cua Rg va Ry. Su phan giai chi tiét s€ khong dugc dé cap dén do qua
quen thudc. O day ta chi dua ra cac két qua chinh.
4.5.1 Mach phan cuc ¢6 dinh:

Kiéu mach phan cuc ¢ dinh da duge xac dinh cac chi tiét trong cac phﬁn trudc.
Mach tuong duong véi ndi tréd ngudn Rg va tai Ry nhu hinh 4.10.

%IRS + }\j{f +

+ +

<~>vs Vi ?Ri <~ Avwn. Vi 7 R'? Hinh 4. 10
T - P T
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Chuong 4: Anh huong ciia ndi tré ngudn va tong tro tai

s T S
"R, +R,
; E
Vig, o =200 p»R=R,
vi @
p o FoRe 1 R HR (4.8)
v T RL+:E€LE'rIa t,

V61 mach tuong duong kiéu mAu r. nhu hinh 4.11 cho mach phan cuc ¢ dinh, ta phan giai

va s€ tim dugc cung két qua.
iy
fvllul Ry + l =+
+ + E
C.__,)VS Vi =Pre <~}vm SV = RL§ Vo
B A i]_> - - 2o -
P
Hinh 4.11 E.A L

Pé tinh Ays, tir mach tuong 2 céng ta co:

Zi Wy Z‘i
W, = At s = -
' 2Tk, : wva¥y Ly HE;
W Vo Vs o E.NE
Vay oA =20 71 _ i L c 49
VA v, v, v, I, +R; 1 (4.9

Mgoai ra: Z=pr_, Zy=F -~

4.5.2 Mach dung cau chia dién thé:

V6i mach dung cau chia dién thé (hinh 4.12), tai R, dwoc ndi & cuc thu.

Ver
R 128 : .
. lﬁ i o C phén trirde ta di thay:
1 o | | Z=R T Pr.
%_" | T Trongdé: R'=F.1//Rz
+ R R Vi Zo=Fc.

B8 1o difn thé:

AL — AT W
C) 1 Re=Fe =F o _Fo_ _RolR,
v = _Fe Ry

O =
Zi|—> - T - Wi Le (4100
v Zs
. e B =-t=_"1 a_
Hinh4.12 v,  Z;+E, .11

4.5.3 Mach cuc phat chung khong c6 tu phan dong:
Mach dién nhu hinh 4.13
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Chuong 4: Anh huong ciia ndi tré ngudn va tong tro tai

oo
E i
. . Ry C k0
e ti = |
|

—_— —_—
Hinh4.13  + Rfsv\’ + Hl_

Vg Z; Vi Z

Téng tré vao:
Z, ~ Ry H[fr, + (B + IR ]

Téng trd ra:
Z():RC

B8 1o dién thé:
v, R HR,

_,_l':'g_ = —= _
V= R (4.123
v
v 2o
L et S )
W e, EZ, 4R, *13)
WVa
1 e
A=l 1 4.14
i ii W RL ( )
4.5.4 Mach hoi tiép cue thu:
Dang mach nhu hinh 4.14
e Taco
?RE ﬁvzﬁ__R,:h’RL
Vi e (4.15)
Fr Ce i Z
+i oy || - gm=_ﬂ=R ; A (416
%_F’ I > Vg g i
+ R * Yz Téng tré ra:
T Vi ZgsRe HEr
() =R Téng trérvao:
=H
. B
ZPre Ay

Hinh 4 14 <

4.6 MACH CU'C THU CHUNG:

Mach cuc thu chung hay\ mach emitter-follower véi tai Ry va noi tré nguén Rg nhu
hinh 4.15. Bi€m quan trong can cht y 1a & mach nay Z, s€ bi anh hudéng boi Rg va Z; bi
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Chuong 4: Anh huong ciia ndi tré ngudn va tong tro tai

anh huong boi Ry Do d6 khi dung mach twong duong 2 cong dé phén gidi ta phai tinh lai
Z; va Z, va dua céc tr1 sO mo6i nay vao mach tuong duong 2 cong (xem ¢ thi du).

Bg

+Nee

1
— > c, 0
| |

Ihc’:‘;ng thirémg do Rep=>Rg nén
ta ot thé coi mach tiromg

Juong Thevenin & ngd vao dop
gian nhwy gdm ngudn v va Es.
T @4 mach twong duong v

! Y0 tin higu nhé nhuw hinh 4.16b.

Zi _ RE? ZI:I ﬁRL
Hinh 4.15 T
i
= R% ¥ lb
Wy Fﬁr% d}ib
+ + - +
(O e - O L
Thevenin - -

(=]
Hinh 4.16
Trong do: R,E:RE //RL, ie:(B+1)ib
Tu mach ngo vao ta co:
Vs=(RstPre)iy + (B DR Ely

+1
Hay i, = (B+Di, = (P+Lvs
R, +pr, +(B+ IR,
Va 1, = ;S = Vs a
‘_FEL'E+—5+Esre R'p+r, +—2
F+1

Tir phuong trinh ndy ta c¢6 thé v& mach twong duong:

7
+ +
Wy W
+ RS + RS

vsG) P+ r, = . e vs(“‘) B+ rF_RE§ §RL Vo
Z :|ie i z T .

[

Zy

(=) Hinh 4. 17 (k)
Tir @6 ta co:
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Chuong 4: Anh huong ciia ndi tré ngudn va tong tro tai

RI
Yo =gty
E'g+—+r,
B
E!' E, HE
Hay Ay =-= E__ - Ll e 4.17)
Vg

R'E+RFS+rE E. /i Eg +€S+re

Pé zac dinh Zpta chio Ve =0 VA

E
Zo=FE HEg h{—s+re J
P (4.18)

Bé zac dinh Z; ta chi i

Iy =Pr, +Rg (B+1)

ZVZP%EHZE

Z; =Ry #[pr, + R #Ry)] (4.19)
Khi khéng 6 tai, dd loi dién thé la:
RE

E-+n

PO

WVakhi cdtan:
s _To__ RgliRy
Voow, R MR, +r, (4.20)
Thi du: Cho mach dién hinh 4.18. Céac thong s6 ciia mach khi khong c6 tai la: Z;=157.54
kQ
Zy=21.6 ( (khong c6 Rg)
Ayni =0.993 véi r.=21.74Q, =65
Xac dinh: a/ Gia tri m6i cua Zi va Z, khi ¢6 Ry, va Rg.

bf Ay = 70y A =v—u bing cach ding mach 2 cdng

Vi ]
+15w
Salk
p=e5/31
Ca
A — | i o
: ) o,
0.56k |
vs(:32:> [ g
i
3.3k zk
Zir—p :?z 135_
A

Hinh4.1% Y

Giai
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Chuong 4: Anh huong ciia ndi tré ngudn va tong tro tai

a/ Ta c6 tong trd vao va tong tro ra khi c6 Rg va Ry 1a:
Zi:RB //[Bre + RE //RL] = 75.46kQ
Z=Rg //(Rs/B +1,)=30.08Q2

b/ Ta c¢6 mach tuwong duong 2 cong:
i 30.080

—
M =
Vi
vECHD Vi — 75 46K (HDD.ggavi 22K

Hinh4.19

- vy s 098V,

= (0.98)(0.993) = 0.973

5|a

of

' 2
Lo = —(0.99) ﬂ:_zz.m

4.7 MACH CUC NEN CHUNG:
Mach can ban nhu hinh 4.20

Tong trd vao va tong tro ra (Z; va Zo) cling gidng nhu trudng hop khong tai. Do loi
dién thé va dong dién dugc xac dinh badi:

by BelRy (@.21)
vi re
T"TEI vl:l Vi T"TEI Z’i
Aw Sy TV TV R 42
2 i s i s i
Apg el
F N Z4 (4.22)
11 RL
ii Cz
_"—/\f'v—| || -
[ Q
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Chuong 4: Anh huong ciia ndi tré ngudn va tong tro tai
4.8 MACH DUNG FET:

O FET, do cuc cong cach dién han khoi cuc nguén va cyc thoat, nén trong mach
khuéch dai dung FET tai Ry khong anh huong dén tong trd vao Z; va ndi tré ngudn Rgig
khong anh hudng 1én tong trd ra Z,.

4.8.1 Dién tré cuc ngu(‘”)n ¢6 tu phan dong:
Xem mach khuéch dai dung FET nhu hinh 4.21. Tai Ry dugc xem ,nhu’ méc song
song va&i dién tré Rp trong mach tuong duorng v&i tin hiéu nhd. Ta co6 cac két qua sau:
- Vpn

+

+ 47 Hinh 4.21
W Wi
Zno

- K]
|
I

Ay=—t=—g, Ry HRy) 423
s =0 _Fo ¥
e Vg W, vy R +Z& v

Zqg=EFp ey =R

4.8.2 Pién tré' cure ngudn khong cé tu phan dong:

Mach cin ban nhu hinh 4.21 nhung khéng c6 tu Cg. Ta c6 két qua:
g Yo _E2®plRy)
i I+g, B

(4243

4.8.3 Mach cuc thoat chung:
Mach nhu hinh 4.22
i
BD Hinh 4.22

RSlg

+ Cz
v I I Vo
‘—l EL
Zn

Téng tré vao Z; doc 1ap voi Ry va dugc xéac dinh bo1 Z=Rg
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Chuong 4: Anh huong ciia ndi tré ngudn va tong tro tai

Do loi dién thé khi c6 tai cling giéng nhu khi khong co tai véi Rg duoc thay bang
Rg //R
_ Yo _ gn B HEL)

hy=—t=
v, 1+g (R /R, ) (4.25)
Trﬁng trdr ra diroe mac dinh b
7 =R -
En (4.267

4.8.4 Mach cue cong chung:
Dang mach nhu hinh 4.23

W i

="

N o

Reig  C J@) Hinh 4.23
|
| ZD ?RL
Rz
W Wi
4 i ST

Ta cd cac két qua:

__ B
i_1+ngS
Tong tré vio:
Tdng trérra: fzu=Rn
Bd lot dién the khi co tar
hy=20cp (ROWE,) @.27)
W

i

BAI TAP CUOI CHUONG IV

Bai 1: Cho mach dién nhu hinh 4.24
a/ Xac dll’lh AVNL; Zi, ZO
b/ V& mach tuong duong 2 cong véi cac thong s tinh ¢ cau a.
¢/ Tinh d6 loi dién thé Ay=vy/v; bang cach ding kiéu miu 2 cong.
d/ Xac dinh d6 loi dong dién A;=iy/i;
e/ Xac dinh Ay, Z;, Z béng cach dung kiéu mau r, va so sanh két qua voi phﬁn trén.
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Chuong 4: Anh huong ciia ndi tré ngudn va tong tro tai

+16v

68k 2k
= c
i | | Vo
=

zi|_> 75000 100
ey SIS
Bai 2: Cho mach dién hinh 4.25
20
91k 6.8k

Rs =
p=120/51 ,
N Tréﬁﬁr;54|—— ™ Hirth 4 25

W v
) mez |
i > 5
77

a/ Xac dll’lh AVNL; Zi, ZO

b/ V& mach tuong 2 cong voi cac théng sd duoc tinh & ciu a.

¢/ Xac dinh A, =v, /v; va Ays= v /vs.

d/ Thay Rg =1k, x4c dinh Ay va Ays. Khi Rg tang AV va Ays thay d6i nhu thé nao?
e/ Thay R¢=1k, x4c dinh Ayny, Z;, Zy. Cac thong sb nay thay ddi ra sao khi R tang

f/ Thay R =5.6k.X4c dinh Ay va Ays. Khi R tang Ay va Ayg thay ddi nhu thé nao?
(Rs van 12 0.6k).

AT ST

Bai 3: Cho mach dién hinh 4.26
a/ Xac dinh Ayni, Z;, Zy.
b/ V& mach twong duong 2 cong véi cac thong s tinh duge ¢ cu a.
¢/ Xac dlnh AV va Avs.
d/ Thay R;=4.7k. Tim lai Ay, Ays. Nhan xét?
e/ Thay Rgi, =1k (vo1 R =4.7k). tim lai Ay va Ays. Nhan xét?
f/ Thay R;=4.7k, Rgi,=1k. Tim lai Z;, Z,. Nhan xét?
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Chuong 4: Anh huong ciia ndi tré ngudn va tong tro tai

+12v
Ipge=6ma
Re0n 1w e
i - off | —~
W 100
| |
K |1 ki
. M2 == 55 — =22k
Zn
i
Hinh 4 .26
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Chuong 5: Pap Gng tan s ctia BJT va FET

Chuong 5

PAP UNG TAN SO CUA BJT VA FET

Trong cic chuong 2, 3, 4 ta da phan tich cac mach khuéch dai tin hiéu nho dung BJT
va FET. Viéc phan tich d6 chi ding trong mot dai tan sd nhét dinh, ¢ d6 ta gia sir cac tu lién
lac ngd vao, ngd ra va phan dong c6 dung khang khong dang ké va duoc xem nhu nbi tit &
tan s6 cua tin hiéu. Ngoai ra ¢ dai tin s6 d6 anh huong cua cac dién dung lién cuc trong BJT
va FET khong déng ké. Dai tin s6 nay thuong duoc goi 1a dai tan sb gitra.

Trong chuong nay ta s¢ khao sat anh huong cua cac ty lién lac, phan dong (co dién
dung 16n) & tan s thip va cac tu lién cuc (c6 dién dung nho) ¢ tan sd cao Ién cac thong s6
ctia mach khuéch dai. Trudc khi di vao chi tiét, ta can biét qua mot sd khai niém can thiét
nhu 1a mot cong cu khao sat.

5.1 DECIBEL:

Ta xem mach twong duong 2 cong hinh 5.1

M—— M—=

+ Fao By Wi

Vg (,D w4 ?Ri iy)mL. o Ry Hinh 5.1

LT
Cong sueflt ngd vao dugc dinh nghia: Pi=v,.j;
Cong suat ngo ra dugc dinh nghia: Py=v,.1y
Tist 4, = B_% 11_;31 Ay diroe goi 14d5 1of cfing suft clamach
i il
Trong ky ngh¢ nguoi ta thuong dua ra mét don vi la decibel (dB) dé dién ta do loi
cong suat. .
Pon vi can ban ban dau 1a Bel va dugc dinh nghia:
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Chuong 5: Pap Gng tan s ctia BJT va FET

| d

A (Bel) = Log,, . (5.1)

o

Decibel 14 mbt wde 28 cla Bel va cho bi:
F
A (dB)=10Log,, ?f_' (5.23

Viay 10dB=1Eel

2

Kl

2

. E. w E,
Va A_(dBy=10Lo L =10Lo SH—
p AB) 210 2 £ 10 W R,
E;
= 20Log Yo +10L oz By
i L

Ehi R=Ry (co didu hop téng trédd cbng thire trén tré thanh:
Ap(dle:ZOLogAv = L r(dB)

(5.3
Ngodiral 4 (dB) = 10Log i” =10Log RL_iE
1 E
= 20Log =" +10Log —L
1 E;
Ehi R;=Fj ta o
Ap(dB)= 20Logh (5.4
5.2 MACH LOC THUQNG THONG R.C:
Dang mach can ban nhu hinh 5.2
[ i Ay=vpl Vi
+ I | + 1
C
'El n Vi !
i i 2
0 £y >
Hinh 5.2 Hinh 5.3

- Cltén 3 rét cao, ta cé; W, = ! = 002

Tu C duogc xem nhu ndi tit (short-circuit), két qua la: vy~ v;
-Otinsd =0, X, = ﬁ: oo, tu Chrongduong vi mach hévav=0

-0 khoang gitra 2 tan sd nay, do loi dién thé Av=vo /v; thay d6i nhu hinh 5.3. Khi tan

sO tdng, dung khéng cua ty C giam va tin hi¢u & ngoé ra vy 16n dan. Dién thé ngd vao va ngd
ra lién hé voi nhau bang cong thuc:
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Chuong 5: Pap Gng tan s ctia BJT va FET

Eow,
Wy = ————
E+3,
. . . R.Vi
Sugt otia K droe xac dinh b |“‘n|= —
E- +37
L o . 1
Bédchidtkhi ¥ =R = |v,|= — ,
|IZI| ’\E i
W 1
Va |agl= L= —=0707
|| T

A A N L. L . Wp = LVi Cya A A S
Téan sO matal do X bing R, tirc 420 duce gol latan 55 catfj-.

Viy: ¥, = ! =k =f = ! (5.5)
27if, 27RO
1
AL (dB) = 20Logh = 20LogE = —34B

Tai Ay=1 =vo=v; (trl tf)i da) Ay(dB)=20Log1=0dB ,
Vay tan so cat 13 tan so tai d6 do loi giam dilan hay giam 1 di 3dB. Néu phuong trinh

d6 loi dugc viét dudi dang sb phic: 2
v,  R—33; 1 CH, . 1
1= =i
E 21t B O

1
Tén 55 cat tai A6 Ay gldm di 2 l&n tive:

1 1
—=1=1, =
2nf E.C ) 2nE.C
Ay oo thé duoc widt lai:
£
Av= s e ()

P 2
1— 4 == g t;
J(f] 1 +(—f]

Tai f=f; :}LAH:%:UTUT it -3d4B

Khi f<<f;, phwong trinh trén c6 thé viét gan ding;

f 2
A (dB) & —lDLog(—J
[f

Vady AL (dB) = 20Leg

fl
A (dB) = —20Log F] (5.6)

Vi cong thirc gan ding nay ta thiy:
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Chuong 5: Pap Gng tan s ctia BJT va FET

Tai f=f, = Ay=0dB

3 =%f. = A, =—6dB

1

3 =§f. = 4, =-12dB

1

f= ifi = A, =-204B
10

Mach loc néu trén c6 d¢ loi giam di 20dB khi tan s6 giam di 10 1an hay do loi giam
6dB khi tan s6 gidm phan nira dugc goi 1a mach loc 6dB/octave hay 20dB/decade

“A v [db)
£i /10 fi 10 fi £ log)
— 6]
=5 Diép g tin 56 thwe
-1z ]
-15— Hinh 5.4
_;E_ o Z0logf/f
_, A (dB
Tahiét: & (dB)=20log A, = 20log Yo hay L =log Yo _ log & o
v, 20 A
- A dE)
= h,=-"1=10 @ (5.7)
i
Groc pha 8 dwoc xac dinh b
_ Al
6= tg [f ] (5.8)

Ehi f<<f, = 8= tg_l[%] — 90"

Khi £, = 100f = & = 89.40
Khif=f=8=45"

Khi f=>f, = & =07

Khi f=100f, = 8=0573"
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Chuong 5: Pap Gng tan s ctia BJT va FET

F a
=ik

451 Hinh 5.5

00Lf s i00f, f£

i

5.3 MACH LOC HA THONG RC:

Dang mach can ban nhu hinh 5.6.

- Citén =6 rit thﬁp ta thﬁ}r}{,: = ﬁ — o0 tu O duge xem nhiy mach hé va V=V,

_ . 1 ..
- COténsd cao, X, = P — 0 nén tu C duoe zern nhy ndl tat va Y=l

Ap=vpl vy
_ % ‘ &A=V
c—_ 1 .,
Wi W -
T Jz ‘\

o £y
2 b r 14 2 Hinh 5? 1 14 1

O khoang gitra 2 tan s6 nay, do lgi dién thé thay d6i nhu hinh 5.7. Khi tan s6 tang dan, dung
khang cua tu C cang gidm va v, cang giam.

T

Hinh 5.6

Tacd v, = Xc vy
R +X,
Ha}r _‘.'J.Lv:v_':': lR
i1y
KC
1 1
Tha = tad b — 5.9
Y e =ore B MY TR C (5.9)

. 1 . .
Tan s6 ma tat dd Ly glam di /E lantlec 2nf E.C =1 hay f, = cling dwoc got la tan s& cit.

2mE..C
D v A= ! = 1
+RERC (£
] fi
= 1 Y
= £~ 17 (1)

_ Tuong tu nhu mach loc ha thong, khi £>>f; thi Ay(dB) =-20log(f/f)) va do dbc cua gian
do cling 1a 20dB/decade.

Truong Van Tam V-5 Mach Dbién Tur



Chuong 5: Pap Gng tan s ctia BJT va FET

5.4 PAP UNG TAN SO THAP CUA MACH KHUECH DAI
DUNG BJT:

Trong doan nay, ta phan tich mach khuéch dai dung cau chia dién thé, nhung két qua
cling c6 thé dugc ap dung cho cédc mach khéc.

Cac tu Cg, Cr Tf!a Cg 28 xac dirth
Hirh 5.8 Vee dép Umg & tan sO thip cha
. R, Re mach Ta xét riéng anh hudng
3 | | cha ting tu d1én.
I I ? /\7) lclc Voo L Cs: Vi Q¢ duoc nbi clita
* II\\4 ngudn tin huéu va linh kién tac
s ddng nén ta c6 thé vé& mét cach

E:
-+ A i n 1
v, = " ﬁ - =R, tong quat mach trén nhw hinh

5.9
S ST /;[ A

Bién tré téng cdng by gir 1A Ry+R; va tin 56 cit cha
mach (zerm nhw thirong théng) 1a:
Rs . 1
- Lz —

+ v:i. 27[{3.5 +R1:ICS (51[})
L théng 3 tén s& gifta hay tén s-:’fj cao, dung ldgéng chia Cs rét

= R‘;I_h _ nhd nén duoc xem nhny ndi tat, Vi oo the tinh:

i kv,

Vil gy =R H s (5.11)

giita, cao —

Hinh 5.9

Tai tan s cat fig, dién thé tin hiéu vi bang 70.7% so véi gia tri duge xac dinh boi
phuong trinh (5.11) va nhu vay ta thiy Cs chi c6 anh huong 1én d6 khuéch dai ctia mach &
tan sb thap.

O mach khuéch dai nhu hinh (5.8), khi phan tich anh hudng cta Cg; ta gia st Cg va
Cc c6 dung khang kha 16n va xem nhu ndi tit ¢ tan sb cua tin hiéu. Vé6i gia str ndy, mach
trong dwong xoay chidu & ngd vao nhu hinh 5.10.

| | GHa tri cha Ri duoc xac dinh béi:

)

Fo + R_i:= Rl J‘ra'ng .l'r.l'rE)rE (5.12)
v, Wa

Vy § ::\.:‘Eitzﬁr v, = Ri.vs.
— _ By #/B; RS+R1_JKES (5 13)
B; '
ey AT
Hinh 5.10

Cc: Vi C¢ duoc nbi gitta ngo ra cua BJT va tai nén hinh anh C¢ va Ry, Ry nhu mot
mach loc thugng thong. Tan s6 cat do anh hudng cua Cc c6 thé dugce xac dinh boi:
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Chuong 5: Pap Gng tan s ctia BJT va FET

1

_ (5.14)
Y omR, +R,IC,
i +
| + Cc
I .
C
" g Er Vg
I—Ii RLg ‘e ? § ?
théng - C—IRD
- - P A P
‘ Thewenin Hinh 5,19
Hinh5.11 .

Gia su rang anh huong cua Cs va Cg khong dang ké, dién thé ngd ra s& giam

con 70.7% so véi v, & tan so giita tai f; .. Mach twong dwong xoay chiéu & ngd ra nhu hinh
5.12. Vay RO = RC //I'().

Cg: Ta ¢6 thé xem Cg nhin hé théng nhu hinh vé 5.13

ViR, duoc zac dinh nén tin s8 cit fig duoc xac dinh b

- P 1
HE R. ¥ 2mR,.Cy (5.15)
. ——Cs V& hé thr’:a‘:ung\ mach khuéch dai hinh 5.8, mach tuong
théng duomg Koay chiéu dwoc nhin bdt Cg ninr hinh 5.14.
it R’s=R1 //E2 //E;
Né&u coi dong qua mach 14 te ta cd mach twong duong nhy
hinh 5,15 Vatirday ta co thé zic dinh R,
Hinh 5.13
RI
E, =REH[?S+1;] (5.16)
fr,
_— = re
E b % E
i i i Ry £ | :
- —
R, /R, (134, B . T R R,
&yl o 1.,
Hinh 5.14 Hinh 5.15 Hinh 518

DPé xac dinh anh huong cua Cg 1én do khuéch dai caa mach, ta xem mach hinh 5.16,
trong d6 do khuéch dai dugc cho boi:

fooFo__ Be (5.17)
v W, rE+RE

khi khong c6 Cg.
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Chuong 5: Pap Gng tan s ctia BJT va FET

Khi ta mic Cg vao mach, nhan théy:

- O tan sb that th?ip, dung khéang ctua Cg 16n, Cg co thé xem nhu hé mach va d6 lgi dién
thé s& nho nhét dugc tinh bang cong thirc (5.17).

- Khi tan sé tin hiéu ting dan, dung khang ctia Cg giam va vi mic song song voi R
nén tong tro nhin & chan E giam nén d6 khuéch dai tang dan.

- Khi tan s du 16n (tﬁn ) gitra hay tan s6 cao) tu Cg xem nhu ndi tit va do loi dién thé
s€ cuc dai va

py Ko

r&

- Tai tan s6 fig, d0 loi dién thé s& giam 3dB so voi tan sb gilra.

Nhu vay ta thay rang dap tmg & tan sd thip cta mach 13 do anh hudng cua Cs, Co,
Cg. Tan s6 cét théip (tﬁn sb tai d6 d6 loi giam 3dB) cia mach s€ 1a tan s cét thép cao nhat
cua fLS, fLC va fLE-

5.5 PAP UNG TAN SO THAP CUA MACH KHUECH PAI
DUNG FET:

Viéc phén tich mot mach khuéch dai dung FET & tan s6 thap ciing twong tu nhu
mach khuéch dai dung BJT ¢ doan trudc.

) Ba tu dién tao anh hudng dén do 1gi & tan sd thép la Cg, Cc va Cg. Ta xem mot mach
khuéch dai dung FET nhu hinh 5.17.

DD

="

Fzig Cg He&

‘ 13 =

Hinh 5.17 Hinh 5.18

Cg: Do tu Cg nbi gitra nguén tin hi€u va hé théng linh kién nén mach tuong duong
nhu hinh 5.18. Tan s6 cat thap do anh hudng cia Cg dugce xac dinh boi:
1
2R g, + Ry JC

(5.18)

fLG =

Trongdo R, =R
Thong thutng R >>Rg;, nén f] 5 ¢6 thé tinh gin ding:
3 1
7R ,Cy
Cc: Tu lién lac ngd ra Cc duge ndi gitra linh kién va tai nén mach twong duong ngd
ra nhu hinh 5.19. Tan s06 thap do anh hudng ctia Cc duogc xac dinh boi:

Lix
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Chuong 5: Pap Gng tan s ctia BJT va FET
1

o= (5.19)
H ETI(RD +RL )CC
Trong d6: Ry = Rp //rg.
|
He Cp -
" He |
théng ? Er théhng — s
Ro
- LT
Hinh5.1% Hinh 5.20

Cs: Tu cuc nguén Cg nhin hé théng nhu hinh 5.20. Do d6 tan sd thép do hiéu
ung cua Cg dugce xac dinh badi:
1
fro =
27R, C,
Dé xéc dinh R, ta chil y mach twong duong ngo ra cuia mach dung FET bén trén nhu

(5.20)

sau:

i r + - '
D i : Sq—D d S.qﬂ
+ —_—

ﬁ L "
Ol gv¥g: = —UnLava e

E
: ._EES i B/ /By, Rs /lf:S
- (b

Hinh 5.21

=y

Ta chu y la: vy = Vg~ Vs =Vi- V. ‘ ’ w .
Ta thay ngudn dong gnv,.s bang nguon dién thé va dé tinh R, ta cho ngd vao bang 0
tirc v; = 0. Mach vé€ lai nhu hinh 5.12b.

K Vo tEnta¥

Tacd =4 1 =2l l
R, r1,+R /R,
7 E
ST (RN o2y
ry+Rg IR,
Néury => (Rp /Ry ) tacd:
RS RS
$a® TF (gt T4aR
14 Eom ds LS
¥
SR, wR i (5.22)
Em
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Chuong 5: Pap Gng tan s ctia BJT va FET

5.6 HIEU UNG MILLER:

O vung tan sd cao, cac dién dung 16n (tu lién lac, tu phan dong), duoc xem nhu nbi tat
va khong anh huéng dén cac thong sb ciia mach. Dién dung anh hudng quan trong dén hoat
dong cua mach la cac dién dung lién cuc bén trong linh kién va dién dung tao boi day ndi
bén ngoai linh kién.

Xem mot mach khuéch dai dao (dich pha 180" gitra ngd vao va ngo ra). Pi¢n dung &
ngd vao va ngd ra s€ gia tang bdi tadc dung cua dién dung lién cuc gitta ngd ra va ngd vao
ctia linh kién va no s& 1am thay d6i d6 khuéch dai ctia mach. Trong mé hinh 5.22, dién dung
“hdi tiép” nay dugc dinh nghia 1a C. Ap dung dinh luat Kirchoff vé dong dién ta co:

ii:iﬁ‘iz
Dung dinh ludt Ohm ta co: i, Ce
| |
. 7 [
1, = — \ .
Zy TR PO
i, =— Vig, R, |Av-2 Vo
Rl - i.. i.. vl
vy ig_vl—vuzvi—ﬁvvi
X, X, Hinh 5.22
(A,
, =
Tir d6 ta tim duoe: T,
Z, R, g Z, R Xa v ML
1- Ay ’_' §R; T
Mg “
Koo _ 1 Hirh 5.23
IcA,, o(I-A,)C, o o
.1 T
Va, —
' Z; R' Ko

Tu phuong trinh nay ta v& lai mach twong duong nhu hinh 5.23. Céc tu lién cuc &
ngd vao ctia mach dién dugce xem nhu méc song song v6i Cy. Tong quat, dién dung ngd vao
hiéu trng Miller dugc dinh nghia boi:

Cmi = (1-Av)Cs (5.23)

Nhu vay & tan sd cao, do lo1 dién the Av 1a mot ham so6 theo Cy;. Vi d0 loi o tan sd
giita 1a cyc dai nén ta c6 thé dung do loi toi da nay dé xac dinh Cy; trong cong thie (5. 23).

Hi¢u ing Miller cling lam gia tang dién dung ¢ ngd ra, chung phai dugc dé y dén khi
xéc dinh tan sb ngit cao.

i 1 L.
s « °F Tacé ig= 1+ 1z
|
. V.o Too— V.
i Ma: iy =i, = — 1
- E, e,
; Yo | %5, . Thingthu 4t 16n nén c6 thi zem nin
v, B, =22 i, v &ng thirémg Rg rat 1én nén cd the zem nhu:
- W “-—
i T
Eq lp ™13 =
Hinh 5.24 Cr
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Chuong 5: Pap mg tan sb ctia BJT va FET

Thay V= vaAv ta durone:

X, X,
o 1
vy oo __fv
Ty He,
= TTFD = :}{:':rl = 1 = L
R cocf[l—i} "
v i
Trong do Cyqq la dign dung Miller & ngd ra:
1 (5.24%
Cpo = | 1-—|C :
juul ( ﬁva T
Vi thuémg Axr »> 1 nén Cy g Cp (5.25)

5.7 PAP UNG TAN SO CAO CUA MACH KHUECH DAI
DUNG BJT:

O ving tan s6 cao, ¢ 2 van dé xac dinh diém -3dB: dién dung ctia hé théng (ky sinh
va lién cyc) va su phu thudc vao tan sé cua hfe hay .

5.7.1 Cac thong s ciia hé thong:

Ta xem mach khuéch dai dung BIT & tan s6 cao nhu hinh 5.25

+Vrr
éRE
Ca 1

R, C
o lg r

|1 ) Cre
1T

Hinh 5.25

Re R2§ 1 = $RL

+ Cx
Wy
ST AT ST

Che, Cbc, Ce 1a cac tu lién cuc cua BJT do ché tao. C,,;, Cyo 12 céc tu ky sinh do h¢
thong day noi, mach in ¢ ngd vao va ng6 ra cua BJT. Nhu vy, mach tuwong duong xoay
chiéu ¢ tan s cao c6 thé dugc v& lai nhu hinh 5.26.

E= 1
% R
+ <_|th1 EI o
Vs Ry MR ﬁR. T = =| Th TR TS
|
P
Hinh 5 26
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Chuong 5: Pap mg tan sb ctia BJT va FET

Trong do: C; = Cy; + Cpe + Cyii
Co=Cuwo* Cee + Cnmo
Chu y sy vang mat cua Cg, CC, Cg vi 6 vung tan sd cao céc tu nay xem nhu ndi tit.
Thong thuong Cbe va Cce nhé nhat. Trong cac sach tra ctru, nha san xuét thudng chi cho
biét Cpe, Cpe ma bo qua Ce.
Dung dinh 1y Thevenin bién d6i mach ngd vao va ngd ra, ta duoc:

Ay

+ Fini + Finz

Ethl Zi—— Eth2 H— Co——
Hinh 5.27 Hinh 5.22

Voi: Rthl = Rs //R] //Rz //Rl
Tan s6 giam 3dB do tac dung cua C; la:
1
b =——— (026
T omR L, G (5:26)
TI’Ol’lg do: Ci = Cwi + Cbe + CMi
i Ci= Coi 1+ Coe + (1-Av)Ce
O tan s rat cao, anh huong cua C; 1a lam giam tong trd vao cta hé thong, giam bién
do tin hiéu dua vao h¢ thong (gidm dong 1,) va do d6 lam gidm d¢ 1g1 cua mach.
O ngd ra voi: Ry = R, /Ry //rg
1
— » Cop =|1—— |C C
Co=Cao+ Coe* Cppo VoI ~0 ( AJ be T
Nén tin s& ngit do anh hirdng cia Cy la:
1
21RO,
O tan s rat cao, dung khang cua Cy giam nén lam giam tong tr ra ctia hé thong va
két qua 13 v, bi giam va v, s& tién dan vé 0 khi Xco cang nho.
Tan s6 cit cao cla mach duoc xac dinh la tan so cit thap trong 2 tan s cét fiy; va fiyo.
Ngoai ra vi hfe (hay B) cling giam khi tan sb ting nén ciing phai duoc xem 1a mot
yéu t6 dé xac dinh tin s cat cao cia mach ngoai fiy; va fiyo.

(5.27)

HO —

5.7.2 Su bién thién ciia hg (hay B) theo tin so:
Ta chap nhan su bién thién ciia hfe (hay B) theo tan sb bang hé thirc:

h .
hy =) (5.28)
I+ —
£

hs|
Trong do hfe(mid) 14 hfe &tan sb giita. fB 14 thn 56 ma tai dé /ﬁfe(midﬂ giam 3dB. Bé xic dinh fB
ngudi ta thuong ding mach tuong dwong cia BIT theo thong sb hdn tap m(lai ) & tan sb
cao.
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Chuong 5: Pap mg tan sb ctia BJT va FET

ke B %

j:: *ih’e b cl_

_ 1= T Ch e = 1

gmvh’ e:gmrh’ 2= l}:-’ =]

thetmida L1t b

Hinh 5.29

Ta chﬁp nhan:
f|3 — gh'e
27[[': h'e + Eb'c )

Thay g, o = &N (mid)

Ngoi ra gy, =g i) 8" e e fmid). 1
Tye

_ " Pty

WGt chch ghn dlng Brmi) = Te

Cb,ﬂ =] Cbﬁ va Cb,ﬁ =] Cbc
1
2L ijd're I:Cbe + Cb-: )

Suyra fp =

1

B ey

Néu séach tra ctru cho f,, thi ta c6 thé suy ra f; tir cong thirc lién hé:

fiy = ,(1-00)

Tich s6 d6 lgi-bang tan dugc dinh nghia cho BJT boi diéu kién:
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Chuong 5: Pap mg tan sb ctia BJT va FET

|hf'E|: £
1+ —
[fﬁ]

VEY  hg|g = 20log —omd)_

= 20log 1 = 04B

Thn 56 matai d6 [ele =09 duoc ky hidu 1a fp ta cé:

B ot iy N B iy :

1
Y
1+ L £
£y
Vavi fp > fp vy
fr = heemia)-fp . (5.30)
Chuy l1a f; = By = bang tan; nén fr chinh la tich d6 1¢1 bang tan.
Hav fr fr
d = =
7P Neomay  Prmia
Va fp= i - 1
2T B[nﬁd)re (Che +C.)
£ ! (5.31)

) 2TIZI’E [Cbc + Chej
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Chuong 5: Pap mg tan sb ctia BJT va FET

hy
h—e " al heelaE
lnid)
]r—SdB '\
070751 | e
. B¢ déc 6dBfoctave
; :
fr T
—— | | (10
1MHz 10MHz 100MHz 1kMHz E
Hinh 5.30

5.8 PAP UNG TAN SO CAO CUA MACH KHUECH PAI
DUNG FET:

Viéc phan tich mot mach khuéch dai dung FET ¢ tan sd cao ciing twong ty nhu &
BJT. Vé6i FET ciing ¢6 cac di¢n dung lién cyc Cgq, Cys, Cyoq va tu ky sinh ngd vao CWI, ngo ra
Cuwo. Cgs va Cgq khoang tir 1pF dén 10 pF trong luc Cys nho hon nhiéu (tir 0.1pF dén 1pF).

Ta xem mach khuéch dai dung FET nhu hinh 5.32. Mach twong duong xoay chiéu

nhu hinh 5.33.
T

7
=
=
ol 1

Hinh 532
TI'OIlg do: Ci = CWi + Cgs + CMi Voi CMi = (l-Av)ng

_ 1
CD = CWD + CdS + CMD Win CMD = [1 - ﬁ_chgd
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Chuong 5: Pap mg tan sb ctia BJT va FET

W ' .

+| Peig
Vs == g =
th -

v ST VT A v
thi

Hinh 533
Dé x4c dinh tan s6 cit do anh huéng cua C; va C, ta dung mach twong duong
Thevenin ¢ ngd vao va ngo ra.

o ngd vao (hinh 7.34a)
Rin1=Rg Rg
1
Va fy=— 532
d lp IR o, C, ( )
3 ngd ra (hinh 7.34b)

). 1
VA f = 5.33
) (5.33)

Tan soO cat cao cua mach 1a tan so cat co tri nhod cua fy; va fiy.

+ Rﬁbti\fl i + Rﬁbti\fz i

Ci Hinh 5.34
Eint T L T

&) ity

Ca
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Chuong 5: Pap mg tan sb ctia BJT va FET

BAI TAP CUOI CHUONG V

Bai 1: Cho mach dién hinh 5.33

§81{
082k 047

Wi

10k
" $ 1.2

Hinh 5.33

Cwi = 5pF, Cy = 8pF, Cy. = 12pF, C,,. = 40pF, C.. = 8pF
a/ Xac dinh r,
b/ Tim Ay(mid) =vy/v;
¢/ Tinh Zi
d/ Tim Avs = Vo/Vs
e/ Xac dinh fLS, fLe, fLE
f/ Xé4c dinh tan 50 cat thip
g/ V& dap tng tan sb

Bai 2: V61 mach dién va cac thong s6 cua bai 1:
a/Xac dinh fy; va fy
b/ Cho Cb e Cbe: Cb ¢ Cbc Tim fﬁ va fT
¢/ Xéc dinh tan s6 cat cao va vé dap tmg tan sd.

Bai 3: Lap lai cac cau hoi ctia bai 1 véi mach dién hinh 5.34

‘ 14v
120k .
k01 = B=100/si
| |
|1 : A
* ) I g
ws 30k
- - T 22 8.2k
7. .
AT
Hinh 5.34

Ci=8pF, Cy,i=10pF, Cp.=20pF, Cy,.=30pF, Co.=12pF

Truong Van Tam V-17 Mach bién T



Chuong 5: Pap mg tan sb ctia BJT va FET

Bai 4: Lap lai cac cau hoi bai 2 cho mach dién va cac thong so cua bai 3.

Bai 5:Cho mach dién hinh 5.35
a/ Xac dll’lh VGS va IDQ
b/ Tim gpova g
¢/ Tinh Ay = v,/v; ¢ tan sb giira
d/ Xac dinh Z;
e/ Tinh Avs = V()/Vs
f/ Xac dll’lh fLG; ch, fLS
g/ Xac dlnh in va fHO
i/ V& dap ung tan sd.
Cho blét VGS(Off) :-6V, CWi = 3pF, Cdg = 4pF, IDSS = 6mA, CWO = SpF, CgS =

6pF, rqg = o0, C4s = 1pF
18w
§3k 47
[
1

AL AT /;; AL

Hinh 5.35

Bai 6: Lap lai cac cau héi cua bai 5 cho mach dién hinh 5.36
Cho blét IDSS = IOmA, VGS(Off) :-6V, Iy = O, CWi:4pF, CW() = 6pF, ng = gpF,
Cos=12pF, Cys = 3pF

+20%

=220k éﬂk tou
1% g ||

+ i ) =

Vs 8k =56k
) = 2.2 101

Hinh 5.36
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Chuong 6: Cac dang lién két ctia BJT va FET

Chuong 6
CAC DANG LIEN KET CUA BJT VA FET

O céc chuong trudce, chung ta da khao sat cac mach khuéch dai riéng 1¢ dung BJT va
FET. Thuc té, mét thiét bi dién tir ludn 1a sy ndi két cua cac mach cin ban dé dat dén muc
tiéu nao d6. Trong chuong ndy chung ta s& khao sat cac dang ndi két thong dung thuong gip
trong mach dién tu.

6.1 LIEN KET LIEN TIEP: (cascade connection)

Pay 1a su lién két thong dung nhét cta cac ting khuéch dai, myc dich 12 ting
do loi dién thé. VE can ban, mot lién két lién ti€p 1a ngd ra cua tang nay duogc dua vao ngd
vao cua tang ke tiép. Hinh 6.1 mo td mdt cach tong quat dang lién két nay vi cac h¢ thong
2 cong.

Vi AV 1=

i

Li=F4 Zo1

.;‘I:I'a.'i.i"z Voz -'-E-‘-Vn

fp—
i — T ="

I

-1

iz Loz Zin Z0=Z0n

Hinh 6.1

Trong d6 Avy, Av,, ... 1a 0 loi dién thé cia mdi tang khi c6 tai. Nghia la Av,
duoc xac dinh voi téng tré vao Z; nhu la tai cua téng Av;. V61 Av,, Av, dugc xem nhu la
ngudn tin hiéu.

Do loi dién thé téng cong nhu vay duoc xac dinh boi:

Avr=Av,. Av;y . ..... Av, (6.1)
bJ loi dong dién duogc xac dinh boi:
: 1|:| Za
Age = = —Av, 6.2
T= 1 TR (5.2)

Téng trd vao: Z; = Z;
Tong troéra : Zg=Zo,

6.1.1 Lién két bang tu dién:
Hinh 6.2 m6 ta mot lién két lién tiép giita hai ting khuéch dai dung JFET.
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Chuong 6: Cac dang lién két ctia BJT va FET

| +3 D
Il

§ c, Eroz

4| }_‘

SR
G @)
”

Syl

—4| j Hinh 6.2

Cey §3RGE Rsz§ Caz

Rt I R
diz

-Téng trd vao cua tﬁng tht 2: Z; = R
- D0 loi cua toan mach: Avy = Av,.Av,
V01 AV = -gni(Rpi //Zi3) = -gmi(Rpi //Rc2)

N

&i=4

thll'(‘)’l'lg Rg, >>Rp; = Av; # 'gmlRDl (63)
va Av, = -gpRpy nén Avr = Av.Av,
Avr = gm18mRpiRp2 (6.4)

- Téng tré vao cua hé théng: Z,=7;1 = Rgi
- Téng trd ra cua hé théng: Zo=7Zpn=Rp,
V& mat phan cuc, do 2 mach lién lac v6i nhau béng tu dién nén vi¢c phan
giai giébng nhu sy phan giai & mdi ting riéng 1¢.
Hinh 6.3 1a mach cascade dung BJT.

+%W o
(3

Er §R3 Ca
| Vo

Eq4 Cgz
E E
2§ 1253 Cg1 § £
‘ Yros ; ST /l \ Zo
2=%,, Ziz

Ciing nhu ¢ FET, muyc dicl} cua mach nay la dé gia tang do loi di¢n thé.
- B4 lgi dién thé cua h¢ thong:
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Chuong 6: Cac dang lién két ctia BJT va FET

Ay, = Av by, = Yo
Ty
-R o WE;
Trong d6: Ay, = — > & (6.3)
Ty
Ay, = B (6.6

reﬂ

- Téng tré vao cua toan mach: Zi = Z;;= R1 //R2 //B1r,,
- Téng trd ra cua toan mach: Zo=Zy = R (6.8)
Hinh 6.4 13 mach két hop gitra FET va BJT . Mach ndy, ngoai muyc dich gia ting do
khuéch dai dién thé con duge téng tré vao 1on.
. AVT = AVl. AV2
Voi AVl = 'gm(RD //le)

(6.7)

(6.9)
Trong d6 Zi2 = R1 //R2 //PBr,
2'1";.7-.?2 = - RE
r&
. Z; =R (rat 16n)
. ZO = RC
+77
;\RD ‘ D
Cz gpﬂ. Re Ca
_ T4 }_‘ K]
- I I @) Hinh e 4
Rz F
13 \ T 31"
17
’_' LT

6.1.2 Lién lac cascade tryc tiép:

Pay ciing 1a mot dang lién két lién tiép kha pho bién trong cac mach khuéch dai nhat

lé’trong ky thuat ché tao vi mach. Hinh 6.5 md ta mot mach khuéch dai hai t?mg lién lac truc
tiep dung BJT.
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Chuong 6: Cac dang lién két ctia BJT va FET

+V|:|:=+1
] 27
Frci 0.8k
k | | 4
T
1%;; ﬁ e
. R / Q2
t— | B=100451
Eg2
[31—4DIS1 Em . 1.1k
1 %% Hinh &5

Ta théy mach lién lac truc tiép c6 cac loi diém:

- Tranh dugc anh hudng cua céc tu lién lac ¢ tan s6 thép, do d6 tan sb giam 3dB ¢
can dudi c6 thé xudng rat thip.

- Tranh duogc sy céng kénh cho mach.

- Pién thé tinh ra cua tang dau cung cap dién thé tinh cho tang sau.

Tuy thé, mach cling vap phai mét vai khuyet diém nho:

- Su tr6i dat diém tinh diéu hanh cua ting thi nhat s& anh huong dén phan cuc cua
tang thit hai.

- Nguon dién thé phan cuc thudng co tri s6 16n néu ta dung cting mot loai BJT, van
dé chinh cua loai lién lac truc tiép 1a 6n dinh su phan cyc. Cach tinh phan cuc thuong dugc
ap dung trén toan bd mach ma khong thé tinh riéng timg ting. Thi dy nhu & hinh 6.5 ta c6:

Phéan cuc:
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Chuong 6: Cac dang lién két ctia BJT va FET

Vcc = RBIBI +1"TBEI +REIIE1
# I:RB +BE g JIBI + Vg
Wep =W

PEL = 48304

=T, = —cc " BEL
B Ry +BEg

Ion=Flpn# Ig =1.93ma
Vg =Rglg = 2.32%
W =W +Wop = 3.02%
Va Vo =W =V —Rplg =62v
Vi = Vgg — Vg, = 5.5v
g =;;—E2MIC2 = 5mA

E2

Igo = Iﬂ = S0pA
Pa
Vieg =Voo — Ry =8v
Thong s6 mach khuéch dai:
Zi=Rp NG (r, +Eg) =B N5 Ry =36 16kt

Tdng tré vao:
Ziy *8,R g, =110k
Eo 12,
Ay, - TE oy
E

El

D& loidignthé: Av, =~ “Re g 7073
E2

Avp =Av, Av, =15818

i

= 10908

B 1ot dong dién: |}_~u| = prl

(]

Téngtréra: Zg =Ry = 0.8kE
Mach phan cuc nhu trén tuy don gian nhung it duoc dung do khong 6n dinh (s troi
dat diém diéu hanh cta Q1 anh hudng dén phan cuc cua Q2), do do trong cac mach lién lac
tryc tiép nguoi ta thuong dung k¥ thuat hdi tiép mot chiéu nhu hinh 6.6

Voo
Rez
Recy I I s
(o} ] /
[ C
e |l| f O ' Ere1 ITea
11
= o
Rz ;E Vesr—_— EY =Veer_—
A
. Hinh &.7
Hinh &.&

Mach tuong duong Thevenin ngd vao dugc vé ¢ hinh 6.7. Ta co:
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Chuong 6: Cac dang lién két ctia BJT va FET

Epm = E, #Ey

E
Vg =1"TE2-RIT2R2
. K} E
Vay vBBl ZRBBI'IBI_FE}': Eﬁ = II{ 'IBl+Er
1+ 1+
E, E.,
E,
=Wy, = 1+R— .E}r +E I, (6100
2

Thuong ta chon ) hang dau 16n dé Vg, 6n dinh, tir d6 Vg, Ier, Ie cling 6n dinh. Dé
thay 16 su On dinh nay ta dé y:
Vcc =k |:1I|:1 +1;"'TBE2 +1;"TE2 =k |:1I|:1 + E'g' +1;"TE2

E E
= [1+R_1JEr +[3_11c1 +E, + Ryl
] 1

E
Ve —(2+%JEF 1—(2+%J_V_v
=T, = 2 :;“YCC_ 2 (611)
Rc1+_1 r1 1+ 1
|31 RCI'BI

Dong dién nay doc 1ap dbi voi B2 va co thé xem nhu doc lap ddi véi B1 néu ta chon:

LI

1=-Cl1

. . E
Lic da: ICI=VCC [1_[24_&} ¥ } (6.12)
REI R2 -I;"'FEC

Ep’ = Vg
thay doi theo nhiét do va dong Ic,, nhung anh hudng nay s& duoc
o E, << Vi

giam thiéu néu ta chon

V¢é thong s6 cua mach khuéch dai cach tinh cling nhu mach truée.

Lién lac tryc tiép dung FET: 7 7 ‘

O MOSFET loai tang (E-MOSFET), do cuc cong cach dién han véi cuc ngudn va
cuc thoat nén rat thuan ti¢n trong viéc ghép truc tiép.

n ﬁRD Rpg c,

-,
ot = 22
] o) o
A

+ ‘JDD

"  Hinhég

Em

[T L

77

Céch tinh phan cuc giéng nhu mét ting riéng 1é.
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Chuong 6: Cac dang lién két ctia BJT va FET

Vas1=Vps1 = VGsz
Avr = (ngD)
Tang khuéch dai cuc ngudn chung va thoat chung ciing thudn tién trong cach ghép
truc tlep

+1'.'FDD

|§RD
Vi_r:i )Q ] @) ) Hinh 6.9

R ] R,

Pién thé Vg ciia Q; tuy thudc vao Rp, Rg; va Rso.

Trong 2 cach ghép trén, FET chi hoat dong t6t khi 2 FET hoan toan giong hét nhau.
Thuc té, khi 2 FET khong dong nhat su troi dat diém diéu hanh cua ting trude dugc tang
sau khuéch dai khién cho tang cudi cing hoat dong trong ving khong thuan loi. Dé khac
phuc nguoi ta ciing dung k¥ thuét hoi tiép dé 6n dinh phan cuc nhu hinh 6.10.

+n

=" e i

Ly f_l_\ L o L
1 | — | ©1 l— l—
L L

% Hinh &.10
o

Gia str dién thé cuc thoat cia Q1 16n hon binh thuong, lugng sai biét nay sé duogc
khuéch dai boi Q2 va Q3 va do d6 dién thé tai cuc cong cta Q1 16n hon. Pidu nay lam cho Q1
dan dién manh hon, kéo dién thé & cuc thoat giam xuéng.

Tuy nhién, Rg cling tao ra mot van dé méi. Néu goi AvT 1a do loi cta toan mach thi:

Vo = -|Av|.v;

Nén dién thé ngang qua Rg la:

Vi - Vo = Vi T [Avq|vi = vi( 1+ |Avr])
Vi Wy 1+|“ﬂ‘vT| -

R =
Va [4 RG RG

'|ijl'_ s i
A 2 4 )
= téng tré vao clamach:  Z;= == glam rhé.
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Chuong 6: Cac dang lién két ctia BJT va FET

D¢ khac phuc, nguoi ta chia Rg ra lam 2 nira va dung mdt ty noi tat tin hi¢u xuong
mass.

Rg/2 Rgf2 Phén gi&i mach ta tim duoc:
% L % Ayr = —f_ngD:'S
- Z,=Rg/2
I Bo

Zo=FEp i 2 #Ep
Hinh 611

6.2 LIEN KET CHONG: (cascode connection)

Trong su lién két nay, mot transistor ghep chdng 1én mot transistor khac. Hinh
6.12 m6 ta mach lién két chong véi mot tang cuc phat chung ghép chong 1én mot ting cuc

nén chung.
=15k
Fr1 §R: 2

CB 6. Bl oz

[
Q
R \Q)si
E2
= sk Vol

—

Vee=18v

N

1 = Pz =200

Hinh .12

Su lién két nay phai duoc thiét ké sao cho tang cuc phat chung c6 tong tro ra (tong
tr& vao clia ting cyuc nén chung) kha 16n va do loi dién thé thap cung cap cho tang cuc nén
chung de bao dam dién dung Miller & ngé vao thap nhét nén loai lién két nay hoat dong tot
& tan s6 cao. Trong mach trén, v&i cach phén tich phan cuc nhu cac chuong trude ta tim
du’(_)’c. VBI 4.9v

Vg, =10.8v
ICl # ICZ = 3.8mA
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Chuong 6: Cac dang lién két ctia BJT va FET

_ . _ 2bmW 690)
Bién trd dfng cha mdi BIT lan T = =0
E
Avlzmﬁ—ﬁ:—r_e:_l
. r I

1 L] e

E.
Ay, ="t = 265

r&

Va bAvp = Av Av, =265

6.3 LIEN KET DARLINGTON:

Day 1a mot dang lién két rat thong dung giita 2 transistor (BJT hodc FET) nhu
hinh 6.13 va twong duong nhu hinh 6.14.

C L

|

B Q1 = B O
F1

2z ﬁD

Pz £l

H E
Hinh 6.13 Hinh 6.14

Sy lién két giita 2 transistor nhu vay tuong duong v6i mot transistor duy nhat c6 do
loi dong dién 1a Bp = B;. B

Néu hai transistor dong nhat: p; = B, = p thi pp = p*

Transistor Darlington:

Vi dang lién két nay rat thong dung va thich hop cho viéc nang cong sudt nén ngay
nay nguoi ta thuong ché tao cac lién két ndy dudi dang mot transistor duy nhat goi la
transistor darlington.
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Chuong 6: Cac dang lién két ctia BJT va FET

Bang saumd ta cac théng s5 cla transistor darlington 2999 do nhi san xuat cho bit:

Théng 55 J didu kién Min Max
VpE Io=100m& 1.8V
hfec Io=10mh 4000
CPD ) I = 100ma 7000 70000
Mach (g dung:

Mach cén ban thirdng ding c6 dang nhw hinh .15

|I - Cach tinh phin cwc giéng nhe & BIT théng
ng 1 ‘ thwéng,
o 1. = Vcc _T“JTBE
KES L E T o LA TR
N |) Ep+Ppkg

{6.1%)
< Ditm cén chi ¥ 14 (D rét 16n va gid tri cia VBE
thwong cfing 16n hon trrdng hop  ha transistor
£ méc kitu Darlington.
Hinh .15 Ik l | I - V& mit zoay chifu, transistor darlington dwoc
Fg mic theo kit cire thu

I [

chung nén cling co tong trd vao 16n, tong trd ra nhéd va do loi dién thé xap xi 1.

6.4 LIEN KET CAP HOI TIEP:

Lién két nay cling gdm c6 2 transistor va ciing c6 dang gan gidng nhu lién két
Darlington nhung gém c6 1 transistor PNP va mgt transistor NPN.

Yoo

|
c c

%R “c,

_| |_
Wy C1 t— Yo
B 1 21 Im i -
B‘l |3]_
Dz Fg Dz
Pz B
Hinh & 16 E Hinh & 17

Ciing giéng nhu lién két Darlington, cip hdi tiép s& cho mot do loi dong dién rat 16n
(bang tich d6 loi dong dién ciia 2 transistor).

Mach thuc té c6 dang nhu hinh 6.17

- Tinh phéan cyc:
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Chuong 6: Cac dang lién két ctia BJT va FET

‘J,:,: _RcIc _VEBI_RBIBI =10

Ma I=lootIg1=Polpatlg 1=Polo g 1®Pelog

= Ic = |32 |31IB1
=1, = e~ Vem (6.14)
B +BEE
Tu doé suy ra dugc I¢y, Iy, Ien
- Thong s6 xoay chiéu:
Mach tuong duong xoay chiéu
_i.:"_- |3 L=1
+ m +
R s
s RB Bl i ij—hl ﬂDBZin ﬁR " Kl
== [
- zFez B
T
Hinh &.18
. Téng tré vao Zi:
L1 T Vo
s Pt
g Vg = —Eig = —E, (_ Frilpg + E’gisz m =Pl B
A 1y =~y = —Piln
n W
Men T = Burg FBRE o= BBE
bl
WA 2y = Eg PP E (5. 157
. BG 1ot déng dién:
1 = Palyg — Brlpg —ing & —BPaly
1
= .i = —PBy
lu1
. 1 1 1 E.
aizlo_tetu_ e R
i 1y 1 Ry +2y 6.1
D3 loi dién thé:
vy = —Roip & BBReiy
. v, — v
Pty
1 E
) .l.ll:ll.l.v = = |31|32 C = 1 (6 1?)
1+£ P + BB R
Fu PR ¢

. Thng tré ra; N&i tit vi, phin giai mach ta tim duoc:

I I
Zo =R Py iy e 2L ,
PR s T, rit riho.
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Chuong 6: Cac dang lién két ctia BJT va FET

6.5 MACH CMOS:

Mot dang mach rat thong dung trong mach s6 1a dung 2 E-MOSFET kénh N va kénh
P lién két v&i nhau nhu hinh 6.19 dugc goi la CMOS (complementaryMOSFET).

+% o
F'y I &
L] 3 ID
G | L
Lo
1'.'r:i_ L Vo
I
L
< L1z >
0 SV Vi -5V 0 Vs
Hinh& 19 Hinh 6.20 Hinh &.21
v

Trudce khi di vao khao sat hoat dong cia CMOS, ta can nh¢ lai hoat dong cua E-
MOSFET.
Dic tuyén truyén ciia E-MOSFET kénh N va kénh P nhu hinh 6.20 va 6.21.
- O E-MOSFET kénh N, khi dién thé OV ap vao cong ngudn, E-MOSFET kénh N
khong hoat dong (Ip = 0), Khi Vs >Vggmy thi EEMOSFET kénh N méi hoat dong.
- O E-MOSFET kénh P, Khi Vs = 0 thi E-MOSFET kénh P cling ngung va chi hoat
dong khi Vgs < V().
Phan tich mach CMOS
Ta xem mach CMOS diéu hanh khi Vi = 0V hay khi Vi=+5V
- Khi V; =0V duogc dua vao cuc céng cua CMOS
. V61 Q; (NMOS) Vgs =0 Q = QI ngung
. V61 Q, (PMOS) Vgs =-5V = Q2 bao hoa.
Két quala Vo=5V

Wis = - +5% Ves=0V +5%
L | F] Q2 O | |3]Qz:0FF
¢ | | ) | PmMOs ¢ [ | ] | Pmos
L_m Lo
=00 Wo=+5v Wi=5W Vo=0v
Lp L In
N U T - L | aom
¢ Lis| OFF ¢ L{s| nmos
NMO3
v :L Vi = 5
s Hirth 6.22a R — Hinh 6.22b
s P

- Khi Vi=+5V dua vao
. V61 Q; (NMOS) Vgs =5V = QI bao hoa
. V61 Q, (PMOS) Vgs =0V = Q2 ngung
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Chuong 6: Cac dang lién két ctia BJT va FET

Két quala Vo=0V

6.6 MACH NGUON DONG PIEN:

Nguon dong dién 1a mot bo phan cap dong dién mac song song v4i dién trd R goi 1a
noi trd cua ngudn. Mot nguon dong di¢n ly tudng khi R = oo ( va s€ cung cap mdt dong dién
1a hang s0).

Hinh 6.25a Hinh 6.23b
I Qf) =R Ngubn the t8 I QU Ngudn I tiréng

Mot ngudn dong dién trong thuc té c6 thé dugc tao boi FET, BIT hodc t6 hop cua 2
loai linh ki¢n nay. Mach c6 thé sur dung linh kién ro1 hoac Ic.

6.6.1 Nguon dong dién dung JFET:
Dang don gian nhu hinh 6.24

Hinh 6.24 Do VGE duge git & OV nén dong thoat
lxu duoc gitr ¢d dinh & Ip = Ipgs. Vy JFET
= @ 1=I diéu hanh gidng nhw mbt ngudn dong dién.
) . ¥ ST uéi ndi trd cha ngubn la didn trd ngd ra
LSS L) \
Vs(of]) cha JFET (larg
ST AT

6.6.2 Dung BJT nhu mdt nguon dong dién:

Mach co ban nhu hinh 6.25
‘. E

Tacd 1 = O §

lIc B R, 4R, (V)

W
- VaVg=Vg- 07V
I
e L ([ VetV g
: Fg Mén R

Trong d6 Iz 14 dong dién khdng di duge cép cho mach

Hinh 6.25 ~ VEE
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Chuong 6: Cac dang lién két ctia BJT va FET

6.6.3 Ngudn dong dién ding BJT va zener:

I ) Trong mach hinh & 25, ngudi ta cd thé thay B2
. bang mc’:}t diode zetier od dién thé zener la Vo GHatri
= ) cha ngudn dong d1én I dwoc tinh béu:
R _
' | S Vi~ Vee
= - R (6.18)
E Nhur vy ngudn dong Iz tuy thube vao Vz, B
—VEE

6.7 MACH KHUECH DAI VISALI: (differential amplifier)

6.7.1 Dang mach can ban:

Mot mach khuéch dai visai cin ban & trang thai can bang c6 dang nhu hinh 6.27

| e - Mach d&i ming theo cj’uo'ng thing dung
Céc phin by trong (g gidng nhau vé moi
o1 R c didc tinh ~
Rpy =Fpg
v, v _
. v Rop=Feg
L Q 2 Ve =Vep
Ry Q1 gidng het L 22, thuo‘ng duogce ché
BZ taotrén cung mat mAu tinh thé.
Rp - Mach cd 2 ngd vao vl, v2 va 2 ngbra la
vV, V.
Y a b
H 6.27 =

- C6 2 phuong phap lay tin hiéu ra:
. Phuong phap ngd ra visai: Tin hiéu duoc lay ra giita 2 cyc thu.
- Phuong phap ngd ra don cyc: Tin hiéu dugc léy gilta mot cuc thu va mass.
- Mach dugc phan cyc bang 2 ngudn dién thé doi ximg (Am, dwong) dé co cac dién
thé & cuc nén bang Ovolt.
Nguoi ta phan biét 3 truong hop:

a/ Khi tin hi€u vao vl = v2 (cung bién d¢ va cung pha)
Do mach ddi xtmg, tin hiéu & ngd ra va = vb
Nhu vay: va=AC.vl
Vp = AC . Vo
Trong d6 AC la do khuéch dai ciia mot transistor va duoc goi 1a do loi cho tin
hiéu chung (common mode gain).
Do vl =v2 nén va = vb. Vay tin hi€u ngd ra visai va - vb =0.

b/ Khi tin hi€u vao cé dang visai:
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Chuong 6: Cac dang lién két ctia BJT va FET

Luc nay vl = -v2 (cung bién dd nhung nguoc pha).

Luc do: v, = -v,.

Do vl = -v2 nén khi Q1 chay manh thi Q2 chay yéu va ngugc lai nén v,. vb.
Nguoi ta dinh nghia:

Va-Vp = Ays( Vi -V2)

Ays duoc goi la d0 loi cho tin hi¢u visai (differential mode gain). Nhu vay ta
théy v6i ngd ra visai, mach chi khuéch dai tin hiéu vao visai (khac nhau ¢ hai ngd vao) ma
khong khuéch dai tin hiéu vao chung (thanh phan giéng nhau).

¢/ Truwong hop tin hiéu vao bat ky:
Nguoi ta dinh nghia:
- Thanh phan chung cta v1 va v2 1a:

Vi :§[V1+“2)

- Thanh phén visai cia v1 va v2 la:
Vvs = Vi-V2 . )
Thanh phan chung dugc khuéch dai béi AC (ngd ra don cuc) con thanh phan
visai dugc khuéch dai boi Ays.
Thong thuong |Avs| >>|A¢|.

6.7.2 Mach phan cuc:

Ta oo Voot Ve = Bl Veort 2Esle

| +Vee ¥eml-#If
= Veg = (VectVee) - (Re+t2Reple
T4 Rc Re lI': Phuong trinh nay zac dinh duong thang lay
d18n 35 thi Ie = fiVeE).
T MNgoai ra:
—5 Rels+Veet+2Relg - Vg =0
sl tVeEt2RelE - VEE
Vg — V.
E. EE EE
B — Re =Lt
Rg
Hih6.28 | VEE
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Chuong 6: Cac dang lién két ctia BJT va FET

Phuong trinh ndy x4c dinh diém diéu hanh trén duong thang Iy dién.
Khi mach tuan hoan déi xting, di¢n thé 2 chan B bang 0V nén:

Vg —
RBIB:D:’}IE:% (6.19)

E

6.7.3 Khio sat thong sé clia mach:

Ta thtr tim Ac, Avs, téng trg vao chung Z, téng tré vao visai Zys.
a/ Mach chi c6 tin hi¢u chung:
Tac vl =v2vava=vb
Do mach hoan toan dbi xtng, ta chi can khao sat nira mach, nén cha y vi ¢6 2
dong ie chay qua nén phai ting gip doi Rg.

+Vee
+ +
RC _—
R
Vo v = Re Va
W + -
Fp 2R
— VEE
Hinh 5.22
Phan gidi nhu cac phan trudc ta tim duoc:
R R
Ao =2 £ g (6.20)

W, r, + 2 2E ¢
Z. =R #Z,
o= 2t = B, +2R ) (6.21)

w&T 1,
b/ Mach chi cé tin hi€u visai:
Tac vy =-v, vav,=-vb
Nhu vay dong dién tin hi€u luén luén nguoc chiéu trong 2 transistor va do d6 khong

qua Rg nén ta co thé bo Ry khi tinh Avyg va Zys.

ip ipg
— —
W RC ey Er Wz
] pr a Wh fr
Fipl B pe Hinh .30
Ta co: v_ﬂ+|31' =10
bl
RC
Vi iy, = L
Suy ra Ta :_E:}V“Z_RC
RC T, W Ta
Wgoaira  Ag = VaTVy _2Va V. Ee (6.220
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Chuong 6: Cac dang lién két ctia BJT va FET

Nguoi ta thuong dé ¥ dén téng tro gitta 2 ngd vao cho tin hiéu visai hon 13 giita mot
ngd vao vo1 mass. Gia tri nay goi la Z’ys.

Khi co RB thi ZVS =7’VS //2RB

A ¢ e oqa - W .

Cén chi ¥ 14 iy = gi =iy

Hé thirc nay ching to giita 2 ngd vao chi c6 mot dong dién duy nhét chay qua. Tir d6
nguoi ta dinh nghia:
Ll PR

Z =L L= 2y, (6.23)

hl bl

¢/ Mach c6 tin hiéu tong hop:

Vi v1, v2 bit ky ta c6 ca thanh phan chung vC va thanh phéan visai AVS.

- Néu lay tin hiéu giira hai cyuc thu thi thanh phan chung khong anh hudng, tirc 1a:
o Va- Vb= Ays( Vi -V2) )

- Néu lay tin hi€u tir mdt trong hai cuc thu xuong mass:

1

W, = ALV, - Eﬁnﬁ g
Dau - biéu thi hai thanh phéan visai ¢ hai cuc thu luon tréi dau nhau.
d/ He¢ s6 truat thai tin hiéu chung A;:

A
Pinhnghia: A= -2
A C
( A cang 16n thi thanh phan chung it anh huong dén ngd ra)

e/ Phwong phap ting A,(ngudn dong dién)

Mudn tang A, phai giam Ac va ting Ays. Nhu vay phai dung Rg 16n. Tuy nhién diéu
nay lam cho Vcc va Vg cing phai lon. Phuong phap t6t nhat 1a dung ngudn dong dién.

Ngudn dong dién thay cho Rg phai c6 2 déc tinh:

- Cap 1 dong dién khong doi.

-Cho 1 téng tré Zg nhin tur cuc thu cua Q3 16n dé thay Rg.

W Hinh &.31
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Chuong 6: Cac dang lién két ctia BJT va FET

6.7.4 Trang thai mat can bang:

Khi mach mét can bang thi khong con duy tri dugc su dbi xtng. Hau qua trAm trong
nhét 13 thanh phan chung c6 thé tao ra tin hiéu visai & ngd ra.

* Mot s6 nguyén nhan chinh:

- Cac linh kién thu dong nhu dién trg, tu dién ... khong that sy bang nhau va dong
chat.

- Céc linh kién tdc dong nhu diode, transistor.. khong hoan toan gidng nhau.

* Bién phap on dinh:

- Lua chon that k¥ linh kién.

- Gitr dong dién phan cyuc nho dé sai s6 vé dién tré tao ra dién thé visai nho.

- Thiét ké (1 ¢6 tri s6 that 16n.

- Thém bién tr& R’y dé cin bang dong dién phan cuc.

- Ché tao theo phuong phap vi mach.

Hinh .32

* Hé 56 truat thai tin hidu chung A,
Bnnh nghia:

S5 lrong tin hidu chung vao dé
tao thanh mdt don wi visal ra

Ay =

a .- < - - 4 A
36 luong tin hidu wisai vao dé
tao thanh mdt don wi visai ra

A, bidu thi s cén biing ela mach. Mach cfin bing thi A, cang 1én

Truong Van Tam VI-18 Mach Dién T



Chuong 6: Cac dang lién két ctia BJT va FET

BAI TAP CUOI CHUONG VI

Bai 1: Tinh téng tré vao, téng tré ra va do loi dién thé cua mach dién hinh 6.33

+12%
A0k
ok
f 5
Vi
ok
mki 2k 100 1Ok i Ekj 1001
Hinh s.33
Bai 2: Lap lai bai 1 V(’)’i mach di¢n hinh 6.34
+12W
31.; 40k |
| I-ll-L 5 i | Ilu
| ' L
—| ) — B=100/5 Vo
IDSS =2mb
Vasem= -4V i i 100
Hinh .34
Bai 3: Trong mach dién hinh 6.35 ’
1/ Xac dinh dién thé phan cuc Vi, Vi, Voo
2/ Xac dinh d6 loi dién thé
Ay =—"L
¥y
+200
=30k 21‘% m
Wea | |
100K Ve B=100/5i Vo
< glﬂk
1
[ ,
|| B=100/5i
Vi Ve1 Hinh 6.35
=10k 3.3k 100
A s
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Chuong 6: Cac dang lién két ctia BJT va FET

Bai 4: Tinh d6 loi dién thé ctia mach hinh 6.36

l % % +12V
1001 Sk 3k '
; s

Ip s=to0 | v
| | B=100/5i 0
Vi
120k Hinh 6.36

Bai 5: cho mach dién hinh 6.37. Zener c6 V;=4.7V.

+12%
| ‘ ; _
- 1/ Tinh I~k R~= 1k
Icl =Fe CcERRCT
2/ Lap lat cau 1 ku Rp= 2102 Mhian zat.
3/ Hac dinh gia tr t&i da cha R & mach

51';_£ hoat ddng binh thirdng
A\
2k
-AY
Hinh .37

Bai 6: Trong mach dién hinh 6.38
1/ Tinh dién thé phan cuc Ve, Ve
2/ Xéc dinh d96 lgi di¢n thé

Av = Yo
Wy
; . 12V
{i B=125/5
i Vil W 1
#L | 2 | | v
| | B=100/5i M 0
Vi
mi 2 100p 470 100, 2k

Hinh .38
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Chuong 7: OP-AMP_Khuéch dai va tmg dung

Chwong 7
OP-AMP-KHUECH PAI VA UNG DUNG

7.1 VI SAI TONG HQP:

Mach vi sai trong thyc té thuong gdm cé nhiéu ting (va duoc goi 13 mach vi sai téng
hop) véi muc dich.

- Tang d6 khuéch dai Ays

- Giam d6 khuéch dai tin hiéu chung A

Do d6 tang hé sd A 1.

- Tao ngd ra don cuc dé thuan tién cho viéc sir dung ciling nhu ché tao mach khuéch
dai cong suat. Thuong ngudi ta ché tao mach vi sai tong hop dudi dang IC goi 1a IC thuat
toan (op-amp _operational amplifier).

Nguoi ta chia mot mach vi sai tong hop ra thanh 3 phan: Tang dau, cic tang gita va
tang cudi. Tang dau 1a mach vi sai cin ban ma ta da khao sat ¢ chuong trude.

7.1.1 Cac tang giira:
CAc tang giira c6 thé 13 vi sai hay don cuc.

a/Mac noi ti€p vi sai véi vi sai:

RC
bAue dich: - Tang A i #-—
uc dic ing Hsvll HS' ‘ s

E
- (Ham AcVi |Acl# ‘_ERE <1
. E
Do dd tang hé s A
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Chuong 7: OP-AMP_Khuéch dai va tmg dung

| ""rl:E
Mgdra
R
Hinh 7.1
Eg
Téng 1 Tang 2

Pé ¥ 1a téng trd vao cla ting vi sai sau ¢ thé 1am mat can bang tong trd ra cla tang
vi sai trude. Tang sau khong can dung nguén dong dién.

b/ Mic vi sai noi tiép véi don cuc:

Nguoi ta thudong dung tang don cuc dé:

- Dé su dung.

- D¢ tao mach cong suat.

Nhung mach don cuc s€ lam phat sinh mot s6 van dé méi:

- Lam mat can bang tang vi sai, nén hai dién tré RC cua tang vi sai doi khi phai co tri
s0 khac nhau dé bu trtr cho sy mat can bang.

- Lam tang cd Ays va Ac nén (1 co6 thé thay doi, do do chi nén dung tang don cuc &
noi da c6 thanh phan chung that nho (sau hai hodc ba tang vi sai)

Trong dd:

cc
| Re=R'c// Zy ‘
Re o Vi ZV 1a tdng tréd vao cfa ting
o cpe.
o —

Tang don cure

Hinh 7.2

7.1.2 Tang cudi:
Phai théa mén cac diéu kién:
- Cho mot tong trd ra that nhd.
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Chuong 7: OP-AMP_Khuéch dai va tmg dung

- Dién thé phan cuc tai ngo ra béng 0 volt khi hai ngd vao ¢ 0 volt.
a/ Piéu ki¢n vé tong tré ra:

Pé duoc tong trd ra nhd, ngudi ta thudngding mach cyc thu chung.
—

W
oo ;,II{IIV —

B.I.'e ig
Es= Er

- = = @,

Wi
Eg

_vEE
(a) (b)
Hinh 7.3
‘ Dé tinh tong trd ra ta ding mach twong dwong hinh 7.3b; Trong d6 Ry 13 tong
tro ra cua tang (don cyc) dung trude.

)

Zy =L
Iy
Phén gia1 mach ta tim dwoc:
Z- =1;'ir_|:|= RE(RS_'_ESI-!&:I
P, Rg(l+P+fr, +R,

1o
Thing thudng PRy rét lén nén;
E[:]:T-Fl:].l'rl[] #I‘E+Rs.l'rE)

(7.1,

b/ Piéu kién vé dién thé phén cuec:

Vi cac tang duoc méc truc tiép voi nhau nén dién thé phan cuc ngd ra cla tang
cudi c6 thé khong & 0 volt khi ngd vao ¢ 0 volt. bé giai quyét nguoi ta dung mach di chuyén
dién thé (Level shifting network) gom c6: mot nguon dong dién I va mot dién trg R sao cho:
E=RL

Ry
W Trong d& E 14 dién thé phin cue ngd ra
+ R (= O volt) cha thng cudi. Tuy nhién, b
- = viy téng trd ra & ting thém mét tri & 14
C) Mgbra R Vi vy A& théa man ci hai didu kién,
I @ (0 wrolt) ngwdi ta ding mach di chuyén dién thé
SR T trrde mot tang cwe thu chung,
i
A
e e
Tang cudi Di chuyén
dién thé
Hinh 7.4
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Chuong 7: OP-AMP_Khuéch dai va tmg dung

+ 5%

-EwvaT? la maph di
chuyén dién thé. — R
- T3 14 thng cuc thu

0.7
chung d& cho téng :
tréd ra nho, Hinh 7.5 v

Ts

AT
Ngdra

=
=

&V

Mach di chuydn dién thé

7.1.3 Mot vi du:

Op-amp ppc 709 cua hang Fairchild.
Ty, T,: Mach vi sai can ban ngo vao.

Ts: Nguén d(‘)ng dién cho T; va T,. Dién thé phan cuc tai cuc nén cua T, duoc xac
dinh boi cau phan thé gdm Te (mic thanh diode), dién tro 4802 va 2.4kQ.

T4, Ts: khong phai 1a vi sai vi 2 chan E ndi mass. T4 c6 nhiém vu 6n dinh dién thé tai
diém A cho T, va T,.
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Chuong 7: OP-AMP_Khuéch dai va tmg dung

+ &7

2.4k

4082
% 240¢2 -

Ts: La tang don cuc chuyén tiép gitta vi sai va tang cudi.
T5: La mach cuc thu chung dau tién va Ty 1a mach di chuyén dién thé vaoi dién trd 3.4k.
To: La mach cyc thu chung ciling 1a tang cudi dé dat dugc tong trd ra nhd.

7.2 MACH KHUECH PAI OP-AMP CAN BAN:

Trong chuong nay, ta khao sat op-amp & trang thai 1y tudng. Sau day la cac dac tinh
cuia mot op-amp ly tudng:

- b6 loi vong hd A (open loop gain) bang vo cuc.

- Bang tan rong tir 0Hz dén vo cuyc.

- Tong tré vao bang vo cuec.

- Tong tro ra bang 0.

- Cac hé sb A béng vO cuc.

- Khi ngd vao ¢ 0 volt, ngo ra luén & 0 volt.

Puong nhién mot op-amp thuc té khong thé dat duoc cac trang thai 1y tudng nhu
trén.
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Chuong 7: OP-AMP_Khuéch dai va tmg dung

+% e LE:
. 7
A 'L‘-’l_‘-rzj'
+
L
Wi “Wer Wi
EZ hidu Mach tirong duong

Hinh 7.7

Tir cac dic tinh trén ta thay:
- A=

. 9 nén lkhi v0 xic dinh va chira bio hoa thi V=V

2

-Z;—> o nén khong c6 dong dién chay vao op-amp tl‘r cac ngd vao.

- Zy — 0€2 nén ngd ra v0 khong bi anh huong khi mac tai.

- Vi A rat 16n nén phai dung op-amp véi hoi tiép am. V6i hi tiép 4m, ta co hai dang

mach khuéch dai can ban sau:

7.2.1 Mach khuéch dai ddo: (Inverting Amplifier)

Dang mach can ban.

1
1
1 7. &, Zpcd thé _cé_bﬁth} dang nao.
> . Tin hiéu dua vao ngd vao (- ).
-y . | Cwiood thé xoay chidu hodc mdt
1 Z i Z }\
i chiéu.
Wy + Wi
Hinh 7.8

Do op-armnp 1% tudng nén:

V1=V2 =0
. . v, v,
L= = —=——
Z, Z
Suy radd log dién thé cha mach:
aooVo_ %
Ly Z.
1 1 (7.2)
Nhan xét:

- Khi Z; va Z; 1a dién trd thuan thi v, va v; sé l1éch pha 180° (nén duogc goi la
mach khuéch dai ddo va ngd vao (- ) duoc goi la ngd vao dao).
- Z; dong vai trd mach hoi tiép 4m. Z; cang 16n (hoi tiép 4m cang nho) do
khuéch dai caa mach cang lon.
- Khi Z; va Z; 1a dién tré thuan thi op-amp c6 tinh khuéch dai ca dién thé mot chiéu.
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Chuong 7: OP-AMP_Khuéch dai va tmg dung

7.2.2 Mach khuéch dai khong diao: (Non_inverting Amplifier)

Dang mach cédn ban.

« F
i Tacé:
' VI=V2=,
S Vi 1=1;
Ly, 1; = Yo Vs
% Zs Tz,
i e Vo Vg —Wg Vg
Vi + 1, =— ==
Hinh 7.2
Suy ra:
LR 3 (7.3)
W, Z
Nhan xét:

- Zg, Z; ¢ thé c6 bat ky dang nao.

- Vo va vi cling c6 thé ¢ bit ky dang nao.

- Khi Zy, Z; 1a dién trd thuan thi ngo ra vy s€ ¢ cung pha véi ngd vao vi (nén
mach dugc goi 1a mach khuéch dai khong ddo va ngd vao ( + ) duoc goi la ngd vao khong
dao).

- Z; ciing dong vai tro hdi tiép am. Dé ting d6 khuéch dai Ay, ta c6 thé ting
Z¢hodc giam Z;.

- Mach khuéch dai ca tin hi¢u mot chiéu khi Z¢ va Z; 1a dién tré thuan. Mach
cling gilt nguyén tinh chat khong ddo va ¢ cung cong thirc voi trudng hop cua tin hiéu xoay
chiéu.

- Khi Z=0, ta c6: Ay=1 = v;=v; hodc Z=x ta ciing c6 Ay=1 va vy=v; (hinh
7.10). Lac nay mach duogc goi 1a mach “voltage follower” thuong dugc dung lam mach dém
(buffer) vi c6 tong trd vao 16n va tong trd ra nhé nhw mach cuc thu chung ¢ BJT.

It
[ ]
zf:D I—I
2 V=V V=V Vo=V
v.
Vi Vi '
Hinh7.10
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Chuong 7: OP-AMP_Khuéch dai va tmg dung

7.2.3 Op-amp phan cuc bing ngudn don:

Phén trén 1a céac dac tinh va 2 mach khuéch dai can ban dugc khao sat khi op-amp
duoc phéan cuc bang ngudn d6i xang. Thuce té, dé tién trong thiét ké mach va sir dung, khi
khong can thiét thi op-amp dugc phan cuc bang ngudn don; Lic bay gid chan ndi véi ngudn
am -V duoc ndi mass.

Hai dang mach khuéch dai cin ban nhu sau:

R +
R +Vee EE

ce (a) Aj (b)

Hinh7.11

Nguoi ta phai phin cuc mot ngd vao (thuong 13 ngd vao +) dé dién thé phan cuc ¢
hai ngd vao ltc nay 1a Ve /2 va dién thé phan cuc ¢ ngd ra ciing 1 Ve /2. Hai dién tré R
phai duoc chon kha 16n dé tranh lam giam téng trd vao cua op- amp. Khi dua tin hiéu vao
phai qua tu lién lac (C, trong mach) de khong lam léch dién thé phan cuc. Nhu vay, khi
phan cuc bang ngudn don, op-amp mat tinh chat khuéch dai tin hiéu mot chiéu. Trong hinh
a, mach khuéch dai dao, C; 1a tu loc dién thé phan cuc ¢ ngd vao (+). Trong hinh b, mach
khuéch dai khong dao, C; dung dé tao hdi tiép xoay chiéu cho mach va giit dién thé phan
cuc ¢ ngd vao (-) 1a Ve /2. DO khuéch dai caa mach van khong doi.

7.3 MOT SO UNG DUNG CUA OP-AMP:

7.3.1Mach lam toan:

Pay 1a cac mach dién tir didc biét trong d6 su lién hé giira dién thé ngd vao va ngd ra
la cac phuong trinh toan hoc don gian.

a/ Mach cong:

i R I Nl tan I o i a
. o Céc déng dién chay qua cac dién tré 1a:
1
v, . W oW
11=_1'12=_2; 'lnz_n
B'1 Rﬂ Rn

Tdng cac dong didn nay chay qua Re v
tao thanh v nén ta cd;

Hinh7.12
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Chuong 7: OP-AMP_Khuéch dai va tmg dung

=y :Zj_lkjvj (?4)

Trong dé: klz_R_f;kQ:_R_f- I —_i_f

R 2ty

1 2 1

Néu: Rg=R{=R,=..=R,thitaco:
Yo=Y (7.5)

Tin hi¢u ngd ra bang tong cac tin hi¢u ngd vao nhung ngugc pha.
Tachuylavi 1a mdt dién the bat ky c6 thé 1a mot chi€u hoac xoay chiéu.

b/ Mach trir:
Ta c6 2 cach tao mach trur.
* Trir bang phwong phap doi dau:
bé trir mdt s0, ta cong vdi s6 doi cua so do.
LE: %Rl R, /\v,'\ljf
= ve Hinh7.13

+

i fvﬁl /;
v, dau tién dugc lam dédo r6éi cdng voi vy. Do do6 theo mach ta co:

Vu = - —V1+ -_—— Vg
Rl Rﬂ

MNéu ta chon Ep=R{=Ry,1ta chroe:
vy =—(w, —v, ) (7.6)
Nhu vay tin hiéu ¢ ngd ra 13 hiéu ctia 2 tin hiéu ngd vao nhung dbi dau.
* Trir bang mach vi sai:

Dang co ban
V2 R, Ry Ta cd:
= E
ﬂlwll;.vm I vy, =V, =V, —
WL+ Vi i +E;
vy Dong dién vao by vo qua Ri 58 qua Renén:
Rf‘ T'“FE_T'“Fm=T'“FJJ:L_T'“FIZI
Hinh 7.14 E; s

Thay tri s cua vy, vao bi€u thirc trén ta tim duogc:

E
Vo =5 (M= va) 7.7
NéuRp=R; ta cb: vy = (v{-v5) (7.8)
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Chuong 7: OP-AMP_Khuéch dai va tmg dung

¢/ Mach tich phéan:
Dang mach
Dong dién ngd vao:
=242y 40
Rl R2 Rn
I: a1 a1 a1 a1
[ Dong nay nap vao tu C vatao ra v,
[ t t
> 1 1
T vD:——II.dt:——I — =+ =it
- C ] C 1] Rl R2 Rn
I Hay
Wi t
1 1 1
! Wy = —_[ W+ v, |dt
! IR, C! U R,C C
t n
Hinh 7.15 =y = Izkjvjdt (7.9
0 j=1
. . 1
Ve kj 14 d8 lod cha cdc ngd vao: k= R
PicbidtkhiR1=R2=_=R_=R :
1 g2
“uz_ﬁ.[;.;vj'dt (7.10)
* Hai van dé thuc té:
- biéu kién ban dau hay hang so tich phan:
Dang mach can ban
Truong Van Tam VII-10 Mach Dién T
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Vo Eo Eo
A A Trude hét khoa 3 hd, khoa & déng, tu C
3, sé nap d1én. Ngo ra sé tang by 0 1&n dén
™~ tr1 28 Vg (Lru v s dd1 di). Sau dé 53
duoe md ra va 31 dong kin, tu C vhn gily
v R tri 56 nay vi khong cd 161 thodt. Mach
S thanh mach lay tich phin cia w. Do do:

1
VD = _.I- ﬁvidt +1;ur|:|

Wién Vp la diép lzi&n ban d&u hay hing 58 14y tich phin.
Mah 716 - Trir d1&n thé offset:

R Vi cac op-amp c6 dién thé offset 1én
N AV'NIV &ngd ra (dién thé ng® ra khi ngd vao
s bang 0 wolt), w0 s& chiu mot sai 56 dang
Vi R lké Pé khic phuc tinh trang nay, mét
vV - o dién tré Rf‘ durore mac song song v C
Hinh 7.17 + dé tao hbi t1ep &m cho tén

) thép. Nhu vay khi c6 Ry, mach chi c6 tinh tich phan khi tan s6 cta tin hiéu f thoa:
1

=
Znke.C N .
, Rekhong dugce qua 16n vi sy hol tiép am s€ yeu.
d/ Mach vi phan:
Dang mach
Fe i
M', Tin hiéu vi nap vao tu C bang dong dién y;
. .
v, C cotrisd: i : ;‘
I =
_| ! ve Pay ciing chinh la dong dién chay qua
—* - b n
1; + dién tr& R, vay:
B dv,
Hinh 7.18 To= TR

Vin dé thuc té: gidm tap am.

Mach don gian nhu trén it dugc ding trong thuc té vi co dic tinh khuéch dai tap am ¢
tan sb cao, day 1a do d6 loi cta toan machGting theo tan s6. Dé khic phuc mot phén nao,
nguoi ta méc thém mot dién tré ndi tiép v6i tu C ¢ ngd vao nhu hinh 7.19.
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Rf% Lic niy mach chi cé dgc tinh Ly vi
phan tot kb tan 55 cba tin hidu nhd
E;
Vy C %TI:R e ;
Y ] - . hon i~ Phai lua chon Ri thé
P A 2 - R A .
. nao df m:;_uih glam tineu té1 dajtap arn
1; + ma digu kién trén van duoc thda méan.
Hinh7.19
7.3.2 Mach so sanh:
a/ Pién thé ngé ra bao hoa:
Ta xem mach hinh 7.20
Tacd: = Al -T=AT
- Wi Ei=v1 -2 )
¢ - Ei la dién the khac nhau gifta 2 ngd vao
4 va duoe dinh nghfa: ?
v, —Y Ei=(dién thé ngd vao +)-(dién thé ngd
TAD -, o
Do mach khdng cd hii tiép am nén:
Hinh 7.20
Vi =A_E1
Trong d6 A 1a d6 loi vong hd cia op-amp. Vi A rét 16n nén theo cong thirc trén v, rat
16n.

Khi E4 nho, vy dugc xac dinh. Khi Ey vuot qua mot tri sb6 nao do thi v, dat dén tri sb
bao hoa va dugc goi 1a Vgy.. Tri s6 cua Ed tuy thudc vao mdi op-amp va cé tri s6 vao
khoang vai chuc pV.

- Khi E4 &m, mach ddo pha nén vy=-Vgat

- Khi E4 duong, tirc vi>v, thi vO=+Vg,,.

Dién thé ngd ra bao hoa thuong nhoé hon dién thé ngudn tir 1 volt dén 2 volt. DE y 1a
Vsl c0 thé khac |-V,.

Nhu vay ta thiy dién thé Eq tdi da 1a:

+

+E — ASEII
-V

-E — ASat

b/ Mach so sanh mirc 0: (tach mirc zéro)

* So sanh mirc zéro khong dio
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Dang mach
Dién thé & ngd vao (-) duoc ding lam
dién thé chudn va Ei 14 dién thd mudn
= demn so sinh véi dién thé chudn duoc
/J;fmf:[l

- dura vao ngd vao (+).
.- " Khi Ei=Ver =0v thi vo=+Vsa
L Khi Ei< Ve =0v thi vp=-V
E; /77

Hinh 7.21

Thi dulhi E; cé dang tam giac thi dang séng ngd ra vy cd dang nhw hinh 7.22

Vo
1 3
v
+WVsat ’ +WVsat I
_h_
1] - L4 >
MM e
—_— 'VSat .Iiur
- W Sat

Hinh 7.22
* Mach so sanh mirc zéro dao:

Lang mach
Dién thé chuﬁll Vyer =0v d8t & ngd vao
(+). B1ién thé so sanh E; duwa vao ngd
E; = Tao (-,
Vet |, S EMEevi
Ry g raf [u] Sat
Hinh 7.23
4 Vo & e
+v5at e
— |+ Vs

/\ k

'vﬂat
Hinh 7.24

¢/Mach so sanh v6i 2 ngé vao c6 dién thé bat ky:

* So sanh mirc dwong dao va khong dao:
- So sanh murc duong khong dao:
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Chuong 7: OP-AMP_Khuéch dai va tmg dung

1 1""Tref'
I +
E; Ri=
Hinh 7.25
4 Yo -
+1“r3at ) é
Vref'
] E;
A
> 'vSa.t

- So sanh mirc duong dao:

Dién thé chudn Ve =0v dit & ngd vao (-).
Dién thé so sanh E; dira vao ngd vao (+).
Ehi Bz Ve thi vo=+ Ve,
Ehi Ei<Vierthi vo=-Vsu

Vo

Vaa| |

Hinh 7.26

t¥

Prién thé chufn Vs =0v dit & ngd vao (+).

Bién thé so sarh E; dura vao ngd vao (-

¥hi E>Ver thi vop=-Vsuq

+ v, Khi E<Wer thi vo=+Vsu
+ =]
Vord? i
Hinh 7.27
i
4 Vo F Y *
. +Wgat +Veat [ P
vref' vref'
L 4
AN / .
0 E; O \/C\ £
B
W '
_h—
W
Hinh 7.22
* So sanh mirc Am dao va khong dio:
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- B0 sanh mye &m khdng dao:
Pién th{é‘ chudin Vir <0v dat & ngd vao (-).
Brén thé so sanh E; dua vao ngd vao (+).
WVier Ehi E;=Vier thi vg=t+Vsu
+ ve  Ehi Ei<Vier thi vo=-Vsy

/;7 E, Ri=
77

Hinh 7.29

i

Var /\
T

R TN
. I I VI V%

Hinh 7.30

v

P

¥

- So sanh muc am dao:
Fién thé chuéll Veer =0v dit & ngd vao
(+3. B1én thé so sanh E; dua vio ngd

E; = wao (-0,
" - Ehi E;=Weer thi vwo=+ Vo
? Ehi Ei<Vyer thi vo=-Vsu
- Re=
Vre:f'

o
4 Vo *
—_— +VSat +VSat
_ A
N : N E7AED K
E; 0 T
me Ei
“Veu - N/ \V%
-WVag
Hinh 7.32

d/ Mach s6 sanh véi hoi tiép dwong:

* Mach dao:
Dang mach

Tin higu so sanh E; duoe dua vao ngd

Ei o B vao (). f
e + vo  Dién thé chulin Vir ducc lay tr mot
=F.: phén cha dién thé ngd ra v0 qua ciu
=W phén thé Ry, Rz Céc dién trd Ry, Rz
R, i 1 ik 35 nhir vy con ddng vai trd mat héi
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tiép duong nén v, luén ludn & trang thai bao hoa. Ty theo muec tin hiéu vao ma v, giao
hoan & mot trong hai trang thai +Vg, va -Vg,,.

E E
Tacdh W= : g = : -vsu = B-vsu
R1+R3 R1+R2
E

Trong dé: B= =———— ooi lat] 56 hdi tidp duone.
g R, +k, p duomng

Néu ta tdng E; tur tu, ta nhan théy:
Khi Ei<Vref thi V0:+VSat
Khi Ei>Vref thi VOZ-Vsat

Tri s6 ctia E=V ¢ =B.(+Vsa) lam cho mach bat dau doi trang thai dugc goi la diém

nay trén (upper trigger point) hay diém thém trén (upper threshold point).
Vurp=B.(+Vsa) (7.12)

Bay gio néu ta glam E; tu tu, chu y 1a luc nay Vo——VSat va Vie=B(-Vsa), ta thay khi
Ei<B(-Vsar) thi vy chuyen sang trang thai +Vg,. Tr1 s6 cua E; lac nay: E;= Vier = B(-Vsa)
duogc goi 1a diém nay dudi hay diém thém dudi (lower trigger point-lower threshold point-
Virp). Nhu vay chu trinh trang thai cia mach nhu hinh 7.34.

Nguoi ta dinh nghia:
VHZ(HysteresiS)ZVUTP—VLTP
Vi=B{(+Vsa)~(-Vsar)] (7.13)
Neéu |[+VSat|=|-VSat|=Vy=|23. Vs
Vo o4 A Vo A& Vo
+ﬁr5at VuTe " /Vmp T
i~ F
0 B, 0 Ey 0
v
‘vSa‘t ................. - o
(a) (b) e m
Hirh 7 .34
* Mach khong dao:
Dang mach
Ri - %Rz Thay 431 E; ta nhin thiy:
JIV'V & * - Ehi VA{'\.?:EFF' thi wo=-Vsat
- Ehi W, bt diu 1én hon O volt, mach
* w0 |- vo=Vs. 301 trang thai vi vo=+Vsy. Tri 58 E; khi

L
-TE; /J: ﬁRL vl;)ibﬁt ::'iﬁu E'iéi trang thai duoc goi la

di8m nay trén VILITF.

Hinh 7 35

- Bay glo néu ta giam E (vo dang la +Vg,), khi VA bat dau nhé hon V,.=0v thi v, doi
trang thai va bang -Vgar. Tri s6 cua E; ltc nay goi la diém nay dudi Vi p.
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Vo oa A Vo & Vo
S & U I - -
s Wore Wrre
|~
0 B 0 By 0
ViTe
. e - “ »
& = ()
= =) : Wy
Hinh 7.38
Tinh VUTp va VLTP
Ta Cé: vﬁ:vsat—RzI
A I= vsm. _Ei
E,+E,
. V. —E,
Va}r_ VA=VSHT__ Sat 1.:E2_2 _ vsu_ Rz _ gm-_+ R2 E;
Rl +R2 RI +Rg R1+R2

Fhin biét 2 trrdmg hop:
- Ehi téng E; tr tri 55 that &m 1én, Inc d&u Vo= Vaut nén:
E E
W = (W ) — 2 (Vo 0+ — 2
N ( Sat:l R1+R2 I: Sai:l R1+R2
Ehi V=0 tirc E=VUTP, vy ddi trang thai, ta suy ra:
E

Wip = — —— (—Wgy) = 0
R, ™ (7.14)

- Khi giam E; tur tri s6 duong dan xuong, luc nay vy=+Vg, nén:

i

E E
V= (Vg ) - ——— (+Vg )+ —2—F,

E,+E, E,+R, °
Fhav 1=0, tlre E=VLTF, mach d&i trang thar. Vay:
4 R
+W,, 31— L 42 WV o =0
': Su}( R1+R2} Rl +R2 LTP
R
= Vg = ——L(+V,, ) =0 (7.13)
Rﬂ
R, (7.16)
T"TH_T”TUTP_T"TLTP :_[[4_1;;5&) I: T”Ts :'] ’
Va E,

Chiy § 1a [+ Ve, | o6 thé khac |-Ve |
e/ Mach so sanh trong truwong hop 2 ngé vao cé dién thé bat ky véi hoi tiép
duong:

*Dung mach khong dio:
Dang mach
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W .
ref . Khi V< Viee = vo=Vou Vi Va=E,-R)I
“{ Yo yei Ao
Vs + R, +E,
E.—=
Rz MNeén Vﬁ.in_Rl - :
. AN, R, +R,
1
R R ]
I Hay V,=FE,-—LE + Ly ]
= vt R, +R, ' R,+R, ° 17
E, Hinh 7.37

~ Khi V5=V, thi mach doi trang thai (vo d6i thanh +Vsg,), tri s6 cua E; lic nay goi la
diém nay trén Vyrp. T (7.17) ta tim duogc:

Ry +R; —ﬁ(—v }
] S
R, E, (7.18)

Méu chon Eo=nRq,ta lale}

Vi =

1 1
Vo = [1+;]me —H(—vm:' (7.19)

- 3 trang thai méi (vj=+Vg,,), by gitrta gidm E; thi khi V, c6 tri s5:

R, . _R

- (+Vay J

V. =E. -
& R, +F,

' R, +E,
béng V.er thi mach s€ doi trang thai, tri s6 cua E; luc nay goi la diém ndy dudi Virp.
Tuong tu nhu trén ta tim dugc:

R, +E E.
=L T2y L)
R, R, (7.20)

vanéuy nk4=F, thi:

-'i";rL'I'l:I

1 1
Vi = [1 + _]Vm’ ——(+Vgy )
f 1l

by dd:

(7.21)

o ) — (=W,
szvm_vLmz { Su:' I: Sal)

1

Newrdi ta thiremg dinh nghia tri s6 trung tAm 1 tri trung binh ciia VUTP va VLTE:
Wi + W 1
Vo= ———2F 5 =E = (1+—]VM

11
néu |+Vsat|:|'VSat|
* Dung mach dao:
Dang mach can ban nhu hinh 7.38

(7.22)
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E; . . 2 2 .
. Ehi E; con nhd hon Vy, v & trang that +Veu.
Dong diénIquaRl, R2 cdtr 50
Va + "~ R, +R,
F: Dién thé tai ngd vao (+) 1a
7, A O Va=R, o
5 T Méu ta tang E; 1én iy tir, ki ]jjidat déntr1 58 Vy
thi mach d51 trang thai, tr1 56 coa E; e
Hinh 7.3
T“Tref'

do, cling 1a tri sO cua V, goi la di€ém nay trén Vyrp.

Vo = -RI+V,

R e TV Ly
E E
Vo = |1-——— V. + ! +7
TP Rl +R2] Tef R1+Rg ( Sar.:'
fn 1
. = Vyp = N + (+V oy )
Néu chon R=nR, I+n l+n (7.23)

- Otrang thai méi v=-V

Ve Vg _ Vi “ (V)

Rl +R2 B'1 +R2

Wrg (Vo) VL,
E,+E,

Dong I =

V,=-R,I+V, =-R,

Néu ta giam E; tir tir, dén khi E=V mach s& d6i trang thai (vo= -Vsa) va E=V lic
do6 co tri s6 1a Vi rp (di€ém nay dudi).

R E
=V =|1- LWV +—1 (-,
LT [ R1+RJ = Rl+Rj': sa)

vanéuy Ro=nRq,ta tirn e

1 1
Vip =— Ve +—— (= V, (7.24)
LTP 141 Tef 1+ﬂ( Sar.:'

7.3.3 Mach lgc tich cuc: (Active filter)

Co6 4 loai mach chinh:

- Mach lgc ha thong.

- Mach loc thuong thong.

- Mach loc dai thong.

- Mach loc loai trur (dai triét).
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a/ Mach loc ha thong(Low pass Filter-LPF)

* Mach lgc ha thong cin ban:

Dang mach
v, 14 tin hidu vao co tin s6 © Téng trd h&T tiép
1
E % RE'-_
T zf:—lmf véi ©=27
Ry | | R, +——

i ﬁl.,l'lv Ji

P& lon elia mach

u e By
\ z E
Hinh 7.39 || = |22 =t = 1 1
W .
' PG| Ry, +——
10
F
)= —L
1+ B, C (7.25)
Khi @ con hd (tin 56 thﬁp), | A Bo/R 4, nhung khi tin 4 18n cao 7] glam déin. Tai thn sb £ ma
AW=AWU
-ai d6 48 loi gidm di 2 in ¢ +2 ) duoc goi lathn s cit. Viy £~ lathn s6 matai g6 @cRaC=1
Tire £, = — (7.26)
2R, C
B%
A A
Baivi |hy|= L Pl = 0.707 4y —45°

Lhiy 1+i 245"

Néu ta chon R,=R, thi |Avol=1

Pép tuyén tan s6 do ddc -20dB/dec vi khi tan sb ting 1én 10 lan thi d6 khuéch dai
giam di 10 1an tic -20dB. Nguoi ta hay dung mach voltage follower dé lam mach loc nhu
hinh 7.41. Pay 1a mach khuéch dai khéng dao, nhung do khong c6 dién tré nbi mass & ngd
vao (-) nén do loi bang +1.

Vg W
o v
1
o 1
Podor Tomn =R T T T jeRC
i

Tai tin 58 cit oc ta cd: oo RC=1

1

~ 2nRC

Nguoi ta thudng chon R=R dé giam dong offset.

=t
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Ly Ly

& *

Ao 0dE Rf'l,ﬂ
Ll "JE \ -3dB
Aag10 \

Ayl 100  \[-409B 1
fo 10f: | 100f,

-l'c " Hinh741
Hinh 7.40 77
* Mach lgc ha thong -40dB/dec: o
Trong nhiéu ing dung, ta can phai giam nhanh d¢ lgi cua mach khi tan so6 vugt qua

tan sO cat, co nghia 1a d§ doc cua bang tan phai 16n hon nira. P6 1a muc dich cua cdc mach
loc bac cao.

Dang mach
Tach: i "8 Y& "% Vs~ ¥o
A, E k Z g
szzR VB-Z’Cl
Vg =
. E
v, Vg E Vo N VI:I VB.}F VB = VD (1"‘ Z—HJ
oy Thay vao phuong trinh trén ta tim dwoc
. Ty 1
; Ce=ally - 2
Hirth 7.42 N vy Hz% LR
| 01 Lpydpg

Néu chon C,=2C,, ta c6:
Wy 1

v, [-20°R3*CE)+ j20RC,)

Tai thn sb ct, d5 1oi giam di~2 1in, tirc:
J1-202R3CET +(2aRC, ) = A2
=4o'RiC! = 1= 20°RP*C] =1

1

= @bkC, = = 0707
' 2 hay:
B _ 0707 727
i
2oRC

P o= p=-90°
1- 20*RACE

O mach nay d6 khuéch dai s& giam di 40dB khi tan s6 tang 1én 10 lan (46 loi giam di
100 1an khi tan so6 tang Ién 10 lan).

Géc pha p = — Arctg
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&[4 Aan(dBy  Trong thuc t&, d& thift k& mach, ngron
0dE tatheo 5 bude sau déy: ’
1. Chon tan sd cit @C mong mudn
0707 2dB 2. Chon Cy,nén chon 100pF<Cy < 1puF
3. Ch@ﬂ C2=2C1
0.1 S04E 4. Tinh R ti céng thire (7.27)
\ 5. Chon Re=2R.

404B 1

0.01

ol 106,

Hinh 7.43

* Mach lgc ha thong -60dB/dec:

Pé dat duoc do dbc hon nira-gan véi 1y tudng-ngudi ta dung mach loc -20dB/dec mac
nbi tiép v6i mach loc -40dB/dec dé duoc do ddc -60dB/dec (46 loi giam di 60dB khi tan s6
tang 1én 10 1an-goc pha tai tan sb cat 1a -1350).

Dang mach can ban nhu hinh 7.44

W %Rﬂz

Ra=2R [ -~
R:=F N o
vy R:=R / Vol :| s Hinh 7 44
Rl— aly
I
| |
!
40dB/dec 20dBrdec
1
Trong dé: ©y = Ecz;cz =20, =Gy =45
P& 1o téng cdng:
hy=to_ Y Yu
Theo phin triede: 701 _ 1 T 22 13 i
v, R T 1-4a*CiE " + j20RC,
1T+ 4
01 ppeiepn
vy 1
Va Vo h 1+ j@ERC, 1
Vav A, =

1-4@*CiR? + 20RC, + joRC, — ¥o’CICR® - 20°RC,C,
Né&u chon: Ca=20C, :‘»4(312:@32 vl 2@1C3=032
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1
[1- 202 CIR? J+ ji2oRC, — @R 3CE)
Khi &6 loi gidgm di~+2 lin:
[1-2002C5°Re1H+[2acRCs-0c3RIC E=2
Khai trifn, don gian ta tim duoc:
1+aocSROC,5=2

Suyral s o=

— o, RC,=1=R=—_ (7.28)
e Csy

Trong thuc t&, @& thiét ké mach ta theo 5 budc:
1. Chon tin s8 cit o hay £
2. Chon C trong khoéng 0.001pF dén 0.1uF

. 1
3. Lay Cy=75 "5 = 205
4. Tinh R tir cdng thire: R=1/00.Co
5. LAy R1=R2=R3=F, Ry=2R, Rpy=F.

A ] 44(dB)  GHa tri tét nhét cha R 1a tr 10k dén
1 OdE 100kC). Méu R wrot ra ngoal khodng
\ niy, ta chon Cs tri 58 khac. Chi ¢ 1a do
0707 | —3dE A5 1ot ti 18 nghich w&i bic 3 cia tin =5
nén ki thn =5 tang 1&n 10 1an thi d& 1o

D01 _AdE giam di 1000 lin trc 60dB/dec.

0.001 -60dE_ ¢
Lol 1|:|Cl.')|: "

Hinh 7 .45

b/ Mach lgc thwong thong (high-pass filter)
béy la mot mach ma d¢ loi cua mach rat nho ¢ tan so thap cho dén mot tan s6 nao d6
(goi la tan soO cat) thi tin hi€u moi qua dugc hét. Nhu vay tac dung ctia mach loc thugng
thong nguoc vo1 mach loc ha thong.
* Mach lgc thuwgng thong 20dB/dec:

Dang mach nhu hinh 7.46 ) . )
bay 1a mach voltage follower nén Ay=1. Do dién thé ngo ra vy bang vdi dién thé 2

dau dién trd R nén:
Rf}&( Wy = K ] M. = ! Wy
1

E+— - I—==
~ i@ C oRC
i Vg 1
Wy ﬁ + Wi iﬁv_vl_l_J 1
e Hinh 7 46 ok C

Khi tan s cao, téng tr¢ cua tu dién khong déng ké nén Avy=vo/vi=1. Khi tan sb giam
dan, dén lac nao do do loi bat dau gidm. Tan s6 ma tai dé do loi gidm con 0.707 Ay, goi 1a
tan so cat. Luc do ta co:
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L = oRC=1= 0, = — poo 1
@ RC EC hodc ° 2qRC (7.29)

o 1 1 —=0707.£45°
K l_J]_ W.Ei—/-lﬁ

Ta ciing c6 thé dung mach nhu hinh 7.48

Ar(dB) iy\{

o

-3 M|

=20 T
Hinh 7 .48

Y

0 1@e @

Hinh 7 .47

P E
Bd 1o = o _ £ = R
S Ay . 1 o1

o7f, C
Trong thiét ké ta ding 4 budc:
1. Chon téin =8 cit ¢ hodc fC'
2. Chon 0.001pF<C<0.1F

1
‘ E =
3 Tinh 0. C

4. Chon FE=E

* Mach lgc thugng thong 40dB/dec:
Dang mach
R:=R/Z
=R/ Ao £ (dE)

R¢=R W ‘

- 0.707 5

Cl=C Ve W

o=

2=

Wa

R,=R 01 0

Hinh 7.49 0. 1o

Vi

Do 1a mach voltage follower nén dién thé 2 dau R, chinh 14 v,. Ta co:
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ViT™W¥g Vg~ ¥y Vg~V

Z, R Z.

2

=v, = v3(2+ E?J_HU(HEEEJ

z
= .vB:}vB:vu(1+—tJ
E+Z, E

- .";. 7 a - K T Fa) a
Thay tr1 50 cia vB vao bigu thire trén ta tim duec:

27, 27l
W= VD{1+TE+—E:|

Mhung:  w,

Rﬂ

w

L2 . 2
R oiC? ) aRC

Tai tin s6 cit nTgh

> Y (2 Y
[1_3%3(33} +[m RCJ =
C C

Hay: R'0iC*=4=0,RC=.2=1414
1.414
@ C (7.30)
Mgudi ta chon =R d& gidm dong offset ngd vao. Thure t&, d& thift ké, ta theo 4 buréc:

=k =

1. Chon a¢ hay £~

2. Chon C1=C2=C thich hop
100pF=C=0.1pF
B - 1.414

3. Titth W C

4 Chorn R2=RJ’2; R=R

* Mach lgc thuwgng thong 60dB/dec o ) ’
Nguoi ta dung 2 mach 40dB/dec va 20dB/dec noi ti€p nhau dé dat dugc do doc
60dB/dec.
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R:

En=Ek }V\’
=\

Ci=c W s
o1 o1l "
e e g, Hinh7.50
Ra
40dB/dec

Z20dB/dec
ChOH C1:C2:C3:C;

e
R'ﬂ:Rl’ R‘f2_R3= R1—2R3, R2—§R3 =
Ta .:.f)' ‘i.F_Dz EF_U m
. vy Vul. Wy
Theo céch tinh & phin truede, ta co:
Vg 1

Vi1 1

1-]
wh,C

Rl
4

R
Vi Rg=71jm= !

Tha}rR1=2R3

Vo _ 1

Vi (o2 J_f{_2 __1
RipiC? JcoR3C o' RIC

Tai tan so cat:

oo 1 L farerio

v, A-iB
1
— =1=a . EkK.C=1
Sy ra; ot RS £
R, = (731)
W

¢/ Mach lgc dai thong: (band pass filter)
Day 1a mdt mach ma & ngo ra chi c6 mot dai tan gidgi han nao dé trong toan b dai tan
cua tin hi¢u dua vao ngd vao.
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Hinh 7.51
Véi mach nay dién thé ngd ra vomax dat dén tri s6 téi da & mot tan s6 nao d6 goi 1a tan
s6 cong huong o,. Khi tin sd khac voi tan sé cong hu’érng, d6 khuéch dai giém dén Tan s
thap hon o, lam do lgi gidm di con 0. 7O7V0max g01 1a tan sb ngat thap ®, va tin sb cao hon
o, lam do loi gidm con 0.707v(pm,, g0 12 tan sb ngat Cao my,.
Bang thong dugc dinh nghia: B=o0y - op
Khi B<0.1®, mach dugc goi 1a loc dai thong bang tan hep hay mach loc cong hudng.
Khi B>0.1w, dugc goi 1a mach loc dai thong bang tan rong.

) @, ,
Tish Q2= Er duoce goi 12 hé 56 phim (quality factor) cfia mach.

4 Cl:‘:lr Al A — :fr
Ve B= ! B = £, = Q7 Vg, 1)

* Mach loc dii thong biing tin hep

Dang mach
C1
| | | VL
E=2EF;
Wi R_‘L ':2 w clzczzc
Wy |
R
- Ve
o E Hinh 7.53
Ta cd
vi_vB_vB_l_vB Vg Vg
Rl RE ZEE EEI
bé 7 H_B:_E:WB __v_ﬂzm
= E E
ca 2 ]

W, [1 N J vy
n_ . — =y | —4+— —
Nep. B, ’ By Ry Z2g Ze Lo
Méudit: R’=R1ffR3

Rlzcz+R1Zcz _l_ﬁ_'_h
E'E, Rzzc, E, Zgy

=W =V

1

E E,C E

‘i.i"i:_‘ifu —1+ 1 1+_] C':'Rlcl_—l 1
R, R,C, @R 'R, C,
Ty -1

Ay =L
PR [ S (S Y R B
R, E,C, ®R'R.,C,
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Tai tan s6 cong hudng o,

E
o R,C -—— =
@ R'C,R,
:}ifR'Rgclcg (7.32)
o

Bé don gidn v tién loi trong mg dung, ngudi ta chon

Ay =t !

Vi 1+j(mRIC— ! ]

20F'C
Pé dinh bing tin B, ta tim opy va or,

Tal @], va oy ta cd:

1 ]
oR ,C- =1
20R'C

Ta cd 2 phuong trinh:

ok ,C- L, (a)
20R'C

CoR,C4— =1 (b)
20R'C

Tur phuong trinh (a) ta tim dugc:

+RCEJRCP 428 RC7
e 2R R
T phirong trinh (b) ta tim duroe:
~R'CHJ(R'CF +2R'R,C
- 2R 'R.,C
Ta chi 1Ay nghidm drong, va:
_R'C+,JR'C)* +2R'R,C?

" 2R'R.,C?
~R'CHJRCY +2R'R,CP
. =
t oR'R.,C*
VaB=ag-op = o 1 2
°R'R,C' R,C R,C (7.33)
Dé tinh R4, ta chil ¥
R R
i E,+E,
RIR,C*
R]-:&:;LE_ a3
Tha}r 2 . R2+2R3
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2 2

Ma | 1] (1) 1

@) e ) \BQ

1Y _(R,C 1) _RIC?_ RIR,C]
BQ 50 40° B, +2R,

! s 2
4Q2 R2+2R3 I: 3:]( Q :I ] 3
E E
=Ry =—2 :
Trong thiét Izé ta chon:
1. C1=C2=C

2. Chon bing tin B va thn 58 cfng huwéng o Tirdo suyra; 2 = %
3. R1,R2, B3 duoc tinh tiy cac phuong trinh:
2 E E E
Rg =—;R1=—2;R3= 22 = 22
EC 2 407 -2 40
* Mach lgc dai thong bang tan rong
Thong thudng dé duoc mot mach dai thong bang tan rong, nguoi ta ding hai mach
loc ha thong va thuong théng mic ndi tlep nhau nhung phai thoa man diéu kién tan sd cit

®, cua mach loc ha thong phai 16n hon tan sb cit m; ctia mach loc thuong thong.

T
AU:
LEF  —  HEF 0.707 A / \
: . Vo e B=;-t0 :
Hirh 7 54 ©,(HPF) @3(LPF) o
Ngoai ra ta ciing ¢6 thé diing mach nhw hinh 7.55
e } Z¢ v, I — @R, 0,
| | AU: —_—_——— = - -
R Cy ) Vi Z [1+J®R1c1)[1+Jmchz)
—MN— = v _ 1
Z; £_1+_2J+j[lecg——l J
R, C, Wk, C,
Hinh 7.55

Ta tim duoc 2 tan s ct la:
1 \ 1

VA G, =

RECE Rlcl

W, =
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Phai chon Ry, R,, C,, C, sao cho ®; < m,.
d/Mach lgc loai trir: (dai triét-Notch Filter)
bay 1a mach qdl‘mg dé loc b("z mdt dai tAn sb6 nao do trong toan by dai tan. Mach
tl‘lu(‘)‘r,lg duoc dung dé loc bod cac nhicu do mdt by phan nao do6 trong mach tao ra thi du nhu
tan s6 50Hz, 60Hz hay 400Hz ctia méto. ) )
Cé rat nhiéu dang mach loc dai triét3 thong dung nhat 1a mac 2 mach ha thong va
thuong thong song song v&i nhau hodc c6 thé dung mach nhu hinh 7.58.

& AU “JﬁLs_rdB
1 0 LFPF Mach -
\ E /"_3 v, ':':'.L Caﬂg Jul
0.707 — L\
A HEF
: : ':':'2
Wy e W i
Hinh 7.56 Hinh 7.57
| | Phén giai mach nay teong ddi phirc tap, ta chip
of] nhin cac két qua thiét k& theo 5 burde sau:
R, | o A 1. Chon C1=C2=C: Tri thich hop tir
| L= R: 100pF dén 0. 1pF.
; | \ v 2. Tinh R2 tir cdng thirc:
2
R, =
A / ‘T BC
5
R Hinh 7.58
3. Tith R, = 202
4Q°

4. Chon E_ thich hop (thudng R_=1kC(2)
5. Tinh Ry, tif céng thive R,=2Q°R._
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7.4. TRANG THAI THUC TE CUA OP-AMP

Mot op-amp thuc té khong c6 duoc cac dic tinh 1y tuéng nhu khao sat ¢ cac phan

trude. Cac dic tinh thuc té co thé thay:

- b0 lgi vong hé A: Thuong tu 10° dén hon 10°. Tri s nay duoc duy tri dén mot tan sb
nao d6 roi giam dan.

- Nhu véy ta thiy bang tan ciing khong phai vo han

- Tong tré vao z;: Thuong tir vai chuc KQ dén vai ngan MQ, 1a mot ham s6 theo nhiét
dd, tan sb va diéu kién phan cuc.

- Tong trd ra zy: Tir khoang 200Q trd xubng va ciing thay doi theo nhiét do, tin sb va
diéu kién phan cuc.

- Khi duoc phan cuc bang ngudn d6i va khi ngd vao bang 0V thi ngd ra cé thé khéac
0OV.

- Khi op-amp hoat dong véi tin hi¢u 1 chiéu, & ngo ra ngoai thanh phén tin hiéu mot
chiéu & ngo vao dugc khuéch dai con ¢ cac thanh phﬁn sai s6 do cac dic tinh thuc
té trén tao ra. Cac tac nhan chinh la:

+ Dong dién phan cuc ngd vao
+ Dong dién offset ngd vao
+ Pién thé offset ngd vao
+ Su troi
Khi op-amp hoat dong véi tin hi¢u xoay chiéu, cac tu lién lac s& ngan can thanh phﬁn
mot chiéu nén cac tac nhan trén khong con quan trong, nhung phat sinh hai van dé méi, 46
la:
- Pap ung tan s6
- Van toc ting thé (slew rate)

7.4.1. Dong dién phan cwe ng6 vao (input bias currents)
Do tong tré vao Z; khong phai 13 vo han, nén ¢ hai ngd vao ctia op-amp c6 dong dién
nhé chay qua (hinh 7.59). Nguoi ta dinh nghia dong dién phan cuc ngd vao Iz la do 16n
trung binh cua 2 dong Iz, va I

Lo | +[Ts |
[ =B+l Bl

Ip. B 5 (7.35)

R

— |
—_—

Is

Hinh 7.59
Tri s6 thong thuong cia I 1a vai pA néu mach vao 1a BJT hodc nhé hon 1pA néu
mach vao la FET.
a. Anh huéng ciia dong dién phan cuc ngé vao (-)

Trong phan nay ta coi dién thé offset ngd vao vi,=0V. v;, s& dugc ban dén ¢ phan sau
- O mach follower:
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R¢
Wy
b |
VOZRf.IB_
ov {
ViZOV
= Hinh 7.60
- O mach khuéch dai dao:
R¢
Wy
Is.
I= Ri
| vo=Rq.Ip.
ViZOV ?
Hinh 7.61
- Bé do I;. ta c6 thé dung mach:
R¢
Wy
-
R; I
1 / R
Wy W - v =[1+—MJRf.IB_ +R I,
R o
vi=OV M R,
ov
+
Hinh 7.62

Do Ig. rit nho nén ta khong do truc tiép ma do vy sau dlo suy ra Ip.. Pé v, kha 16n ta
nén chon R¢16n. Thi du néu R=1MQ, Ry=10KQ, R=1KQ
v

Taduoc: v. =11R. I = |,=—22 7.36
\ o f**B B 11Rf ( )
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b. Anh hwéng ciia dong dién phén cuc ng[(”) vao (+)
B-

Ta xem mach: —

vo=Rg.Ip+
oV {
Rg

| MN— "

ViZOV ?
Is.
1 Hinh 7.63

7.4.2. Dong dién offset ng6 vao
— Iy | (7.38)

a. Pinh nghia: 1 =|1;,

Thuong I, < 25%lp

b. Anh hwéng 1én dién thé ngé ra

Rr=Rg
Wy
: v
oV {
| Wy *
vi=0V i,\/? -
IB+
L Hinh 7.64a

Phan giai ta tim duoc:
Vo = _RG qIB+

=0 néu |IB+

- V61 mach khong déo:

- |IB— |) = _RG 'Ios
=[a|

- V61 mach dao:

+

IB+ T R:Rf / / Ri
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Phan giai ta tim duogc:
Vo = _Rf qIB+
I

_|IB7|) Rf Ios
B+| — |IB—|

Nhu vy dé giam thiéu anh huong cta L 1én v, trong mach khong déo ta mic thém
Rg=R; va trong mach dao méc thém R=Ry//R;. Cac dién tré nay dugc goi la dién tro bd
chinh dong dién. Tir cac 1y luan trén ta c6 thé thiy nguyén tac chung dé giam thiéu anh
hudng cua I, 12 mach phai duoc thiét ké sao cho: Pién tro nhin tir ngd vao (+) xudng mass
bang dién tré nhin tir ngd vao (-) xudng mass.

=(0néu

7.4.3. Pién thé offset ngd vao
a. Pinh nghia va mé hinh
Trong mach dién hinh 7.65a, ng6 ra khong phai la 0V nhu ly tuong ma c6 mot tri 5O
nao do. Dién thé nay tao ra do sy mit can bang bén trong ctia mot op-amp thuc té. Tri sd v,
nay thay doi tlly op- amp, thuong ¢ hang pv den mv. Dé tién trong phan giai, ngudi ta c6 thé

coi nhu c6 mot ngudn dién thé vi, mac ndi tiép & ngd vao (+) ciia mot op-amp 1y tudng
(hinh 7.65b) va v;, nay duoc goi la dién thé offset ngd vao

Vo=2mv
(thi ov

Op-Amp
thyc té

+

(a)

Hinh 7.65

Néu ngo ra vy<0 thi doi cuc v, lai
b. Anh hwéng ciia dién thé offset ngd vao Ién dién thé ngé ra

- Trong mach vong ho, néu A kha 16n va v;, cling kha 16n, ngd ra cia op-amp c6 thé bi
bao hoa.

|Eq |

Vio
Hinh 7.66
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- Ta c6 thé dung mach sau dé do vy,

R¢ khong dugc qua lon de giam thiéu anh huong cta dong dién phan cyc ngd vao
Tu .01 dé giam nhiéu & tan s cao

Nha san xuit thuong chi din cach (l)eim dé giam thiéu anh hudng cua vi,

| |
[
Re
—W
R;
| MWV - . Rf
741 Vo _( +?)Vio
OV? . .
- +
—— Vio
Hinh 7.67

7.4.4. Su troi (drift)

O phan trudc ta da thiy, sai s6 ngd ra v, do hai nguyén nhéan chinh 13 dong dién phan
cuc ngo vao va dién thé offset ngd vao. hai tdc nhan nay lai thay do6i theo phan cuc va nhat
1a nhiét d§. Sy thay doi dién thé ngd ra nay theo thoi gian goi 1a sy troi.

Nha san xuat thuong cho biét do thay d6i cua dong dién phan cuc dudi dang nA/°C va
d6 thay doi cua dién thé offset du6i dang pv/°C. Nhu vay dé giam thiéu sai sb v, va do troi,
ngoai viéc b6 chinh dong dién phan cuc va hi€u chinh dién thé offset (theo chi dan cta nha
san xuat) ta nén dung mach 6n 4p dé phan cuc cho op-amp va nén lua chon cac op-amp cd
d6 troéi nho va dit & méi trudng c6 nhiét do it thay doi.

7.4.5. Pap tng tin so ciia op-amp
a. Bo chinh tin s6 bén trong

Do loi vong ho A co6 tri s6 16n va déu dén mot tri sd nao do rdi giam déan theo tan sb.
bay la chu dich cua nha ché tao véi 2 1y do: mét la op-amp it khi sir dung dang vong hé ma
thuong co hoi tlep, nhu vay do loi thuc té A, thuong nho hon A, hai la dé tranh hién tugng
de dao dong & tan s6 cao. Mudn vay, cau triic bén trong ctia op-amp ludn c¢é cac tu bo chinh
tan sb (co gid tri trén dudi 30pF). Thudng do giam cta A dugc chon 1a —20dB/decade.

Déi v6i nhitng op-amp c6 bang tan ty nhién rong hon va d6 giam nho hay 16n hon
-20dB/decade thuong 1am cho op-amp d& bi dao dong khi dung mach hoi tiép (theo dinh
luat Nyquist). Trong truong hop d6 nha ché tao s& chi ddn phuong phép stra chita dap tng
bang cac mach hoi tlep ben ngoai (thuong 1a tu dién, tu dién-dién tro...)

A (dB)

A
5 10° 10° 120
10°

10*

Truong Van Tam 1 \11-35 Hinh 7.68. Dap NctaiDién Tir
tw nhién cua Op-Amp 741
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* Bang tan do lo1 don vi (unity-gain bandwidth)

La bang tan cua op-amp co6 do lgi vong ho bang 1. Thi du & op-amp 741 1a B=1MHz.

* Thoi gian chyén tiép (thoi gian qua do - Rise time)

O mach c6 do loi vong hd bang 1, néu tin hiéu vao 1a mot xung vudng 1y tuong (co
bién do tir 0 — E;) thi ngd ra khong thay d6i ngay tir 0 dén E; khi ¢6 xung vao ma phai mat
mot thot gian goi 1a dap ung thoi gian tdng qué do (transient response rise time). Thuong
thoi gian nay dugc tinh tir khi ngd ra dat 10% gia tri cuc dai dén 90% gia tri cuc dai.

Doi khi nha san xut khong cho ta biét dap Gng tan sd tu nhién (tic khong biét bang
tan do loi don vi B) ma lai cho biét thoi gian qua do nay (rise time). Bang tan don vi B duoc

035 (7.39)
risetime

tinh tir cong thue: B =

b. P loi dién thé va dap @ng tin sb
Do loi thuc té A, ctia mach khuéch dai c6 hoi tiép khong nhimg tuy thudc cac dién tro

bén ngoai ma con tuy thudc vao do lgi vong ho A. Do A theo tan sd nén A, ciing thay do6i
theo tan s6. ta xem lai hai mach khuéch dai can ban:

* Mach khuéch dai khong déo

Vi
Vo
v Tac: A=—20
! Vi _Va
R¢ Vo=V, V,
§ MWV R, R,
R;
Hinh 7.69
R
1+-°
e 1 A X N \' R.
Giai h¢ thong ta tim dugc: A, =—== ‘ (7.40)
v, R,
N
R

Trong d6: 1+ 1:{ la dd loi A, khi xem op-amp 1a ly tudng.

1

Tir cong thirc thyc t& ndy ta thdy: Néu v; 14 tin hiéu dién thé mot chidu (tin sé £=0)

A A A A A A 1 r 1z A R . A A
hodc v; 1a tin hi€u xoay chiéu tan so rat thap thi A kha 16n nén A = 1+R—f . Khi v; c6 tan so

16n, do A gidam nén A, giam theo.

* Mach khuéch dai dao: Ry
MWV
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Chuong 7: OP-AMP_Khuéch dai va ing dung

Giai, ta tim dugc: A, = Yo _ i (7.41)

v, 1 (R, +R,
4| i =f
Al R,

Nhan xét ta ciing thdy A, c6 tinh chat nhu mach khong ddo (thay ddi theo A tirc theo
tan so0).

c. P9 rong bing tin - giéi han tin sb cao

Bing tan ciing dugc dinh nghia 13 gidi han cta hai tan s6 f; va fj; ma tai d6 d6 loi cta
mach giam +/2 14n so véi d6 loi cyc dai.

Vi op-amp c6 tan s6 gidi han phia thip fi thudng rat nho (vai Hz) nén bing tin xem
nhu bing gi6i han tan sb cao fi.
AA

Ay

v

0 £y B

—

Hinh 7.71. Bang tan cua mach c6 do loi A,

Dé xé4c dinh gan dung bang tan ciia mach khuéch dai ding op-amp ta c6 2 cach:
- Mot 1a co thé dung dap ung tu nhién (vong hd) dugc mo ta ¢ hinh 7.71

B

R, +R;
R.

1

- Hai la c6 thé tinh tir cong thuc: f,, = (7.42)

7.4.6. Van toc tiang thé (slew rate)

Dinh nghia

Pién thé cua op- -ampkhong the tang dot ngot 1én tri sO cao ma phai mat mot thoi gian
du dé nap dién vao cac tu bo chinh tan sb bén trong cua op-amp. Dac tinh nay dugc do bang
van toc tang thé va c¢6 don vi 13 v/us. Néu I 1a dong nap t6i da va C 1a dién dung cua ty boi
chinh, ta co:
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Noghay noéfieathedngoda |

Thogagian C

Thi du & op-amp 741: [=15pA ; C=30pF = slew rate = 0,5V/us.

Van toc tang thé tuy thudc vao d¢ loi dién thé, tu bo chinh tan sO va dién thé ngd ra
duong hay am, thuong dugc nha san xuat cho biét.

Slewrate=

Gidi han ciia van toc ting the trén song sin
Goti v; 1a tin hi€u vao c6 dang sin voi bién do dinh v, cuia mot mach khuéch dai dung

op-amp. Su thay doi t6i da cua v; tuy thudc vao tan sd, bién d6 dinh va cho boi 27tf.v,. Néu
do thay do61 nay 16n hon van toc tang thé cia op-amp thi tin hiéu ra v, s€ bi bién dang.
Nhu vay, khi sir dung op-amp phai thoa mén diéu kién:
2nf.vi, < slew rate

hav: £ _ slew rate
Y' max 27[V

1p

7.4.7. Nhiéu trén dién thé ngo ra
Tin hiéu dién khéng mong mudn xuit hién & ngd ra goi 1a nhidu. Su tréi dong dién va
dién the offset cling dugc goi 1a nhicu (¢ tan so rat thap). Néu ta bé qua cac nhiéu do mach
ngoai tao ra thi bén trong ctia op-amp cling tao ra nhicu va lam anh huong dén di¢n thé ngd
ra. Hinh 7.72 1a mo hinh héa don gian nhat ctia nhi€u trong op-amp (nguon dién thé E,).

0

E. (1 R)
v, = +—
" R

Hinh 7.72

Nha san xuat thudng cho biét ngudn nhidu (khoang vai uV) trong khoang tan sé niao
d6 véi mot khoang thay doi cua R;. Thi du op-amp 741 ¢6 E, = 2V trong dai tan s6 tir 10
Hz > 10 KHz. Ngudn nhiéu nay khong thay ddi khi 200Q < R; < 20KQ. Khi R; > 20KQ
ngudn nhidu nay sé tang 1én rat nhanh.
Tur mo hinh hoa cua nguén nhiéu va dic tinh nhu trén, dé giam nhiéu ta thuc hién :
- Khéng dung Ry va R; qua 16n. R; dugc thiét ké < 10KQ.
- Mic mot tu nho (khoang 3pF) song song v&i Ry dé giam nhiéu & tan s cao.
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- Khong bao gio mic thém tu song song v6i R; hodc tir ngd vao (- -) xuong mass vi nhu
thé s& lam giam tong tré vao va ting do loi dién thé gay nhifu nhiéu & tan sb cao.

Nhiéu dong dién (dong dién offset & ngd) vao ciing xuat hién ¢ 2 ngd vao cua op-amp.
Nén mac thém di¢n tré bo chinh dé gidm nhiéu dong di¢n dua dén gidm nhi€u ¢ dién thé
ngo ra.
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BAI TAP CUOI CHUONG VII
Bai 1: Xac dinh v, trong mach hinh 7.59
w2 Ea
m—/\‘gl + o Hinh 7.59

3

Bai 2: Xac dinh v, trong mach hinh 7.60

1 E; wf
— A LT s ’\{lﬁf
+ W )
2 _/\J'f\"_ + _‘i’n
Ea
s Hinh 7.60
A EL

Bai 3: X4c dinh I} trong mach hinh 7.61. Thay R;=5kQ, tinh lai I;. Mach trén la mach gi?

RL)?HJ?VI{
Ej=2k —_—
M | w
+ 7 Hinh 7.61
— dv +
2k
AT
Bai 4: Mot op-amp c6 cac ddc tinh
+17 tW=15y, -N=-15v, £V,_=+13v, A=200000
W | Xac dinh vy trong cac trrong hop:
+ i
v, /F al V,=-10pv, V,=-15uv
- b Vo=10puy, V. =+15uw
|, Hirh7.62 e R
-V cf Vy=-10pw, V,=-5uv

d/ V.=1.000001v, V,=1¥
af Vo=+5mw, V,=0v

tf Vo=0v, V,=5mw
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Bai 5: Cho mach hinh 7.63
a/ Tinh v,
b/ 1?

Hinh 7.63

Bai 6: Cho mach dién hinh 7.64
a/ Tinh bang thong cua mach
b/ Ap dung bang s6 khi:
R|=R,=10kQ
C=0.1pF; C,=0.002uF
R=10 kQ; R, =5 kQ

L' R,

Rl R AW >_
W : " s .
. j

1 Hinh 7 64

Bai 7: Cho mach dién hinh 7.65

- Rk Vi Iy
i ;
A, _ _
+ + I
D, Vo
. R XE Hinh 7.65
Ay

- Diode dugc xem nhu ly tuong.
- v; ¢0 dang sin bién do 16n.
Tim dang tin hiéu ra v, va bién do cua v, theo vi. Mach trén c6 tac dung ctia mach

gi?
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Bai 8: Cho mach l}inh 7.66
Chung to rang:

Hinh 7.66

Ea
- % \ Wy >_ o

Bai 9: Cho mach hinh 7.67 ’ .
Chung té néu vi 1a tin hi€u dién thé mot chiéu thi

i ngd ra dugc xac dinh bang phuong

trinh:
dV - E
(j_':'+v_':'+v_1 1+2 [=n
d¢ R, ER,\ R,
-
Ea —|
E; B Hinh 7 &7
Wi ]
+
Bai 10: Cho mach hinh 7.68
+1 5

i

IC4l ke 1.53%

5

O

ol
i

oo
A

= "
Q7
1047== ok
10,2k
<15
a. Mach trén la mach gi? Néu chirc nang cua tung BJT trong mach.
VII-42 Mach DPién Tt
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b. Cac BJT hoan toan giéng hét nhau, dugc ché tao béng Si va dugc phan cuc véi
Vge=0.7v. Mach hoan toan can bang va ly tuong. Udc tinh tri sO cua tat ca cac dong dién
phan cuc I cua cac BJT trong mach va di¢n thé cac chan BJT (xem I¢ = Ig).

Bai 11: Cho mach dién nhu hinh 7.69. Gia sir op-amp 1y tuéng va duoc phan cuc bang
ngudn dbi xtimg +15v
a. Tim vy theo R, Ry, vy, v
b. Gia str v; bién d6i tir Ov —0.8v va V2 bién d6i tir 0—1.3v. Cho R2=2kQ va ngb ra
bdo hoa cta op-amp l1a £Vs,=%15v. Hay udc tinh tri s6 ciia R, dé do loi dién thé cia mach
1]

A, =
s v -V

2

dat tri s6 toi da va v, khong bién dang (chon R, c6 gia tri ti€u chuén). Tinh
Ay trong truong hop do.

oz

i ’7 R $R %f{
fag ' "

E
= R R Hinh 7.69

Wl

+ il
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Chuong 8

MACH KHUECH PAI HOI TIEP
(Feedback Amplifier)

Trong chuong nay, ching ta s& tim hiéu vé loai mach khuéch dai c¢6 hoi tiép am va
khao sat anh hudng cta loai hdi tiép nay 1én cac thong sb cling nhu tinh chit cua mach
khuéch dai.

8.1 PHAN LOAI MACH KHUECH PALI:

Khi khéo sat cdc mach khuéch dai c6 hoi tiép, ngudi ta thuong phan ching thanh 4
loai mach chinh: khuéch dai di¢n thé, khuéch dai dong di¢n, khuéch dai dién dan truyén va
khuéch dai dién tr¢ truyen.

8.1.1 Khuéch dai dién thé:( Voltage amplifier )

Hinh 8.1 mo6 t4 mach tuong duong Thevenin ciia mot hé théng 2 céng, mo hinh hoa
cua mot mach khuéch dai can ban.

Ea
+ W Ta 4
Ri Lomn. Vi
A L Vo
v

Hinh 8.1

- Néu mach c6 dién tré ngd vao R; rat 16n d6i véi noi tro Rg cua nguén tin hiéu thi v;
~ VS

- Néu tai Ry rat 16n d6i voi dién tré ngd ra Ry ctia mach khuéeh dai thi vO = Ayn.vi =
AynL-Vs

Trong diéu kién nhu vy, mach s€ cung cap moét dién thé ngd ra ti 1¢ voi dién thé ngd
vao va hé s ti 1& nay doc 1ap dbi v6i bién d6 ctia ngudn tin hidu va dién trd tai. Loai mach
nhu thé duge goi 1a mach khuéch dai dién thé.

Mot mach khuéch dai dién thé 1y twong khi cé dién trd ngd vao Ri bang vo han va
dién tr¢ ngo ra Ry = 0. Ky hi¢u

Bop ==

khi Ry =00, nhu vay Ayt biéu dién do loi dién thé cua mach hé (open-circuit).

8.1.2 Khuéch dai dong dién (current amplifier)

Mot mach khuéch dai dong dién ly tuong dugc dinh nghia nhu 1a mdt mach khuéch
dai cung cép mot dong dién ngo ra ti 1§ véi dong dién tin hi¢u ngd vao. HE s6 ti 16 nay
khong phu thudc vao Rg va R;. Mot mach khuéch dai dong dién ly tuong c6 dién tré ngd vao
R; =0 va dién tré ngd ra R, bang vo han.
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Chuong 8: Mach khuéch dai hdi tiép

Trong thyc t€, mach c6 dién trd ngd vao thap va dién tré ngd ra cao. Nhu vay, R; <<
RS va R()>> RL,

AL

Hinh 8.2

Hinh 8.2 1a mach tuong duong Norton cua mdt mach khuéch dai dong di¢n. Chu v,

Al
e L
ky hiéu L
v6i Ry =0, no dién ta do loi dong dién cia mot mach ndi tat (short-circuit).
Ta thay rang:
Vi Ri << Rs nén Ii ~ IS
Vi RO >> RL nén IL ( Aili ~ Al'Is)

8.1.3 Khuéch dai dién din truyén: (Transconductance Amplifier)

Mot mach khuéch dai dién dan truyén 1y tudng s& cung cip mot dong dién ngd ra ti 18
v6i dién thé tin hiéu ngd vao. Hé s6 ti 1é nay doc 1ap véi Ry va Rg. Mach nhu vy phai ¢o
dién tr&é ngd vao R; béng v0 han va dién tré ngo ra Ry béng vO han.

Trong mach thuc té: R, >> Rg va Ry >> R,

Hinh 8.3 1a m6 hinh tuong duong cia mot mach khuéch dai dién dan truyén.

I=1
—
R Gov;
* Ry Ry
Hinh 23
Ta théy rﬁng v; ~ vg khi R;>> Rg
Va I() ~ GmVi ~ GmVS khi R() >> RL
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Chi 313 G, =T;;L khi Ry =0. VAy Gy 1adién din truyén cla mach khi tai R  =0(mach ndi tat).

8.1.4 Khuéch dai dién tré truyén (Transresistance Amplifier)

Mach tuong duong 1y tuéng ciia mot mach khuéch dai dién trd truyén nhu hinh 8.4

Ey

—
1 + W r
Iz E; REgl; 59

Hinh 2.4

Mach cung cip mot dién thé ngd ra v0 ti 18 v6i dong dién tin hiéu ngd vao IS va hé
sO ti 1€ nay doc 1ap voi Rg va Ry.
Trong thuc t€ mdt mach khuéch dai dién trd truyén phai c6 R; << Rg va Ry << Rp. Nhu vay

khi d6 Ii = Is, Vo= RmIi ~ RmIs.
Chiyring R = ? khi B =ew R nhwviy ladién tré truvén clia mach hé

1

8.2 PAI CUONG VE HOI TIEP:

Mot mach khuéch dai hdi tiép gém cac bd phan nhu sau:
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MEudn
tin higu

Wach so sdnh.

hoac trén

Wlach khuch
daicinbdn

Wach 185

ol
mau

v |cé d6 I

truyén A

Hé théng hdi tiép cd
fi 58 hdi tiépld p

Hinh 8.5

Nguén tin hiéu: C6 thé 1a nguén dién thé Vg ndi tiép vo1 mot noi tréd Rg hay nguén
dong dién Ig song song vdi ndi tré R.
Hé thong hoi tiép: Thuong dung 1a mot hé théng 2 cong thu dong (chi chira cac thanh
phﬁn thu dong nhu dién tro, tu dién, cudn day).

Mach ldy mdu: Lay mot phan tin hiéu ¢ ngd ra dua vao hé thong hoi tiép. Truong
hop tin hi¢u dién thé & ngd ra dugc lay mau thi hé thong hoi ti€ép dugc mac song song voi
ngd ra va trong truong hop tin hi¢u dong dién & ngd ra dugc lay mau thi h¢ thong hoi tiép

dugc mac noi tiép voi ngo ra.

Hinh 8.6 Bién thé duoc lﬁ}r AL

Bie’_‘xj. thé Et’m_:fc
&y mau

= . +

Fhuéchda k S
2 Wi
cin ban A $

. _
= |
Hé théng hdi _

tiép B

Mach so sanh hoac tron:
Hai loai mach tron rat thong dung la loai tron ngd vao noi ti€p va loai tron ngod
vao song song.

Ding diéQduoc

In

—»

lay man
Khuéch dai
cin ban A
Hé thﬁ:ng héi —
tiep p

Hinh 8.7: Déng dién duoc liy miu
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Chuong 8: Mach khuéch dai hdi tiép

Trén ndi tiép Tron song song
lv_ 1 Khuéch dai f
Rs M| cinbin A I : Ehuéch dai
Y cin ban A
+
Wz >
——&[Hé théng b, Ngﬁgtm | H2 théng hd1
Ngudn tin _ tiép B tiép p
hiéu X
Hinh 8.8 Mach trén nfi tié‘p Hinh & 2: Mach tron song song

Ti 56 truyén hay dg loi:

Ky hiéu A trong hinh 8.5 biéu thi ti s6 giita tin hiéu ngd ra vdi tin hiéu ngd vao cia
mach khuéch dai can ban. Ti s6 truyén v/vi 1a d6 khuéch dai dién thé hay do loi dién thé Ay.
Tuong tu ti s6 truyén I/I; 12 do khuéch dai dong dién hay do loi dong dién A; ctua mach
khuéch dai. Ti sé I/v; duoc goi 12 dién dan truyén (d6 truyén dan-Transconductance) Gy va
v/I; dugc goi 1a dién tro truyén Rum. Nhu vay Gy va Ry dugce dinh nghia nhu 1a ti ) gitra hai
tin hiéu, mot ¢ dang dong di¢n va mot ¢ dang dién thé. Do loi truyén A chi mdt cach téng
quat mot trong cac dai luong Ay, A, Gy, Ry cia mot mach khuéch dai khong co hoi tiép
tuy theo mo hinh héa dugc sir dung trong viéc phan giai.

Ky hiéu A dugc dinh nghia nhu 13 ti s6 giira tin hiéu ng6 ra voi tin hi¢éu ngd vao cua
mach khuéch dai hinh 8.5 va duoc goi 1a do loi truyén cua mach khuéch dai vé6i hoi tiép.
Vay thi A; ding dé din ta mot trong 4 ti so:

I
L S
Vg L
Vg Is

Su lién h¢ gitra d6 loi truyén A va d6 loi A ciia mach khuéch dai can ban (chua co
hdi tiép) s& duge tim hiéu trong phan sau.

Trong mdt mach c6 hoi tiép, néu tin hiéu ngd ra gia ting tao ra thanh phan tin hiéu
hoi tiép dua vé ngd vao lam cho tin hiéu ngd ra giam tré lai ta n6éi d6 1a mach hoi tiép am
(negative feedback).

8.3 PO LOI TRUYEN VOI NOI TIEP:

Mot mach khuéch dai co hoi tiép 6 thé dugc dién ta mot cach té)ng quat nhu
hinh 8.10
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D¢ phan giai mot mach khuéch dai ¢6 hoi tiép, ta co thé thay thé thanh phan tich
cuc (BJT, FET, OP-AMP ...) bang mach twong duong tin hiéu nho. Sau d6 dung dinh luat
Kirchhoff dé 1ap cac phuong trinh lién h¢.

Tin Heura

hlizer = . -
Xq + Tin bigu trif Khuéch dai Xo= AX;
:@ cin ban A
*p=Xi T&i
R, bén
ngodl
X =PXo  Hzthéngnail
tidp B
Hinh 2, 10

Trong mach hinh 8.10 ¢6 thé 1a mot mach khuéch dai dién thé, khuéch dai dong dién,
khuéch dai dién dan truyén hodc khuéch dai dién tr¢ truyén co hoi tiep nhu dugce dién ta &
hinh 8.11

L=I
Ehuéch dai K;Fé'er‘l c]; i‘ﬁi ai -
dién thé tr'u}rén
R
& &
Ji . =3 N
I Khugch dai Iﬁdﬂzléfe rf?ri ai +
s S ot .
W déng di1én ok -
A rsIol
& &
o

=3
Hinh 8.11 Dang mach khuéch dai hoi tiép
(a) Khuéch dai dién thé vé6i hoi tiép dién thé ndi tiép
(b) Khuech dai dién dan truyen voi hoi tiép dong dién nbi tiép
(c) Khuéch dai dong dién voi hoi tlep dong dién song song
(d) Khuéch dai dién trd truyén voi hoi tiép dién thé song song

Trong hinh 8.10, nd1 tr& nguén Rg duoc xem nhu moét thanh phén cua mach
khuéch dai can ban. Do loi truyén A (Av, A1, Gy, Ry) bao gém hi€u imng cua tai Ry va ctua
hé thng hoi tiép B 1én mach khuéch dai.

Tin hiéu vao X, tin hiéu ra X,, tin hiéu hoi tiép Xy, tin hiéu trir X4 c6 thé 1a
dién thé hay dong dién. Nhirng tin hiéu nay ciing nhu ti s6 A va B dugc tom tit trong bang
sau day.
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Tin hiéu Loat hi1 tiép
hay t 56 Diénthé nditiép | Dongdiénndi | Dongdién song | Piénthé song
(a) tiép (b) song () song (d)
Xy Fién thé: Dong di%ﬂ Dong dién Prénthe
Xg, Xp Xy Piénthé Pruénthé Dong dién Diong dién
A day S & R
B i i L It
Y I, I Rl

Béang 8.1: Tin hiéu dién thé va dong dién trong mach khuéch dai hi tiép

Nhu Vﬁy ) Xd=XS -Xf:Xi (81)
H¢ s6 hoi tiép B duge dinh nghia:
p= 2t
Xy (8.2)

Hé s6 P thuong 1a mot sé thuc duong hay am, nhung mét cach tong quat B 1a
mot ham phtrc theo tan so tin hiéu.

Do loi truyén A dugc dinh nghia:

A=Xo/Xi (8.3)
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Chuong 8: Mach khuéch dai hdi tiép

Vay: A, = - d5 loi ciamach co hditidp

_,_I':'l_,_ =£=£Kl =_|!':'|L__:}{:s_:}{:f =_'!I:I,-‘_ KS_B}:D
£ X, X 3, ¥,

= ﬁ{l - s%} = A(-pA,)

2

= h-BAL, A (1+PBA)=A

X,
= |a, =t 8.4
X ©4)

Dai lu:ong A biéu dién do loi truyén ctia mach khuéch dai twong tng khong c6 hoi
tiép nhung bao gom anh huong cua hé thdngp, R, Rs.

Néu |Af] <|A| hoi tlep duoc goi 1a hoi tlep am
Néu |Af] > |A| hoi tiép duoc g01 1a hoi tiép duong

Biéu thirc 8.4 cho ta thay khi c6 hdl tiép 4m,do 1ol giam di(1+pA) lan so voi do loi
ctia mach cdn ban khong c6 hdi tiép.

Do loi vong (loop gain): )

Tin hi¢u X4 trong hinh 8.10 dugc nhan vé1 A khi qua mach khuéch dai, dugc nhan
v6i B khi truyén qua hé thong hoi tiép va duoc nhan véi -1 trong mach trén va trd lai ngd
vao. Vi vay T = -BA duogc goi 1a d0 loi vong va dai luong F=1+BA=1-T duogc goi la
thira s6 hoi tiép.

Nguoi ta thuong dung dai luong

N(dBE) = EﬂlogT% tire M({dB)=20log

1+[3£1'1‘

dé biéu dién anh huodng cta luong hdi tiép 1én mach khuéch dai. Néu 1a hdi tiép am
thi N < 0.

8.4 TINH CHAT CAN BAN CUA MACH KHUECH DAI CO
HOI TIEP AM:

Trong mach khuéch dai hoi ti€ép am lam giam d¢ loi truyén nhung lai c6 mdt
s0 uu diém ndi bat nén dugc tng dung rong rai.

8.4.1 Giir virng d§ khuéch dai:

Thong sé cia BJT hay FET 'khong phai la mot hang s6 ma chung thay doi rat
nhleu theo nhiét do, ngay ca cac thong sd nay ciing khong giong nhau khi thay thé tir mot
mau nady sang mot mau khac. Do do, khi nhiét do thay doi hay khi thay thé linh kién tac
dong dod loi A cia mach s€ thay ddi.

Khi c¢6 hdi tiép:
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A
1+ pa
Ta di tim su thay d8i nay khi & thay 351,
dA _dA B dil+pa)  dA+pAdJA —pAdA
A, A 1+pA A(T+PA)
da,  da 1
A & 1tpA (85
Vay khi mach c6 héi tiép, khi do loi A ctia mach khong c6 hoi tiép thay ddi thi do loi
ctia toan mach (c6 hoi tiép) thay ddi nho hon (1+pA) lan.
Trong truong hop |BA|>> 1 thi:
S
1+ PA PRA P
Nghia 1a mach khuéch dai sau khi thuc hién héi tiép 4m d¢ loi chi con tiry thudc vao
hé sb hoi tiép ma thoi. Thong thudng hé sé hoi tiép P co thé dugc xac dinh boi cac thanh
phén thu dong khong 1ién h¢ vai transistor nén do lgi cia mach s€ dugce gitr viing.

A=

f

8.4.2 Giam su bién dang:

Bién dang gom c6 bién dang tan s do sy khuéch dai khong dong déu & cac tan sb va
bién dang phi tuyén do dic tinh khong tuyén tinh cua BIJT va FET lam phat sinh hai
(harmonic signal) chdng 1én tin hiéu duoc khuéch dai lam bién dang tin hiéu ngd ra. Nhu
vy ¢ ngd ra ngoai thanh phan tin hiéu vao dugc khuéch dai con c6 mot thanh phan nhidu
xuat phat tir sy bién dang ctia mach, ta dat 1a D.

Tin hiéu ngd ra: Xo = AX; + D

Khi ¢ hdi tiép am, néu ta giit Xi khong d6i thi tin hiéu ra giam vi do loi A; < A.
Nhung vi sy bién dang ti 1€ vo1 A¢nén cling giam theo.

Khi c¢6 hoi tiép 4m, mach khuéch dai A van cho thanh phan bién dang D nhung ¢ ngb
ra ciia mach toan phan sy bién dang bay gio chi con 1a Dy

De=D - BAD;
=D, (1+p4)=D
D
1+ P4
Vay nhidu ciing giam di 1+BA 1an khi c6 hoi tiép am.

(8.7

f =

8.4.3 Gia tiang dai tin hoat dong:

bo loi truyén ctia cac mach khuéch dai thudng 13 mot ham s theo tan s (xem lai
chuong dap tuyen tan s6).
- O tan s cao ta c6:

h=ta

T
1+1—
f\H
Trong d6 A, 1a d0 loi cia mach ¢ tan sb gitra
fy 1a tan so cat cao
Néu mach c6 hoi tiép am thi do 1oi truyén bay gio 1a A¢
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“E"m
1+
A i A
; = =
A
WRA  ypfn qypa, +i—
f
1+j— H
f\H
A
A, = a
(1+&Am)[1+j;}
Hay (1+Pay )y
— "E!Lm ]'
Trphn |
(1+pa, iy
Tén 56 tai 46 a8 loi glam di 3dB tng v
f
L 1ofy =1+ PA, (8.8
(1+BA, )iy =l B

Nhu vay khi thyc hién hoi tiép 4m, tan s6 cit cao ting thém (1+PA,,) lan.
Tuong ty & tan s6 thap:

'Lll:l."'m.

f
1—-i-L
CE , o
voi fp 12 tan soO cat thap cia mach khuéch dai can ban khong cé hoi tiép.
Dung cach phan giai tuong tu ta ciing tim dugc:
Ly (8.9)

1+BA,

. bé v 1a trong am thanh fy; >> f; nén dJ rong bang tan thuong duoc xem nhu gﬁn
bang fy; hay fyr.

8.5 PIEN TRO NGO VAO:

b=

L=

Bay gio ta xét anh huong cua h01 tiép am 1én téng trd vao cua mach khuéch dai.
- Néu tin hiéu hoi tiép dua vé ngd vao 1a dién thé va ndi tiép véi dién thé ngd vao
(hinh 8.11a va hinh 8.11b) thi tong trd vao sé tang.

—»

+
e () R Hinh 8.12
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Vi dién thé hoi tiép v¢ ngugc chiéu vdi vs nén dong dién vao I; nho hon khi mach

chua co6 hoi

tiép fm. Nhr vy dién trdngd vac Ry = ‘;—5 1ém hon dién tré ngd vao Ri khi chia c6 hdi tiép. Phin sau ch

ta s& thay:

R, =R, (1+pA)=R,F

i

(8.10)

- Néu tin hiéu hdi tiép dua vé ngd vao la dong dién va méc song song véi tin hiéu
dong dién ngd vao (hinh 8.11c va 8.11d) thi tong tr¢ vao sé giam.

{*‘#

=

L
—»
o

T

1

1

v=F

i Hinh 813

Vil =I5 - I; nén I; (voi mot gid tri xac dinh cua Ip) s& nhoé hon khi chua c6 hdi tiép

am.
E,.L, . .
Viy By =8 - it bi glam.
IS IS
Phin sau chiing ta s& thiy
E; E

R- = =
1+pa  F

i i

(8.11)

Cac dac tinh cua 4 loai mach hoi tiép am dugc tom tat & bang 8.2

Loat hit tiép
Diénthé nditiép | Dongdiénndi | Dongdiénsong | Piénthé song
_ tiép s0ng SONg
Dang miau Hinh 8.11a Hinh 8.11b Hinh 8. 11c Hinh 8.11d
E.f GHam Téng Tang CHam
Ry fTﬁng_ | fTﬁng. | fE‘riém ff}iém. |
Dic tah Ehuéch n:i!al d18n Khu@ch dalxdm’_‘n Khuéch_dm dong | Khuéch da1~d1e’_‘n
' thé dan truyén dién tré truyén
G En
Giit vitng Fiof Tang A Tang
Bing thn Tg”ng Gam TSng Giarmn
Eién dang GHam GHam
Béng 3.2 Anh hiréng chia hii tifp fm 18n mach khuéch dai
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8.5.1 Mach hoi tiép dién thé ndi tiép:

o Dang mach hinh 8.11a dugc v€ lai trong hinh 8.14 V(N'Ti mach khuéch dai, dugc thay
thé bang mach tuong duong Thevenin. Trong rpach Ay dién tg"l do loi dién thé cua mach
h¢ (khong tai) nhung xem RS nhu mdt thanh phan cua mach khuéch dai.

, ) . v
Tir hinh 8.14 ta thiv dién tré ngd vao véi hdi tifp 1a Ky = I—S
Trong d6; Vs = Buls +vp = B.L + Py '

A . K i U]
Vi vy = s A i N -
E,+E, v, E,+E;

I R, L
— —
. W F , N
Vs C) - E R R, § E o
- |_> A TAvm i D
S i ‘—| ¥
| "
v =Fv
‘i.i"s i
R:‘f = I_ Ry Ry,
Hinh 8.14 Mach khuéch dai hdi tip dién thé ndi tidp
Nagle - Ay = Aw R
v, R, +R,
v, R.I.+Bv, Rl +BA Rl
SR T T ]
Vay: Ri=Ri(1+BA,) >R;

Trong d6: Ayni. d0 loi dién thé ctia mach ho khong hdi tiép
Ay @6 loi dién thé cua mach khong c6 hoi tiép va c6 Ry,
Nhu vay:
Avynt = lim Ay (8.14)
RL—)OO

8.5.2 Mach hai tiép dong dién néi tiép:
Dang mach mau hinh 8.11b dugc v& lai trong hinh 8.15
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I IL=L
—r —»
4 + + G v R + +
e () v | X, =| rRE | Y,

’_’—r"“ﬂ-— ¥ ‘—| A
-

‘ =Py

R]-f = ‘;—S Rat Erl:li

Hinh £.15 Mach khuéch dai hdi tiép déng dién ndi tiép

Tirhinh 8.15,tacd: R, =‘I’_S
G Ry
TR, +ER,

I, GuE,

Pt Gu=—=—2"0
TN Ty R, +E,

1

Va I,

(8.15)
VAY I, =G, = Gy R, L

Nén R, = ‘;_s _ RiIiI+ Bl, _RL+ fisGMRiIi

1 1

i

BV A

Ry =R;(1+ PGy (8.16)

Va Gy, = limGy,
RL—)O
Trong d6: Gm 1a dién dan truyén ctia mach néi tit (R, = 0)
GM 1a dién dén truyén ctia mach khong c6 hoi tiép nhung c6 tai.

8.5.3 Mach hoi tiép dong dién song song:

Dang mach mau hinh 8.11¢ dugc vé lai trong hinh 8.16 v0i mach khuéch dai dugc
thay thé bang mach tuong duong Norton. Trong mach nay A; bi€u thi dong dién ctua mach
noi tat (R = 0) vdi ndi tré nguon Rg duge xem nhu mot thanh phan ctia mach khuéch dai.
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L L
— —
+ +
- AT
L G) = l]; P K R lé) g R, g R, Va
_ -+ ) _
v,
E.=-
if Is
Rﬂt E.rIZIt
Hinh £.16 Mach khuéch dai héitiép déng dién song song

Tirhinh 8 16tacd: Is =L +1; =L+ Bl

. AT R
Var, =310 _ 4 T
. RD +RL
I AR
Trong dd b, =-2=_—32""2_
L, E,+E (2.177

Vo A7 ladd lon dong dién ki khing cd héi tiép nhung cé tai g, nhw viy:
I.=L+p, =1 +p&A .1, =1+ A0
vil By = Ev;‘a E,;= ;—1 , ta tim drge:
=3 i

KE

By = A+ pa L,
— R 1 - R
‘ 1+ pA, ®18)

va A0 = limAT
Ep—0

8.5.4 Mach hdi tiép dién thé song song:
Dang mach mau hinh 8.11d duoc v& lai trong hinh 8.17

L L
——» —»
+ +
Is % %u [35‘:-",:, W, Ej. j— Rm]; $ ET_ o
r O - T ] -
E

Ry =

IS
Rﬂi Erlilt
Hinh £.17 Mach khuéch dai hdi tié‘p dién thé S0NgE SOng
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Ty mach trén ta cd;
I, =1, +I, =1, +pv,

5 m ic L
va Vg = —0——— = FE 1
E, +E,

Vo E_E.

Trong dd: R, = ==L 2.1%

UL R,+ER, (&.19)

vy E,I, E.,

v.‘ R :—1= 11 = 1
& T, oo BaBoli] 14ptaf
' E,+E, Fo+EL

Viy: P (8.20)
1+PEy < B,

Chil ¥: R, 1a dién tré truyén ciia mach ho (R, = o)
Ry 12 dién tro truyén cua mach khong c6 hoi tiép nhung c6 tai Ry,
Do d6:R,,, = lim Ry,
RM—)OO

8.6 PIEN TRO NGO RA:

Bay gio ta xét anh hudng ctia hoi tiép 4m 1én dién tré ngd ra cia mach khuéch dai.

- Néu tin hiéu héi tiép am 14y mau dién thé dé dua vé ngd vao thi dién tré ngd ra cua
mach s€ gidm (R,<<Ry).

- Néu tin hiéu hoi tiép am 1dy miu dong dién dé dua vé ngd vao thi dién tré ngd ra
cua mach s€ tang (R,7~>Ry).

8.6.1 Mach hadi tiép dién thé ndi tiép:

Chung ta di tim dién tré ngd ra R, cua mach ¢ héi tiép nhung chua mic tai R, vao.
bé tim R, ta ndi tat ngudn ngd vao (vs = 0, I = 0) va dé ho tai (Ry = ). Pua mdt nguén
gia tuéng v vao 2 dau cua ngo ra, tinh dong dién I chay vao mach tao ra boi v. Dién trd ngd

ra dugc dinh nghia:

w

Tirhinh & 14 ta tim dueoe (v,:, durore thay thé bﬁng 7

VoA vy VA PAgg v

I
B'IZI B'IZI
Bivivg=0=v=v=-pV
Nén:
7 E,

R, - _ 0
T T4 Phyy (8.21)

Chu y 1 R, chia cho thira s6 hoi tiép 1+BAyn. ( chir khong phai Ay), trong d6 Ayne
1a d6 loi dién thé ctia mach khong ¢6 hoi ti€p va ho (R = oo).
Khi dua tai Ry vao mach, dién tré ngd ra cia mach hoi tiép bay gio 1a R’ s = Ry /R,y
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A P - 1. 8 1
TUR, R, 1+phygg [R, TR
(It Phmpe) ] —F
F,R, BBy /Ry +R )
B P S G Y 1+BAM.RL
E,+E,
ViR'g =R /By ladién tré ngd ra khi khing cd héi tigp nhung cd RL. Nhu vy
RI
R'. = 0
= 1 phy (8.22)
Ve g o 2w K
E,+E,

Chi y 1a by gio R’ chia cho thira 0 hoi tiép 1+BAy, trong d6 Ay 1a do loi dién thé
cua mach khdong c6 hoi ti€p nhung co tai Ry.

8.6.2 Mach hdi tiép dién thé song song:

Xem lai hinh 8.17. Ngit ngudn ngd vao (Is = 0) va cho hd tai (R, =o0)

Taco: B =TT
I
Vi 1= Tl
REI
Vile=0nénl=-Lval =-pvy=-pv
Do dd:
- v+ v B
= R
Hay:
- v+EvER,  v(I+pE,)
R'I:I RI:I
PR (8.23)
I 1+FR,

Rm: D6 loi dién trd truyén cia mach khong hoi tiép va khong tai.
Khi mac tai R vao ta co:
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E. R
R'y=R #R,;=—2—"%
EL.+E;
E
E,. :
R 1+BE, B BB 1
Df_R N Ey  1+pR, R +R. +ERLE,
" 14+pR, 1+ PR,
RDRL"II(RD +RL)
1+ BRm'RL
E,+E,;
ViR’ =Rg /MRy ladiéntrd ngd rakhi chura cd hdi tiép nhung cé tai. Ty dé:
E L
RYy=R iR, ="
Hé: 1
E
R|Uf= 0
1+ (R (8,243
. E E. v am 4 oarm - A . n PR LA Pz
Vil R =W ladd lon dién tré truyén cia mach khong cd hii tiép nhung cd tal.
IJ+ L

8.6.3 Mach hoi tiép dong dién song song:

Xem hinh 8.16 v6i vy =v
W

Tacd 1= — 4T

RD
Voile=0,L=-Ir=-ply=pI
Vay

w
I= R__ P, I hay I(1+ph,) = Rl

o 0

Dodé R, =%=RU(1+[3ﬁi) (8.25)

voi At la do loi dong dién cia mach ndi tat (R =0). Khi mic Ry vao:
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EasBr  Bo(I+paADE,
R, +R, R,(1+p4)+R,
RI — RURL . 1+B"‘£‘"1

“T R 4R, 1+PAR AR, +ER,)
ViR e = Fo M By tatim duge:

R, =R /R, =

1+ BA

E' . =FE.
of o T+ B, (8.26)

"E"iRU . . .
Trong dé A= R, TR ] 12 dd 1ot ddng dién cla mach khuéch dai khdng hai tidp nhung cd tai

8.6.4 Mach hoi tiép dong dién ndi tiép:

Xem hinh 8.15 vd1 vg =0, Ry = o0.
Dung cach tinh tuong tu nhu cac phan trén ta tim dugc:

B, =R, 0+pG ) (2.27)
va
1+ B3
E',=R PG n (2.28)
1+BG,,

Dic tinh va théng s6 ctia mach khuéch dai hdi tiép duoc tom tit trong bang 8.3. Chu
vy Gm la dién dan truyén cia mach khong c6 hoi tiép ndi tat (R =0) con Gy 1a khi c6 tai.
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Diang mach Didn thé ndi Lid Dong d,ie’_‘n néi Dong dién song | BEién thé song
Bric tinh ' P tiép sOng SOng
Tinh hiéu hd1 tiép 2 Bién the Biénthé Ddng dién Diong dién
Tin hidu droc lay . \ n i . o
mau Biién the Dong dién Ddng dién Biién the
Mach vao: Bt
Mach ngd ra: Dt V=0 I=0 Iy=0 vp=U
Ngudn tin hidu L=0 [=0 v=0 v=0
B= K}{ Thevenin Thevenin Morton Morton
’ V/ Vi L I/
_ K% Vg I; I, Vg
i I I
F=1+BA Av:“%i sz%i _L":"._I:% RM:VnIi
Af 1+BAy 1+B Gy 1+Pag 1+PRy
Rif AeglF Gg/F AglF Ry t/F
Fof R,F R.F R,/F R,/F
) E, Eo(1+pGy,) Eo(l+pa;) E,
R’ e=ER /Ry —
14 P g 1+ PR
RIU RI 1+BGII1 RI (]‘+|3"'£"'1:| RID
| F " F " F F

Bang 8.3 Phan tich mach khuéch dai hoi tiép

8.7 PHUONG PHAP PHAN TICH MQT MACH KHUECH
PAI CO HOI TIEP:

Budc dau tién trong viéc phan giai 1a nhan dang loai mach hoi tiép. Mach vong ngd

vao (input loop) dugc xac dinh 1a noi dua tin hiéu dién thé vao vS: giita cuc nén-phat & BJT,

cuc cong- nguon o FET 2 ngd vao & mach khuéch dai visai... Viéc tron hodc so sanh duoc
nhan dang la hoi tlep néu trong mach vao c6 mét bo phan mach y ma"lc néi tiép v6i vS va néu
vy dugc ndi v6i ngd ra. Trong truong hop nay dién thé ngang qua y 1a tin hiéu hoi tiép X = v;
(hinh 8.11a va hinh 8.11b).

Néu diéu kién tron ndi tiép khong thoa, chung ta phai thir dang tron song song. Nut
ngd vao (input node) duoc xac dinh nhu 1a: Cuc nén B cua BJT dau tién, cuc cong G cua
FET déu tién, ngd vao dao cta mach khuéch dai visai hay op-amp. Trong truong hop nay
nguén tin hiéu Norton dugc dung trong do tin hiéu dong dién Ig di vao nut vao. Viéc tron
dugc nhén dang 1a song song néu cé thanh phan ndi giira nat vao va mach ngd ra. Dong dién
trong thanh phan ndi nay 14 tin hiéu hoi tiép X¢=1I; (hinh 8.11c va 8.11d).

Tom lai, vi X; = Xg - X, nén viée tron la noi t1ep néu hiéu tin hiéu dua vao mach
vong ngd vao 1a dién thé va Ia tron song song néu hiéu tin hiéu dua vao nat ngd vao 1a dong
dién.
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Dai lugng ¢ ngo ra dugc 14y mau c6 thé 1a dién thé > hay dong dién. Nut ngd ra ma ¢
d6 dién thé ngd ra v, 1dy ra phai duoc xac dinh r6 trong moi truomg hop ng dung. Dién thé
v0 thuong dugc ldy ¢ hai dau tai Ry va I, 1a dong dién chay qua RL. Ta c6 thé thir loai ldy
mau theo 2 budc:

1. Bt vy = 0 (tirc Ry = 0). Néu X, thanh 0, tin hiéu 14y miu 1a dién thé.

2. Piat I, = 0 (tirc R, = o). Néu X; thanh 0, tin hiéu Iy mau la dong dién.

Mach khuéch dai khong cé hoi tiép: ‘ ,

Ta phan mach khuéch dai c6 hoi tiép ra lam 2 thanh phan: Mach khuéch dai can ban
A vahé th6ng hoi tiép B. Khi xac dinh dugc A va B ta tinh dugc cac dac tinh quan trong cua
mach khuéch dai c6 héi tiép. Mach khuéch dai cin ban khong co h01 tiép (nhung hé thong p
phai duoc dua vao) dugc xac dinh bang cach ap dung cic nguyén tic sau day:

- Tim mach ngo vao:
1. Bt vy = 0 khi ldy mu dién thé (ntt ngd ra ndi tit).
2. biat I, = 0 khi 14y mAu dong dién (mach vong ngd ra ho).
- Tim mach ngo ra:
1. Bat v; = 0 khi mach tron song song (nit ngd vao ndi tat- khong co dong
dién hoi tiép di vao ngd vao).
2. bt I, = 0 khi mach tron ndi tiép (mach vong ngd vao ha-khong co dién thé
hoi tiép dua vao ngd vao).
Cac budc phan giai:
Tim Ag, Rip, Ryr theo cac budce sau day:
1. Nhén dang loai hoi tiép. Budc nay dé xac dinh X; va X, la dién thé hay
dong dién.
2. Vé mach khuéch dai cin ban khong c6 hoi tiép theo nguyén tic phan trén.
3. Dung ngudn twong duong Thevenin néu X; 1a dién thé va ding ngudn
Norton néu Xy la dong dién.

4. Thay thanh pl}én tac dong bg‘“lng mach tuong duong hop 1y (thi du thong s6
h khi ¢ tan so thap hay thong s6 lai ( cho tan sé cao).

4
5. Xae dinh Xpva X, tr do tinh duoe B = K—f
’ 0

6. Xac dinh A bﬁng dinh luat Kirchhoff cho mach twong duong.
7. Tu A, B, tim du’(_yc F, Af, Rif, Rof, R’Of.

8.8 MACH HOI TIEP PIEN THE NOI TIEP: (voltage- series
feedback)
Hai thi du vé mach hoi tiép dién thé ndi tiép quen thudc duoc khio sat mau la mach

khuéch dai dung FET véi cuc thoat chung (source follower) va mach cuc thu chung ding
BJT (Emitter follower).
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Mot mach hoi tiép dién thé ndi tiép 2 tang dung BJT dugc dwa vao & muc 8.9.

8.8.1 Mach source-follower:

Mach duoc cho ¢ hinh 8.18a. Dién tr¢ tai 1a Ry = R. Vi mach vong ngd vao chura
thanh phan R duoc n01 V01 ngo ra (vo ngang qua R) nén day la truong hop cua mach tron ndi
tiép. Tin hiéu hoi tiép X, 1a dién thé vf ngang qua R. Kiéu 14y mau tim duoc bang cach cho
vo =0 vakhido v,=0nénla kiéu ldy mau dién thé. Vi vay day 1a mach hoi tiép dién thé nbi

*—

tiep.
Vee
D
c G
+ 5 + R
& + o) i
) I g E vy )
‘Ir_
AT
(] (bj
el D
. + JuVgs=OnVs Fa L R o
b=
Q. @ = =
"_| + "_| +
|Rnf lqr of
(=)
Hinh 8.18 (a) Mach Source fpllower
(b) Khuéch dai can ban khong hoi tiep
7 (¢) Mach tuong duong tin hiéu nho tan s6 thap
bé v& mach khuéch dai can ban ta theo 2 budec: 7
- Tim mach vong ngd vao bang céch cho vy = 0, khi d6 vg dugc dua thang
gitra G va S.

- Tim mach ngd ra bang cach cho I; = 0 (ngd vao hd). Khi d6 R chi xuét hién

trong mach vong ngo ra.
Ta v€ duoc mach hinh 8.18b.

Khi thay FET bang mach twong duong tin hiéu nho ¢ tan sb thdp ta duoc

mach hinh 8.18¢
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w
. . £ ;
Vi vp= vy nén B=—v =1 VAV, = Vg
. .

Tirds: 4. =0 Zn¥sNE _ gafaR
L (r, +RE)v, r;+R

1

Pat #= En's
. v R
Suy ra; Ay =v_0=rM+R (8.297
Va
Fol4phy =14t
rg +E (vi B=13
4R
rg +E
Mhr vy
Ay UR
"E!‘-‘ijf = =
F ry +I(1+|J.:IR (83[:'}

Vi dién tré ngd vao cua FET rat 16n: R; = oo nén R;;=R,.F= o0
D¢ xac dinh dién tréd ngod ra, ta chi y R =R

E . = K, _ 13
R Y ) (831
RL—>EO
B Ery a+E Ery

Va E'. = = . =
TTUF R4r, rH (IR r +(1+0R (832)

Chu v latrongdé: Ry =Ry /R

T

Es=lmE';
o E—w 1+|-'L

8.8.2 Mach Emitter follower:

Mach duoc cho & hinh 8.19a. Tin hiéu héi tiép 1a dién thé v, ngang qua Rg va tin hiéu
1dy méu 1a v, ngang qua Rg. Nhu vay day 1a truong hop cua mach hoi tiép dién thé ndi tiép.

Pé vé mach khuech dai can ban khong hoi tlep ta tim mach ngd vao bang cach cho v,
= 0. Vay vg ndi tiép Ry xuét hién giita B va E. Dé tim mach ngd ra ta cho I; = 0 (mach vong
ngd vao ho) vay Rg chi xuat hién & mach vong ngo ra. Ta vé dugc mach hinh 8.19b. Thay

BIJT bang mach twong duong tin hiéu nho ta duge mach hinh 8.19c.
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%Ec

LA

Y +
A, )

+ —P’ E =1

K I -

- s

1

I=L=1,
e :j Breﬁ @' %

(c)
Hinh .12 (a) MMach Emitter follower
(b) Mach khuéch dai cin ban khong h01 tlep

(c) Mach twong duong tin hiéu nho tan sé thap

Tacd: ¥y = ¥y =>[3'=v—f=1
¥
Vi R diroe zemm 14 mot thanh ph’é‘m chia mach lhuéch Jdai, V=g VA
Yo _ Fo _ Fiy FE.g
. R + fr, (8.33)
PEg _ Eg+pr, +PEg
R, +fr, R, +fr,
Ay _ Fg
Fooe +ry) + s
Bo#1 (5.34)
Dién tré ngd vao cha mach khéng co hdi tiép la;
E;=F;+pr

w

F=1+BA4, =1+

= Ay =

RS +B(re +RE:|
RS +B're
By =F; +Bilr, +Eg) (8.35)
ol Rg diroe Zerm nhir ta) Ry nén

=Ek; =k, F=(E; +r,)

E, o

R,=— 2%
Tt pA,,  w
Trong d6 Ry —>oo0 (nhin vao ngudn dong dién)
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Va

A —R]Jm A =00
ﬂéﬂR,D—RE
Meén

RI _ RIU _ RE(RS +|3‘I'e:| (836)

= =
FooE +pBr, +R)
Va
E. + E
R.:,f — ]JIn Rlljf— 5 B‘fe =re+_5 (83?)

R.E—HD

8.9 CAP HOI TIEP PIEN THE NOI TIEP:

Hinh 8.20 dién ta mot mach khuéch dai 2 ting méc ndi tiép co d6 loi 1an luot 13 Ay,
Av,. tin hiéu héi tiép duoc 1dy tir ngd ra cua tang thir 2 qua hé théng R, R, dua nguoc lai tin
hiéu ngd vao vs.

V6i cach phén tich tuong tu nhu doan trudc, ta dé dang thay rang day la truong hop
ctia mach hoi tiép dién thé noi tiép. Pac tinh chii yéu nhu da thay 14 tong trd vao tang, tong
tré ra giam va do loi dién thé 6n dinh.

AL B ‘A.ﬂ Vi Al
YR aE
Iri )‘H.IIII'.’I‘:Q \ 2 ¥a E) K
R, “I ) R, K, R,
YT+ . i
77

(a)

A Wl

o
.
L/

Hinh 8.20 (&) Cdp hdi tiép didn thé ndi tip
(b) Mach tuong duong khéng héi tigp

Mach vao ctia mach cin ban duoc tim bang cach cho v, = 0, Vay R, hién ra song
song voi R;. Ngd ra dugc tim bang cach cho I; = 0 (I’ = 0) Vay ngo ra R, ndi tiép v6i R,.
Dién thé hdi tiép v¢ ngang qua R, ti 18 voi dién thé duoc 14y mau v, nén:

W E
p=-L= L (8.38)
R, +E,

Ta xem mach cu thé nhu hinh 8.21

Trong do: Rg=0, B =50

Ta thtr xac dlnh Avf, Rof, Rif

Pau tién ta tinh d6 loi toan mach khi chua c6 hdi tiép
Ay =Ayi. Ayy
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Wpp=t20

1501 10k %4?}: 47k
= Cy=51 Ry Cs=lou
V1

=50 | | |
| | & Qs Q2 [T =5p
Woe -

A7k
= 47 e=s0u 47 =47k
: 33k ’ ’
1 = Cy=50Y

S S 77

= R; =100

777 Hinh 8.21: Cép hdi tidp trr cue thu Q 2 véo cye phat Q1

i)

Dung céch tinh phén cuc nhu cac chuong trudce ta sé tim duogc:
Tl #35Q0 1o #17Q
Brel =1.75k Brez =850€2

Tai R’y 1a: R’ = 10k //47k //33k //850Q #813Q)

Ttr hinh 8.20b ta thiy ring tai R’;, ciia Q2 1a R,, //(R1+R2)
R’1,=4.7k //4.8k =2.37k

Ciing tir hinh 8.20b, ta thay tong trd cuc phat cia Q; 1a R vai:
Rg =R, //R; =98Q

D5 lo dignthd Ay oY1 “Ru oy
ve v 1, tERg
DA loi dién thé Ao cha Q2 la:
A= Yo _ R,
==

Kl Lz

= Ay =Ay Ay, =8113

=-13573

C E 1
Hé s hditidp p= —1—=—
& 50 hditiép P B4R, 48
vaBhy =17
F=1+f"Ay=18
A
Aoy =?‘f=45.1

. . . 1 -
A A ¢ A — W — — 2 7
Néu Aqp rit lonAqy —w)ta thay igﬂ e a 5 48 xhp xlhqe
Dién tré ngd vao ctia mach khong hdi tiép:

R; = Bro; +(1+B)Rg: = 1.75k +(51)(0.098k) = 6.75k
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Khi c¢6 hdi tiép:
Rif: RIF = 121.5k

Dién tro ngd ra khi chua c6 hoi tiép:
R,O = R’L2 = 2371(

Dién tré ngd ra khi c6 hdi tiép:

. R
RM=?”=131.6§2

8.10 MACH HOI TIEP DONG PIEN NOI TIEP

Ta xem mach c6 hoi tiép ¢ hinh 8.22.

Tu cac ly luan cua mach Emitter follower ta thdy rd 14 tin hiéu hoi tiép X; = vf 1a
dién thé ngang qua dién tro R va la cach tron ndi tiép.

Pé thir loai 14y méu ta cho v, = 0 (R, = 0). Viéc lam nay khong tao cho dién thé vf
ngang qua Ry trd thanh Ov. Nhu vdy mach nay khong 14y mau dién thé. Bay gid néu cho I, =
0 (Ry = o0) nghia la dong cuc thu bang 0 nén v¢ ngang qua R cling bang 0. Vay mach ldy
mau dong dién ngd ra. Vay 1a mach hoi tiép dong dién ndi tiép.

Hinh 222

(a) Mach hdi tiép
déng dién nbi tiép

by Mach «<dn ban
khéng hi tidp (
(c) IMach tuong B
durong

Chu y 12 mac du dong dién I, ti 18 v6i v, nhung khong thé két luan 1a mach hoi tiép
dién thé ndi tiép vi néu dién thé 1y mau 1a v, thi:
5.7 _~LRs_ Ry
vo  LiEp E,
va B’ by gio 1a mot ham sd cua tai R;.
Mach ngd vao ciia mach khuéch dai khong hoi tiép tim duoc bang cach cho I, bang
0, Rg xuit hién & mach vao. Dé tim mach ngo ra ta cho [; = 0 va Rg cling hién dién ¢ mach
ngd ra. Mach duoc vé& lai nhu hinh 8.22b va mach tuong dwong theo thong sd re nhu hinh
8.22c.
Vi dién thé hoi tiép ti 18 vai I, 1a dong dién dugc 1dy mAu nén v xuat hién ngang qua
R trong mach di¢n ngo ra (va khong phai ngang qua Rg trong mach ngd vao).
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- E
Vay: p= £ - _TE __p_
IIII IIZI
Vi =ve nén
G’ _IEI__Bib__ |3
y=St=-"_-__ P
W, W, R, +fr, +Ry (8.39)
F=1+B'GM=1+L
E;+fr, +Eg
Eg +fr, +Rg(1+f)
E, +fr, + B, (8.40)
. G - B
Va g =M _
MTUF TR +fr, +(1+PR, (8.413

Méu 1+p)Rg => Rg +fr, thi:
_—-1_1 (8.42)

e
Fg P

Néu Rg 1a mot dién trd c6 dinh, d6 loi dién dan truyén ctia mach hoi tiép rat 6n dinh.
Dong qua tai dugc cho boi:

I, = Gy v = ~ P = s
Eo+pr, +(1+BEy  Eg
Dong qua tai nhu vy ti 18 truc tiép v6i dién thé ngd vao va dong nay chi tuy thudc
Ri. Mot ting dung 13 dung mach nay lam mach diéu khién 1am léch chum tia dién tir trong
dao dong nghiém.
D¢ loi dién thé cho béi:

IE - BE
=2 LG R, = PR,
c B, +pr, +(1+0Eg

Ay# - T2 (8.43)
E

E

Ay

W

Tir hinh 8.22¢ ta thay
R,=Ra+Pr, +Rg
Vay Ryp=R F=Re+ pr, +(1+[)Rg

# Re + plr, +Rp) (8.44)
vi RU # wnén RUfz RD(l‘l‘ BJG‘M} =

8.11 MACH KHUECH PAI HOI TIEP DONG PIEN SONG
SONG:

Hinh 8.23 13 mot mach dung 2 transistor lién lac truc tiép dung hdi tiép tir cuc phat
cua Q, vé cuc nén cua Q; qua dién tr¢ R’. Tu céc 1y luan ¢ doan 8.7 ta thay mach tron song
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song dugc dung va tin hiéu hoi tiép X; 1a dong dién I; chay qua R’ duoc ndi tir nut vao dén
mach ngo ra.

w

Pau tién ta 431 ngudn tin hiéu v thanh ngudn Norton gdm cé ngubn dong dignls = R—Scha}r VA
b

nut vao song song véi Rg.

v,:, tigp dong dién song
Vi song

o < : :
w@) > Hinh 8 23 Mach hbi
I
I
I

Dé x4c dinh loai lay miu, ta cho vo = 0 (Rezx = 0), diéu nay khong lam giam I, va
khong lam cho dong qua RE cua Q, xuong 0 va dong I; khong gidm xudng 0 vdy mach nay
khong phai ldy mau dién thé. Bay gid néu cho Iy =0 (R¢ = ), dong Iy s& bang 0 vy mach
ldy mau dong dién. Nhu vy mach hinh 8.23 la mét mach hdi tlep dong dién song song. Bay
gio ta s€ chirng minh rang hoi tiép am. Dién thé vy, rat 16n dbi véi v; do Q; khuéch dai.
Ciing vy, vg, 1éch pha 180° so véi pha cua v;. Vi tic dong Emitter follower, vg, thay d6i rat
it so voi VBZ va 2 dién thé nay cung pha. Vay vp, c6 bién do 1on hon v; (1a vg) va c6 pha
léch 180° so v&i pha cta v;. Néu tin hiéu vao tang lam cho Is tang va ¢ cling tang va I; = Is -
Iy s€ nho hon trong trudong hop khoéng co hoi tiép. Tac dong nay la mot dic tinh ciia mach
héi tiép am.

Mach khuéch dai khong c6 héi tiép:

Mach véo ciia mach khong hdi tiép tim dugc béng cach cho Io =0.Vi d(‘)ng Ig; khong
dang ké nén cyc phat cia Q, xem nhu hd (I, ~ 0). Ket qua 12 R” mac n01 tiép voi R & cuc
nén cua Q;. Mach ngd ra tim dugc bang cach ndi tit nut ngd vao (cuc nén cua Q). Vay R’
duoc xem nhu mic song song vOi Rg tai cuce phat cua Q,. Vi tin hiéu hoi tiép 1a dong dién,
mach nguon duoc veé lai bang nguon twong duong  Norton voi I = vg /Rg . Mach tuong
duong cudi cung nhu sau:
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* vCC
II‘.'I
ﬁ Fey $ Re,
= -
L Ly +
Q ¥
:@) By ) o Hinh 224 Mach khuéch
1 . - [
R% . E, —Ib:* E, 7 dat khdng hoi tiép
I, (%) R
| L et
| — |
S e

Tin hiéu hoi tiép 1a dong dién I, chay qua dién tr& R’ nam trong mach ngd ra. Tir hinh
8.24 ta co:

Ly <lgy = IID|
I, R“+E,

(2.4

Tit bang 8.3 ta thiy dién tréd ngd vao giam, dién tréd ngd ra ting va 48 loi déng didn A]-félﬂ dinh.
I Eg+E'

Tacd: A, =" Wl He

(8.47)
I. B E

s E

B8 loi dién thé:

" _ o _ LoEe Y Rez EY4Rg Ry
" Vg LE; i R Rz FEg
R ¢y

b= 2
™ PR,

(8.48)

Néu Rg, R’, Reo, Rs 6n dinh thi Ay 0n dinh (doc 1ap voi thong s6 cua BIT, nhiét do
hay su dao dong cua ngudn dién thé vg).

8.12 MACH HOI TIEP PIEN THE SONG SONG:

Hinh 8.25a 1a mot tAng cuc phat chung véi dién tré R’ dugc ndi tir ngd ra tré vé ngd

vao. Giébng nhu mach hinh 8.23 ta thiy mach tron song song dugc dung va X; 1a dong dién I,
chay qua R’.
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= Iz
ﬁ% O ¢ Y |

“'I__:d__'.'
Wz
My

=

—»

A

=

3
{
J

R.'

al

Hinh 8.25 (a) Hoi tifp diénthé 501 S0Ng
(b) Khuéch dai khong hdi tidp

Néu chung ta cho v, = 0, dung hdi tlep Iy s€ giam to1 O chi rang kiéu 14y mau dién thé
duoc st dung. Vay mach nay la mach khuech dai hoi tiép dién thé song song. Nhu thé do loi
truyen (dién tro truyen) Ar = Ry duoc 6 on dinh va ca hai dién tré ngd vao va ngod ra déu bi
giam.

Mach khuéch dai khong hoi tiép:

Mach vao duoc xac dinh bang cach ndi tit nut ra (Vo = 0) nhu vay R’ nbi tir cuc B
dén cuc E cua BJT. Mach ngd ra dugc xac dinh bang cach nbi tit nit vao (vi = 0), nhu vay
R’ ndi tir cuc thu dén cuc phat. Két qua 13 mach twong duong khong hoi tiép dugc vé lai ¢
hinh 8.25b. Vi tin hiéu héi tiép 13 dong dién, ngudn tin hiéu duoc biéu dién bing ngudn
tuong duong Norton voi Is = v /Rs.

Tin hiéu hoi tiép 1a dong dién I; chay qua dién tr& R’ nam trong mach ngd ra. Tir hinh
8.25b:

=1 -__ 245
b= = (849)
Diéu nay ching t6 rang I ti 16 véi v, va tin hiéu ldy mau 13 dién thé.
V&1 mach khuéch dai c6 hoi tiép ta co:

1 :V—D::sl:—R'

L P

Chu ¥ rang dién tré truyén bang lugng 4m cia dién tré hoi tiép tir ngd ra vé ngd vao.
Va néu R’ 1a mot dién tr¢ 6n dinh thi di¢n trd truyén s€ 6n dinh. BJ loi dién thé véi mach
hoi tiép:
kI BR RS E. (8,500
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BAI TAP CUOI CHUONG VIII

*kkkkk

Bai 1: a/ Cho mach dién nhu hinh v&. Tim dién thé xoay chiéu v; (theo vg va vy). Gia su
mach khuéch dai dao c6 dién tré vao vo han va
b= dy=-2000 p'=L = . Rp=Rs=1k( Re = 3kQ)
v, 100 _
Transistor c6 cac thong s p=100; phan cuc véi Ic = 1.3mA

b T Ay =2
K

Fs ¥ Mach khigch +
4y 1'< | daiddo A ] .

+ o Hé théng B

A7 -VEE /J;

Bai 2: Mot mach khuéch dai can ban khong hoi tiép cho ngd ra 1a 30v v6i 10% bién dang
hoa tan béc hai (second-harmonic distortion) khi ngd vao ¢ 0.025v.

a/ Neu 1.5% ngd ra dugc hdi t1ep vé ngd vao bang mach khuéch dai hoi tiép am dién
thé nbi tiép thi dién thé ngd ra nhu thé nao?

b/ Néu ngd ra van giit & 30v, nhung hoa tan bac 2 giam con 1% thi dién thé ngd vao
1a bao nhiéu?
Bai 3: Mot mach khuéch dai c6 hoi tiép nhu hinh sau ding 2 transistor ¢6 f = 100; phan cuc
v6i dong Ic = ImA. Cac tu dién xem nhu ndi tit & tin s cua tin hiéu.
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a/ Xhc dinh loai hai tidp v tinh Ayp= "

g

b/ Xhe dinh R R pva R’ p

% % +Wic
Ok 4.5k
T 7
N Lt Ve DT 2 S "
1008 = =48k
200 = e
gl
sy | |

Bai 4: Trong mach khuéch dai hoi tiép sau, transistor ¢6 cac thong sé B=100, phan cuc véi
Ic =1.3mA. Bé qua di€u kién phan cuc.
af e dinh loai hdi tidp. Tinh A = -2
w
b

+W o

i
Bai 5: Transistor trong mach c6 cac thong sé f=100; phan cuc véi Ic=1.3mA. Tinh:
al Ay = i—:;Aﬁ = :—:
b Rypva B o
of Rppva B e

| 4.7 |4.?1-;
. 90k§ % . onﬁ -
K Da S
’ jmk 10k o jmoﬁ ]
15k e
Ay— |
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Bai 6: Transistor trong mach c6 cac thong sb =100, phan cyc vo1 [(=1.3mA.
a/ Vo1 Rg = 0. Xac dinh:
RMf = Vo/ Is; Avf:V()/ Vs, tI‘OHg do Is:Vs/ Rs
Rif, R%of
b/ Lap lai bai toan vdi Rg=0.5k
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Chuong 9

MACH KHUECH PAI CONG SUAT
(Power Amplifier)

Mach khuéch dai cong suat ¢6 nhiém vu tao ra mot cong suat du 16m dé kich thich tai.
Cong suit ra c¢6 thé tir vai trim mw dén vai traim watt. Nhu vy mach cong suit lam viéc véi
bién d¢ tin hiéu 16n ¢ ngd vao: do do ta khong thé dung mach twong duong tin hiéu nho dé
khao sat nhu trong cac chuong truée ma thudng dung phuwong phap d6 thi.

Tuy theo ché d6 1am viéc cia transistor, nguoi ta thudng phan mach khuéch dai cong
suat ra thanh cac loai chinh nhu sau:

- Khuéch dai cong suat loai A: Tin hiéu duoc khuéch dai gan nhu tuyén tinh, nghia la
tin hiéu ngd ra thay d6i tuyén tinh trong toan bd chu ky 360° cua tin hi¢u ngd vao
(Transistor hoat dong ca hai ban ky cua tin hi¢u ngd vao).

- Khuéch dai cong suét loai AB: Transistor dugc phan cuc & gan ving ngung. Tin
hiéu ngo ra thay d6i hon mdt nita chu ky cua tin hiéu vao (Transistor hoat dong hon mot nira
chu ky - duong hoac am - cta tin hi¢u ngo vao).

- Khuéch dai cong suit loai B: Transistor dugc phan cuc tai Vge=0 (ving ngung).
Chi mot ntra chu ky am hodc duong - cua tin hi€u ngd vao dugc khuéch dai.

- Khuéch dai cong suét loai C: Transistor duoc phén cyc trong vung ngung dé chi

mot phan nho hon nita chu ky cua tin hiéu ngd vao duoc khuéch dai. Mach nay thuong duoc
dung khuéch dai cong suét & tin sb cao véi tai cong huong va trong cac tng dung dic biét.

Hinh 9.1 mé ta viéc phan loai cic mach khuéch dai cong suét.

I~ & i J
i !

AN v G6i han

' cong suat

._-—-—-'-"""? ¥ II !
Ving A .
béo hoa i R
: AB RIS
vl »
o Ving fgumg c Ve
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. A
1

a ANEVA
Ve

™
i

NN
A —

ic

I~ \

v

. &

' /\ /\

0 | v

“t @

of - t
Hinh 2.1

9.1 MACH KHUECH PAI CONG SUAT LOAI A:

Mach phan cuc cd dinh nhu hinh 9.2 13 mé hinh ctia mot mach khuéch dai
cong suat loai A don gian.
Error!

Diém lhac nhau gifta mach nay v mach lthuéch dai tin
hidu nhé la ngd vao w co bidén d§ 16n Chang trim mV).
Mach cong sudt loai A it duoc st dung do cd hidu Sut
kém Chil ¥ 14 hé s6p cia cac transistor cdng sudt
thirdmg nhd hen 100
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. Khio sat phan cuec:

Voo =07V
Tacd: I,=—" L
RB
T Ic = |3:[B V_C‘C
LR Vg = Vi _RcIc| R:,
Déng Iz cé gidi han téi da 13 Q
v .
R_C': =Tioy _ | Ir:,@
c . Do do ldjn cd tin higu }réo,
dé dong Ic co thé biénxdrf‘:ul 1dm nhat va
t&t nhéit, didm tinh didu hanh Q phal
I _ TUTEC i
cg =
duge phin cue sao cho R pie 0 VCH;! UO; ‘EE
_ W
-l;uir — n
tEa / Day la diém phin cue Hinh 9.3

dé mach cho h1eu suat 16m1 nhiét.

. Khao sat xoay chiéu:

Khi dua tin hiéu v; vao ngd vao (hinh 9.2), dong I va dién thé Vg (tin hiéu
ra) s€ thay do6i quanh diém diéu hanh Q. Véi tin hiéu ngd vao nhé (hinh 9.4), vi dong dién
cuc nén thay dbi rat it nén dong dién I¢ va dién thé Vg O ngd ra ciing thay ddi it quanh
diém diéu hanh.

Khi tin hiéu ngd vao 16n, ngd ra s& thay doi rat 16n quanh diém tinh diéu hanh.
Dong I s€ thay doi quanh giéi han OmA va V¢c/Re. Pién thé Ve thay doi gitra hai gidi
han Ov va ngudén Ve (hinh 9.5).
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Chuong 9: Mach khuéch dai cong suit

Tin higu vao

i

> 7

et TN —

0 V\c\ Vz B
<\

Tin hiu (d1én thé) ngd ra

Hinh 9 4: Tin hiéu nhd

Tit1 hiéu vao

&

F . ’
Vg '
/\ o
Dong tin jidu :
ngd r;\ / :

] Wer V.-rcﬂ

Tin hiéu (di1én thé
ngdra

. Hinh 9.5 Tin hiéu lén
. Khdo sat cong suat:
- Cong suat cung cap dugc dinh nghia:

Piae) = Vee - Ieq 9.1)
- Cong suat ngd ra lay trén tai, trong truong hop nay la R¢, dugc dinh nghia:
Patac) = VCEI:HHS} : IC(rms) (927
Potacy =F¢ - Icz(rms) (933
2
_ " CE{ms)
Fota) = —5 ) (9.4)

* Néu tinh theo dién thé dinh va dong dién dinh:
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Chuong 9: Mach khuéch dai cong suit

Forary = lo%imms - K

2
IC(PJ 12'3(
! R Y
_ [ '-.E C 5 C
= (9.5)

W2 Vo T 1
Poac) = EE(MJ:[ EEM]R_
C

Hoidc E; 2
D _ ngipJ
ol ar) SR . (9 6)
Hodc Poac) = Vg mey Lome |
= 1UTEEiP:I _ IU(PI'
Jzo 2
-I;"'TEE 'IC
Pnf.ac). = % ©P

* Néu tinh theo dién thé va dong dién dinh d6i dinh:

= — lT”TEEiP—l:-IIJf EHI':iP—P:IIEJ
olac) = 5
W I
Pg(ac) = CE(P-Pé Cip-p) (2.8)
’]
= _ IE':P—P:I
Hodc: Polac) = . E. (9.9
LET
Hode: Polac) = BI;P el (9.10)
N

- Hiéu sust:
Hiéu sugt cia mach khuéch dat edng suit dirge dinh nghia:

E
n% = 2 100 (9.11)
if de)
. Hi¢u suét tdi da:
Ta thay trong mach cong suat loai A, Vg c6 thé thay doi toi da:
Veppp max = Ve
Dong I thay doi toi da:
IQ(p-p) max = VCC/RC
Cong suat ra to1 da:
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Chuong 9: Mach khuéch dai cong suit

Po(ac) max = -

Céng sut cung cép tdi da:

W W2
Hiéu suat td1 da oha mach: € C
P max
n¥e= 2 100%
Piid-:J max
V2. (18R
= ——C 100%
Vi f2R,
% = 25% (9.12)

9.2 MACH KHUECH DAI CONG SUAT LOAI A DUNG
BIEN THE:

Mach co ban c6 dang nhu hinh 9.6

Er

R’ =R
Hinh 2.7
Bién thé s& lam tang hodc giam dién thé hay dong dién (tin hiéu xoay chiéu) tuy
vao so vong quan cua cudn so cap va thi cip. O day ta xem bién the nhu Iy twong nghia la

truyen 100% cong suat. Néu goi Ny, N, Vi, V2, I, I, l1an lu:ot la sb Vong quan, dién thé tin
hiéu xoay chiéu, dong dién tin hiéu xoay chiéu ctia cudn so cip va th cap. Ta co:
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Chuong 9: Mach khuéch dai cong suit

Va _Nz
1 Nl
:[2 _Nl
I1 _Nﬂ
Fi=v1. L1 =Fy=vy. 1
P _L_vm W
I

Va

2 _F

I, L

v 1
I_IZRL:RI

Ry v/ v I, w I,

Ry _w/L_Lov, v, L N N (Y
NN,

M,
ot a=N— goi lati 58 vong cha bifn thé, ta cé

Nhu vay co thé xem nhu di¢n trd tai phan chiéu qua cudn so cap la:

Rl =RJL= 13.‘d . Rl

(914

. Duong thang lay dién:

Néu ta xem bién thé ly tuong, nghia 1a ndi tro bang 0Q. Nhu vy khong c6 dién thé
mot chidu giam qua cudn so cip nén VCEQ = Vce. . Do d6 duong thang lay dién tinh la
duong thang song song Vi truc tung Ic va cit truc hoanh Vg tai diém c6 tri s6 bang Vee.
Giao diém cua duong thang lay dién tinh va dic tuyén ra ¢ Iy twong ung 1a diém diéu hanh

Q.
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Chuong 9: Mach khuéch dai cong suit

Puémg thing
IT- (A : .
¢ LA /153; dién tirh
F 3
7 _7_______._._(—-—-—’_"1 8 ma
6 I 15 mA
\{ 12 mA
- —
B S | I Z mh
AT /\\ ! { Q Brirpr;mg thang 1ay
Dﬁ)ﬂg tin hl‘%‘“ 2 }L/-—-—'—'_'_'_'_ \(//’/l dién dang
cre tht o d_____________.—-———'—;<323m
_.—-—-—'_'_'_._._'_._._. B
— : ¥iop (V)
] Wepg=Yer 2;‘?::'3
A ep
?nthé tin higu
< curc thu

Hinh 9.8
O ché d6 xoay chiéu, dién trd tai nhin tir cudn so cip 1 R’; nén dudng thing iy dién
dong bay gio
1

16 d3 dbe 1a- R, va qua didm didu hinh Q. Chi ¥ latin hidura cé giéi han vé bidn d6 dinh 14 Voe
VOE(p-p) = YCE max - ¥ CE min
ICpo-p) = tCmax  ICmin
Cong suat ra lay & cudn so cép 1a:

{-';"'TEEM - VEEmm}'(IEmm{ - Il:mjn:l

P

ofac) = g
Triréng hop bién thé 1§ tdng, cdng sudt nhin droc & tai cing xép x1 cdng sudt trén
i N
Ta oo vL=v2=—2_v1
I
1
VcE Lc

[y F

/\ “VC]imax /\\ t Il:i::lax
\/ WVieEn I\/ Teog

] WV CEmin >t ] Trnin T
Hinh 2.9
v? )
P, =—=) gy I =I,=—LI,
E; M,

Do do: PLzlzL(rms).RL
. Hiéu suat:
Cong sudt cung cap la:
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Chuong 9: Mach khuéch dai cong suit

Piay=Vec.leq )
Cong suat ti€u tan trong bién the va transistor cong suat la:
Pq = Pide) - Pogac)
Hiéu suat ctia mach dugc dinh nghia:
F
%= —! 1004
ifde)
Trong mach trén:
VCEma = 2VeC

V CErmin = U
Towmax = 2100
Icmin =0
(2Vee (2l 1
= Py = %: E_vcclm

L _ 1
Vay: P(max) = B Pitde)
Nén: n% mag=50%

9.3 KHAO SAT MACH KHUECH PAI CONG SUAT LOAI
B

Trong mach khuéch dai cong suit loai B, nguoi ta phan cuc v6i Vi =0V nén binh
thuong transistor khong dan dién va chi dan dién khi c6 tin hiéu du 16n dua vao. Do phan
cuc nhu thé nén transistor chi dan dién duoc & mot ban ky cua tin hiéu (ban ky duong hay
am tuy thudc vao transistor NPN hay PNP). Do do mudn nhan duoc ca chu ky cua tin hi¢u &
ngd ra nguoi ta phai dung 2 transistor, mdi transistor dan dién & mot nita chu ky cua tin
hiéu. Mach nay goi 1a mach cong suat day kéo (push-pull).

VA |
V o Q2

Hinh .10

Cong suit cung cip: (cong suit vao)
Ta co: Pl(dC) = VCC . IDC
Trong d6 Ipc 12 dong dién trung binh cung cip cho mach. Do dong tai c6 dii ca hai
ban ky nén néu goi Ip 1a dong dinh qua tai ta co:
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Chuong 9: Mach khuéch dai cong suit

2
Ipc= EIilﬂ
Va
2
Pll:dﬁ:l = -';urcc. E.Il‘xp] (916:‘
e +2Vep
— Q1 — | &

ﬂgﬁ— = | Ta ﬂv— —H_‘

L Q@ ] [ @ Tai
e AR

Hirh 9.11a Duing ngudn d&i Hinh 9.11b Diing nguén don

. Cong suat ra:

Cong suét ra lay trén tai R, c6 thé duoc tinh:
2
Y Lims )

RL
Tinh theo dién thé dinh - dinh:

2

Pm:au::l =

¥ Lip-p)
Potay =
3R,
Tinh theo dién thé dinh:
2
W
P-:-(au:j =L
2R,
 Hiéu suft:
PIZII:EUI:I
J100Rg
2
= m 100%,
5 .
1"rcu: [EI(P:':|

Vi 1) = Sliel
S
T Te) g0 @17

cc

Mén: n%e=
Tri tdi da cha ‘JL(p) la W nén hidu sujt téi da la:
T 1o0%s
N%% (mag) = 4 =73.54% (2.18)

. Cong sudt tiéu tan trong transistor cong suit:
Ti€u tan trong 2 transistor:
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Chuong 9: Mach khuéch dai cong suit

P20= Piwo) - Potao) N )
Vay cong suat ti€u tdn trong moi transistor cong suat:
=0
Po=—2

. Céng sufit ratdi da:

Céng sudt ra s tdi da khi vL(p) =V
2
L

. f g . . - Vg
Liuc dd dong dinh la: Ly =

RL
A 2 2 Ve
Va tr1 t&i da cha dong trung binh 14 I ~max = EI‘PJ =5
. - L
Tritd1 da cha cdng suit ngd vao:

Pitdoimax = Voo o Ldomas

WV 2V 3
Pitdcjmax = VCE-E- RCC — ﬂR[:[:
n L L

(9.20)

Hiéu suit td1 da cia mach cong sudt loai B la

max = —2 B 10004
il de ymas

Voo F2R
= _CCTERE 10096 = 2 100% = 78 54%
EANERE - 4

%o

Cong suat tiéu tan to1 da cua 2 transistor cong suat khong xay ra khi cong suat ngd
vao toi da hay cong suat ngd ra toi da. Cong suat tiéu tan s€ toi da khi dién thé ¢ hai dau tai
la:

2

el
WA lthi da:
2 Wi
—
Pogmax = ¢ FeL (2.21)
Hi&u suft cfia mach cling oo thé diroc tinh nbar sau:
3
Pofay = —=E!
2R,
o W
Pigdey = Voo Ipe = VCC.[_.ﬁ}
m R
Poia o W
= e =22 qopo = 2 _E®! 0094
ifde) co
—

-
ns =78.54 —2log

(9.22)

cc
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Chuong 9: Mach khuéch dai cong suit

9.4 DANG MACH CONG SUAT LOAI B:

Trong phan nay ta khao sat mot sé dang mach cong_ sut loai B thong dung.

Tin hi¢u vao co dang hinh sin s€ cung cap cho 2 tang cong sut khac nhau, Neu tin
hi€u vao 1a hai tin hi¢u sin ngugc pha, 2 tang cong suat giéng hét nhau duge ding, mdi tang
hoat dong & mot ban ky cia tin hiéu. Néu tin hiéu vao chi c6 mét tin hiéu sin, phai ding 2
transistor cong suéit khac loai: mot NPN hoat dong ¢ ban ky duong va mét PNP hoat dong &
ban ky am.

Pé tao duoc 2 tin hiéu nguoc pha 0 ngo vao (nhung cung bién do), nguoi ta co thé dung
bién thé co diém gitra (bién thé dao pha), hoic dung transistor mic thanh mach khuéch dai
c6 d6 loi dién thé bang 1 hodc dung op-amp mic theo kiéu voltage-follower nhu dién ta
bang céac so do sau:

VCE

A in hifuvio , =Re,
ting cdng o T f\ Vo tin
& 1 LJ: t+1 ;
suat v — A Y cBng suat
AV T A
- _U& =y

(al

VO].ta,gE tollower

Vao t’lﬁng cing
suat

AVM

(=) Woltage-follower
Hinh 9.12: Tao 2 tin hiéu ngiroc pha

9.4.1 Mach khuéch dai cong suit Push-pull lién lac bang bién thé:

Dang mach co ban nhu sau:

l Ip Hinh 913

NII —
’QU ‘ ‘ Ve ‘ ‘ N, 4% RL
Q1 dén
Q I jﬁvi
Bién thé tao 2 tin I — ‘Q_dFﬁUﬂ

héu ngwee pha Bifn thé ngd ra
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Chuong 9: Mach khuéch dai cong suit

- Trong ban ky duong cia tin hiéu, Q, din. Dong i, chay qua bién thé ngd ra tao cam
g cap cho tai. Liic ndy pha cta tin hiéu dua vao Q, 12 4m nén Q, ngung dan.

- Pén ban ky ké tiép, tin hiéu dua vao Q, c6 pha duong nén Q, dan. Dong i, qua bién
thé ngd ra tao cam tng cung cap cho tai. Trong lic d6 pha tin hiéu dwa vao Q, 1a 4m nén Q,
ngung dan.

Chu y 13 i; va i, chay ngugc chiéu nhau trong bién thé ngd ra nén dién thé cam g
bén cudn thur cép tao ra boi Q; va Q, cling nguoc pha nhau, chung két hop v&i1 nhau tao
thanh cé chu ky cua tin hi¢u.

Vi 4 Bién dang
Fuyén tam

\/

Hinh 9.14

l_‘!'

Thuc té, tin hiéu ngo ra léy dugc trén tai khong duoc tron ven nhu trén ma bi bién dang.
Ly do 1a khi bit ddu mot ban ky, transistor khong dan dién ngay ma phai chd khi bién do
vuot qua dién thé ngudng Vge. Su bién dang nay goi 14 su bién dang xuyén tim (cross-
over). Pé khac _phuc, nguoi ta phan cyc Vp duong mot chut (thi du ¢ transistor NPN) dé
transistor ¢ thé dan dién tot ngay khi c6 tin hiéu ap vao chan B. Cach phan cuc nay goi la
phan cuc loai AB. Ché ¥ 13 trong cach phan cuc ndy do dan dién cua transistor cong suat
khong dang keé khi chua c6 tin hiéu

Ngoai ra, do hoat dong vé6i dong I 16n, transistor cong suit d& bi nong 1én. Khi nhiét do
tang, dién thé ngudng Vi giam (transistor d& dan dién hon) 1am dong Ic cang 16n hon, hién
tugng nay chong chat dan dén hu hong transistor. Dé khac phuc, ngoai viéc phai giai nhiét
day du cho transistor, nguoi ta mic thém mot dién trd nho (thudng 1a vai Q) ¢ hai chan E
cua transistor cong Sut xuéng mass. Khi transistor chay manh, nhiét d¢ tang, I tang ttc Ig
lam Vg ting dan dén Vi giam. Két qua 1a transistor dan yéu tré lai.

Rlé +W e
5, L
0. 3w ..
EH% ................. l ? ||@Tm RL
S, =Rg
Th

Hinh 2.15 Mach kkhuéch dai c@ng spﬁt 1031 AB dung bién
thé d4o pha va bién thé =uat dm
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Chuong 9: Mach khuéch dai cong suit

Ngoai ra, nguoi ta thuong mic thém mot dién trd nhiét c6 hé sé nhiét am (thermistor) song
song voi R, dé€ giam bét dién thé phan cyc Vi bu trir khi nhiét do tang.

9.4.2 Mach cong suat kiéu ddi xirng - bo tic:

Mach chi c6 mét tin hiéu & ngd vao nén phai dung hai transistor cong suat khac loai:
mot NPN va mot PNP. Khi tin hi¢u dp vao cuc nén cta hai transistor, ban ky duong lam cho
transistor NPN dan dién, ban ky 4am lam cho transistor PNP dan dién. Tin hiéu nhan dugc
trén tai 1a ca chu ky.

_I_—hurlﬁlﬁl

Lo— H—

Hinh 9.16a: Mach cdng suft suft kidu 381 sing - bd tic

W

Fy 1+

(Jz T Veez
PHP

— i
By

ADN I:: _l_‘h;ur A VL
L) I
— N 2

%) o T Ve t
e

Hinh 9.16b: Bén ki durong-Q; dan, Q2 ngung

Y

) o

— Ay 2

2 o T

Hinh 9.16¢: Bén ky 4m-Q ngung, Q2 dan
Ciing g10ng nhu mach ding bién thé, mach cong suat khong dung bién thé mic nhu trén
vap phai sy blen dang cross-over do phan cyc chan B bang Ov. Bé khic phuc, nguoi ta cling
phan cyc mdi cho cac chan B mét dién thé nho (dwong dbi v0i transistor NPN va am dbi voi
transistor PNP). Dé 6n dinh nhiét, ¢ 2 chan E cling dugc mic thém hai dién tré nho.

L
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Chuong 9: Mach khuéch dai cong suit

cCl

—H T“‘i‘ st

QE -I;'-'rl: (]

56052
Hinh 9.17: Mach déi sing-bd tic loai AB
Trong thuc té, dé ting cong suit ctia mach, nguoi ta thuong dung cac cip
Darlington hay cap Darlington c@p hoi ti€p nhu dugc mé ta ¢ hinh 9.18 va hinh 9.19.
56002

—VV————1 Darlington

4@@ %_I_— 20y
10l
40pF

W —1 | Wy + —L

10 ——— 20%

Darlingto

Ny WT
Y-ulw! /’f 022 4-602

Tal AC khi chira ndl loa '

Hinh 9.18: Céng suét ding 2 cép Darlington

i
pﬁ
:

— ﬂ = .
Veel2 N
. T P
4 Em T
Es 10
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Chuong 9: Mach khuéch dai cong suit

9.4.3 Khao sat vai dang mach thuc té:

Trong phan nay, ta xem _qua hai dang mach rat 'thong dung trong thuc té: mach
dung transistor va dung op-amp 1am ting khuéch dai dién thé.

9.4.3.1 Mach cong suit véi ting khuéch dai dién thé 1a transistor:
Mach c6 dang co ban nhu hinh 9.20

2700
5200
2,
47pF TSK
3.90
L,
221k 470 F

—|— -
3.90
+
100K ?4.?1{ . |::| Ta
]
2, 4-500
| //L

i
£ss

W
[

Cac dic diém chinh:

- Q Ia transistor khuéch dai dién thé va cung cép tin hi€u cho 2 transistor
cong Suét.

- D, va D, ngoai viéc 6n dinh dién thé phan cuc cho 2 transistor cong suét (gitr
cho dién thé phan cuc giita 2 chan B khong vuot qua 1.4v) con ¢6 nhiém vu lam dudng lién
lac cép tin hiéu cho Q, (D, va D, dugc phan cuc thuén).

- Hai dién tro 3.9( dé on dinh hoat dong cua 2 transistor cong suat vé phuong
dién nhiét do.

- Tu 47pF tao hoi tiép duong cho Q,, muc dich nang bién do cua tin hi¢u & tan
sO thap (thuong duoc goi 13 tu Boostrap).

- Viéc phan cuc Q, quyét dinh ché d6 lam viéc ctia mach cong Suét.

9.4.3.2 Mach cong suit véi tang khuéch dai dién thé 1a op-amp

Mot mach cong suat dang AB v6i op-amp dugce mé ta nhu hinh 9.21:
- Bién tré R,: dung chinh dién thé offset ngd ra (chinh sao cho ngd ra bang Ov
khi khong ¢6 tin hi¢u vao).
- D, va D, phan cuc thuan nén:
VB1: 0.7v
VBzz -0.7v
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Chuong 9: Mach khuéch dai cong suit

2
=
1008, T
/7]7 ni.meZ Vs B

(T Jowssi
Ry o o VEs —
10 5600 Ry
=,
100 %
F"" . Ve = -6V
Ry

—Fa Hinh 2.21

- bién thé Vgg cua 2 transistor cong suét thuong duogc thiét ké khoang 0.6v,
nghia la d¢ giam thé qua dién tr6 10Q2 13 0.1v.
- Mot cach gan dung dong qua D, va D, la:

v
WL RN Y
R, 560
- Déng cwre thu cila hai transistor efng suét:

I, =1, w8 _OW o
TR TR, 100

Nhu vay ta thiy khong c6 dong dién phan cuc chay qua tai.
- Dong dién cung cap tong cong:

=1, +1+1c=17+946+10=21.2 mA
(khi chwa c6 tin hiéu, dong cung cip qua op-amp 741 13 1.7mA -nha san xuét
cung cip).
- Cong suét cung cap khi chwa c6 tin hiéu:

Pin (standby) = 2V ¢ . I, (standby)

=(12v) . (21.2) =254 mw

- Do khuéch dai dién thé ctia mach:
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Chuong 9: Mach khuéch dai cong suit

E
A w1+ L= TRy,
E, 10
- CBng suft ra trén tai;
2 2
_ (Vum I“E) _ Ve
e R, 2R,
gla sir tin hidu vao cd bién dd dinh 12 1087 mv
Ta co:
V=22 1087~ 1v (p)

Do dd:

1
F = — — = 0.0625watt
olac) 2800

- Dong dién qua tai:
Voip)

L) = |, = 125 mAP)
Dong trung binh chay qua mdi transistor khi c¢d tin hiéu:
In = Ly /41
_ 125méb
= E
- Ddng cung cép khi ¢d tin hidu:
I =I1+I+Ipn=17+946+49.8=61mA
- Céng suft cung cfp khi cé tin hidu:
Piary=lp (Vo) =61.12=0732 watt

- Hiéu sudt:

ofp)

+10méb = 4% smd

D
Ym =200 Jaone - 822 000 _ g s
732

ifde)
- Chiy g rang khi Q4 dan, Qs ngung nén.

- bién thé dinh qua tai:
Vo =0.125 . 8=1v
- Khi Q; dan (ban ky duong cta tin hiéu), dién thé dinh tai chan B cta Q 1a:
VBl(p) = VEl(p) +0.7v=2.25+0.7=2.95v
- bién thé tai ng0 ra cua op-amp:
V] = VBI - VDl =2.95-0.7=2.25v
- Tuong tu khi Q, dan:
VBZ(p) = VEZ(p) -0.7v=-2.25-0.7=-2.95v
- bién thé tai ngd ra op-amp:
V] = VBz(p)+ VDZ =-295+0.7=-2.25v
- Khi Q; ngung (Q, dén)
VB1 = V1 + VD1 =-225+0.7=-1.55v
- Tuong ty khi Q; dan (Q, ngung)
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Chuong 9: Mach khuéch dai cong suit

Vg =V, -Vp,=2.25-0.7=1.55v
- Dong bao hoa qua moi transistor:

-
ooy = ———— = S _3333ma
R +R, 10+3
- Dién thé V, tdi da:

Vo) max = 333.3 * 8 =2.67v

<A~
'é’i
=
\~
<

|~
N

=

/\\/\/
)

-2 95
Hfﬂh 9.22: Dang séng ctia mach khudch dai

9.4.3.3 Mach cong suit ding MOSFET:

Phéan nay gi6i thiéu mot mach dung MOSFET cong suat v6i tang dau 1a mot
mach khuech dai vi sai. Cach tinh phan cuc, vé nguyén tic ciing gidng nhu phan trén. Ta
cht y mét s6 diém dic biét:

- Q, va Q, 12 mach khuéch dai vi sai. R, dé tao dién thé phan cuc cho cuc nén cua Q.
R, C; dung dé gidi han tan sb cao cho mach (chéng nhiéu & tan s6 cao).

- Bién tré R tao can béng cho mach khuéch dai visai.

- Ri3, Ry4, C5 1a mach hoi tiép am, quyét dinh d0 loi dién thé cua toan mach.

- Ry5, C; mach Igc ha thong co6 tac dung gidm séng du trén nguén cép dién cua tﬁng
khuéch dai vi sai.

- Q4 ding nhu mét ting d4o pha rap theo mach khuéch dai hang A.

- Q; hoat dong nhu mot mach on ap dé 6n dinh dién thé phan cuc ¢ gitta hai cuc céng
clia cip cong suat.

- D, dung dé gi61 han bién dg vao cuc céng Qs. Ry va Dy tac dung nhu mdt mach
bao vé.

- Ry; va Cs tao thanh tai gia xoay chiéu khi chua mic tai.
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Chuong 9: Mach khuéch dai cong suit

Bys + Voo = 430w
AR
A + G
LR Fi |__} |"'“_! _J?_.'_ ]
a, ) - —2200
Ci " 1k 2_.@_—.,4:,'_'1.- j‘; uF
4 TuF ) By = 4 Ny
—[ 13k N by
P d ..:'.,;ﬂ'} F g
e 1% Al \ Qs
N t‘:‘ I' -
o Vv ) .*.,.,n.]\t | iRF 532
Fa 2N 3906 Q2 Rs | SV —
5.1k IN3D06 10> * o
. i x = i 10000
+ Wy I\ T . '-‘I L-..-"';’ \l Fa
Vi om s oy “'-.!_H'_LL'IF '-]:":El[u |
- S>> az0p g = Far
| ] L, aposts L
= £200 J_c -
| T B
L rr sy F;] 1 = o ] 68
Il A —* ppresdz |
100 Vi I T T
- A 10002 R
A A0
# 4
17k IN3%04
=
=
(1 ¢,
o
Farard
Vep=-30v ¥
LT
S1k
AR
Fiy vV
5100 <

L
100uF
o

Hinh 9.23 Cong suat 30W dung MOSFET

9.5 IC CONG SUAT:

Trong mach cong suat ma tang dau la op-amp, néu ta phan cuc bang nguon

don thi mach c6 dang nhu sau:

- Ry, R, dung dé phan cuc cho ngd vao co6 di¢n thé béng V2.

- Mach hoi tiép 4m gdm R, Rg va Cs véi Ry << R,. tu C5 dé tao d6 loi dién thé
mot chiéu bang don vi. Nhu vay khi chua c6 tin hi€u vao, ¢ hai ngd vao + va ngd vao - cling
nhu ¢ ngd ra cua tang op-amp déu c6 dién thé phan cuc bang V¢/2, bang véi di¢n thé mot

chiéu ¢ ngd ra cia mach cong suat.
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Chuong 9: Mach khuéch dai cong suit

-Tu G, (tu Xuét) dé ngan di¢n thé mot chiéu qua tai va dam bao dién thé phan cuc
ngo ra bang V¢c/2.
- D¢ loi dién the cua toan mach: Av ~ 1+R4/Ry

+Vee
Sh >

N ]

|-
-]

\.v.-'
e8|
o
-

Ry RS | A

15

|1

|
B
Il:

L

>,
I f// Fd
R, ire. Py

< Hs

Cs Hinh %24 Machdirg op-ampvé& ngnén dan

A

Cac IC cong suat thuong duoc ché tao bén trong c6 cdu tric gan trong ti nhu
mach trén. Vi nhitg IC cong sudt 16n, ting cudi co thé 1a cac cap darlington-cip hoi tiép.
Ngoai ra dé ning cao chat lugng, ngudi ta con ché tao thém mot sé mach c6 chirc niang dic
biét nhu bao vé nbi tat ngo ra, bd chinh tan sb ...

Thi du ta xem Ic cong suidt LM 1877 (bén trong c6 2 mach cong suét voi cong
sudt ra toi da la 1w/kénh) c6 so d6 chan nhu sau:
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Biaz(V
= 1 (V) fR W3 () | %=
Chat pat 1 Chat pat 2
GND o @ GHD
o | (D @] =
H(s) (105"
I put 1 .—/ ™
e e <—@ Input 2
Feed back 1 @ < Feed back 2

Hinh 9.25: Rodd chan IC LM 1877

Mach sau day cho thiy cach rap thanh mach cong suat lwatt v6i cac linh kién
bén ngoai khi dung 1 kénh.

T Vo= +5v
[l
% F, = 120K
Cz = 1000WF
1 + 1000pF -
Wi [ EM\ 14 K
= + S~ 2 Vo
C, = 1pF L1 1877 H
-
] 54,5 R4=2?Q gL
B, = 100k Ce=.1
|
E; = 5004 Cr=47pF
iZy = 100pF

Hinh ©.26: Mach ¢dng sut 1w ding LM 1877

Trong d6 cha ¥ mot sb dic diém
-R,, C7, R3, Cy quyet dinh do khuéch dai cua mach (mach h01 tlep am).
- Ry, Cs lam tai gia cho mach va dleu hoa tong tro loa ¢ tan sd cao.
- Tu C; quyét dinh dap tng tan sb cao.
- R, dé phan cuc ngd vao.
R, khong dugc qua nho s€ lam bién d6 tin hiéu vao.
- Bo khuéch dai cia mach ¢ tan sé giita
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Chuong 9: Mach khuéch dai cong suit

3

Ay =1+R_2=1+1[JD.1[]

E, 500

- Bién dd tin hiéu ra khi wilp) = 20mv
’U’otp) =20 201 =4 volt

- Cong suat ra:

=201

2
T = —-Ii"'rl:ll:p:l = —42 = lwatt
U T oR, 28

Trong truong hop rép 2 kénh, mach dién nhu hinh sau:

+
* 1poopF

o

100
100F
—
it O BN
"
o —@
Vi1 -H-'- 7 / %.TD
50@?2“ “ 1 .
@ I
viz _N+$12m: 3,4,5,10,11
B P N 500uF
so0G 1) +r -
E—_
WG %
100puF

47pF

S

Hinh 927 Mach cfng st stereo ding LM 1877

SO00uF

Bl

BL1
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Chuong 9: Mach khuéch dai cong suit

BAI TAP CUOI CHUONG IX

Bai 1: Tinh cong suat vao, cong suat ra va hi¢u suat cua mach sau, biét rang khi c6 tin hi¢u
0 ngo vao dong Iy s€ dao dong véi bién do dinh 1a 10mA.

oo =+20%
Er=1k % E-=2000
[ B =235
[ 1
1

Bai 2: Trong mach khuéch dai cong suat sau day:
1. Tinh cOng suat vao, cong suat ra va cong suat ti€u phi trong moi transistor.
2. Tinh cong suat va hi€u suat cua mach khi tin hi¢u vao co6 bién do hi¢u dung

12 12V (tms).

ki VL
: R3¥
< =40

-25W

Bai 3: Mot mach cong suét loai A dung bién thé véi ti s6 vong 4:1. Dung ngudn cap dién
Ve = 36V dé mach cho cong suit 2 watt trén tai 16Q.

Tinh:

al. Py trén cudn so cap.

b/. VL(ac)- )

C/. V(ae) trén cudn so cap.

d/. Tri hiéu dung ctia dong dién qua tai va trén cudn so cp.

Bai 4: M6t mach khuéch dai cong suét loai A nhu hinh vé. Xac dinh:
a/. B0 lgi dién thé gﬁn ding ctia mach.
b/. Cf)l’lg Sllét vao Pi(dc)-
c/. Cong suét ra Poac)-
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Chuong 9: Mach khuéch dai cong suit

gi/ . Hiéu suit ctia mach.
Cho biét dong ti€u thu ctia LM324 khi chua c6 tin hi¢u 1a 0.8mA.

Weor=12w
100WF
2201F P
|1 alac)
ﬂ‘u"r\-/ + T e
?101{ 50y Ri=20)

p
%4?@

Bai 5: Trong mach cong suét hinh 9.23 cho biét Vas(ih cua IRF532 thay doi tir 2V dén 4v Va
Vas(m cua IRF9532 thay doi tir -2v den -4v. Mot cach gan dang, tinh dién thé toi da va toi
thiéu gifra 2 cuc cong cua cap cong sudt.
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Chuong 10: Mach dao dong

Chuwong 10

MACH DAO DONG (Oscillators)

Ngoai cac mach khuéch dai dién thé va cong suit, dao dong ciing la loai mach can
ban cua nganh dién tir. Mach dao dong duoc st dung phd bién trong cac thiét bi vién

thong. Mgt cach don gian, mach dao dong la mach tao ra tin hiu.

Téng quat, ngudi ta thudng chia ra 1am 2 loai mach dao dong: Dao dong diéu hoa
(harmonic oscillators) tao ra cac song sin va dao dong tich thoat (thu gian - relaxation
oscillators) thudng tao ra céc tin hi€éu khong sin nhu rang cua, tam giac, vudng (sawtooth,

triangular, square).

10.1 MACH DAO PONG SIN TAN SO THAP:

Ta xem lai mach khuéch dai c6 hoi tiep

Vg Vi Fhugch da

h 4

f{:} Ay= | Ay |£EA
&

4

ve [ HBE thing hoi tidp

F 3

p=|plzog

v _T-.Ts‘l‘vf
Vi
by=—
Wy
p=
v

- Néu pha ctia v¢1éch 180° so v6i v, ta ¢6 hdi tiép am.

v

- Néu pha ciia v cing pha véi v, (hay 1éch 360°) ta c6 hoi tiép dwong.

Do loi ciia mach khi ¢6 hoi tiép:

A (1+_;. A {1+fj 2

= AU(1+Bﬁ*ﬁj=‘E"v +B—‘£‘-v"g"f

oy (10.1)

:mle_ﬁﬂ

L
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Chuong 10: Mach dao dong

Truong hop dic biét PA, = 1 dugc goi 1a chuan cr Barkausen (Barkausen
criteria), luc ndy Ay tré nén v6 han, nghia 1 khi khong c6 tin hiéu ngudn v, ma van co tin
hiéu ra v, tirc mach tu tao ra tin hi¢u va duoc goi 1a mach dao dong. Tém lai diéu kién dé
c6 dao dong la:

BAv=I

0, + 05 = 0° (360" didu kién nay chi thoa & mot tin sd nao d6, nghia Ia
trong hé thong hdi tiép duong phai c6 mach chon tan sb.

Néu PAv >> 1 (dung diéu kién pha) thi mach dao dong dat 6n dinh nhanh
nhung dang séng méo nhiéu (thién vé& vudng) con néu PAv > 1 va gan bang 1 thi mach
dat dén do 6n dinh cham nhung dang song ra it méo. Con néu BAv <1 thi mach khong
dao dong duoc.

10.1.1 Dao dong dich pha (phase shift oscillator):

- Tao song sin tan s6 thap nhat 13 trong dai 4m tan.

- Con goi la mach dao dong RC.

- Mach c6 thé dung BJT, FET hodc Op-amp.

- Thuong dung mach khuéch dai dao (1éch pha 180°%) nén hé thdng hoi tiép
phai léch pha thém 180° dé tao hoi tiép duwong.

a. Nguyén tic:

EP dao Av
(l&ch pha 180%)

H2 théng hoi tidp p
(l&chpha 180% |

Hinh 101
- Hé thdng hoi tiép gdm ba mic R-C, mdi méc c6 do léch pha tdi da 90° nén
dé do 1éch pha 13 180° phai dung ba méc R-C.
- Mach twong duong tong quat cua toan mach dao dong dich pha duoc mé
ta ¢ hinh 10.2

We=00 Eq Vo=V
R AN N N N
|1 |1 |1
of
R ~ R R R
S
Hirh 10.2
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Chuong 10: Mach dao dong

Néu R; rat 16n va Ry nho khong dang ké
Ta co: vo=v; = Av.y;
Vi=Va
- Hé thdng hoi tiép gdom 3 mac C-R, va duoc vé lai nhu hinh 10.3.
C C C

n (DL e LfE L|rEr
~ 1; 1z 1z

R t t

| | | |
| | | | ‘ | | +

Hinh 10.3

- Bé phan giai mach ta theo 4 buéc:
+ Viét phuong trinh tinh d6 lgi dién thé B = v,/v, cta hé thdng hoi
tiép.
+ Rat gon thanh dang a + jb
+ Cho b = 0 dé x4c dinh tan sd dao dong f
+ Thay f, vao phuong trinh cta budc 1 dé xac dinh gia trj cua B tai
fo.

Bé p=volvy = Riz

w
Tirhinh 10.3,tacd:
1
)+ @Cip + Ry - i) =0 (10.2)
1
Ry - i)+ ( @C g + Ry -igy=0  (10.3)
1
R(iz - ig) + (-] @C )iz + Ri3=0 (10.4)
1
SU.}? ra . (R 'j il )11 - RIE +|:|13 = 1}1
1
-Riy+ (2R-] oC My - Rig=0
1
Tu do:
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Chuong 10: Mach dao dong

Va:

—[R]ﬁ “\+[vl]rj e
PR - R
[R‘%c} _RAC ER—%C__R 2R—/C

3
By

[R—%C}[(QR— %CT —R3}+@}(—R}(2R— ¥

Rz.vl

[ /c][ RI- 22 {é} 2}-(32;..:23-%(3;

R,

{ /c}[ Rl @2}23”%

E* o,
B 5k (1 6R?
R* - + -~
w? J[ o' ¢ oC J
V3

Thaj,ri3= E

R 2R -
-k

wC

=i, =

(Y —
o) IR RaC

Dé mach 1éch pha 180°:
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Chuong 10: Mach dao dong

1 &

- = 0= o RC =60 R*C
@ R*C Ro,C ’ ’

=1=60iR3C? = of = —

6RC?
1

T dd: @y =—=— 10.5
1] '-‘IIIERC ( )
va g1 10.6)

1
27 JERC
Thay , vao biéu thirc ciia B ta tim duogc:
Wy 1 1
b= v, 5 - -o29

1- 1-

2
1 2 2
—— | R*C
[«.«“ERCJ
Diéu trir cho biét hé théng hii tiép c6 48 1&ch pha 1800,
Tl B4, = 1 = D5 khuéch dai vong hd A, 229,

1
Térn lai: f= 2mJ6RC
0
Ay = 29180

b. Mach dich pha dung op-amp:

- Do op-amp ¢6 tong tré vao rat 16n va téng tré ra khong dang ké nén mach dao
dong nay minh hoa rat tot cho chudn cir Barkausen. Mach cin ban dugc vé ¢ hinh 10.4

- Tén s6 dao dong du’qclxac dinh boi:

21 6R.C
vadd lon dong hér

-— =29
.'.‘ﬁh;: 1 /\/\"ﬁz
S—y "
E,

|:|=

+
R
C C C
I | | | |
[ I [
R R R
Hinh 10.4
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Chuong 10: Mach dao dong

c. Mach dao dong dich pha dung FET:

- Do FET c6 tong trd vao rat 1on nén ciing thich hop cho loai mach nay.
- Tong tro ra ciia mach khuéch dai khi khoéng co hoi tlep
RO = RD|[rD phai thiét ke sao cho R, khong dang ké so v&i tong trd vao cua hé théng hoi
tiép dé tan sé dao dong van thoa min cong thirc:
1

27 J6RC
Néu diéu kién trén khong thoa mén thi ngoai R va C, tan s6 dao dong s& con tuy
thudc vao Ry (xem mach dung BJT).

|:|=

- Do loi vong hé cia mach: A, = -g(Rp||rp) = 29 nén phai chon Fet c6 gy, rp 16n
va phai thiét ké véi Ry, tuong ddi 1n.

+%pn
=R

)

L
s 2

Hinh 10.5

d. Mach dung BJT:

- Mach khuéch dai 1a cuc phat chung c¢6 hodc khong cé tu phan dong cuc
phat.
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Chuong 10: Mach dao dong

a0 . L
A G I S lnenl
03 33 7

v
Hinh 10.6

- Piéu kién téng tré vao cua mach khong thoa man nén di¢n tré6 R cudi
cung cta hé thong hoi tiép 1a:
R=R’+ (R/|R4l|Z) (10.8)
Véi Zy = Pre néu c6 Cg va Zy, = B(r. + Rg) néu khong c6 Cg.
- Toéng tré ctia mach khi chua c6 hoi tiép Ry ~ Rc khong nho 1dm nén lam
anh huong dén tan sb dao dong. Mach phan giai duoc vé lai

vn = AL G) L ilR§ i, E i, E §TJ3:R.i3
Yo—W -

Hinh 10.7

-Ap dung cach phan giai nhu phan trudc ta tim duoc tan s6 dao dong:

£, =— 1 (10.9)
.= . .
2nRC |
644
R
vihd 56 hdi tidp p=-— ! : (10.10)
R R
o423 L 44 =5
R E

- Thuong nguoi ta thém mot tang khuéch dai dém cuc thu chung dé tai
khong anh hudng dén mach dao dong.
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Chuong 10: Mach dao dong

10.1.2 Mach dao ddng cau Wien: (wien bridge oscillators)

7 - Cung la mot dang dao dong dich pha. Mach thuong dung op-amp rap theo
kiéu khuéch dai khong dao nén h¢ thong héi tiép phai c6 do 1éch pha 0°. Mach cin ban
nhu hinh 10.8a va hé thong hoi tiép nhu hinh 10.8b

—W— —FW +

Rg CE CZ RZ
Wy — W
RS o
T - 1 1

Ci | -
=T W
77 <Ra
(@) ®)
Hinh 10.8

Ta cd:

R1
o= Ya_ (1+ jwk,C,)
v 1 E,
1 R, +- + :
joC, (1+jeR,C,)
R1

(1+ j@R,C)

R, (0 C)(+ jeR,C+ 1+ joR, C, + joR | C,

joC, 1+ jok )
E, 10 C, 1+ j0k,C) )
I:]'-i_JCI‘-:lR'l(:l:| (JCQRECQ _C':'ER]_RQC]_CE +1+_]':':'R1C1 +_]le'::2)

jok,C,

C(1-@*R R, CC0+ jo(R,C +RL,C, + B C )
@k,

R, C,+R,C, +R,C )+ o' R,C,C, — 1)

Tai tan s6 dao dong w,:
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Chuong 10: Mach dao dong

2 —

— . = - (10.11)
T RE,CC, " 2nfRE,CC,
Khi dé
B= k., Cy _ E,C,
®, (R,C, +R,C, +R C,) R,C +E,C,+R,C,
1
S S— (10.12)
F, C
1+=2 4+ 1
1 Cﬂ

NéuchOnR1=R2=Rvé(31=CE=C. Tacd PB= RE 1
RC+ERC+EC 3

= A, =3 Vi ;= (10.13)

2nEC

Trong mach co ban hinh 10.8a, ta chu y:

- Néu d9 lgi vong ho A, <3 mach khong dao dong

- Néu d6 loi vong hd A, >> 3 thi tin hiéu dao dong nhan dugc bi bién dang
(dinh duong va dinh &m cua hinh sin bi cit).

- Cach t6t nhat 1 khi khoi dong, mach tao A, >3 (d¢ dé dao dong) xong
giam dan xubng gan bang 3 dé c6 thé giam thiéu téi da viéc bién dang. Nguoi ta co nhiéu
cach, hinh 10.9 13 mét vi du dung diode hoat dong trong ving phi tuyén dé thay d6i do
loi dién thé ctia mach.

- Khi bién do cta tin hiéu ra con nho, D;, D, khong dan dién va khong anh
huong dén mach. P9 loi dién thé cua mach lac nay la:

St 39
Ao=14 R, :

- b6 loi nay du dé mach dao dong. Khi di¢n thé dinh cta tin hiéu ngang qua
R, khoang 0.5 volt thi cic diode s& bat dau dan dién. D; dan khi ngé ra dwong va D, dan
khi ngd ra am. Khi din manh nhét, dién thé ngang diode xap xi 0.7 volt. Pé ¥ 14 hai diode
chi dan dién & phﬁn dinh cua tin hi¢u ra va né hoat dong nhu mot di¢n trd thay ddi nbi
tiép v0i Rs va song song voi Ry lam giam do loi cuia mach, sao cho d¢ lgi luc nay xudng
gan bang 3 va co tac dung lam giam thiéu sy bién dang. Vi€c phan giai hoat dong cua
diode trong vung phi tuyen tuong di phirc tap, thuc té ngudi ta mic thém mot dién tré
Rs (nhu hinh v¢) dé diéu chinh do loi ctia mach sao cho d6 bién dang dat dugc & mic
thap nhét.
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Chuong 10: Mach dao dong

LV Ve JA
10k + \_/
R Rﬂ"'{:'/ Chinh bién d&
221{3 20k
Cy
| .1
W11
1.5k

Cl _I/m
Ei
) .5k 2.5k Hinh 10.2

R3 T > - A
15 "'ITIII Chinh bién dang
Es

100k

- Ngoai ra cling nén dé y 1a do bién dang s& cang nho khi bién do tin hiéu &

ngd ra cang thap. Thyc té, dé iy tin hiéu ra cia mach dao dong nguoi ta o thé mac thém

mét mach khong dao song song vdi R,C; nhu hinh v& thay vi mac ndi tiép & ngd ra cua

mach dao dong. Do tong tr& vao 16n, mach nay gan nhu khong anh huong dén hé théng

héi tiép nhung tin hiéu lay ra c6 d6 bién dang duoc giam thiéu dang ké do tac dong loc
cua R,C;.

- Mot phuong phap khac dé giam bién dang va ting do 6n dinh bién do tin
hiéu dao dong, ngudi ta sir dung JFET trong mach héi tiép 4m nhu mot dién trd thay doi.
Lac nay JFET dugc phan cuc trong vung dién tr¢ (ohmic region-vung ID chua bdo hoa)
va tac dong nhu mot dién tro thay dbi theo dién thé (VVR-voltage variable resistor).

i
= D3
Tas

ID JGS
- Ta xem mach hinh 10.10

Wi

Hinh 10.10

- Dy, D, dugc dung nhu mach chinh luu mdt ban ky (am); C; la tu loc.
Mach nay tao dién thé am phan cuc cho JFET.

- Khi cap dién, mach bat dau dao dong, bién do tin hiéu ra khi chua du lam
cho D, va D, dan dién thi Vs = 0 tirc JFET dan manh nhat va ry nho nhét va do loi dién
thé ctia op-amp dat gia tri tdi da.

- Sy dao dong tiép tuc, khi dién thé dinh ngo ra am dat tri sO Xép xi -(V, +
0.7v) thi D; va D, s& dan dién va Vg bat dau am.
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Chuong 10: Mach dao dong

- Sy gia tang cua tin hi¢u dién thé dinh ngo ra s€ lam cho Vgg cang am tic
rgs tang. Khi ry tang, do loi A, ciia mach giam dé cudi cung dat dugc do loi vong béng
don vi khi mach hoat dong 6n dinh.

- Thuc té, dé mach hoat dong & diéu kién tot nhit, nguoi ta dung bién tré Ry
dé co thé chinh dat d6 bién dang thap nhat.

Van dé diéu chinh tan sé:

- Trong mach dao dong ciu Wien, tan sd va hé sd hoi tiép duoc xac dinh
bang cong thirc: i

] 1
£y = b= R, C
om (B, R, C,C, 1+22+ L
1 4

- Nhu vy dé thay d6i tan sd dao dong, ta co thé thay ddi mot trong cac
thanh phan trén. Tuy nhién, dé y 1a khi c6 hé sd hdi tiép B cung thay ddi theo va do loi
vong ciling thay d6i, diéu nay c6 thé lam cho mach mét dao dong hodc tin hiéu dao dong
bi bién dang.

- Dé khic phuc diéu nay, nguoi ta thuong thay doi Ry, R, hoac C,, C, cung
lac (dung bién tré d6i hodc tu xoay do6i) dé khong 1am thay d6i hé s6p. Hinh 10.11 mé ta
viéc diéu chinh nay.

s [

+ vy
C1 | -
“IANT —W
Eg
s N
Egz D=
A
Hinh 10,11 Hinh 10.12

- Tuy nhién, hai bién tro rat kho dong nhat va thay doi gidong hét nhau nén B kho
giit vitng. Mot cach khac dé diéu chinh tan s6 dao dong 1a dung k¥ thuat hoi tiép am va
chi thay d6i mot thanh phan mach va khong 1am thay doi d6 loi vong du B va A, déu thay
d6i. Mach dién nhu hinh 10.12

- Tén s6 dao dong cua mach van duoc xac dinh boi:
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1

o R F LG,

|:|=

1
o3 = = . = i = oh f e 1':'14
Vil C)=Co =C; By =R nhuhinhv&, taco: to zﬂm ( J

C o s 1 1
Vahé sohditiép p= = = (10.15)
1+ 241 24—
Rl cﬂ Rl

Vay khi R, tang thi f, giam, B tang. Nguoc lai khi R, giam thi f; tang va § giam.

Mach A, dua vao trong hé théng hoi tlep dung dé giir vitng d6 loi vong ludn bang don vi

khi ta diéu chinh tan s (tirc thay d6i R,). That vay, ta thir tinh d6 loi vong hé A, cua
mach

V-’
Ta cdtheo hinh 10.13
Wy K E
=SV =TV
E, E E,
Vu%“izvi;{"ul:}vn_vizvi_vm
=2 =+ R
V. =W Vo=V —
] ol ] R,
=4 = Yo :2+E
Vol vi 1
1
p= —— = P4, =
Hinh 10.13 24—
E,
e

Toan bd mach dao dong ciu Wien c6 diéu chinh tan sb va bién d6 dung tham
khao duoc v€ ¢ hinh 10.14

| | :
i) f\f\ank
ﬁ\ Ry 470(
4.7k
R,
'i

R.LZ
— }v\f %681{
1 .05 22k

RJ.IZI

5k
VR o) : . w
2m;l R RT;;\VI\/V_M/EB}VR 47k + 70
: Rs 10k } ¢
WD};

VRI chinh fdn 56
Vs B 33k FR2 chinh bién dang

VR3Z chinh bién &5
Fs +
5.8k
Hinh 1014
Truong Van Tam X-12
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10.2 MACH DAO PONG SIN TAN SO CAO:

Dao dong dich pha khong dung dugc ¢ tan sd cao do luc d6 tu dién phai c6 dién
dung rit nho. Dé tao song tan sb cao nguoi ta thuong dwa vao hé thdng héi tiép cac mach
cong hudng LC (song song hodc nbi tiép).

10.2.1 Mach cong hwéng (resonant circuit):

a. Cong hwéng noi tiép (series resonant circuit):
- GOm c6 mot tu dién va mot cudn cam méc ndi tiép.

- Cam khang cua cudn day la jX; = 2nf.

: : 1
- Dung khang coatu dién la- 13X, = ——

e
- Ngwrn ta dinh nghia tén s cing hudng clamach la tén s f[] matat dd HKo=Xp
1 1
enf,L=—=f,=——
o, Y oG
- Thuc té, cudén cam L ludn 6 ndi trd R nén téng tré thuc cua mach la: Z =
R +3Xp - jXc.
- Tai tan s6 cOng hudng f, thi X; = Xc nén Z; =R
I I
— —
]
g L L= lytudng
+ +

RO EE A OIS

Hinh 10.15 ()

- Vay tai tan s6 cong hudng tong tr¢ ciia mach c¢o tri so cuc tiéu.
- Khi tan s6 f < f tong trd co tinh dung khéang.
- Khi tan so f> f; tong trd co tinh cam khang.
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- Nguéd ta dinh nghia bing tan (bandwidth) ciia mach cong hrdng B, la B, =1f;-f; trongdo

. . v
f, 12 hai thn s& hai bén thn s cng hudng mé tai d6 |Z=+/2 R hoge [I= ﬁ

- Néu goi Q 14 h& 56 phéim chia cudn diy (quality factor), ta cé:

B, =fy/Q,véi Q duoe dinh nghia: Q =%
b. Cong hudng song song (parallel resonant ci rcuit)
Tong trd cia mach:
Z=(X | (Rg +%1)
7 (=33 (B +330, ) _ HoHy, — LR
- +ER+ 13, B+ —1¥,

Tai tin sé cong hudng f[] ta cd: o, = X

2 2
Suyra 7 — (:}{:Ls} JKLSRS _ (KLS)

= -
0 Rs Rs I,
i
Nhung @ = _Xs
Eg
EiQ* _
=Zy = ; - RsQ=R,Q* - R Q
s

Méu Q lon (tan 56 cao, néi trd Rg nhé)

ZomRgQPm Rp b gidtri nhur mdt dién tré,

F | = | Y I
Vg
E
1 W, a o
NER / \
0 1 fotf: - 0 f. fo £ "
Grée pha Hinh 10.15(c)
-~ H
+o0° :
Cém khang
£
Dung fa "
khang
-90
Hinh 10,150k
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R S - R, .

o —— L — BB 2 / \
-T- — Lg C oy
— Ly tirdmg
o T £ >t
= pha

Hirh 1016

fg i

|

cam khang dung khang

10.2.2 Tong quat vé dao dong LC:
-Dang tong quéat nhu hinh 10.17a va mach héi tiép nhu hinh 10.17b

Z
vy MV Vg + 3 +
Rq
Hﬁ,(;,,::,.‘ifi VitVa | 7, 7. | Y&T Vi

Ao Z1
Av{oc): d3 1o khéng tad

va khong héi tiép

23
fa) (bl
Hinh 10.17
- Gia sur Bi rat 16n Q6i yé’i ,ZZ (thuong dugc thoa vi Z, rat nho)
Dé tinh h¢ s6 hoi tiep ta dung hinh 10.17b
Z Z
W, = 2 v, = p= T2 _ 2
Vi

v, Z,+Z,
bé xé4c dinh A, (do lg1 cua mach khuéch dai cin ban ta dung mach 10.17c

1
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Aﬁzfpc}l-viC

i
h_/
15
[-]
E
[-]
(o)
F
_;'W_

2
t Hinh 10.17¢

Vo R, == Zo. Néu khéng, phai coi Zo nhux B /2

Tacd:
YL=L=i+ 1 =Z,1+Z,2+ZL3
L L, Z,+Z; 22, +245)
7, = 2, +25)
2+ E,+ 2,
202, +25)
Z. I +Z, 42,
:>1FD = —ﬂvcm.vi = = (Z- T ) "E‘-tr(-:n:]vi
Eo+Z; R it M Bl
I
Z (2, + 2
Vé .L":";.v=v—u= 1( : 3} "&"'tr(-:u::l
v 21(22"‘23:""30(21"'22"‘233'
EJE:: 10'1 véng: |3_e'1'1v = Zz 21(22 +23j "E"trl:ucj
Zot+Zs | Z(Z,+ 20+ (2 +2, +25)
42,

— A
22 +Z)+R (2 +Z +Z3 "
Tai tin sé cong hrdng Z1+ Z2 + 723 =0
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Z Z
=2y +Z, ==L Dp=—=-2
Z,+2, Z,
z z
= PBA, =—2 A A

m wocl — Zl woc)
Giat phurong trinh 2 + Zo + Z2 = 0 ta tim duoc £
z1

Eiéukiéﬂﬁﬂvil,su}rra_éﬁ o N e
7 o) W) 7

1 2
Tiry Z1:Zo, 2y la tu dién hay cudn cam va tinh chit cfa mach khuéch dai, ta cd cac mach dao ddng sau:

Mach dao ddng 74 Zo Z Mach khuéch dai
L L Z Ehuéch dal dan
Hartley L i L Follower
Colpitts ) 9 L Fhuéch dai dao
P L c C Khuéch dai khang dac

Clapp C C LC nd1 tiép Ehuéch dai dao

Pierce Crystal - C ZTAL (L) Ehuéch da dao
10.2.3 Mach dao dong Colpitts:
Ta xem mach dung JFET

+Vrop

REC

'_1.
ﬂm}:‘
5

_|_‘|

j

— R
% Ll ’
— =

Hinh 10.18

|
\

So sanh v6i mach téng quat:

Z,=Cy; Zy = Cy; Z3 = Ly; Cs: tu lién lac ngd vao lam cach ly dién thé phan
cuc.

L, cudn chan cao tan (Radio-frequency choke) c6 ndi tré khong dang ke
nhung c¢6 cam khang rat 1on & tan sd dao dong, dung cach ly tin hiéu dao dong véi ngudn
cap dién.

Tai tan sb cong huong: Z, +Z, +7Z5;=0

Truong Van Tam X-17 Mach Dbién Tu
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1

== 4 jo,L, =0
YoC, TwgC,
= oyl = j| et | =
O @Gy WGy
L clcﬂ
o +a,
1
Néu goi CT_i tacoty = ——— (10.16)
C,+0C, 2m L, Cy
Didu kién d6 loi:
1
2y 310G G
Arrony < Z_g_ 1 - C_l (10173
i, Cy

Két qua trén cho thidy mach khuéch dai phai 1a mach dao va do loi vong hé

phai ¢6 tri tuyét d6i 16n hon C, /C;.
Ayoe) 12 d0 lot khong ta1 Av(oe) = -Em(Ta //X12)
Do X, rat 16n tai tan sb cong hudng, nén: Ay(oc) ® -8mld
Mot mach dung BJT
T , Vo

— G Eg Ce
L1

Hinh 10.19

10.2.4 Dao dong Clapp (clapp oscillator):

Dao dong clapp that ra la mot dang thay dbi cua mach dao dong colpitts. Cudn
cam trong mach dao dong colpitts doi thanh mach LC no6i ti€p. Tai tan s6 cong huong,

tong tr¢ cua

mach nay c6 tinh cdm khéng.

Truong Van
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+Vn
L.
.1 REC g,
5
s 0w
C [
(-
1 |_ Z, = )
— g = G :
L, T =Re 2, = L, nbitiép C3
_I,CS —Ca Vo4
Hinh 10.20
Tai tan s0 cong huoéng: 2, +Z, +Z;=0
1 1 1 )
-1 -1 -] +jmpL, =0
WeCy Ty TGy
o101 1 1
1] 1 ] 3
Méu gol —:L i+L
T Cl CE CE
= ja,L —jii:ﬂm:‘—L:\f S (10.18)
N e, o LG Y LG, |
v*agm)g_iz_& (10.19)

Pé ¥ 1a do mach L,C; phai ¢6 tinh cam khang ¢ tan s6 dao dong nén Cs phai c6 tri
so nho, thuong 1a nho nhat trong C,, C,, C; va f gan nhu chi tuy thudc vao L,C; méc nbi
t1ep

Nguoi ta ciing co thé ding mach clapp cai tién nhu hinh 10.21

Tan s0 dao dong cling dugc tinh bang cong thuc trén nhung chi ¥ do dung mach
cuc thu chung (A,, 1) nén hé s B phai c6 trj tuyét di 16n hon 1.

% @ h
L, 1. Hinh 10.21

|
— & =R c
':3 RZ

o

-

10.2.5 Dao dong Hartley (hartley oscillators)

Ciing gidng nhu dao dong colpitts nhung vi tri cta cudn day va tu hoan doi
nhau.
2,=L;2,=127Z5=C,
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v T
4 2 4
Vap=—= _F
V) 1
Hai cudn cam L, va L, mac ndi ti€p nén dién cam cua toan mach la L =L,
+ L, +2M vo61 M 1a ho cam.

Yoo

Cz
| |

= 1 1
o= N
g Y

—:':_1_ L, Iy Véﬂg P

Hinh 10.22

T diéu kién: Z; + Z, + Z5; =0 tai tan s6 cong huong voi

2+ Z,=Z=joL

va 2y =] 1

@y
; .1 2 1 1
=jol=i— = o =—=fh=——— (10.20)
’ @y G ’ L, ’ 27, fLC,
z, L
voiL ladién cmclachcubndiy vi Ay < Z, L, (10.21)

Ta ciing c6 thé ding mach cuc thu chung nhu hinh 10.23
+V e

e

éRFC
§ . Q Hinh 10.23
L
M T
Nz ?RZ

c
AT /;—|; I
N 1
Tuong tir: B:E;fu = m
RE

Fgtrg
BA, = PA

o) =

Tiac)
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10.3 DAO DPONG THACH ANH (crystal oscillators)

10.3.1 Thach anh

Tinh thé thach anh (quaRtz crytal) 1a loai da trong md trong thién nhién,
chinh 1a dioxyt silicium (S10,).

Tinh thé thach anh dung trong mach dao dong la mdt 1at méng duogc cit ra
tir tinh thé. Tuy theo mat cit ma lat thach anh c6 dac tinh khac nhau. Lat thach anh c6
dién tich tir nhé hon lem® dén vai cm® dugc mai rat mong, phang (vai mm) va 2 mat that
song song v&i nhau. Hai mat nay dugc ma kim loai va ndi chan ra ngoai dé dé sur dung.

Dang /‘ E E higu
N T

Hinh 1024

Dic tinh cua tinh thé thach anh 1a tinh ap dién (piezoelectric effect) theo do
khi ta 4p mot lyc vao 2 mat cua 1at thach anh (nén hoac kéo dan) thi s¢ xuét hién mot dién
thé xoay chiéu gitta 2 mat. Nguoc lai dudi tdc dung cua mot dién thé xoay chiéu, lat
thach anh s€ rung & mdt tan sd khong doi va nhu vay tao ra mot dién thé xoay chiéu c6
tan s6 khong doi. Tan s6 rung dong cta 1at thach anh tuy thudc vao kich thudc ctia no dic
bi¢t 1a d§ day mat cat. Khi nhiét d6 thay ddi, tan s rung dong cua thach anh cling thay
d6i theo nhung van c6 d6 6n dinh t6t hon rat nhiéu so véi cac mach dao dong khong dung
thach anh (tén s6 dao dong gén nhu chi tuy thudc vao thach anh ma khong 1¢ thudc mach
ngoai).

Mach tuong duong cua thach anh nhu hinh 10.25

| Es la difn trd bidu thi mirc tidu hao ning lweong

5, thirémg ti vai ohm dén vai triim ohrm.
L. dién cam
1 - Z;: d1én dung
Lz — ¢ Cy tu hinh thanh do hai 1dp kim loat ma & hal mét
thach anh.
Cg

—i_ Hinh 10.25

Tinh thé thach anh cong huéng & hai tan s6 khac nhau:

Truong Van Tam X-21 Mach Dbién Tu



Chuong 10: Mach dao dong

- C8ng hurdng ndi tidp & thn 55 fo doLgva Co
1

F-_ -
*om LG,

- C8ng hurdng & tin s6 fp do L, Cova Co mic song song

(10.22)

1
£, = 10.23
P T (10.23)

"]'E —_—
(1/Cs +1/C,)

1M Hai tin sb f; va f; tuy khac nhau
nhung lchong Xa (dum 1/1 DD)

100K - Cing cén chil ¥ 12 hé s& phim

1k Q = omf, Ls.

1904 Rs 14t 16n tir vai ngan dén
: : trén maot tram ngan nén thach anh
1042 con duoc ding trong cac mach dai

: _ thénghep.
ts . " - W&t diém quan trong khac nita la
Fha 1052 anh hwdng cia thu dién mic SOng
T : song bén ngoﬁi( tu lam tai) s& lam

= LI E— e S— glﬂﬂ‘l tﬂﬂ 20 COﬂg h'Ll'C"ﬂg SDﬂg SONg
Cam va lam cho tan 56 nay cang gan f;.
khang

A
Hinh 10.26
r
10k =< T
Rz 1%055 S—
Cp 5
. 1082
— —— Cprtaid - - >
Lz —T— —_ = fi. fw ng T
Fha ;
Cla =Rl : :
_=_ H
| | -
£
—aQfP— I\—

Hinh 10.27

Ta co thé dung thach anh dé thay thé mach nbi tiép LC, mach s€ dao dong ¢ tan
s6 fs. Con néu thay thé mach song song LC, mach s& dao dong ¢ tan sd f, (hodc f,,). Do
thach anh 6 dién cam Ls 16n, dién dung nbi tiép rat nho nén thach anh s& quyet dinh tan
s6 dao dong cua mach; linh kién bén ngoai khong lam thay d01 nhiéu tan sé dao dong
(dud6i 1/1000). Thuong nguoi ta ché tao cac thach anh c6 tan sé dao dong tir 100khz tré
1én, tan s6 cang thap cang kho ché tao.
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10.3.2 Dao dong thach anh:

Dao dong dung thach anh nhu maCI} cong huong ndi tiép con goi la mach
dao dong Pierce (Pierce crystal oscillator). Dang tong quat nhu sau:

E
da
o o

=4 1

P Vil BS = 5
| | Hinh 10.22

| |: [

HTAL

Ta [:héy‘ d;{ng mach giéng hhu mach dao dong clapp nhung thay cudn day va tu
dién noi ti€p bang thach anh. Dao dong Pierce 1a loai dao dong thong dung nhat cta thach
anh.

Hjnh }0.29 la loai magh dao (jéng Pierce dung rat it linh kién. Thach anh nam trén
duong hoi tiép tir cuc thoat vé cuc cong.

it
LT o) oo

T_‘
s
W}—‘
jes}
|
]

FATATATAY
e
23}
s
0
i)
y!
(]
o
(]

| |
Trimmer _| D ! '

- =
Cy
=Rs 1
- 2z

s

j

_|_1

N

N
N

i
y

Hinh 10,23

Trong d6 C; = Cgs; C, = Cgs tu lién cuc cua FET.
Do C; va C, rat nho nén tan s6 dao dong ctia mach:

£, = 1

2T Ls
(17 Cq +1/C, +1/C, +1/C )

va thach anh dugc dung nhu mach cong hudng song song.
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Hinh 10.30
Thuc t€ nguoi ta mac thém mot tu tinh chinh Cy; (Trimmer) nhu hinh 10.29
va co tac dong giam bién dang cua tin hiéu dao dong.
1

f, =

27 Ls
(/Cy +1/C, +1/ Cyg +1/C, +1/ C,)

Ta c6 thé dung mach hinh 10.30 v&i C; va C, mac bén ngoai.
1 1 1 1 1

Tén 58 dao d8ng fj = ——— I S SR EOL
2 fLoCr pii Cp  Cp O, O
'I']:I. 5 t]f—.l.\ A I‘.I.h.’ o - ~ Lﬁsi;’%f = l
womg thi Co rat nhd so wo Cf va Co nen: . . 0 znm

Truong hop nay ta thiy thach anh dugc ding nhu mot mach cong hudng
c C,

1.
|3= _C_=ﬁ‘tr|:n-::| E_C_

noi tiep 4 '

10.4 DAO PONG KHONG SIN
10.4.1 Dao dong tich thoat dung OP-AMP (op-amp relaxation oscillator)

Pay 13 mach tao ra séng vudng con goi 1a mach dao dong da hai phi 6n
(astable mutivibrator). Hinh 10.31 md ta dang mach cén ban dung op-amp

_+Vs at

u I_ - Waat

Hinh 10.31

Ta thay dang mach giong nhu mach so sanh dao c6 hoi tiép duong véi dién thé
so sanh vi dugc thay bang tu C.

By

R,+R,’

dién thé i tidp duongv, = = L2
1€n the hoi tifp duong vy = o ——

2

H& =8 hbi tiép B=

3
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Dién thé thém trén Vyrp=P.(+Vgar)>0

Dién thé thém dudi Vi 1p=P.(-Vsar)<0

Gia str khi mé dién vy = +Vgar, tu C nap dién, dién thé hai dau ty ting dan,
khi V¢ (dién thé ngd vao -) 16n hon v¢ = Vyrp (dién thé ng6 vao +) ngd ra doi trang thai
thanh -Vt va ve bay glor la: V= VLTP = B.(-Vsat). Tu C bat dau phong dién qua R1, khi
Ve =0 tu C nap dién thé Am dén tr1 SO Vitp thi mach lai doi trang thai (vO thanh +VSAT)
Hién tugng trén ctr tiép tuc tao ra & ngd ra mot dang séng vudng véi dinh duong 1a +Vgar
va dinh am 1a -Vgar. Thoi gian nap dién va phong dién cua tu C 1a chu ky ctia mach dao
dong.

‘ Do tu C nap dién va phong dién déu qua dién trd R1 nén thoi gian nap dién
bang thoi gian phong dién.
4 Yo

+VS AT

I N
el LY

t, t,
_VSB.T ...........................
Hinh 10.32
Khi C nap dién, dién thé 2 dau tu la:
_t
Ve =WV +{+Vaur — Vipi(l—e /i:' vil T=FC

_ (= Vaur) +[|:+vSAT I ﬁ(_vsxrj'[l - E_}{i|

P Vg =P (Ve + [ Vau- B Vgl _e—tlft]
Gid sir: FVEATI=-VEAT]
= B -1+ B )
2p= 1+ B)1-e )
:}‘1—&}% = =k = hit 26 _1-p

T+p T+p 1+p
=X 2 1¥P
1-p
b Py g 1P
T 1-p 1—p

1+ B

Suyrachulky: T=2t; =2FE,CLn : (10.25)
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i . R
Vathn sé dao ddng: £ = - = ! (1026) Véip=
ERICLn[l"'y } R, +R;
1-F
1+ 146
5 E \ — = = 2 178
Méutachon p= P — 0462 thi _
& R, 4L, 1-B 053
1-p

VaR5 - 0.462R; =0462R,

R3 = D86R2

Lic nay: £= ! B,=0. 36,
2R C

Thuc t& [+Vgar| co thé khac |-Vgar| nén dé duoc song vuong dbi xung, co thé st
dung mach nhu hinh 10.33

Cach phin tich trén vin ding,

E
R, B= El
B .
AN, " chichnhmy @ FatEs
RE
v, =v, —— = [
g f DR2+R3 B 0
Dién thé ngd ra
Vz v = 4|V, [ +0.7v]
Hinh 10.33

Trong cic mach hinh trén & ngd ra ta dugc song vudng déu (t; = t,). Mudn
t; # t; ta co the theé R, bang mach

Trong khoang thét glan ty, tu nap qua B

VW m va I va trong ta fu phong qua B va Tha
A R D1 B NéuDD; vAR=Rtaduoct; =t
R’ D NéuR =R tadugct; =ty
. HMeuRB'=2F taduoc t; =24
-1
Hinh 10.34
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10.4.2 Tao s6ng vudng, tam giac va rang cua véi mach dao dong da hai:

9 Dang tin hi¢u ra cua mach dao dong tich thoat co thé thay doi néu ta thay
do1 cac thanh phan ctua h¢ thong hoi tiép am.
a. Tao song tam giac:
Mot cau chinh luu va JFET dugc dua vao hé thong hoi tiép 4m nhu hinh
10.35. D€ y la dién thé tai cuc thoat D cua JFET lu6n duong hon cyc nguoén S (bat chap
trang thai cua ngo6 ra VO0). JFET nhu vay hoat dong nhu mot ngudén dong dién va tri sO
cua nguon nay tuy thudoc JFET va R1 khi Vpg 16n hon 3v. Thi du véi JFET 2N4221, ta
co:

R, | ile 0.5k 1k 5k0) 10k
I [ 3.2 ma 1. 4ma ImA 0.3mA 0. 1léama
VAN
ML P
Dy Q—T—/ %SDQ Hinh 10.35
C
| | -
| T \ -
+
E:
e 4y
Ea
- Gia st Vo = +Vga7 thi Dy, D, dan. Dong dién qua Dy, JFET, D, nap vao tu
C tur tri
T L,
Voo = 3 -V déntri s V... = +. trong khoang thén glant,.
y LTE R2+R3( saT) TP R2+R3( 541 ) g £ g B

- Khi ve = VUTP, v, ddi trang thai thanh -Vgat; D3, Dy dan, tu C phong dién
cho dén hét va nap dién thé 4m dén V 1p trong thoi gian tn. Sau d6 hién tuwong lai tiép tuc.

+Vaard

o W
WD i p—
.t Hinh 10.36
VLT
=W eaT ra il -

Truong Van Tam X-27 Mach Dbién Tu



Chuong 10: Mach dao dong

o [-I;UTUTP - T"rLTP)

tp

Do Ila dong dién mot chidunén I=

Wy

=1 vl Yy = Vg — Vi

t
P
Néu 4 diode dong nhat thi ta c6 thdi gian nap dién bing thoi gian phong
dién, tirc t, =t,, va chu ky dao dong T =t, + t==12t,

=1= =T

_ 1
hay tdn s dao ddng f'=
2.0V

Nhu vay ¢ ngo ra ta ¢c6 song vudng va ¢ ngd vao tru ta cd song tam giac.
b. Thay d6i d9 doc ciia séng tam gidc
Dé thay doi do dbc cua song tam giac ta phai thay doi t, va t, (néu t, # t, ta
c6 song tam giac khong déu). Muon vay ta tao dong nap va dong phong khac nhau.
Goi dong phong 1a I, va dong nap 1a I, ta co:
_CVy, _CW
n - In tp T IP
Mach minh hoa nhu hinh 10.37

D 1‘.?5
F g \D
—|<I

Fp

t

FanvIY W —

t
K—TJ_—) En
C e —— e e
| I o o e T -

Rz

Vg /v'V

Rz
Hinh 10.37

c. Tao song rang cua:

W Dé tao song ring cua ta tim cach giam that nho thoi gian phong dién. C6
thé dung mach nhu hinh 10.38
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- Thot gian C nap dién:

_ Sy = Vi) (10.29)
S
Méu diode 2i thi VLTP = -0.7v nén’
i = C(VUT?+D.?EF]I (10.30)

P
- Thoi gian C phéng dién qua D, rat nhé (vai chuc micro gidy).
- Chuky dao dong T=t, +t, # t,
[~

j

Ry ve $
WA K
Q:%/ Dp /\
|1 Vo Vg
W Rz
: Ay

Eaz
Hink 10328

10.4.3 Tao song tam giac tir mach so sanh va tich phan:

Ta xem mach tich phan sau day:
I +i0—

() E=-15 R J_’ I(I:
’ AR, -

@ Ei=15v 7o

v Hinh 10.39

-1

Gia st ¢ thoi diém t =0, SW ¢ vi tri 1 (E; = 15v) dong dién qua R la:
_ Ei - T"rs
R

Dong dién nay s€ nap vao tu C dé tao ra v, (gidm dﬁn)

I
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oW E-Vs o dVe _Ei-Vi_ Vo
dt E dt E.C t
sy, =T Vs) |y V6Bl latri dai s6
EC

Gia st khi vo = Vippta chuyén SW sang vi tri 2, tu C s€ phong dién va nap
theo chi€u nguoc lai dé€ tao ra vy (duong dan).

V. —E, dW dV. W, -E; - V. —E,
[=s T o ®e 0% YT o o, = — L4,
E dt dt EC t RC
Khi vg = Vyrp ta chuyén SW sang vi tri 1. Mach tiép tuc hoat dong nhu
trudec.
+ 15
ST -
t
—15+
Hinh 10. 40
VDJL
VT /\
— r
Wire

Pé tu dong bd giao hoan va tao dong héng cho tu dién ctia mach tich phan,
ngudi ta co thé dung mot mach so sanh va mach tich phan ghép véi nhau; xong 1iy ngd ra
cua mach tich phan lam dién thé diéu khién cho mach so sanh. Toan bd mach c¢6 dang
nhu hinh 10.41

I ATELD

|
|
o
VR R * W /"l:;\v V:m;l.x
* /\
D |
R, ? 1 wit) \/ X
Vs +

W
[ L oe [

E: ? T1 T

Hinh 10.41

Pé phan giai mach ta chi y 1a khi ngd ra ctia mach so sanh bao hoa duong
(+VSAT) thi Vo= VZ +0.7v= Vo > (). Con khi bao hoa am Vo= -(Vz+0.7V) = -Vo <0.
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Tacd:

VD_V]_:‘F.FI—V(t:l:>V_1+1=E+@:>Vl: Rz Vn-l— Rl v(t)
R, R, R, R, R, R, R,+R, ' R, +E,
v(t}=vmax=vUTP l vy =1i'-'rR VA Vg =_-|i'-';r|:| =_|:1i'-'rz +1i'-'r]:-:|

=V =-— i Vo + ) -

E,+E, E,+E,

E,+E E
=V, =l "y 4y (10.31)

Rl Rl

'I"I_I'O'I'lg tL_l', V(t} = vrmn = VLTP lhi T-.T-l = TJR i RTD = +VU = +C;urz_ + -U-D:l

=V, = ﬂj& _EVD (10.32)

Rl R'1

Dién thé dinh - dinh cua tam in{éc:
2
—n—
Vinas - Vinin =2, "0

Chu ¥ 13 néu Vg = 0 thi Ve = -Vinin
Xac dinh tan so:

_ AV
+KhiVe=0,tacé: i= dtc (W, = —w(t))
Khi vy = -V (dudng tién) thi ta cé:

Vo VO _ Vo _ Vs = Via

R d  RC T,
Vo =V W"% E
= T, = s ‘mh B LRC=2RCZ2E (10.33)
T”TEI -I;”rlil Rl
Ehi vy =V (dudng giam) thi ta co:
_E:}dﬁf(t)__ Wy | Wog — Vmax
R ¢ RC T,
R
Vo, -V “Tg R
=T, - Ymx po___ M pc-jre—: (1034
-I;”rlil -';"'TIZI R'1
Chuky dao déng T=T, +T SaRCT2py p= Lo B 035
g - -1 2= E Vi _T_4RRCK .

1 2

+ Khi Vg =0 ’
Khi vy = -V, (duong ti€n) thi ta co:
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E E
V, -V, dV Vo +Wy V. — W, W'JR_E W'JR_E
= o 5 . () _ Vo § _ Mmax min__ L =T, =— LR
E dt R.C T, T, V, + W,
Fhi vy =V (dudng giam) thi ta cd:
V,—V, _ dV V=V W — W Vo g EVE'EI:_Q
L R (tj:_ 0 "8 _ "min - Ymme _ 1:>ng =T
R dt R.C T, T, V, -V,
Chu loy dao ddng:
E E
ET‘I'JW‘F‘)“CR_2 qucR_ﬂ 4R.CR. V2
T=T,+T, = L L= e
W+ Wy — Wy E, Wi =Wy
1 R, [_(VST}
—stén 56 dao ddng: T 4R RC Vo (10.36%
Chi ¥
T W, = W+ W+
2=t F ol =T =T=T+T,=T|1+ >
T, W+, Wy =W, Wy =W,
ke thao e azﬂzl[l_EJ
chu Loy thao tac: T 2 ,
10.4.4 Tao song tam giac don cuc:
Ta xem lai mach tao song tam giadc khi Vg =0
Vo
I I AL i
B B C Vo
=0 * . Wirre
AN 0 vit)
+
R, § Dy Y . — w(t) / —*
F 1I"FLTP
v Dy —, ‘_1_:4-,., -4 o >
R, §
(a) (b)
Hinh 10. 42
E
Vi = Vi = — Wy
1
I 3 R i R
Lac nay Vi =V, :R_f‘ﬁ,rn VA Vo = Voo :_R_fh;urIJ
1

1
Vakhi Vs=0—>t,=t, ’ o
D¢ tao song tam gidc don cuc (gid st duong) ta mac thém mot diode noi ti€p véi
R; nhu hinh 10.43a
Khi vy = -Vj: diode D dan
Khi vy = +V,: diode D ngung
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Vo
| |
| | PRty '
Re ve B i Vo | S
VR= D % 1Illr'|_'|"I'P -..-"(l-\.
il
D D/ I
+
R Dy — w(t) >
W + T T
1 Z
D z “4 | . It
vy “Vo|__ |

2

(&) (k)

Hinh 10,43

- E ®
Vayiy o =v_ = R—EVD (xac dinh khi v0 = -V0 tie D dan)

1

. E . . =
Va Vip=V_, = —R—EVD (zac dinh khi w0 = +V0 tire D ngung dan)
1
Lic nay do diode ngungnén Ry +ry 4. —>w@nén Vyp =0
Bay, v, SiRe
To VotVe _Von-Vim _ R, o _ 'K
RC T, T, TV,
_R_ﬂvu ‘JDERC
vaty — o Vs Viw“Vow By g By
EC T, T, Wy — Vg
ViR T2 VDRC% 2RCE. Vi
T=T,+T, = Ly L= o
Wo + g Wo — W3 E, Wy =Wy
2
.. 1 E W,
—Tinsé daodéng f == —2—|1-| =& 10.37
an 30 dao déng T~ IR,RC (W:J} ( J
_ . 1 E T, V, -V T, 1 i
khiVe=0Otacof=—=——"—m 1= S =5=_t-_11-_2|(1038)
T 2R,RC ° T, V,+V, T, 2\ W,

Mudn tao séng tam gidc don cuc dm ta chi can doi chiéu ctua diode D. Tan
s0 dao dong khong thay doi.

10.4.5 Tao song rang cua:

Nhu phan trude, dé tao séng ring cua, ta giam nho T,. Mubn vdy, ta tao
diéu kién cho tu C ctia mach tich phan phong dién nhanh. Ta c6 thé dung mach nhu hinh
10.44. Do E; am, khi m¢ dién tu C nap tao v(t) dwong (tich phan dao) ting dan tir Ov. Luc
nay do V> 0 va 1on hon v(t) nén v0 ¢ trang thai -Vgar ( diode D va transistor Q ngung
khong anh huong dén mach tich phan. Tin hiéu ring cua ting dan, khi V, = V,; mach so
sanh doi trang thai va v, thanh +Vgar lam cho D va Q dan bao hoa. Tu C phong nhanh
qua Q kéo v(t) xudng Ov. Mach so sanh lai doi trang thai...
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=
°1

Rs | F
ANA—T
E;i | .
4 + vt '
[+ -
T
i—__—Vref
SET
Hinh 10. 44s
+1'-'rSAT1
Vrei
\ P
1] t
—Wepr [———rri—i

T, Tz

Hinh 10 44t

T, =0
E,CV
=T=T+T, s ™
Ei
1 1 E;
:"»f:—:—_ = 1[:'39
T R,C WV, ( )
Ta cfing cé thé thay Q bing SCR.
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BAI TAP CUOI CHUONG X

Bai 1: Cho mach dao dong dich pha R¢ nhu sau:

Rl +UCC=+12'J
i Ky
40 o
e
% B=100/51 10uF
Lk
Nl
—C
RZ _—

E iB.Bk

1. Ching minh ring tan sé dao dong cho bai
1 1
Fo=

. :
2TEC
6+4R—'3
E

2.Tim gi4 tri cua R’

Bai 2: Cho mach dién:

Eeszet
—/' *
C=6 L
[ HE Start
E ’\;l'v MM | L
+
1 _E =1y K7
T Kl
+
A R
__——_ wr=10%
+
P
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CI}D biét £ Vgup =£15v
O théi didmt = 0 bd giao hoan &W bat qua vi tri Start
Hiay vé& dang sdng clia vou va Vor
Bai 3: Cho mach dién:’ ‘ ’ ‘
D,, D, cau tao be“}ng Si ¢6 dién thé Zener lan luot 1a Vz; va Vy,
1. Chung minh rang dd rdng cua xung duong cua v, cho bdi:
1+ BV, +0.7%)
Vat0 .5 Ry
1-p R, +R,

T, = RCLn

2. Chimg minh ring d6 rong ctia xung 4m cta v, cho boi:
i PV, +0.7v)
V,, +0.7v

1-p

T, =RCLn

3. Néu V21> V7, thi T 16n hon hay nho hon T,. Giai thich.
4. Tim tan s6 f cua mach dao dong khi V=V, =V,

A - B Vo

— R
1 g o

Rz i: Dz

Bai 4: Trong mach di¢n bai 3 thay R bdi mach sau:

A Rap o Rsz B

/\/\/S| | /\/\/‘

1. Giai thich hoat dong ctia mach (JFET hoat dong & vung Ip bao hoa).
2. Néu dung JFET 2N4869 c6 dic diém khi I, bao hoa:
VGS :-1V, ID =3mA
VGS =-2V, ID = 1mA
Trong diéu kién khi op-amp bao hoa [v0| =20v; R, =R,. Dé dong nap cua tu
1a 3mA, dong phéng 1a 1mA va cho chu ky T=1ms thi Rg;, R, C phai bang bao nhiéu.
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