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CHUONG I: MACH DIODE

Trong chuwong nay, chiing ta khao sat mot sé mach tmg dung cin ban cua diode
ban dan (gid1 han & diode chinh luu va diode zener - Cac diode dac biét khac sé duoc
ban dén lic can thiét). Ty theo nhu cau Gng dung, cdc mo hinh Iy tudng, gan ding hay
thuc s€ dugc dua vao trong cong viéc tinh toan mach.

Noi dung:

1.1 Puong thing ldy dién.

1.2 Diode trong mach dién mét chiéu.
1.3 Diode trong mach dién xoay chiéu.
1.4 Mach cat( Clippers).

1.5 Mach ghim ap( Clampers).

1.6 Mach dung diode zener.

1.7 Mach chinh luvu bgi ap.

1.1 PUONG THANG LAY DIEN (LOAD LINE):

Xem mach hinh 1.1a
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Ngu@)n dién mot chiéu E méc trong mach lam cho diode phan cuc thuan. Goi Ip la
dong dién thuan chay qua diode va Vp la hi¢u thé 2 dau diode, ta c6:

-
I, =1 L | 1.1
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Trong do: Iy 14 dong dién ri nghich

v, =L 40,026V & rhigt 46 binh threng (300°K)

=
n=1 khi Ip 16n (vai mA tré Ién)
n=1 Khi I nho va diode cdu tao bing Ge
n=2 Khi I nho va diode cdu tao bang Si
Ngoai ra, ttr mach dién ta con co6:

E - VD - VR =0
Tac E=Vp+RIp (1.2)
Phuong trinh nay xac dinh diém lam viéc ciia diode tirc diém diéu hanh Q, dugc

goi 1a phuong trinh duong thang lay dién. Giao diém cua duong thang nay voi dic
tuyen cua diode Ip= f(Vp) 1a diém diéu hanh Q.

1.2. DIODE TRONG MACH PIEN MQT CHIEU

Trong mach d1én mdt chuéu, ngwér ta thixdng dung kiéu mau gan dung hofc 1D
Iy tudng trong wife phén tich mach

Xern mach dién hirh 1.2, Trong kiéw méu gan dlng, khi ngudn mét chiéu E D

con nhd hon dién thé nguing V- cia diode (Vi = 0,7V & diode 51 va Vi = =~ L
03V & diode Ge) thi diode duge xem nhur chiza din didn tic ID =0 Machlic T

ndy duge xem nhur hé KhjEr;UKthi diode din dién va dién thé giim qua diode

Vi, duoc zem nhur khong do1 ‘i:"fi bang dié,in thé nguing Vi K dong dién chay
qua diode thay 461 (bixc khi nguon mdt chidu E thay doi) I, Hh12

- Nhur véy khi phén cuc thudn (E EVK), ta T
co:

_ YV -
UD_VK 0 +

Hinh 1.3

- Nguoc lai khi E < Vi, mach dugc xem nhu hé, nén:
ID: IR: OmA ) VR R. IR ov 5 VD E - VR E
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1.3. DIODE TRONG MACH PIEN XOAY CHIEU - MACH CHINH LUU
1.3.1 Tri trung binh va tri hi¢u dung.
1.3.2 Mach chinh luu nira song.
1.3.3 Chinh luu toan séng voi bién thé c6 diém giira.
1.3.4 Chinh lru toan séng dung cau Diode.
1.3.5 Chinh luu véi tu lgc.

Mach chinh luu 13 tng dung théng dung va quan trong nhét cua diode ban dan, co
muc dich d6i tir dién xoay chiéu (ma thudng 1a dang Sin hodc vudng) thanh dién mot
chiéu.

1.3.1. Khai niém vé tri trung binh va tri hi¢u dung

1.3.1.1. Tri trung binh: Hay con goi l1a tri mot chiéu
Tri trung binh cua mét song tuan hoan duoc dinh nghia bang tong dai s6
trong mot chu ky cta dién tich nam trén truc 0 (duong) va dién tich ndm dudi truc

0 (am) chia cho chu ky.

Mot cach tong quat, tong dai so dién tich trong mot chu ky T ctia mot song

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

= [w(n).a

1]
Do dé tri trung binh duee tinh bing céng thire:
T
s =;—_|-v(t).dt (1.3)

1]
Mot vai vi du:
Dang song Tri trung binh
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1.3.1.2. Tri hiéu dung:

Nguoi ta dinh nghia tri hi¢u dung ctia mdt song tudn hoan( thi du dong dién) la
tri sb tuong duong cua dong dién mot chiéu Ipc ma khi chay qua mot dién tré R trong
mot chu ki s& ¢6 nang lugng téa nhiét bang nhau.

T
RI? T=[Ri%[1).dt
oz i}



T

2 1

Nhu vy L. = Tjﬁ (t).dt

1]

Tr1 higu dung duoc oy hidu la:

Do dare
(1.4)

Méu ladién thé ta cling co:

1T
W = |__[|wtit).dc 1.5
_ ITj (1.5)
1]

Vai thi du:



Dang song Tri trung binh va hi¢u dung
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Hinh 1.6

1.3.2. Mach chinh luu nira séng (mgt ban ky)

Trong mach nay ta ding kiéu mau Iy tuéng hodc gin dung cua diode trong viéc
phan tich mach.

Dang mach cédn ban cung cic dang song (thi du hinh sin) & ngd vao va ngo ra nhu
hinh 1.7
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Diode chi dan dién khi ban ky duong cua v(t) dwa vao mach
Ta co:
- Bién d¢ dinh cua v,(t)
Viem= Vm- 0.7V

- Pién thé trung binh ngd ra:

Woo— A _ 0,318V GLEE)

- Dong dién trung binh qua tar:

oz Vo Vam T
B, @k, =
Trong da:
- ‘;dm - Tri dinh cia dong dién qua tai
L
- bién thé dinh phan cuc nghich cua diode 1a:
Vrv=Vm

(1.8)

Ta ciing c6 thé chinh luu 1ay ban ky 4m bang cach d6i dau diode.

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

Mach co ban nhu hinh 1.8a; Dang song ¢ 2 cuon thur céip nhu hinh 1.8b

(1.6)
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- O ban ky duong, diode D; phan cuc thuin va dan dién trong lic diode D, phan
cuc nghich nén xem nhu hd mach (hinh 1.9)

b

L e

1
Hinh 1.9 '

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

D, :
S _o—*/a+ - :‘-ll‘l' TUTL“
v EM +
¥ RioVv,
0 /\ t
= Hinh 1.10

Dé y 1a trong 2 truong hop, I d,éu chay qua Ry theo chiéu tir trén xubng va dong
di€n déu c6 mat ¢ hai ban ky. Pién thé dinh ¢ 2 dau Ry 1a:

Viem=Vm-0,7V (1.9)
Va dién thé dinh phan cuc nghich & mdi diode khi ngung dan 1a:
ViM=ViemtVini=2V-0,7V (1.10)

- Dang song thuong truc ¢ 2 ddu R; dugc dién ta ¢ hinh 1.11



Vet

Hinh 1.11

-Piénthé trung binh & hat dau RL la:

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

Ngudi ta ciing ¢ thé chinh luu dé tao ra dién thé am ¢ 2 dau R, bing cach
doi cuc cua 2 diode lai.

1.3.4. Chinh lru toan séng dung ciu diode

Mach co ban
DySi
Vi
Wi
DyIS5i D-ISi
_Vm
{
Hinh 1.12 —

- O ban ky duong cua ngudn dién, D, va D, phan cuc thuén va d?lp dién trong luc
D; va D, phan cuc nghich xem nhu hé mach. Dung ki€éu mau dién thé ngudng, mach
dién duoc v€ lai nhu hinh 1.13
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- O ban ky &m cua nguén dién, D, va D; phan cyc thuan va dan dién trong lic D,,
D, phan cuc nghich xem nhu hé mach (Hinh 1.14)
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Ttr cac mach twong duong trén ta thay: .
- bién thé dinh V4., ngang qua hai dau R, la:

Viem=Vin-2Vp=Vp-1.4V (1.12)
- Pién thé dinh phan cyc nghich Vyy ¢ mbi diode 1a:

Ver=VaemtVo=Vin-Vp

Vem =Vu-0,7V (1.13)

- Brién thé trung binh & 2 diu RL la:

2V
Ve = —=
T (1.143
- Dong dién trung binh qua R, 1a:
oI 2V,
Ipe=—= E
TR (1.15)
-I;"'rdm

Trongdd: I =
L
Pé ¥ 1a dong dién trung binh chay qua mdi cip diode khi dan dién chi bang
1/2 dong dién trung binh qua tai.
1.3.5. Chinh luu véi tu lgc ’ ) 7 ) .
Ta xem lai mach chinh luu toan soéng voi bién thé c6 diém gitra. Nhu két qua phan
trén:
- Dién thé dinh ¢ 2 dAu Ry 1a: Vien=Vu-0,7V
- Bién thé trung binh ¢ 2 dau Ry 1a: Vpc=0,637V 4em



Néu ta thay Ry bﬁng 1 tu dién c6 dién dung C. Trong thoi diém tr t=0 dén t=T/4,
tu C s& nap nhanh dén dién thé dinh V4.,,. Néu dong ri cta tu di¢gn khong dang ké, tu C
s€ khong phong dién va dién thé 2 dau tu duogc gilr khong doi 1a Vien. Déy 1a truong
hop ly tudéng. Thuc té, dlen thé trung binh thay doi tir 0,637V dén Ve Thuc ra
ngudn dién phai cung cap cho tai, thi du Ry mac song song v6i tu C. O ban ky duong tu
C nap dién dén tri Viem. Khi ngudn dién bat dau giam, tu C phong dién qua Ry cho dén
khi gip ban ky ké tiép tu C mai nap dién lai dén Ve va chu ky nay ct lap di lap lai.

Hinh 1.16 mé ta chi tiét dang séng ¢ 2 dau tu C (tic Ry). Hiéu thé song du dinh dbi
dinh dugc ky hi¢u 1a V).
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Do dién thé dinh tdi da 12 Ve, nén dién thé trung binh t6i thiéu 1a
Vdcmin:Vdcm'Vr(p-p)
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F
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¥hi chira mac ty C vao, tri trung binh la:
2V
V=2 0637V,
T

Ehi edtuloe C:
V, . =V

dctmnin du:m_vr(p-p}
Mén tri trung binh & ngd ra:
_ 1L';rril:'—l:'i
2

UDE = T"rcm

* H¢ s6 song duw: (vipple Jactor)
Ta xem lai dang song ¢ 2 dau R;. Bang nguyén ly chdng chit, ta c6 thé xem nhu

dién thé 2 dau tai bang tong cua thanh phan mot chiéu Vpe v6i thanh phan song du
xoay chiéu co tan s6 gip do6i tan sd cta nguodn dién chinh luu.

4 1 4 Ve Song du
Viaan u/’ﬂ“x Y ik
'|;u;r Ir/d_‘%\\""-\ A = -I;I.ITDE + | w -\x\\
o r e
0 ‘t ! » t
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Vi thoi gian nap dién thuong rat nho so véi thoi gian phong dién nén dang cua
thanh phan song du c6 thé xem gan ding nhu dang tam giac
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My wiy tr1 hidu dung cia sdng dw la:
W

i _ Iip-p)
2.3 (117
Mg ta dinh nghia hé s& song du:
-I;'"TII::I:I:IJS]
Voe (1.18)

Hoac:
vr(ms]
% = —— 100%
juln

Hé s6 song du quyét dinh chét lugng ctia mach chinh luu.

* Phwong trinh dién thé song dw
Néu goi i. 1a dong phong dién ciia tu dién c6 dién dung C va V¢ 1a dién thé 2 dau
tu dién thi:
4V, 40 AW
dt At
Néu sy thay doi dién thé 2 dau tu 13 tuyén tinh thi dong dién i, 1a dong dién mot

i, =C

chiéu.
Néu coi song du c6 dang tam gic thi dong phong cia tu 1a hang sé va ky hiéu 1a
Ipc. P6 chinh 1a dong dién qua tai

L J

I
Hay V. L0 (1.20

Vi f1a tan s6 cua ngudn di¢n chinh luu.
Néu goi f; 1a tan so song du, ta co



IDE
vrip—pl =f1'_c (1.21)
Nhu vay 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)
1.4.1 Mach cat noi tiep.
1.4.2 Mach cat song song.

Mach nay dung dé cit mot phan tin hi¢u xoay chiéu. Mach chinh Iuu nira séng 1a
mot thi du don gian vé mach cat.

1.4.1. Mach ciit ndi tiép )

Dang can ban nhu hinh 1.20. Hinh 1.21 cho thay d4p Gng cta mach cat cdn ban
doi véi cac dang song thong dung khi coi diode 1a 1y tudng.

D
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Hinh 1.21



Bay gid néu ta mic thém mot ngudn dién thé mot chiu V nbi tiép véi diode nhu
hinh 1.22b. Néu tin hi€u vao v;(t) c6 dang hinh sin v¢i dién thé dinh 1a Vm thi ngd ra s¢€
c6 dang nhu hinh v€ 1.22¢ véi dién thé dinh V-V tic V(=V;-V (coi diode ly tudng)

wt) ()
I T ¥
il 5
Vgl + U + A SV
v . i
a /\TE /\ t . T‘r” 0 /\ Ti2 /\ t
v ' \ Hinh 1.22 _i_ @
(e N . : )]
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1.4.2. Mach cit song song
* Mach can ban co6 dang
R
- AN 3
7 (t) D wi(t)

Hinh 1.23

Hinh 1.24 13 dap Gmg cta mach cit song song cin ban véi cac dang song thong
dung (diode 1y tudng)
vy v ()

! 4 0
1i'ir'|1'l
0 __t 0 t
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. TTT T
ey (1) i
1
v I ‘u’D (t)

Y-

Hinh 1.24

* Mach ¢6 phan cuc



Ta ciing ¢6 thé mac thém mot ngudn dién thé 1 chiéu V nbi tiép véi diode. Dang
song ngo ra s€ tuy thudc vao cuc tinh cua ngudén dién mét chiéu va diode.

Thi du: ta xac dinh v, cia mach dién hinh 1.25 khi v; c6 dang tam giac va diode
xem nhu 1y tudng

R
lei[tj n AT .
+16v D
0 /\Trz /\ t vi(t) ¥
| N | T v=av
Hinh 1.25

- Khi diode dan dién: v=V=4V

- Khi v=V=4V, Diode d6i trang thai tir ngung dan sang dan dién hoic nguoc lai
- Khi vi<V=4V, diode dan dién = vo=V=4V

- Khi vi>V=4V, diode ngung dan = V =v;

Hinh 1.26 la dang va bién do cua ngo ra v0

& Vo (t:'
/\ /\ t
i 1 S - ; et L
0 T2 - T =

Hinh 1.26

1.5. MACH GHIM AP (Mach kep - clampers)

Pay 1a mach d6i mic DC (mot chiéu) cua tin hiéu. Mach phai c6 mét tu dién, mot
diode va mot di¢én tréd. Nhung mach cling co thé c6 mot nguén dién thé doc lap. Tri )
ctia dién trd R va tu dién C phai duoc lya chon sao cho thoi hang t=RC dua 16n dé hiéu
thé 2 dau tu giam khong dang ké khi tu phong dién (trong subt thoi gian diode khong
dan dién). Mach ghim 4p cin ban nhu hinh 1.27

v; ()
&

+ | | 1 +

+W — D
. . ‘ ¢ Hirh127 v, Ré Vo

| !
R |

Dung kiéu mau diode 1y tudng ta thay:
- Khi t: 0 — T/2 diode dan dién,tu C nap nhanh dén tri s6 V va vy=0V



- Khi t: T/2 — T, diode ngung, tu phong dién qua R. Do 1=RC 16n nén C x4a dién
khong dang ke, (thuong nguoi ta chon T<10r).
Luc nay ta c6: vy=-2V

wilt) R (t)
0 Tz T

Y [

Hinh 1.28
Piém can cha ¥ 1a trong mach ghim ap bién do dinh d6i dinh cta vi va v, luén

bang nhau.
Sinh vién thir xac dinh v, cua mach dién hinh 1.29

X wi(t) _ T i a -
+ +
107 r
Vi + 100K Vo
0 Ti2 t SV

-20%

Hinh 1.29 =
1.6. MACH DUNG DIODE ZENER:
1.6.1 Diode zener véi dién thé ngé vio vi va tai R. ¢6 dinh.
1.6.2 Nguon vi ¢é dinh va Ru thay déi.
1.6.3 Tai Rw c6 dinh, dién thé ngé vao vi thay doi.

Ciing tuong tu nhu diode chinh luu, vi diode zener ta ciing dung kiéu méu gan
dung trong viéc phén giai mach: Khi dan dién diode zener tuong duong véi mot ngudn
dién thé mét chiéu v, (dién thé zener) va khi ngung n6 tuong duong voi1 mot mach ho.

1.6.1. Diode zener véi dién thé ngé vao v; va tai Ry ¢6 dinh

Mach can ban dung diode zener co dang nhw hinh 1.30

R +
W W | i
I llz lI'
R
Vi T Vz* gRL Vo
Hinh 1.30 —

Khi v; va Ry ¢b dinh, su phan tich mach co thé theo 2 budc:



- Xéc dinh trang thai cia diode zener bang cach thao roi diode zener ra khoi mach

va tinh hi€u thé V & hai dau ctia mach ho

Vo=, Ey (1.22)
E+E,

* WAy V= V_ diode zener din dién = Vi=Vs

*NELV < v diode zener khéng din dién= V=V, 1=0, Ip =1, =

- Dung mach tuong duong thich hop @2 tim céc thong s6 chura biét.
Khi din dién, dong di1én Iz chay qua diode zener duoe gac dinh bdt:

=Rl
Trong dé: I, = ViV,
E
-
I, =2
"R

Cong sudt tiéu tan boi diode zener dugc xac dinh boi
P~=V,l1, (1.23)

Cong suét nay phai nho hon cong suat toi da P,=VIz cua diode zener (Izm:
dong dién tdi da qua zener ma khong 1am hong)

Diode zener thuong dugc dung trong cac mach diéu hoa dién thé dé tao dién thé
chuan. Mach hinh 1.30 1a 1 mach diéu hoa dién thé don gian dé tao ra dién thé khong
d6i & 2 dau R;. Khi dung tao dién thé chuén, dién thé zener nhu 13 mot murc chuan dé so
sanh voi 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. Nguon V; ¢6 dinh va R, thay doi

Khi V; c¢6 dinh, trang thai ngung hodc dan cua diode zener tuy thudc vao dién trd



Hemm lat mach hinh 1.30

E
= L V,
R+R,
Tri 55 tHi thidu cha RL dé cho zener cé thé din dién g v V=Vz.
Viay:
E BV
WV, —&v =R . = z (1.24
E+E . WV, -V,
Ung v Ry =Ry ., dong qua ta RL sécucdaivalaly o
vﬂ 1"'?-2
b Zp 77
Lmin Lmin (1.25)

Do R c¢b dinh, khi Diode zener dan dién, dién thé Vi ngang qua dién tro R s€ ¢
dinh: Vx=Vi-Vz )
Do d6 dong Iy ciing c6 dinh:

W
=g
= =Ig-IL

’ Dong I s€ nhé nhét khi I; 16n nhét. Dong I dugc gidi han boi Iz do nha san
xuat cho biét, do d6 dong di¢n nho nhat qua Ry 1a I ,;, phai théa man:

IZM—I I
| = TR
Beung vl Ry lonnhat Ry

Lo

z

R, = - (1.26)

L mmin

Cubi cung khi V; ¢d dinh, R phai dugc chon trong khoang Ry i, va Ry jax
1.6.3. Tai Ry, ¢6 dinh, dién thé ngé vao V; thay ddi
Xem lai hinh 1.30

Néu ta gitt Ry c6 dinh, vi phai du 16n thi zener méi dan dién. Tri sO t61 thi€u cua
V; dé zener co6 thé dan dién duoc xac dinh bai:



V=V, =V, = V.
R+R,
R+R
Vi — =V, (1.27)

Tri s tHi da cia TJi duroc gidi han bén dong téida IZM qua Zener

Thpmas Lot
v
=1 =T, +—=
Emwr I R .
Viay: TJ].mEX:V + TJZ
Vo R Ip o+ V, (1.28)

1.7. MACH CHINH LUU BOI AP
1.7.1. Chinh lwru ting ddi dién thé.
1.7.2. Mach chinh luu ting ba, ting bon.

1.7.1. Chinh luu ting déi di¢n thé ,
Hinh 1.31 md6 ta mot mach chinh luu tang doéi dién thé mdt ban ky
s Cr 0.
¥ [ﬁ1 1 g L J E
Vi C 3 -
[ O

I

Hinh 1.31
- O ban ky duong cua nguén dién, D, dan va D, ngung. Tu C; nap dién dén dién
thé dinh V,, N ’ ,
- O ban ky am D ngung va D, dan dién. Tu C, nap dién dén dién thé

Vo=V tVer=2Vy

- Ban ky duong ké tiép, D, ngung, C, phong dién qua tai va dén ban ky am ké tiép
C, lai nap d,ién 2V .. Vi thé mgch nay goi la mach chinh luu tang doi dién thé mot ban
ky. Di¢n thé dinh nghich ¢ 2 dau diode 1a 2V ,,.



- Ta ciing c6 thé dung mach ghim ap dé giai thich hoat dong ctia mach chinh luu

tang doi dién thé.

D kL
.............. _“_ [ ]
I:I .
c, L Va2V
%

+ "fﬂffl

.............. -2 W
\Chl@kl hru nifta song

AN AN AT
VAVAIEEE2VAVAY

e\
Hinh 1.32

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

oy ¥

Hirth 1.33 '

Hinh 1.34 1a mach chinh luu ting 381 didn thé 2 ban ki ding rét phd bién.

“ >

—l_+ +
L ==

- O ban ky duong cua nguén dién D, dan, C, nap dién V=V, trong luc D,
ngung.

- O ban ky am D, dan, C, nap dién V=V, trong luc D; ngung.
- Dlél’l the ng6 ra V():VC 1+Vc2=2Vm

1.7.2. Mach chinh hru ting ba, ting bon
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2V, 2y
=
P
47
Hinh 1.35

Dau tién C, nap di¢n dén V1=V, khi D; dan dién ¢ ban ky duong. Ban ky am D,
dan dién, C, nap dién dén V=2V, (téng dién thé dinh cta cudn thr cép va tu Cy). Ban
ky duong ké tiép D, dan, C; nap dién dén V=2V, (D, va D, dan, D2 ngung nén dién
thé 2V, cua C, nap vao C;). Ban ky am ké tiép D,, D, dan, dién thé 2V,, cta Cs nap

VéO(h.n
Pién thé 2 dau C, 13 2V,,
2 dau C,+C=1a3V,,
2 dau C,+C, 124V,

BAI TAP CUOI CHUONG 1

fkkdkhk

Dung kiéu miu dién thé ngudng dé giai cac bai tap tir 1 dén 8

Bai 1: Xac dinh Vp, Vg va Ip trong mach dién hinh 1.36

0.5v

Bai 2: X4c dinh Vp, va I trong mach di¢n hinh 1.37

+ i
12+ i
JE—

Ip

Si
” +
Wp
12K 3 Vg
| -
Hinh 1.36
Si g
1=
Yoz

5 6K %
1

Hinh 1.37



Bai 3: Xac dinh V,, va Ip trong mach dién hinh 1.38

: Ge
+ i
Law e %I g o

Ip
56K
H 138 %
Bai 4: Xac dinh I, V4, V, va V,, trong mach hinh 1.39
i
Vo
+ 10w B
476 T
+ l".'."Iz
22K

|
Hinh 1.39 -5v

Bai 5: Xac dinh V,, Vy, Ip; va Ip, trong mach hinh 1.40

L 0.33k

— +

+ VII—
o m1501xa¥m Do/Si v

I i

Hinh 1.40
Bai 6: Xac dinh V,, trong mach hinh 1.41
=i Vo
+ 12v
22K
Hinh141 =

Bai 7: Xac dinh I}, I,, Ip, trong mach hinh 1.42



* I
20V _| 5
i Rz Si
5 Bk
A —d
Hinh 1.42
Bai 8: Xac dinh dong dién I trong mach hinh 1.43
Si
I 22K
+ ].I-V + dv
Si
Hinh 1.43

Bai 9: Dung kiéu mau diode 1y tudng, xac dinh V, trong 2 mach hinh 1.44a va 1.44b

vi(t)
-+ D D
1o+ % 4 H— T " + ’l| 1
Vi - R ¢ Tk
t K vy Vi Sv % Vo
0 <
. ¢ 0
L5 T T
® Hinh 1.44 (b)

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

10K

i : o Si TSi
10 h 4 *
. .
= R [ 57.31?
10V \/ | T T
= + _
Hinh 1.45

Bai 11: Thiét ké mach ghip ap c6 dic tinh nhu hinh 1.46 va hinh 1.47



200 t

- 20%

10%

10V = | k£

Bai 12: Cho mach dién hinh 1.48

Ir

MMach thiét

= | k€

|

H. 146

vach thiét

RN RN e |

H147

Rs I,

—

O

+

20v

+

s L, o =
- - 10%

Yo

+ 30%

Vo

- 10

5V t

15V }---- Zd

2700 1

Wz=10w k

P =400

E

Q%RLVL

Hinh 1.48
a. Xac dinh Vi, I;, I, va Iz néu R; =180 Q

b. Xac dinh gia tri cia Ry sao cho diode zener hoat dong khong qua cong

suat

c. Xac dinh gié tr1 ti thiéu cua R; dé zener c6 thé hoat dong duoc.

Bai 13:  a. Thiét ké hé théng mach c6 dang hinh 1.49 biét r.%mg V=12V khi I thay

ddi tir 0 dén 200mA.  Xac dinh R va Vy

b. Xac dinh Py, ctia zener.



T
+ l | lIL +
$
16v x < RLVL
i
Hinh 1.49

Bai 14: Trong mach di¢n hinh 1.50, xac d}nh khoang thay ddi cua v; sao cho V;=8V va
diode zener hoat dong khong quia cong suat.

SRR, e W

VZ=Sv Kl 20002

> FL VL

Hinh 1.50

Chwong I: MACH PHAN CUC VA KHUECH DAI TIN
HIEU NHO DUNG BJT

LR R

Ta biét BJT c6 thé hoat dong trong 3 ving:



- Vung tac dong: (Viung khuéch dai hay tuyén tinh)
v6i ndi B-E phan cuc thuan
ndi B-C phan cuc nghich
- Vung bio hoa: Néi B-E phan cuwe thuén
Néi B-C phan cyc thuan
- Vung ngung: Noi B-E phin cwe nghich
Tuy theo nhiém vu ma hoat dong cua transistor phai dugc dat trong vung nao.
Nhu vay, phan cuc transistor la dua cac dién thé mot chiéu vao cc cuc cia transistor
nhu thé nao dé transistor hoat dong trong ving mong mudn. Di nhién nguoi ta con phai
thuc hién mot s bién phap khac dé 6n dinh hoat dong transistor nhat 1a khi nhiét do cua
transistor thay doi.

Trong chuong nay, ta khao sat chi yéu & BJT NPN nhung cac két qua va
phuong phap phén tich van dung v6i BIT PNP, chi can cha y dén chiéu dong dién va
cuc tinh cua nguén dién thé 1 chiéu.

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

Mach co ban nhu hinh 2.1
Veeo

T
'
Fg c <Rc

\
¢
<

—+

Hinh 2.1 —

Phuong phap chung dé phan giai mach phan cyc gdm ba budc:
- Buéc 1 : Dung mach dién ngd vao dé xéc dinh dong dién ngd vao (I hoic Ir).
- Bwérc 2: Suy ra dong dién ngo ra tur cac lién hé 1=Plg [-=alg
- Buwéc 3:Dung mach dién ngd ra dé tim cac thong sb con lai (dién thé tai cac
chan, gitra cac chan cua BJT...)
Ap dung vao mach dién hinh 2.1



- Mach ng® vao nén - phét:

+UCC-RBIB - TJ BE — 0
V.., -V
= I = _CC EBE (2.1)
Rp

Vi Vpp=0.7V néu BIT 1a 81 vi Vpp=0.3V néu 1a Ge
- Buy ra: [.=pL
- Machngd ra ﬁm - nén:
Ve ™ReletVer
Hay Vep = Ve - Relg (2.2)
Déy 1a phirong trinh durdng thing iy didn
* Sw bao hoa cua BJT:
Su lién hé gitra Ic va I s& quyét dinh BJT c6 hoat dong trong ving tuyén tinh hay

khong. Pé BJT hoat dong trong vung tuyén tinh thi ndi thu - nén phai phan cuc nghich.
O BJT NPN va cu thé & hinh 2.1 ta phai c6:

We =Wy =WV, =W, =V
=V, =V, R I, =V =V =07V

Ve =07V
=1, c:“R— (2.3)

C

Ve —07V
Néw I, -2 —

C

thi BJT s& di dan vao hoat dong trong viing bao hoa. Tir diéu kién nay va lién hé Ic=pl
ta tim duogc tri s0 to1 da cua I, ttr d6 chon Ry sao cho thich hop.

V .. i
Néu Ic #_cc trc Veg # OV (thuc ra khodng 0.2V)
E

[y

thi V<V, ndi thu - nén phén cuc thudn, BIT hoan toan nim trong vung bio hoa va dong dién

lo = 'I;ﬂ'f-”-' duoc goi 14 déng cure thu bao héa L.
[N
v
IEsm_ = R_EE (24>

C
2.2. PHAN CUC ON PINH CUC PHAT: (EMITTER - STABILIZED BIAS)
Mach co ban giéng mach phan cyc c¢d dinh, nhung & cuc phat dugc méc thém mot
dién tro R xuéng mass. Cach tinh phan cuc ciing c¢6 cac budc giéng nhu & mach phan
cuc ¢b dinh.



o Tacd Voo = RplptVeetErlE
Thay Ig=(1+P)g

— I, = Yoo~ Ves 2.5)
" Rp+(+PR;

( Buyra Lo by lién hé: Io=[Ig
s O mach thu - phat:
Voo = EeletVept+ERelE
Trong dd Ir=Igtl- # Iz
= Vep=Vee-(BotRe)ln (2.6)

* Suw bao hoa cua BJT:
Tuong tu nhu trong mach phan cuc c¢6 dinh, bang cach cho noi tat gitra cyc thu
va cuc phat ta tim dugc dong dién cuc thu bdo hoa Iy

-
Low =57 2.7
C +RE

Ta thdy khi thém Ry vao, Ice nho hon trong trudng hop phan cuc ¢d dinh, tic
BJT dé bao hoa hon.

2.3. PHAN CUC BANG CAU CHIA PIEN THE: (VOLTAGE - DIVIDER BIAS)
Mach co ban c6 dang hinh 2.3. Dung dinh 1y Thevenin bién d6i thanh mach hinh
2.3b

+Wern

ﬁ Icl%Rc

_lil I Re
§ R R VBBI Elé
E
—i iy T
= Hinh 2.3
Trong do:
R, R
RBB = Rl/""r Rz = —— (2.8)
K
V. =V __ %
R 4R, (2.9)

e Mach nén - phat:
V= RpplptVeetRelE



Thay: [g=(1+p)Ip
Var ™ Vi
Suy ra; IE. = (2.10)
RBB +(1+ B)RE

e Suy ra Ic tur lién hé: I=Plp

sl fach thu - phit:
VoE=VecoReleRclg
Ng@él s vc:vcc—RcIc
Vp=Vpp-Fplp
® S bac hda cla IE':-JT
Turong tiy phin trrde: T = Ve
CS&t - o
R~ +Rg

* Cach phan tich gin ding:
_ Trong cach phan cyc nay, trong mot s6 di€u kién, ta ¢ thé dung phuong phap tinh
gan dung. Be y 1a dién tré ngd vao cua BJT nhin tir cye B khi ¢6 Rg la:

= S b,
1 —Ih | =

Re) Le(+Pla I:7§{1+mRE > vel IZE %

R

[c)
[a) (b c

Hinh 2.4

Ta thay, néu xem noi trd ciia ngudn Vg khong dang ké so voi (1+B)Rg thi
RI’:(I‘FB)RE Néu Rj>>R2 thi df)l’lg IB<<I2 ‘l'lél’l Il# 12, nghTa la llz//l{1 # Rz. Do do6 dlél’l
theé tai chan B c6 thé dugc tinh mot cach gan dung:

RI!

Vo #Vo. 2
TR 4R,



Vi R=(1+B)Rg # PRg nén thudng trong thuc té nguoi ta co thé chip nhan cach
tinh gan ding nay khi BRg > 10R,.

Khi x4c dinh xong Vg, Vg c6 thé tinh b::ing:

VE=VR-VBE
v
va Iy = —E#I,
E
Ver=Voo-EotRpls

Trong cach tinh phan cuc nay, ta théy khong c6 su hién dién cua hé s6 B. Diém
tinh diéu hanh Q dugc xac dinh bdi I va Vg nhu vay doc 1ap vaoi B. Pay 1a mot uu
diém ctia mach phan cyuc voi dién trd cuc phat R vi hé sb B rat nhay d6i v6i nhiét do
mic du khi c6 Rg @6 khuéch dai ctia BJT ¢6 suy giam.

2.4. PHAN CUC VOI HOI TIEP PIEN THE: (Dc Bias With Voltage Feedback)
bay cling 1a cach phan cuc cai thién do 6n dinh cho hoat dong cua BJT

+¥ee e IMach nén - phét:
Il Ve =Rl +Rplp + Rplp + Vg
Ry l‘é Rc T IIE = IE +IB = IE #1o= BIE

l I
\_, Q = I Vee - Vee (2.12)

) Rp +B(Re +Rg)

Bl SR > =Pl
5 » Vep=Veo-(RctRe)lc (2.13)

2.5. MOT SO DANG MACH PHAN CUC KHAC .

Mach phén cyc bang cau chia dién the va hoi ti€p dién the rat thong dung. Ngoai ra
tuy truong hgp nguoi ta con cd thé phan cuc BJT theo cac dang sau day thong qua cac
bai tap ap dung.

2.5.1. Xac dinh V¢, Vg cua mach hinh 2.6

2.5.2. Xac dinh Vg, Iz cia mach hinh 2.7
2.5.3. Xac dinh V¢, Vg, Vi cia mach hinh 2.8



o =+12y

— Rc=1K =
: % R 1240 Ro=5K
Q
Q
0/si i
R p=50/si RI=10K% p=100/si
- *
~1% — Re=3K
J__ ?EE=—121.T
Hinh 2.6 Hinh 2.7 Hinh 2.8

2.6. THIET KE MACH PHAN CUC ‘

Khi thiét ké mach phan cuc, nguoi ta thuong dung céc dinh lqét can ban vé mach
di@n nhu dinh luat Ohm, dinh 11,1@‘[ Kirchoff, dinh ly‘Thevenin..., deé tur cac thong so da
biét tim,ra c;éc thong so chua bi€t cia mach di€n. Phan sau 1a mot vai thi du mo ta cong
viéc thiét ké.

2.6.1. Thi du 1: Cho mach phan cuc v6i dic tuyén ngd ra cua BJT nhu hinh 2.9.
Xac dll’lh Vcc, Rc, RB-

Voo

To(mA)

-~ Rg é R¢

g Te=40mA

o / Vgx(volt) I = 51

207 1

Hinh 2.2

Tt duong théng léy dién: VCE=V%9-RCIC ta suy ra V=20V
Iy = —= =8mA = R. =2.5KQ
R
Ve — Vg _ 20V =07V

Ngoai ra: Iy =
RE- RB

= 40pA

= Ry = 482.5K Q2
Dé ¢ cac dién tré tiéu chuin ta chon: Rg=470KQ; Rc=2.4KQ.



¥[5 (::m‘i.f

| 162, Thi du 2: Thiét ké mach phin cye cd dang hinh 2.10 vén I=2mé:
If; R, Vo= 10V

Dién trd Re v Ry khing th tinh true ti’é‘p ttt cac thing s di bidt, Vide
L | _ dhra dié trd R vho mych 13 48 6n dinh diéu kién ohin cue. Re khing the co i
" . 50 qui 1on vl nhie thé [am gidm Vi (58 lam gidm dd klwéch dan). Nhung nén By
B= 15081 gy nhd thi 6 on dinh kém. Thue nghiém ngued ta thiong chon Vg khodng

i_‘ 110VCE,

Ry ‘ 100F
]
Hinh 2.10

1
Vg = — Voo =2V
E 10 cc

R, =VE4VE_1gq
I I,
R—C — VCC _-:TCE _VE = 4K
Z

IC -3
Ip = 5 =1333.10"mA

Voo — Vag = V
Ry = —CC I BE~ VE _13MQ
B

Chon Rs=1,2MQ

2.6.3. Thiét ké mach phéan cue ¢6 dang nhw hinh 2.11



o V.: [:=+EUV -

Ta co
1 VE
gRlIc Rc VEZEVCC=2V jREzI_leQ
c
£ I 2mA
Bruin=80 ¢

2
100
% w Hinh 2.11

Dién tr& R;, R, khong thé tinh truc tiép tir dién thé chan B va dién thé
nguon. B€ mach hoat dong tot, ta phai chon R;, R, sao cho c6 Vg mong mudn va sao
cho dong qua Ry, R, gan nhu bang nhau va rat 16n doi véi Ig. Luc do6

R, 5%51% = 8KQ)

I .K
Ta ot thé chon:

R

B,=68K0QV,=—2 V., =27V
R, +ER

suyra:  Ry#4357KQ

C6 thé chon: R1=39K() hodc 47KQ

2.7. BJT HOAT PONG NHU MQT CHUYEN MACH

BJT khong nhiing chi dugc st dung trong cdc mach dién tir thong thuong nhu
khuéch dai tin hiéu, dao dong... ma con co thé duoc dung nhu mot ngét dién (Switch).
Hinh 2.12 1a m6 hinh can ban ciia mot mach dao (inverter).

4 Wi +Vcl$:+5v 4 Vi
5v Re=0.82KQ g 5
o ﬂ U Vi RgeesE PV“ n—‘ ov ’7 i
tq ts o B — 1t o
Boc=125
Hinh212

Ta thdy dién thé ngd ra cua V¢ 1a ddo ddi véi dién thé tin hiu 4p vao cuc nén (ngd
va0). Luu ¥ 1 & day khong ¢ dién ap 1 chiéu phan cuc cho cuc nén ma chi c6 dién thé
1 chiéu ndi vao cuc thu.

Mach déo phai duoc thiét ké sao cho diém diéu hanh Q di chuyén tir trang thai
ngung dan sang trang thai bao hoa va nguoc lai khi hiéu thé tin hiéu vao doi trang thai.
Dléu nély co nghTa la IC:ICEO ~ OmA khi IB=0mA va VCE:VCEsat:OV khi IC:ICsat (thﬁt ra
Vs thay doi tir 0,1V dén 0,3V)

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



Yoo

Dong Im ., dugc dinhnghia . Iog, = .
C
, I
Mirc Iy dé BJT hoat ddng trong wing béo hoa cé th duoc tinh gin ding: Tp ., = Coat
Poc
, I
Dodédifukitndd BITbaohoals Ip = —oo
LC
& rnach trén, khi v=5V thitri 58 clalp 1 Vi~ Vg
- , K v; ! Bl 1, =1 TEE _g3pp
Rp
O mach trén, khi v;=5V thi tri sb cua Iy la:
V.-V
I, = PE =63pA
Ry

3 _ vCC _
Va Iy = ——= = 6,1mA
RC
Thur diéu kién trén ta thay:

I
I, = 63uA > =% — A8 QA
Poc
nén théa man dé BJT hoat dong trong ving bao hoa.
- Khi vi=0V, Iz=0uA, BJT ngung va [=Icgo=0mA; di¢n thé giam qua R¢ lac nay
la 0V, do do:
VCZVCc-Rcl(jZSV
- Khi BJT bao hoa, dién tr¢ tuong duong gitra 2 cyc thu-phat la:
R, =~y WV _pq

sat

I, 61mA
1 Tesat L ©
‘K * § Ruat#00
VeEsat = T E
Hinh 2.13

Néu coi Vipgy €O tri trung binh khoang 0,15V ta co:
015V

sat —

= 24,60

Nhu vay ta co thé coi Ry, #0Q khi né duge mic ndi tiép voi dién tro hang KQ.




- Khi vi=0V, BJT ngung, dién tré twong duong gitra 2 cuc thu-phat dugc ky hi¢u
la Rcut-off

VCE #VCC = o)

Rcut—l:uff =
ICED ICED
lIEED l\c
_ * =
_Vee # Ve " Rl
| 5
Hinh 2.14

Két qua 1a giira hai cyc C va E tuong duong v6i mach ho
Xac dinh R va R ciia mach dién hinh 2.15 néu I¢,=10mA
i Vi +¥or=+10v

T F Bl
0% é Rc v
, Wi
0 ﬂ . e o 3 .
Hinh 2.15
Khi bao hoa:
i
Ty = R—“ =10md

C
W X I
= R,=—"=1KQ val I,=""C=40ya
ICsu oC
Ta chon Iz=60pA dé dam bao BJT hoat dong trong viing bao hoa
=V =07
iV g =YY gssun

_ 1
IB -
E B

_ PP SN v I
Chon Rp=150KC2 (tri tiu chuan), vy I, = vllj[jKBE = 62 =I5 Ay A

Lc

Vay ta thiét ké: Rc=1KQ
Rp=150KQ

Trong thyc té, BIT khong thé chuyén tirc thoi tir trang thai ngung sang trang thai
dan hay nguoc lai ma phai mat mot thoi gian. Piéu nay 1a do tac dung cua dién dung &
2 mdi ndi ctia BIT.

Ta xem hoat dong ctia BJT trong mot chu ky cua tin hiéu (hinh 2.16)



- Khi chuyén tir trang thai ngung sang trang thai dan, BIT phai mat mot thoi
gian la:
ton:td+tr , (2 N 4)
ty: Thot gian tir }(hi ¢ tin hi€u vao d@n khi IC tang dugc 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, BIT phai mat mot thoi
gian la:
toff: ts+tf, , (215)
t;: Thot gian tir khi mat tin hiéurvéo dén khi IC con 90% so voi tri cuc dai
tez Thoi gian tr khi Ic 90% dén khi giam con 10% tri cuc dai.

Thong thuong t,gq > to,
ILvi
5%
o t
JI.IC
100 %4 V
Q0%
105
0 .
— T t & )
t T b2 i
ton Tu:uff
Hinh 216

Thi du ¢ 1 BJT binh thuong:
t=120ns ; t=13ns
t=132ns ; t;=25ns
Vay: t,,=38ns ; t,g=132ns
So sanh v&i 1 BIT dic biét co chuyén mach nhanh nhu BSV 52L ta thiy:
ton=12ns; to=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



E1 R
C»
vy ] '_“_ K
o—— F—“H—ﬂ-li
Hinh 2.17
Ez
Rs T Ce

Gia st ta dua mat tin hiéu xoay chiéu co dang sin, bién d¢ nho vao chan B
cua BJT nhu hinh vé. Dién thé & chan B ngoai thanh phan phan cuc Vg con c6 thanh

phan xoay chiéu cua tin hiéu vi(t) chong lén.
vp(t)=Vptvi(t)

Cac tu C; va C, 6 ng6 vao va ngd ra duoc chon nhu thé nao dé c6 thé xem nhu nbi
tat - dung khang rat nho - ¢ tin s cua tin hiéu. Nhu vay tac dung cta cac ty lién lac C,,
C, 1a cho thanh phan xoay chiéu cia tin hiéu di qua va ngan thanh phan phan cuc mot

chiéu.

- Ehi wg(l) > Vg, the ban loy duong cia tin hidu, Ve ting the dong
Ig ting va do Ie=PIs nén dong cuc thu I cling ting. Do do
dién thé tai cwce thu velt)=Vee-E.1.01) gam hon tri 56 tinh Ve
- Ehi wg(t) <V, tle ban loy &m cla tin hiéu, dong Ig grém dua dén
dong I- cling giam va v.(t) ting

Mhr vy & mach trén ta thﬁj,r LA hién thidn nguoe chidu vér vg(L)

V()

tlre v (t) ngroe pha wot wilt), Mewd ta dinh nghia ti s Ay = o
Vi

143 etmdch dai thay &3 lof) dién thé chiamach
Chiakhéa d& phan g1 va xac dinh cac théng 56 cha mach 1a mach
biromg duong goay chidu

@ mach ngo#i, vé mach | oy chiu cac tu lién lac Cp, Cy vatu phin

chigu cha marh hinh 2. 1? Chuy la nguon dignthé 1 chifu cling
xem nhi ndi tit. Mgwéd ta dinh nghia cac théing s6 chinh cla mach:

Hinh 2,13

nvi (v

NN

Rl

/N

)

"'V(j[t)

R

fiad

VIR

1¥D [t




» Db loidiénthéd A, =_2

i

o D3loidongdifn 4, =2
i

) _ Wy

s ToOngtrévao: £, = —

L

. - L.
Trf‘:ung tréra: Z, = 1—” la trf‘:ung tré nhin tir ngd ra khi ndi tat ngd vao (vi=D)

+

i

T
Sca it
T

Re
1,

1]

Hinh2.19
Vé BJT, ngudi ta thuong ding mach tuong dwong kiéu miu r, hay mach tuong
duong theo thong s6 h. Hinh 2.20 md ta 2 loai mach twong dwong nay & 2 dang don
gian va day du
* Dang don gian

Kifu miu re Kiéu théng st h
- Mach ciee phedt chung v B ching

> . Lok
R
BI‘E E @b | hle B

1 hp 1
- AMach cic nén ching
] ie 1o
. i B —» —

LD o i O

* Dang day du




- Mach cur phdt, thi chiing

Z
hf'eib
ID_l’Ithe Ve é Vo
1/hg,
E
- Mach cur nén chLing
) 1 i
E 1. . E — 4
5 _
.1, hib hfl;,l
% B f rg=1/hg, hava, 4 g 1ihoy v
_EB B
Hinh 2.20
Céc lién hé cén chi i
e =26m‘iur#26m‘iu’ Br.=h,
Ig I

B=he,  Te~hy,
hg=-cc# -1

Ngoat ra: B re= Ve _ Ve !
i .

; =_B = Bihzgm'vbe

<
h C 11:- m
Do d6 ngudn phu thudc Bi, c6 thé thay thé bang ngudn g, vie

2.9. MACH KHUECH PAI CUC PHAT CHUNG
2.9.1 Mach khuéch dai cuc phat chung véi kiéu phan cuc cd dinh va on
dinh cuc phat.
2.9.2 Mach khuéch dai cwe phat chung véi kiéu phan cue bing cau chia
dién thé va on dinh cwe phat
2.9.3 Mach khuéch dai cue phat chung phén cuc bang hoi tiép dién thé
va on dinh cuc phat.

Tin hiéu dwa vao cuc nén B, 13y ra & cuc thu C. Cuc phat E dung chung cho
ngo vao va ngod ra
2.9.1. Mach khuéch dai cwe phat chung véi kiéu phan cwc c6 dinh va én
dinh cwe phat
Mach co ban nhu hinh 2.21 va mach tuong xoay chiéu nhu hinh 2.22



+
CC i - .
g = | +
Rz " I|:I Tiu
Pre |

Cy pYe Vi l—%—'
|

J|||_

Hinh 2.21

Tri s6 B do nha san xuat cho biét
Tri s0 1. dugc tinh tir mach phan cyec:

_26mV
IC

Tir mach twong duong ta tim duoc cac thong sé ctia mach.
*Po loi dién the:

e

A
5 'q',i"l
Ta cd: v, =-PuE
v=Pr i+ (1+B)Reh,
Suyra: A =20 PR (2.16)
oy, Br, + (1+ PR,
Dop>>1nén: A g4 —Re (2.17)
’ rc+RE
Néu R g == r, = A¥ R c (2,18

E

Dau - cho thdy v, va v; ngugc pha



-

i

*Téngtrévao 2z, =

=

i

mads g, = Pl P PRy p e,
1y, L,
Suyra.  z=Rp/m (2.19)

*Pdloidongdidn: A, =2

. v . V. v_ 2
R z, v, Re
H _ _A, L (2.30)
g A Aﬁ:;_
vl:I

* Trﬁng tré ra: Zp =2
1g
bé tinh tong tré ra ctia mach, dau tién ta ndi tit ngd vao (vi=0); ap mot ngudn gia
tudng co tri sd v, vao phia ngd ra nhu hinh 2.23, xong lap ti s6

=zl:l
i
1nh
—
f——
Bip, | 1o
Pre i
S Yo
-, <z QY
Rg
il
L
Hinh 2.23

Khi vi=0 = 1, = 0 = Bi,=0 (twvong duong mach hd) nén

Z,=—® =R, (231
g

Chu 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 xuong mass (nhu hinh 2.25) thi trong mach tuong duong xoay

chiéu s& khong con su hién dién cua dién trd Rg (hinh 2.26)



¥

Hinh 2.24 Hinh 2.25
+ 11_.' B_"' C
ip ﬁi Tiu
Pre
Vi R; R (P Yo
s e Re

Hinh 2.28

Phan giai mach ta sé tim dugc:

_Vu__Rc
‘E'“J‘v_i‘ I, (2.32)
z=Y_Rp_y

T P, (2.33)
Zo=Re (2.34)
Ai=hy (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 cwe phat chung véi kiéu phan cwe bing cau chia dién
thé va on dinh cwe phat



Day la dang mach rat théng dung do c6 d6 6n dinh t6t. Mach co ban nhu hinh

2.27 va mach twong dwong xoay chiéu nhu hinh 2.28

L'

+ l.i..- 11 - [o

R

R
Cy e 7 R Rg —— Re °
'U’j__H_o_a— éR‘
R = =1 =1,
Z2i Zn .
L

Hinh 2.27 Hinh 228

So sanh hinh 2.28 v6i hinh 2.22 ta thidy hoan toan giéng nhau néu thay
Rp=R//R; nén ta cé thé suy ra cac két qua:

hy=-—te R (2.36)
r,+Ep g Eg
=R Ry Nz v 5 =plr.+ R = BRg (2.37)
Zo=FRec (2.38)
A=A Z (239
RE

Chi y: Trong mach dién hinh 2.27, péu ta mac thém tu phan dong Cg & cuc phat (hinh
2.29) hoac noi thang cuc phat E xudng mass (hinh 2.30) thi trong mach twong duong
cling khong con sy hién dién ctiia Rg

+¥:.m +UE‘#3

S S

= N

R

e 11,
+ i

Hinh 2 22 Hiﬂ.h 2 IO

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



b= Re (2.40)

Zy
Aj=—hy R, (2.41)
7 =T, /Ry Hpr. (2.42)
Zo=Fec (2.43)

2.9.3. Mach khuéch dai cwc phat chung phan cuc bﬁng hdi tiép dién thé va 6n
dinh cuc phat

Mach tong quat nhu hinh 2.31 va mach twong duong xoay chiéu duoc vé& ¢
hinh 2.32

+W= . .,
o 1,__b B o ¢
Wy T T Vo
Re
5 N %ﬁre @Bi,, 1
RB Cn E
3 — e
L Il rw b Re
11 |-‘
Pz
B | y
Re Z. = Za
Hinh 2 31 Hinh 2 32

* P loi dién thé:

Ta cr:':u:in = Piy, +i'#pi,, (do Eg thirdmg it 1&m
== vO:—RciO:— BRC lb
%] V= fr eib"'(l + [E)REib#E;(r E+RE)ib

Sy ra A — v_l:' - _ R c #_ RC (244)

v = =

v, r. + Rg R




.a. 3 1 — 1
* Thng trévao, 2=

Taco:  v=pr+tEpi,

Vo Wy

S
Vot 1, =1; Hi'=1; +

E

= v, = Bir, +R gl +B(re +tRelV, Bir, +Relv;
Epg Eg

Thay v =AT vao ta duroe:

v =P, +Egh; +

T'i i

B(re:E:_RE)ﬁL v _B(re +RE)H_

E RB
: r, +R r,+FK
= B(re +RE]”i =vi+M(l_‘a"v}vi =V 1+M(1_‘E"v}
E RB
LT B(rﬁtr:g?g
e e TR s
RB
. E
NéuRp=>r, = Z;# BRB 2
T+ —E(1- 4y
E
DOAV{Dil'ATUT=1+|AV|#|ATUT|
g oo PRefls
Eg +BEg|ay| (2.45)
. . j'IZI
* 56 1ot dong dién: fj‘*i=i—_
]_I:|=—1ijr':I 11=—1ijr—1 ﬁ_,_l':'l_,_lzl—':':—V':I é:—v—nzl
E; £y 1; E. v, v; B,
Zy
Hay: A=Ay (2.46)
I
* TOng tro ra: : ndi tat ngd vao (vi=0) = i,=0 va Biy=0
= Z,=Rc//Rp (2.47)

Ciing gidng nhu phan trude, & mach hinh 2.31, néu ta mac thém tu phan dong
Cg vao cuc E cua BJT hoac mac thang cuc E xudng mass thi cidc thong s6 cia mach
duoc suy ra khi cho Rg=0



E r r
C BE # BE

i : r r
b 142 1o ) e la|
RBZ- E
Z.=R iR, A =—h
RE

2.10. MACH KHUECH bAI CUC THU CHUNG
Con goi 1a mach khuéch dai theo cuyc phat (Emitter fllower). Dang mach can ban

nhu hinh 2.33 va mach tuong duong xoay chiéu vé& ¢ hinh 2.34

+¥ee _
RE é * é ﬁre T % Tiu
_ R Vo

Vi ‘I?}J l—v: L—r.': 1%1. b

F

REg
L

Hinh 2.33

Hinh 2.34

Nhu két qua dugc théy phﬁn sau, diém dic biét cua mach nay la do loi dién thé nho
hon va gan bang 1, tin hi¢u vao va ra cung pha, tong tr¢ vao rat 16n va tong tro ra lai rat
nho nén tac dung gan nhu bién thé. Vi cac 1y do trén, mach cuc thu chung thuong dugc

dung 1am mach dém (Buffer) gitp cho viéc truyén tin hiéu dat hiéu suat cao nhat.

* Téng trd vao Z

; iy 1 +PIRG
Dt z, == PRI CIIR y p

1y, Iy

=z :T— R, //B(r. +R; ¥R, /(PR ;) (2.48)

+ D5 loi diénthé A,

Vo _ (1+ pJRg iy Ny Eg w1
v, Pr.i, +(1+pRpi, 1 +ERg

1

Ay = (2.49)

* Tong tro ra Z,
Noi tat ngd vao (vi=0), ap 1 dién thé v, 6 ngo ra



—_— ig
P Ay | ——
oo
ﬁre Rni .
B ﬁlh‘ _D
J c | | |
L
Zn
Hinh 2.35
Ta co: in:;_l_ia_ﬁih:;_;:—(l+5}ih
W 1+ 1 1
7 IR DR RS S IR W)
Bre RE Bre RE re
= Lobl, (2.50)
Zn_‘"".:._fe E = anre.l"."lRE .
| L i R z
* B8 ot dong didn Ai Ai=_':'=_'3=_AV i
i Vi Rg
i

Chu y:

(2.51°

- Mach khuéch dai cuc thu chung ciing c6 thé dugc phém~ cuc béng c:?u{ chia dién
thé nhu hinh 2.36. Cac cong thirc trén mach phan giai trén van dung, chi can thay
RBZRl/ / Rz

- Mach cling c6 thé duoc méc thém 1 dién trd RC nhu hinh 2.37. Céc cong thuc
trén van ding khi thay Rg=R,//R,. Tong trd vao Z; va tong trd ra Z, khong thay doi
vi R¢ khong 1am anh huong dén cyc nén va cuc phat. Re dwa vao chi lam anh huéng
dén viéc xac dinh diém tinh diéu hanh.

+¥ee ‘?Vcc
R & <
: R Rcil
i |1 5 Vi [ﬁl b C,
Rs

Hinh 2.36



2.11. MACH KHUECH PAI CUC NEN CHUNG
Dang mach thong dung va mach twong duong xoay chiéu nhu hinh 2.38
+¥Viep

I %RE C — E . C

Hinh 2.38

Phan giai mach twong duong ta tim dugc:

Z=Rglir, #1, (2.52)
7.=Re (2.53)
A, _Vo _UeFe | Re R (2.54)
vi rele re re
pomlo  Ro B Rer (2.55)
I i E. 1, E;
zZ

2.12. PHAN GIAI THEO THONG SO h PON GIAN
2.12.1 Mach khuéch dai cue phat chung.
2.12.2 Mach khuéch dai cuc thu chung.
2.12.3 Mach khuéch dai cwe nén chung.

Vi€c phan giai cac mach dung BJT theo thong sd h ciing tuong duong nhu kiéu
mau re. O ddy ta s& khong di sau vao cac chi tiét ma chi dimg lai ¢ nhiing két qua quan
trong nhat ctia mach. Céc théng s h thudng duoc nha san xuét cho biét. Ngoai ra ta can
nhé dén cac lién hé giita 2 mach twong duong

hy=pr, hg=r,
hf'e=B hﬂ:-:' c
hoezl "IrrEI

2.12.1. Mach khuéch dai cwe phat chung
Thi dy ta xem mach hinh 2.39a va mach twong duong hinh 2.39b



g <i> tio

Z2i Zn =

(@) (b)
Hinh 2.39

Phan giai mach twong duong ta tim dugc
- Tong trd vao Zi=R,//R,//Z,, (2.56)
voi:  Zy=hit(1+hg)Re#hictheRe

- D8 loi dién thé:

h.E h, E
ho=to o & C #o_ BC (2.58)
v, h,+{1+h Rz h, +h,E;
4 RC
Thudng hy <<h By = A #—
RE
- Tong tré ra: Z,=Rc (2.57)
-B8 loi dién thé:
h.E h, E
ho=To o & C o BC (2.58)
v, h,+{1+h, Ry h, +h, R
4 RE
Thudng hy <<h,Rp = A #—
R'E
-B1d lon dong dién:
i Z;
A= to_p S (2.59)
I E

C

Ghi chu: Truong hop ta méc thém tu phan dong Cg hodc mach dién khong c6 Rg
(chan E mac xuong mass) thi trong mach twong duong s€ khong c6 su
hién dién ctuia Rg

Céc két qua sé la:

—| win
Vijil;u__ﬁ) = vi E:Ll R‘D_ h RC Vo
Re T = £ =7

I o
= =



(2.60)

Z-i=R.1."r."IR2."r."rhie
7.=Fe (2.61)
A heR (2.62)
v hm
y
= 2.63
A=—h R (2.63)

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

Ve i,
+ -

iy
RM]
U
<
M
wm
i
o
x/[:"'\/—'" =

¥i

N
S
s
i
]

0

50
— A
Faps
=,
'I||—N

.ﬁ||

Hinh 2 40

- Tong trd vao: Z=R,//Ry//Zy,

Z,=—i=h,+(+h,)R;#h, +h,R,  (2.64)

1y,

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

B T F .da
l L hie | hgip .
V1=ﬂ R]‘z RZE ®REX Vo
| c | —
_
= Zq

Hinh 2 40¢c



W . v LW .
L === =—2 —{1+h #—=— —h
o i, 1, R, ( # My R i1y

Trong dd

v : v
i, =—— = i1,=—"+h, =
h!k

1,

i_ +L = ZD :RIH
Z, Rg hi
h‘ﬁ

—
=

h, (2.63)

L (1+h %, R, h R

i i - (2.66)
v, g +liehy jRE]i. h, ¥h R,

Thong thuong h;, <<hgRg = A, #1
- b6 loi dong dién:

. 2.67
R e @2.67)

2.12.3. Mach khuéch dai cuc nén chung
Dang mach va mach twong duong nhu hinh 2.41

C ¥ —

C ?
n-||~——g——~\_ e Vo — |

eTin hieri Tin
B R S R
’_. ET T CC‘_‘

(a) Hinh 2 41 (b)

Phan giai mach twong duong ta tim dugc:



Zi=Ry/ /by, # (2.68)

7. —Re (2.69"
s —_bafe (270

LY hib
2y (2.71)

C
2.13. PHAN GIAI THEO THONG SO h PAY DU

Dlem quan trong trong cach phan giai theo thong s6 h day d 1a cong thire tinh cac
thong s6 cua mach khuéch dai c6 thé ap dung cho tat ca cac cach rap. Chi canchayla o
mach cuc phat chung 1a h;e, hg., hy, hoe; & mach cuc nén chung 1a hy, hg,, hyp, hep va &
mach cuc thu chung 1a h;, hg, hy, h,..

M6 hinh sau déy la mach tuong duong téng quat cuia BIT theo thong s6 h mot cach
day du, 6 d6 nguoi ta xem BJT nhu mot tir cuc.

+ . ! +
R
¥ BJT Vo ¢ Re
z

Ve
-, |
Zi
Hinh 2. 42
i i
ham b
2 Ry~
f—

Z,

Hinh 2 .43

Khac véi phén trudc, ¢ day do lgi dong dién A; dugce xac dinh trude.



-Pb 1ol dong didn: A, ==

i-::-:h'fij +i =h‘fij + hovo

Thay v, =-1,Ry ,ta co:

io:h'fij B hoRLio:hfii'hoRLio

1 h
‘T4, 1+h,R, (@72)
Néuh, R, << 1= A;#h;
o RAEID) RAEHD)
-P8loidinthé A, =—2= T —
Vi iti TV, hiii—hrhfii(RLHh—)
~ Ry p BB (2.73)

_hi+|:hih-:-_hfhr:|RL h;

1

v

A 2 4
-Téngtrérvao: Z;=—
1

T"Fizhiii-l_hrvo T-.Fé'l TnFO:—RLi 0=—RL£:";111
= viEhyl; - h Ry Ag=ch-h Ao

VL VIR %

=  =h, -l (2.74)
1+h R, 1+h R,

Ta tim lai dugc dang quen thudc Z;=h; néu sb hang thtr hai rat nho so véi sb hang
thr nhat

- Téng tré ra Z,

La ti sO ctua dién thé ngd ra va dong di¢n ngo ra khi ngd vao noi tat (vs=0)



i, =- 1o
E. +h,
h:-h_w
i =h.i,+hv =i =-—+1°4}h y
Iia o fi oo i Rg‘l'hl oo
N P (2.75)
"y, h:h, '
° hi+ER;

Ta s& tim lai dugc dang quen thudc Z,=1/h, khi s6 hang thi hai (ciia mau s6)
khong dang ké so véi sd hang thtr nhat.

BAI TAP CUOI CHUONG II

B

Bai 1: Hay thiét ké mot mach phan cuc dung cau chia dién thé voi ngudn dién
V=24V, BIT st dung c6 p=100/si va diéu hanh tai [cq=4mA, Vcgg=8v. Chon
Ve=1/8Vc. Dung dién trd 6 gia tri tiéu chuan.

Bai 2: Thiét ké mach dao v6i thong s nhur hinh 2.44. BJT dung c6 p=100/si va
[cs=8mA. Hay thiét ké vot [g=120%lp .« va dung di¢n trd ti€u chuan.
+1;u;r|j':|j':=+5
Yi

3 51;}_

0 t
* p=100/s1

Hinh 2z 44

Bai 3: Trong mach dién hinh 2.45
a. Xac dinh cac tri phan cuc Ig, I¢, Vg, Vg .
b. V& mach twong duong xoay chiéu véi tin hiéu nho (khong c6 Cg)

c. Tinh tong tré vao Z; va do loi dién thé



W

A =0
vy

cua mach (khong c6 Cg)

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

+FVee=+12
Fy 3K
40 Re
10uF
10 v
o -
el N, p=100/si
Ra g —
RE
K> g —— Cp 100pF
i
—-';uTEE=—121uT
Hinh 2.45

Bai 4: Trong mach dién hinh 2.46
a. Xac dinh tri phan cyuc Ic, V¢, Vg, Vek .
b. V& mach twong duong xoay chiéu véi tin hiéu nho (khong c6 Cr)
c. Tinh téng trd vao Z; va do loi dién thé A,=v,/v; cua mach (khong c6 Cg)

d. Lap lai cau b, ¢ khi mic Cg vao mach.
+Vr=t+12

100pF | Rc 3K

R R
. ? 10F
v o330k 220k 4—“—” v
[

p=100/si

1

Re C¢ 100pF
Hinh2 46 L3K




Bai 5: Trong mach di¢n hinh 2.47
a. V& mach tuong duwong xoay chiéu vdi tin hiéu nhd
b. Thiét 1ap cong thuc tinh Z;, A,
¢ . Ap dung bing s6 dé tinh Z; va A,

+Wor=t+12v
L]
E1
40K Ry 5K
104F 10pF 1.
i | 1 |_D
H R=100/si
R §
10K Rp 2000
_ 100LF
Rez H
18K
Hinh 247

Bai 6: Trong mach dién hinh 2.48
a Xacdinh  , _Va

Tl

b Xicdith , v,

c. Nhan xét gi gitta v, va vy,



+ W o=t 12w

R, Rei 4K
40K 100pF
Rez l
1k 10pF"
o 10uF lj | m
|| B=1004si

P

10pF

== _:L Hinh 2 487

Bai 7: Trong mach dién hinh 2.49
a. V& mach twong duong xoay chiéu vdi tin hiéu nho
b. Thiét 1ap cong thuc tinh tong trd vao Z; va d6 loi dién thé A,
c. Ap dung bang sé dé tinh Z; va A,

+VEE =197 Vo =12V
" k. =5K
E B=100/si
L 1K Y

Sl

Hinh 2 4%

Bai 8: Trong mach dién hinh 2.50, Hay xac dinh:



.n.'lll'.n..u.s = = .n.'lll'.n..u. = = Zl = _t
F.i’s Wl 11
-I-Vc.:: 12
RKp Re
i 1M SK ¥ ].ﬂl.l.
S
| |
% I b, 10040
RS L
B, , Re 21_ 1004
1K
¥s —

J?— r; Hinh 2.50




CHUOGNG III: MACH PHAN CUC VA KHUECH DAI TIN
HIEU NHO DUNG FET

sk sfe st sk sfe ok skeoskok sk

O FET, sy lién hé giita ngd vao va ngo ra khong tuyén tinh nhu ¢ BJT.
Mot su khac biét nira 1a ¢ BJT ngudi ta dung su bién thién cta dong dién ngd vao (Ig)
lam cong viéc diéu khién, con & FET, viéc diéu khién 1a su bién thién cia dién thé ngd
vao VGS
Véi FET cac phuong trinh lién hé dung dé phan giai mach 1a:
I = 0A (dong dién cuc céng)

Ip =I5 (dong dién cuc phat = dong dién cuc nguén).

Ve |
Ip =Ipgs|l- ot P .
Vg (off ) | 381 véi JFET vi DE-MOSFET.

I = k[Vs — Vos (t0) ] 461 véi E-MOSFET
FET c6 thé dugc dung nhu mdt linh kién tuyén tinh trong mach khuéch dai hay
nhu mot linh kién s6 trong mach logic. E-MOSFET thong dung trong mach s6 hon, dic
biét 14 trong cau trac CMOS.

3.1 PHAN CUC JFET VA DE-MOSFET PIEU HANH THEO KIEU HIEM:
3.1.1 Phan cuc cb dinh.
3.1.2 Phan cuc tu dong.
3.1.3 Phan cuc béng cau chia dién thé.

Vi khi diéu hanh theo kiéu hiém, 2 loai FET nay déu hoat dong ¢ dién thé
cuc thoat duong so véi cuc nguén va dién thé cuc cé)ng am so voi1 cuc nguén (thi du ¢
kénh N), nén c6 cung cach phan cuc. Dé tién viéc phan giai, & day ta khao sat trén JFET
kénh N. Viéc DE-MOSFET diéu hanh theo kiéu ting (dién thé cuc cong duong so véi
dién thé cuc ngudn) s& dugc phan tich & phan sau cta chuong nay.

3.1.1 Phan cuc ¢6 dinh:
Dang mach nhu hinh 3.1
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Ta co: I =0; Vgs = -Rglg - Vao
:RGIGZOSVGS:'VGG (31)

W 33
Thay Ve vao phurong trinh Schockley Ip = Ipgs F B U%(OE)J ta xac dinh duoc dong dién I,

DPuong thang Vas=-Vag duoc goi 1a duong phan cuc. Ta ciling c6 thé Xxac

dinh dugc Ip tu dac tuyén truyén. Diém diéu hanh Q chinh 1a giao diém cua dic tuyén
truyén v6i duong phan cuc.

Twr mach ngd ra ta co:
Vbs = Vpp - Rplp i ) (3.2)
Day la phuong trinh duong thang lay di¢n. Ngoai ra:
Vs =0
Vb = Vbs = Vpp - Rplp
V6 =Vas =-Vae
3.1.2 Phan cwe tu dong:

bay la dang phan cyc thong dung nhat cho JFET. Trong kiéu phén cuc

nay ta chi dung mét nguén dién mot chiéu Vpp va c6 thém mot dién tré RS méc & cuc
ngudn nhu hinh 3.3
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I Puréng phin cuc
gl { Q

ID = __.-I;I.ITGE I]:.q
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¥ glofh) Vaso u Vg
AT e Hinh 3.4

ViIG:OHénVG:OVéID:IS
= Vgs = Vg - Vg =-Rglp (33)
Day la phuong trinh duong phan cuec.

Trong trudong hop nay Vs 12 mot ham s cua dong dién thoat I, va khong
c¢b dinh nhu trong mach phan cuc ¢d dinh.

- Thay Vs vao phuong trinh schockley ta tim dugc dong dién thoat Ip,.
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v E.I
I, =T l-—2 | =T, [1+—=2F 3.4
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- Dong Iy ciing ¢ thé duge xac dinh bang diém diéu hanh Q. D6 1a giao
diém cua duong phan cuc véi dac tuyén truyén.




Mach ngo ra ta co:
Vbs = Vpp-Rplp-Rsls = Vpp-(Rp + Rg)Ip (3.5
Day la phuong trinh duong thang lay di¢n.
Ngoai ra: Vs=Rslp ; Vg =0; Vp = Vpp-Rplp

3.1.3 Phan cuc b%lng ciu chia dién thé:
Dang mach nhu hinh 3.5

¥ gloff)

e ~
Hirh 3.5 Hinh 3.6

Ta co: VGS = VG - Vs
R2
E,+E,

(3.6)

Doln=0nén Vg =V

Vs = Rsls = Rslp
= Vs = Vg - Rslp 3.7
Day 1a phuong trinh duong phan cyc.
Do JFET diéu hanh theo kiéu hiém nén phai chon R;, R, va Rg sao cho
VGS <0 thrc
V= o
E,+E,
Ipg va Vgsq chinh 1a toa d§ giao diém cua duong phan cuc va dac tuyén

Mpp < W, =R I

truyén.
Ta thay khi Rg tang, dudng phén cyc nam ngang hon, tirc Vg am hon va
dong Ip nhé hon. Tur diém diéu hanh Q, ta x4c dinh dugc Vgsq va Ipg. Mat khéc:

Vbs= Vpp - (Rp + Rg)Ip (3.8)
Vp = Vpp - Rplp (3.9)
V= Rslp (3.10)

3.2 DE-MOSFET PIEU HANH KIEU TANG:
3.2.1Phan cuc béng cau chia dién thé.
3.2.2 Phan cyc bang hoi tiép dién thé.

Ta xét & DE-MOSFET kénh N.



Pé diéu hanh tl}eo kiéu tang, ta phai phan cuc sao cho Vgg >0 r}én Ip
>Ipss, do do ta phai chil y dén dong thoat to1 da Ip.x ma DE-MOSFET c6 thé chiu
dung duoc.

3.2.1 Phén cue bang cau chia dién thé:
Pay la dang mach phan cuc thong dung nhat. Nén chu y 1 do diéu hanh
theo kiéu ting nén khong thé ding cach phan cuc ty dong. Cac dién tré Ry, R, , Rg phai
duoc chon sao cho V>V tlic Vg >0. Thi du ta xem mach phan cuc hinh 3.7.
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- Pac tuyén truyén duoc xac dinh boi:

IDSS = 6mA
VGs(Off) =-3v

. I
Ehi v, = %v%(o&“)?l_ﬁv =1, =%= 1.5mé

WVis

EhiVae=1v=0tacdé I =T |1-—%F
35 T DSS|: Vo (off )

4
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- Buong phan cuc duoc xac dinh boi:
Vas = Vg-Rslp

y R
Vo Vy=—2 W, =15v

1 2
Vay Vgs(off) = 1.5volt - Ip(mA). 0,15 (kQ)
Tir d6 thi hinh 3.8 ta suy ra:
IDQ =7.6mA
VGSQ =0.35v
VDS = VDD - (R5+RD)ID =3.18v

3.2.2 Phén cue bang mach hoi tiép dién thé:
Mach co ban hinh 3.9



Hinh 3.2

- Pic tuyén truyén gidng nhu trén.
- Buong phan cuc xéac dinh bdi:
Vas = Vps = Vpp - Rplp (3.11)
trung véi duong thang lay dién.
V¢ hai dac tuyén nay ta co thé xac dinh duoc Ing va Vgso

3.3 MACH PHAN CUC E-MOSFET:

3.3.1 Phan cuc bang hoi tiép dién thé.

3.3.2 Phan cuc béng ciu chia dién thé.

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

O E-MOSFET kénh N khi Vg con nho hon Vsny thi dong thoat Ip =0
mA, khi VGS >VGS(th) thi ID dlIQ’C xac dlnh bai:

Iy = k[vﬁs — Vg (th:']g

) ~ H¢ s6 k duoc xac dinh tir cac thong s cua nha san xuat. Thuong nha san

xuat cho biet Vggmy va mot dong Ipon) trong tmg voi mot dién thé Vggon),

Suy ra:

I (en)

[Ves (on) ~ Vi (1) [

I = (3.12)

bé xac dinh va v€ dac tuyén truyén nguoi ta xac dinh thém 2 diém: mat
diém 1'mg vO1 VGS <VGS(on) va m6t diém I,IIlg voil VGS >VGS(011)
I, (ms)

juy]

I
(o) Hinh 3.10
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3.3.1 Phan cuc bang hoi tiép dién thé:

4T
T
0 Hinh3.12
IDQ
-
a vl’.‘rsﬁ’hj HGSE! HDD HI}S

Vi IG =0nén VD = VG va VGS = VDS
Vas = Vps = Vpp - Rplp 7 ) (3.13)
Ta thay duong phan cuc trung voi duong thang lay dién. Giao di€m cua
duong phan cuc va dic tuyén truyén 1a diém diéu hanh Q.
3.3.2 Phan cuc bang ciu chia dién thé:
Mach nay thong dung hon va c6 dang nhu hinh 3.13

. - E
Vile=0nén v, =V, ER

E,+E,
Tu mach céng nguén ta co: Vg = Vgs - Rslp
= Vgs = Vg - Rglp (314)

Day la phuong trinh duong phan cyec.

o alD
§R1 I UGE;“ ‘/Qéc tl.lji’én truj.i’én
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e — Ing Pudng phin cuc
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0 Ve Vigg Vi Vi

Hinh 3.13 Hinh 3.14

Do diéu hanh theo kiéu tang nén ta phai chon Ry, R,, Rg sao cho:
VGS >Vs = Rle tirc VGS >()
Giao diém cua dic tuyén truyén va duong phan cuc 1a diém diéu hanh Q.
Tur d6 thi ta suy ra Ipg va Vggq va tir do ta co thé tim dugc Vps, Vp, Vs ...



3.4 MACH KET HOP BJT VA FET:

Pé 6n dinh diém tinh diéu hanh cho FET, nguoi ta c6 thé dung mach phan
cuc két hop v6i BJT. BJT ¢ day dong vai trdo nhu mot ngudn dong dién. Mach phan
cuc cho BJT thuong dung 1a mach cau chia dién thé hay 6n dinh cuc phat. Thi du ta xac
dinh Vp va V- cua mach hinh 3.15.

W p=tlev
Rp=27k RcTy
== R8Ik =
v, 12
I gg=12ma .
V pgloff=-tv
6
vl:
v 3
B - .
S-18058 18251,
= >
== R0k Ry=1 6k 6 Vagg3Iv 3|0 T
Hinh 3.16

Hinh 3.15 /A7

‘ Pé ¥ 1a: BRg = 288k >10R2 = 240k nén ta c6 thé ap dung phuong phap
tinh gan dung:

E
Ve =vDD.R 2

=362y

1 2
=V =V — Vg =292
i
Ip=——=1825mh =1,=1,=1,
: E
i E

{lifl' dé -lil.l;rD = -';UTDD - RDID = IUD?H

Ngoairado [n=0nén Vi, =Vp =362y
Vo=V =Va-Vas= Ve -Vas
2
.
3T =1 |1 —%
Va lp DSS|: Vi (OE):|
Ta c6 thé giai phuong trinh trén dé tim Vgs. Pon gian hon ta dung
phuong phéap d6 thi. Cach vé dac tuyén truyén nhu & phan trude. Tu do thi ta suy ra:
VGS=-3.7V01t. Tu do:
VC = VB - VGS =7.32v



470k 39K

I, g =5ma
?Gs(ni’fj=-4v
? 2.4k

L
Nguoi ta cling ¢6 thé dung FET nhu mot ngudn dong dién dé on dinh
phan cuc cho BJT nhu & hinh 3.17. Sinh vién thr phan gidi dé xac dinh V¢, Vp cua
mach.

Hinh 3.17

3.5 THIET KE MACH PHAN CUC DUNG FET:

Cong viéc thiét ké mach phan cuc dung FET that ra khong chi giéi han &
cac diéu kién phan cuc. Tuy theo nhu cau, mot s6 cac diéu kién khac cling phai dugc dé
¥ t61, nhit 1a viéc 6n dinh diém tinh diéu hanh.

Tu cac thong s6 cua linh kién va dang mach phan cuc dugc lya chon,
dung cac dinh lut Kirchoff, dinh lugt Ohm... va phuong trinh Schockley hodc déc
tuyén truyén, duong phan cuec.. . dé xac dinh cac thong s6 chua biét.

Téng quat trong thuc hanh dé thiét ké mot mach phan cuc dung FET,
ngudi ta thudng chon diém didu hanh ndm trong ving hoat dong tuyén tinh. Tri s6 tot

N jig
I :IZDj v%:ﬁ

’ I
nhat thuong dugc chon la 2 hoac . Ngoai ra, Vpg cling khong
dugc vuot qua tri s6 to1 da ma FET c6 thé chiu dung duogc.

Thi du: Trong mach di¢n hinh 3.18a, chon Ip = 2.5 mA, Vp = 12v. Dung
FET c6 IDSS = 61’I]A, VGS(Ofﬂ =-3v. Xac dll’lh RD va RS.

Wpp — W

Taco R, = P = 32K, chon Ry = 3.3 kQ (tri tidu chudn).

L
Tur dic tuyén truyén = Khi I, = 2.5mA thi Vgg=-1v.
Vﬁy VGSZ-RsID (RS :'VGS/ID =0.4kQ (ChQIl RS = 3909)
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3.6 TINH KHUECH PAI CUA FET VA MACH TUONG DPUONG XOAY
CHIEU TiN HIEU NHO:

Ngudi ta cling c6 thé dung FET dé khuéch dai tin hiéu nhé nhu & BIT.
JFET va DE-MOSFET khi diéu hanh theo kiéu hiém c6 dang mach gidng nhau. Diém
khac nhau cha yéu & JFET va DE-MOSFET 1a tong trd vao ciia DE-MOSFET 1én hon
nhiéu (sinh vién xem lai gido trinh linh kién dién tr). Trong ltac d6 & BJT, su thay doi
dong dién ngd ra (dong cuc thu) duoc diéu khién bang dong dién ngd vao (dong cuc
nén), thi & FET, su thay doi dong dién ngd ra (dong cuc thoat) dugc diéu khién bang
mot dién thé nho ¢ ngd vao (hiéu thé cong ngudn Vgs). O BIT ta c6 d6 loi dong dién B
thi & FET c6 d6 truyén din gm.

Véi tin hiéu nho, mach twong dwong xoay chiéu cua FET nhu hinh 3.19a,
trong d6 r,, 13 tong tré vao cua FET.

G G 4+ D
+ + +
Vgs Vgs Vgs Vds
a
(e)
Hinh 3.19

O JFET, r, khoang hang chuc dén hang trim MQ, trong lac & MOSFET
thuong ¢ hang trim dén hang ngan MQ. Do d6, thyc té ngudi ta c6 thé bo r, trong mach
tuong duong (hinh 3.19b).

rgla téng tro ra cua FET, dugc dinh nghia:

FURTE
AT,

; =
P W tire tiy thudc vao diém diéu hanh, rd co thé thay ddi tir vai
chuc kQ dén vai chuc MQ.

rq va g, thuong dugc nha san xuét cho biét dudi dang r4=1/yos; En=ys O
mot diém diéu hanh nao do.

Néu trong mach thiét ké, Rp (dién trd ndi tir cuc thoat 1én ngudn) khong
16n 1am (vai kQ), ta c6 thé bo rq trong mach twong duong (hinh 3.19c¢).



3.7 MACH KHUECH DAI DUNG JFET HOAC DE-MOSFET PIEU HANH
THEO KIEU HIEM:

3.7.1 Mach cuc ngudn chung.

3.7.2 Mach cuc ngudn chung véi dién tré cue ngudn Rs.
3.7.3 Mach khuéch dai cuc thoat chung.

3.7.4 Mach khuéch dai cuc cong chung.

3.7.1 Mach cuc nguon chung:
Co thé dung mach phéan cuc ¢ dinh (hinh 3.20), mach phéan cuc ty dong
(hinh 3.21) hodc mach phan cyc bang cau chia dién thé (hinh 3.22). Mach twong duong
xoay chiéu v& ¢ hinh 3.23.

Hinh 3.22 Hinh 3.23

Trong d6 R=Rg ¢ hinh 3.20 va 3.21; R;=R; /R, & hinh 3.22. Phan giai
mach ta tim duoc:



w
DA loi didnthé Av= v—” = —g, (Rp i 1y)

1

(3.15)

- Thng tré vao: Zi=E=Ri (3.16)
1.

1

- Tong tré ra: Zy=1q //Rp ) . (3.17)
3.7.2 D¢ loi dién thé ciia mach khuéch dai cwe nguon chung voi dién tré Rg :
Gia su ta xem mach hinh 3.24 véi mach tuong duong hinh 3.25.

Vo — Vg -1,E, -1,

Tacd i, =g _w_ + =g W + oS
1] En - fd En gs rd
Vi ng:vi_iURS
Mén:
. _ -1, B -1,k
i =gy (v —igRg)+——2 L%
T
. En Vi Kl
=1 = =——
1+ngs+—RD+RS o
Ty
SUYral A Yo __ "
v 7. RD +RS
1 I+g B +——=
Ty
Méu ta bd r4 trong mach tuong duong:
- _ ngD
o 1+g Ry (3.18)
7 5 ..+ v D 1_1|':' ¥
C, N
R, = ‘
l_vu .'::l(i:lg “ t

E

s§ Yy — Vg
¥}

Hinh 3.25

Hinh 3.24 <

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

~ Ngudi ta co thé dung mach phan cyc tu dong hodc phan cuc bang ciu
chia di€n thé nhu hinh 3.26 va hinh 3.27



Mach twong duong xoay chiéu duoc vé& ¢ hinh 3.28. Trong do:
R=Rg trong hinh 3.26 va R; = R, //R, trong hinh 3.27.
- D0 loi dién thé:
Ta c6: vo = (gmVes)( Rs //1q)
Vs =Vi-Vp
= Ay = Yo _ Em (Fgifry)
v, l4+g (B )

- Téng tré vao Z;=R; (3.20)

- Tong tro ra: Ta thay Rs song song véi rg va song song voi nguon dong
dién gnVgs. Néu ta thay the ngudn dong dién nay bang mot ngudn dién thé ndi tlep voi
dién tro 1/g, va dat ngudn dién thé nay bang 0 trong cach tinh Z, ta tim duoc téng trd
ra cua mach:

<1 (3.19)

Zo=Rs /fta// 1/gm (3.21)

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.
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Hinh 3.29a Hinh 3.29b

Trr mach trong duong xoay chidu ta thiy:
Vo =W
V0= -EmYes D = 8nFD
=S A, = Yo =g

Wy

R, (3.22)

m

4 - .o EFi vi 1
Ng@ﬁl ra. 1; = Rs _gmng = Rs +gmvi = vi[gm +—J
. E
i, I+g E, Z2a (3.23)
VaZg=Rp (3.24)

Néu dua r4 vao mach teong dueng thi:

4y = (B iy

1
Z.=FRafi—
1 ) o

3.8 MACH KHUECH PAI DUNG E-MOSFET:

. ‘ Do E-MOSFET chi ’diéu hanh theo kiéu tang, nén thuong dugc phan cuc
bang cau chia dién thé hodc hoi ti€p dién the. .
Thi dy: Ta xem mach hinh 3.30a c6 mach tuong duong xoay chiéu hinh
3.30b.
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D3 loi dién thé: A= %
¥y
Vi v, = _|:vn B! +gmvg5:|[rd HR]
&
Viv=v nén -0 _ (1-gaRg )it /Rp)
£ YW, R,+R i1,
Thong thuong g,,Rg >>1 nén Ay = -g,,(Rg /14 //Rp)
Nhung Rg thuong rat 16n nén Ay # -gm(rq //Rp) (3.25)

- Xac dinh gia tri cua g,,:

g, thuong dugc nha san xuét cho biét & mot sb diéu kién phan cuc dac
biét, hay co thé duoc tinh tir diém tinh diéu hanh. Hodc gm €O thé duogc tinh mét cach
gén dling tr cong thue: g, = 2k[Vas - Vasm)]

v&i k ¢6 tri s6 trung binh khoang 0.3mA/V2.

- Téng tré vao:

7, =i
1
v, l—v—IJ
i V=W W
' Rli‘r RG
E E
=7 =—20 & (3.26)

- Téng tro ra:
Zy=Rp//rg//Rg (3.27)

3.9 THIET KE MACH KHUECH PAI DUNG FET:

‘ Vin dé thiét ké mach khuéch dai ding FET & déy gi6i han & chd tim cc
diét} ki€n phan cuc, cac tri so cua linh kién thu dong dé c6 dugc do loi dién thé mong
muon.

Thi du: Thiét’ ké mach khuéch dai phan cuc tg dong dung JFET nhu hinh
3.31 sao cho d¢ loi di¢n thé bang 10.
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WVimach phin ce & Vag =0 nén:
2:[I:'SS

—————— =5mh [V
W (oft )

En T Emn =

Vas =20 5 R =-10
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R nén chon kha 1on dé khong lam giam téng tréd vao cua mach. Thi du ta
¢6 thé chon Rg= 10MQ.

BAI TAP CUOI CHUONG III

*kkkkkkkkkkkk

Bai 1: Xac dinh Ip, Vps, Vp va Vg ctia mach hinh 3.32



VD I]:.gg =45mai

-I;ur(_;g (Off:': -Gy
jRg =068k

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

W Hinh 3.32

+12%
Fn=3k

Hinh 3.33

%g =2k
3v

Bai 3: Hay thiét ké mot mach phan cuc tg dong dung JFET c6 Ipss=8mA;
Vasmm=-6v va diém diéu hanh Q ¢ Ipg = 4mA véi nguén cung cép Vpp= +14v. Chon
RD = 3Rs

Bai 4: Thiét ké mot mach phan cuc béng cau chia dién thé dung DE-MOSFET
v6i Ipss = 10mA, Vsom = -4v ¢6 diém diéu hanh Q & Ipg = 2.5mA va ding ngudn cip
dién Vpp=24v. Chon Vg=4v va Rp=2.5Rg vo1 R;=22MQ.

Bai 5: Tinh Z;, Z, va Ay cua mach dién hinh 3.34

+22V
2.21@?
1.F 1uF
Vi | | S ||
| | 7 l | | 0
1k ID55=?.5IT1A
?39”“{9 Vs (offi=-4V
r= Hinh 3.34
§11MQ

ST

Bai 6: Xac dinh gia tri cia RD va Rg trong mach dién hinh 3.35 khi dugc phan cuc & Vigsg = 1/2Vgs(orm va
Vbsq = 1/2Vpp. Tinh d6 1¢i dién the trong trudng hop nay.
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Hinh 3.35

Bai 7: Thiét ké mach khuéch dai dung JFET c6 dang nhu hinh 3.36, sao cho d¢ loi dién thé 1a 8. Dé gi¢i
han budc thiét ke, cho Vgsq gan tri s6 t0i da ctia gm, thi du nhu & Vgsorm/4.

+1“TDD =420y

RD 1F Ings =10
I I I Vi -';ur(_;g (Off:'= -y
| b $ 1014 rg=o
I I
S e
Tﬁ[ﬁlu.‘l?
Hinh 3.36

Bai 8: Thiét ké mach khuéch dai dung JFET c6 dang hinh 3.37 sao cho d6 loi dién thé bang 5. Chon
Veso=Vastn/4-

+VDD =+22v
Fp 1WF Ings = 12ma
— Vs (off)=-3v
v,
LLF .'-"._ 0 rg=roa

|
M= g 100F
I71

Hinh 3.37

W

I ———




CHUONG 4: ANH HUONG CUA NOI TRC NGUON TIN
HIEU (Rs) VA TONG TRO TAI (R;) LEN MACH KHUECH
DAI

LR R R R R

Trong cac chuong trude, chung ta da phan tich va tinh todn cac thong
s6 ctia mach khuéch dai ding BIT va FET khi khong c6 tai va ngudn tin hiéu dugce xem
nhu 1y tuong (khong co ndi trd). Thuc té, nguén tin hiéu luon co6 noi1 tréo Rg va mach co
tai Ry. NOi tro Rg va tai Ry nhu vay sé lam thay ddi céc thong sb cua mach nhu téng tré
vao, tong trd ra, do loi dién thé va do loi dong dién. Noi dung cta chuong nay la khao
sat anh huong ciia Rg va Ry 18n cac thong s6.

4.1 HE THONG 2 CONG (two-port systems)

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

1i ig
—_— - WV
+ — — + Ay = o
) .
Wi ]—P Asmn, AL 1—[ Wi i
a4 20 1
- T A=t

Hinh4 1
L -3 Zo- 0

! i 1,

Trong d6 vi, i;, Z; 1an lugt 1a dién thé (tin hiéu), dong dién va tong tré cua
ngd vao. vy, 1y, Zo la dién thé, dong dién va dién trd cua ngd ra. Ayne, A 12 do loi
dién thé va do loi dong dién cua hé théng. Toan bd cac thong ) nay dugc dinh nghia
khi ngd ra khong méc tai va khong c6 dién trd ngudn Rg.

Ap dung dinh 1y Thevenin ¢ hai cuc ciia ngd ra, ta co:
 ZuZo Ry | |
Nguon dién thé Thevenin Ey, 1a dién thé mach ho gitra 2 dau ngd ra, d6 1a
vo. Vay:

1

W
A‘ili"_tq']'_.: v_n =V = "E"E?I\H.. W

1

Nén Eth:AVN L-Vi

Ta c6 thé dung Ri=Z;=vy/i; d¢ biéu dién mach ngd vao va ding ngudn Thevenin
En=AvnL.Viva Zp=Ry dé biéu dién ngd ra cia h¢ thong 2 cong.



5 v Hinh
i a
vy =" Ay

2o

4.2

Pé thtr lai mach tuong duong nay, ta thtr tim Z, va Ayne. Pé tim Z,, ta
noi tat ngd vao tic vi=0v, tor d6 Aynr.vi=0v va tuwong duong vdi mach noi tat, do do
Zy=Ry nhu da dinh nghia phia trén. Su vang mat cta tai s€ dua dén 1,=0 va di¢n thé

giam qua Ry 1a Vgo=0. Do d6 & ngd ra hd chinh bang ngudn Ayny.vi.

Thi du: Cho mach phan cuc ¢ dinh nhu hinh 4.3. Hay v& mach twong duwong 2 cong.

Giai:

Phan giai mach nay ta tim duoc: Z;=1.07kQ); Zy=3kQ; Ayn;=-280.11 (xem lai

chuong 2)

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

12 b o— Alf\/ +
470k L_ig £ i + Rq=3k
: Ry=1. g G) o
i Voo p=1000 Vs - .
 —_ ra=501 -280 11w
- || - -
100 ‘—‘Zu
Zs Vs

Hinh 4.3 Hinh4 4

Déu tru trong nguon dién thé phu thudc co nghia 1a nguon dién thé that su
nguoc voi nguon diéu khién chi dinh trén hinh v&. N6 ciing cho thy do 1éch pha 180"

giita dién thé ngd vao va ngd ra.

Trong thi du trén, dién tré Rc=3kQ2 duoc dua vao dé xac d
khong tai. Su phan tich trong chuong nay s€ xem cac dién tré phan
cua do loi khong tai, tai Ry s€ duoc ndi vao cac cuc cua ngo ra.

inh d¢ loi dién thé
cuc la thanh phan



4.2 HIEU UNG CUA TONG TRO TAI R,

Phén ndy, ta xem anh hudng cia tong trd tai Ry ddi v6i kiéu mau 2 cong.
(xem hinh 4.5)

Ap dung cong thirc cau chia dién thé & mach ngb ra ta co:

F—_— R% -+ + = ? FU—
i * io R, +E, &t
Ri§ K
a <~> RL$ Vo ¥y Eo
. = | Ay, Vi —Hﬂ}f ﬁ*v:::mﬁm (41}
Mhin xét: BS 1di dién the 1is od tai
e a - . o)
Hinh 4.5 luén ludn nhe hon dé8 1d1 dién the khi

khéng cé tai.

Tuy R; thay doi tuy theo dang mach, nhung dong dién ngd vao luén luén dugc
xac dinh boi:

YoV

‘TZ, R,

Dong diénngd ra i,j drroe xhe dinh b

-
ko

K
=1

.n.'lllﬂ. _ 0 __ o i
1 F v, B

7

P

I
.

iy
Hay: 4, = —J—Kv.Rl (4.2)

L
Do loi dong dién nhu vay co thé tim dugc tir d6 loi dién thé, téng tr&d vao
va dién trd tai.
DPuwong thang lay dién dong: (xoay chiéu)




Weoo=+ 12

Ta xem mach dién hinh 4 6. Pung thing 14y

va dign tinh ciing ddc tuyén  ngd ra dudcvé 3
hinh 4.7. Bigntrdtdi Rp khéng tham gia vao

Ri=2.2k . B et as e m L e od 14
diting thang ldy di€nthh ¥ no PG Co lap

v mach phidn ot bdi tu lién lac Co. Khi
khi phén tich v&i tin hidu xoay chidu, tu Oy

Hinh 4.6

duoc xem nhu ndi tit va tai cia mach dién dugce xem 1a Ry va dién tré cuc thu Re mic song
song v6i nhau. Tac dung cua dién tré tai Ry 1am cho duong thing ldy dién dong c6 dbc dung
hon dong dién ldy dién tinh. Piém cha y quan trong 14 ca 2 duong thing nay déu qua cing
mot diém Q.

Khi chua méc tai Ry, néu ta ap mot tin hi¢u nhé hinh sin vao cuc nén cua
transistor dong dién cuc nén cua transistor s& blen dong tu I;dén Ips nén dién thé ngo
ra V¢ cling bién dong nhu hinh v&. Néu ta mic tai R; vao, vi su bién dong cua Iz van
khong thay doi nhung do dbc cta dudng thang lay dién di thay doi (dtmg hon) nén tin
hiéu ra Vg nho hon.

r I-
-I;"'TCEQ""I-- BErerng thang 1y dién déng
I+ RIL -/ - - -
= Ewreng thang 15y dién tinh
Vopnd BT n | b Vool Re™
/ Ti=
s
PN —;
' = E2
¥ s S—
Izy \<_ﬂ Tz
i =  Vee
v \ B = o
~ W, R NJ
CEQ [ndn] L EED+I|:|:|R,L
oe
-
Cé Ry M\“‘“a&
Vee - <f R’ =Fy// R
I{hnng ca Rp H'""“m_,h\
Hinh 4.7
T L __,_..--"'"_/

4.3 ANH HUONG CUA NOI TRO NGUON Rg



Bay gio ta quay lai ngd vao ctua hé thong 2 cong va khao sat anh huong ctia ndi
tr¢ ciia nguon tin hi¢u 1€n do 1oi cua mach khuéch dai.

Hinh 4.8 md6 td mdt nguon tin hi¢u Vg c¢6 ndi tré Rg duogc ap vao ngod vao
cua h¢ thong 2 cong can ban.

1i

—
W W
+ + Ro inh
<~>Vs Vi ?Ri <~ Bamn. Vi Vo Hinh 4.8

TS

Tu dinh nghia cua Z; va Ayyy ta thdy chiing khong bi anh hudng boi ndi tro Rg

nhung tong trd ra c6 thé bi anh hudng bdi Rs. ’

Tur hinh 4.8, ta thay tin hiéu v; dua vao hé thong 2 cong bay gio la:

Ri
¥, = ———— W,
R, +R,

Nhu vay néu ndi trd nguén Rs cang 16n thi d6 1gi1 cia mach cang nho (do

tin hi€u vao v; nho).

V6i hé théng 2 cong bén trén ta co:

E.
Vg = Ao ¥y = A T +1R Vg
it
Nén
i E;
b= L= L (4.3)
¥ w, R,+R, T

Dong dign vao cling gram vi sw hién dién cia ndi tré R

(4.4)

4.4 ANH HUONG CHUNG CUA Rg VA Ry ,
’ i Hinh 4.9 1a m(f)t,nguén tin hiéu vo1 ndi1 tro Rg va mot tar Ry dugc mac vao
h¢ thong 2 cong voi cac thong so rieng Z=R;, Aynr, Z¢=R, nhu da dinh nghia.



%IR g + % +
+ +

(HDVS vy gRi <~ N R? o Hinh 4.5

O ngd vao ta co:

z a 4 i _ i . :
Ongdvactacd v, = Vs hay —L = i

Vaongdra, vy =——= A v

Hay o -Yo__F1 4
Yoy, Ro+R, W

1

Do loi toan mach:

R'L Ri
- | Ao
R, +R, R, +E,

- Wy n
m 1i=_1 11ern .n.‘lll'.n.i:_—= = -
E

i i

= A = by (4.6)

Ngoai ra:

: i 1 E -v, E.+E,
1s:R S —p =0 L _" "o s i
i TR ;. ¥y W E.

R, +ER,
E L . .

Vi 1ig=1; nén A=A, tire phug’ng trinh (4.6) va (4.72 cho cuing mot két qua.

Phuong trinh (4.5) cho thay cé hai Rg va Ry déu c6 tac dung lam giam do

khuéch dai.

4.5 MACH CUC PHAT CHUNG DUNG BJT:



4.5.1 Mach phan cuc cb dinh.

4.5.2 Mach dung ciu chia dién thé.

4.5.3 Mach cuc phat chung khong tu phan dong.
4.5.4 Mach hdi tiép cuc thu.

Trong phan nay ta xét cac dang khac nhau cua mach khéch dai cuc phat
chung dung BJT voi anh huong cua Rs va Ry. Su phan giai chi tiét s¢ khong duge dé
cap dén do qua quen thudc. O day ta chi dua ra cac két qua chinh.

4.5.1 Mach phén cue ¢6 dinh:

Kiéu mach phan cuc ¢d dinh da duoc xé4c dinh céc chi tiét trong cac phén trudc.
Mach tuong duong vdi ndi tré nguon Rg va tai Ry nhu hinh 4.10.

0 A
IRs + "
+ + Ra

(”‘)VS Vi Ri CH Bamn. Vi Vo R'§ Hinh 4.10
™ - Pre = 4__[20

£ A
Ta co:
Fop
Ve = At
"R +ER, 7
E
Ul ﬁm:?z— rl: UéRozRC
i e
g o BBy 1 B AR (4.8)
ki v, RL+RE'rE r,

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.

ip

%'Rg + _¢ +
(HDVS Vi ﬁﬁre (H VL « Vi Rﬂﬁ‘—‘ RL$ Vi
Tl - ) Zo -

AT —— ——
Hinh 4.11 R./Ey

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



5 va¥s £ +Eg
W V. v Lo E.4E
Viy A =-—L=-0 1 =71 L -0 4.9
¥ ke Ve oV, Vg Zi+RS r .2

Ngoai ra: Z=pr,, Zp=F

4.5.2 Mach duing cau chia dién thé:

V61 mach dung cau chia dién thé (hinh 4.12), tai R duoc ndi & cuc thu.

Ver
Fi Fr A . .
| = o, ¢ phiin trude ta da thiy,
15 oy I I Z=Fl/pr.
ﬁvlv_"‘ I T Trongdé: R'=R1//Rz
N T V4 Zg=Rc.
P& 1o dién thé:
Vil WV Wy A 1L -
C) POR=FR . =Hh o _¥o_ Rl
E vy -
Zi|—> - T - Vi Zfe (4.10)
_ Yo i
Hinh 4.12 /77 A =~ =

4.5.3 Mach cuc phat chung khong c6 tu phan dong:
Mach dién nhu hinh 4.13

— = : +

Hinh4.13 4 RV e
Vg 21 Vi qu—ug&_
- - -

Téng trd vao:
Z, ~ Ry H[Br, + (B + )R]

Tong tro ra:

Zy=R¢



D& loi dién thé:

py Yoo BellBy
v, RE
VA
W &
Ag=—"t=—1
T e, Z 4R,
Va
7
A=2o_p S
11 RL

4.5.4 Mach héi tiép cuc thu:
Dang mach nhu hinh 4.14

+Ver
="
. By Cy
1,
' C1 I I Wy
Al |
R +
+ i RN

Hinh 4.14

4.6 MACH CUC THU CHUNG:

(4.12)

(4.13)

(4.14)

B g ) E;
Téng trérra;
ZomBe iRy

A 3
Ting tré vao:

RF

Mach cuc thu chung hay mach emitter-follower voi tai Ry va ndi tro nguén Rs
nhu hinh 4.15. Diém quan trong can cha ¥ 13 & mach nay Z, s& bi anh hudng boi Rs va Z; bi
anh huong boi Ry. Do d6 khi ding mach twong duong 2 cong dé phan giai ta phai tinh lai Z; va
Zo va dua cac tri s6 méi ndy vao mach turong dwong 2 cong (xem ¢ thi du).



+Ver

I‘h@ng thuémg do Re=>Rs nén

I .z. .
Ry ta o thé coi mach tuong

)
W,

Re 47 =R

Zi _
Hinh 4.15 <G
j iy
Fz R% +
Wy ﬁr% Cilﬁ
+ + +
W Vi i
O wxq = O L
Thevenin ) )
(=] ()]
Hinh 4.16
Trong d6: R’g=Rg //Ry; 1.=(B+1)1,
Tt mach ngd vao ta co:
Vs=(Rs+Pre)ip + (B+1)R gy 1
+
Hay i, = (B+Diy = — ot s
R, +fr, +(B+ IR,
WVa 1, = ;S " £ Vs T
Rig+—5 e by R'g+r, +=%
B4+1
Tir phuong trinh nay ta ¢6 thé v& mach tuong duong:
i
*—

1 - duwong Thevenin & ngd vao don
M—— > c, 0 gidn nhe ghm nguén v va Rs.
| | T dd mach tirong duong vt

V0 tin higu nhé nhw hinh 4.16b.

Ny N Wy

+ +

E E
VsG) FS_F rel §;E Vo = Vs(”‘) FS+ r.:_RE§ §RL

- EI i - 4—‘

=y Hinh4.17 ()

a



Tur do ta co:

RI
Elg+—+r,
R’ R, /R
Hay Ay =-L= E_ . LT E @17
Vg E

Ri+25 4 Ry HRp 4ot
E B ] L E B ]

Dé xac dinh Zyta cho Vg =0 VA

E
Z, =R, IRy f{_s +r, J
P (4.18)
Dé xac dinh Z ta chnd v
Zy=Pr, +Re (B+1)
Z, =Ry H[plr, + Ry /R g)] (4.15)
Khi khong co tai, 36 loi dién thé la:

Valhi cd tai:
o Yo RelEy
Vw, RgHE+r (4.20)
Thi du: Cho mach dién hinh 4.18. Céac thong sé ciia mach khi khong c6 tai la:
Z=157.54 kQ
Zy=21.6 ( (khong c6 Rg)
Ayni=0.993 v6i 1.=21.74Q, =65
Xac dinh: a/ Gia tri méi cua Zi va Zy khi c6 Ry va Rg.
il

a v ’ -
bi Ay = - va Ay = v—n bing cach ding mach 2 céng,
i s



+15-

Hinh4.18 v

Giai
a/ Ta co tong trd vao va téng trd ra khi c6 Rg va Ry 1a:
Z=Rg //[Pr. + Rg //RL] = 75.46kQ
Zo=Rg //(Rs/p +1,)=30.08C2
b/ Ta c6 mach twong duong 2 cong:

1 30.080
—

W M—
+ 0.56k + -
0

vECHD Vi =75 46K (y)u.ggsvi 22K

s

Hinh 4.19
2V

i Z. +E,
WV ? e W 098V,
1] RL +RD WHL 1 1

= 0.993V,

Vo Vy V,
= hgy =L =L L =(0.98)(0.993) = 0.973
LT (0.98)(0.9%3)

of

b, Zi__ 75.46
i W

=—(0.98) —— =-33.61
1 E 055 2.2

i L

L=
I
|
I

4.7 MACH CUC NEN CHUNG:

Mach can ban nhu hinh 4.20

Téng trd vao va tong tré ra (Z; va Zo) ciing gidng nhu trudng hop khong
tai. Do loi dién thé va dong di¢n dugc xac dinh béi:



Wi

4.8 MACH DUNG FET:

4.8.1 Pién tré cwe ngudn c6 tu phan dong.

4.8.2 Pién tré cwe ngudn khong c6 tu phan dong.
4.8.3 Mach cuc thoat chung.

4.8.4 Mach cuc cong chung.

O FET, do cuc céng cach dién han khoi cuc nguﬁn va cuc thoat, nén trong
mach khuéch dai dung FET tai Ry khong anh hudng dén tong tré vao Z; va ndi trd
ngudn R, khong anh hudng 1én tong tro ra Z,.

4.8.1 Pién tré cwe ngudn c6 tu phin dong:
Xem mach khuéch dai dung FET nhu hinh 4.21. Tai Ry dugc xem nhu

mac song song voi dién tréd Rp trong mach tuong duong vaéi tin hi¢u nhd. Ta co6 cac két
qua sau:



+ VEY'D

=%

Z l l +V|:|

Rai
f.ﬁv [ /T: \
+ 't \1: 4—‘ = Hinh 4 21
2
’_. , Re= L 0
43 j/; ST
W
bo.=-L=—5 (R, IR
W v, Em( D L:' (4.23}
. =
ﬁm:v_ﬂzv_ﬂ_v_l:—l .
Vo oW Vg RSig+zi
Z,=F,

Z,=Rpfr; =Ry

4.8.2 Pién tré cwe ngudn khong c6 tu phian dong:

Mach cin ban nhu hinh 4.21 nhung khéng ¢6 tu Cs. Ta c6 két qua:

so=Yo__Ea(BpiRy) (4.24)
Yy, 1+z E.

1

4.8.3 Mach cuc thoat chung:

Mach nhu hinh 4.22
A%
BED Hinh 4.22

RSlg

Cz

Tr fim

Téng tréd vao Z doc lap véi Ry va dugce xac dinh bdi Z=Rg
Do loi dién thé khi c6 tai cling giong nhu khi khong cé tai véi Rg duge
thay bang Rg /Ry




N _ Wy gn B TR
y=—=
v, l+g (R #E,)
Trf:ung trd ra duoe xac dinh b
ZE,=RSHi
Em
4.8.4 Mach cuc céng chung:

Dang mach nhu hinh 4.23

W in

N o

Ta c6 céc két qui:
__ K

i_1+ngS
Téng tré vao:
Téng tréra; ?Zu =K
P& 1o dién thé ki od tan

hy="0cg (R HE,) @.27)

.,

1

BAI TAP CUOI CHUONG IV

fkkdnk

(4.25)

(4.26)

Hinh 4.23



Bai 1: Cho mach dién nhu hinh 4.24
a/ Xac dlnh AVNL) Zi, ZO
b/ V& mach twong dwong 2 cong véi cac thong sb tinh & cau a.
¢/ Tinh d6 loi dién thé Ay=v,/v; bang cach duing kiéu mau 2 cong.
d/ Xac dinh d¢ loi dong dién A=1y/1;

e/ Xac dinh Ay, Z;, Z, b?mg cach dung kiéu mAu r, va so sanh két qua voi phﬁn trén.
+1éw

68k 2k
. ? % Ca
i | | ¥
> N
Vi 4|

Hinh 4 24 16 ﬁ;_zjﬁk
zi|_> 7500 10p

Bai 2: Cho mach dién hinh 4.25

20y
91k 6.8k

Eg =
B=1200 \
. _!Dﬁkmﬂmu HH ™ Hinh 4.25

s ez | ]

1.2 - Ei=2"7k
Zr* Zo -

P
a/ Xac dlnh AVNL) Zi, ZO

b/ V& mach tuong 2 cong véi cac thong sé dugc tinh ¢ cau a.

ST

¢/ Xac dinh A,=v, /v; va Ays= vy /Vs.

d/ Thay Rg =1k, xac dinh Ay va Ays. Khi Rg tang Ay va Ays thay ddi nhu
thé nao?

e/ Thay Rg=1k, xac dinh Ayn, Zi, Zo. Cac thong sb nay thay ddi ra sao
khi Rg tang.

f/ Thay R;=5.6k.X4c dinh Ay va Ays. Khi Ry ting Ay va Ayg thay doi
nhu thé nao? (R van 1a 0.6k).

Bai 3: Cho mach dién hinh 4.26

a/ Xac dlllh AVNL’ Zi, Zo.

b/ V& mach tuong duong 2 cong vai céc thong s6 tinh dugc & cau a.

¢/ Xac dlnh AV va Avs.



w3

d/ Thay R;=4.7k. Tim lai Ay, Ays. Nhan xét?
e/ Thay Rg;, =1k (v6i R =4.7k). tim lai Ay va Ays. Nhan xét?
f/ Thay R; =4.7k, Rg;,;=1k. Tim lai Z;, Zo. Nhan xét?

+
St @5
N L - 100 (o)
S II ¥
3.3/% <—l /%LZEQI{
2o

Zi

Hinh 426



Chuwong 5

PAP UNG TAN SO CUA BJT VA FET

Tkhdkdd

Noi dung:
5.1 Decibel.
5.2 Mach loc thwong thong.
5.3 Mach loc ha thong RC.
5.4 DAp @ng tin s6 thip ciia mach khuéch dai dung BJT.
5.5 5.5 Dap (ng tin sd thap ciia mach khuéch dai dung FET.
5.6 5.6 Hiéu wrng Miller.
5.7 5.7 Dap (g tin s6 cao ciia mach khuéch dai dung BJT.
5.8 5.8 Dap &ng tin s6 cao ciia mach khuéch dai dung FET.

Bai tap cudi chwong.

Trong cc chuong 2, 3, 4 ta d phén tich cic mach khuéch dai tin hiéu nho
dung BIT va FET. Viéc phan tich d6 chi ding trong mot dai tan s nhat dinh, & d6
ta gia su cac tu lién lac ngo vao, ngd ra va phan dong c6 dung khang khong dang
ké va duoc xem nhu ndi tit & tan sd cua tin hidu. Ngoai ra & dai tan sd do anh
hudng cua cac dién dung lién cyuc trong BJT va FET khong dang ké. Dai tan sb
nay thuong duoc goi 1a dai tan s giita.

Trong chuong nay ta s& khao sat anh huong cua cac tu lién lac, phan dong
(c6 dién dung 16n) & tan s6 thap va cac tu lién cuc (c6 dién dung nho) & tan sd cao
1én cac thong s6 cia mach khuéch dai. Trude khi di vao chi tiét, ta can biét qua
mot s khai niém can thiét nhu 13 mot cong cu khao sat.

5.1 DECIBEL: i
Ta xem mach tuong duong 2 cong hinh 5.1

Vg (D Vi ?Ri i) Ry Hinh 5.1
AL, Vi

o

Cong suét ngd vao dugc dinh nghia: Pi=v,.i;



Cong suét ngd ra dugc dinh nghia: Py=v,.ij
Tish A, =t =010 g 4 diroegoiladdloi congsuft clamach
F,ow,oq !
Trong k¥ nghé nguoi ta thuong dua ra mot don vi 13 decibel (dB) dé
dién ta do loi cong suat.

Pon vi cin ban ban dau 1a Bel va duoc dinh nghia:

E
A& (Bel) =Log,, ?'f (5.1
Decibel 13 mét wée sé cha Bel va cho bdi:
E
AL (dBY= mLogm?f_' (5.2)
Viy 10dBE=1Bel
v
. R, v,' R,
Va & (dB)=10Log,, —= =10Log ,, —— —%
p LB 21w Vf 21w vig R,
E;
— 20Log 7 +10Log -4
Wy L
Ehi E;=Fj (cd diéu hop téng trd) céng thire trén tréd thanh:
Ap(dB)=2DLogAv = by r(dB) (5.3
Ryig

T iy
Ngoal ra; Ap(dszl[:]LogP—Dzl[:]Log —

i j_1'

' R
= 20Log L +10Log —L
1 E;
Ehi RE=Fj ta od
A (dB)=20Logh; (5.4

5.2 MACH LQC THUQNG THONG R.C:
Dang mach can ban nhu hinh 5.2



| " Ay=vol Vi
[

+ + 1
Wi B ] i
_ _ +f2
] £ >
Hinh 5.2 Hinh 5.3

1

- CHthn B rét cao, ta cé: ¥, = w002

Tu C duge xem nhu ndi tit (short-circuit), két qua 1a: vy~ v;

-Otinsd =0, X, = ﬁ: co , i Curong duong vin mach héwvav=0.

- O khoang gitra 2 tan sd nay, do loi dién thé Ay=v, /v; thay d6i nhu
hinh 5.3. Khi tan s6 tang, dung khang ctua ty C giam va tin hi¢u & ngé ra vy 16n
dan. Pi¢n thé ngd vao va ng0 ra lién h¢ véi nhau bang cong thirc:

R.vi
'JD=
R+,
Sukt cia v duoe xée dinh bai: [7o]= e
VAL Ccua v Trohs Zac ol o1 [ I
that ' B2+ X2
4 n ) 1
Bacbiétkht X=R = v |= — .
|D| ﬁ i
v 1
Vi ALl L= =0707
|'~F| v, wE
1

Y L L T == T
T 56 matmdochangR,tch NG duo'cgmlatmsocatﬁ.

VAy X, = sRe—f=— (5.5)

1
Ao (dB) = 20Logh ., = 20Log — = —3dB
W W »\E
Tai Ay=1 =v,=v; (tri tdi da) Ay(dB)=20Log1=0dB
1

Vay tan sb cat 1a tan sb tai do do loi giam di 2 lan hay giam di
3dB. Néu phuong trinh d loi dugc viét dudi dang so phue:



v, R, —iZe g

Thn 56 ot tai d6 Ay gidm di A2 1n bire:
2nf B.C 27R.C
bar c6 thé duoc vidt lai:

f.
Ay = P 1 Lig? 2
[f] 2 f

i f.

1-4 2 12 +[ 1]

Tal f=f; = |ay|= % =0707 tis -3dB

. £y
Vdy AL (dB) = 2[:11,03;2 = —10Log[1+[?1] }
f.
1+[—1]
£

Khi f<<f, phuong trinh trén ¢ thé viét gan dung:
£y
A (dB) = —10Log [?1]

A (dB) = —EDLog[ff—i] (5.6)
V6i cong thirc gan diing nay ta thay:

Tai f=Ff, = Ay=0dB

f:%f. = &, =—6dB

1

F =%fi = &y = -12dB

f= ifi = Ay =-204B
10

Mach lgc néu trén c6 do loi giam di 20dB khi tan sb giam di 10 lan

hay d6 loi gidm 6dB khi tan s gidm phan ntra dugc goi la mach loc 6dB/octave
hay 20dB/decade



Ay (db)

Fi /10 Fi 1o fi £ 1 10g]
£
-
—5 Bép trng thn 56 thc
-1z
-13+ Hinh 5.4
_;2_ e _20logf./f

Tabidt: &, (dB)= 20log Ay = 20leg -2 hay % - log
'i.i"i i
Ly (dE)

iﬁv:v_ﬂzm an (5.,0

Foe pha 8 duge Zac dinh bt
6= tg l[i—] (5.8)

Khi f<<f, = 6= tg_l[%] —a0”

Khi £, = 100f = 8 =89.47
Khif=f=8=45"

Khi f=>f, = §=0"

Khi f=100f = §=0573"

4 g
=k

451 Hinh 5.5

00if = i00f, £



5.3 MACH LQC HA THONG RC:
Dang mach can ban nhu hinh 5.6.

- O thn 58 rit thﬁp ta thﬁj,r}i,: = ﬁ — oo tu O duoe Zem iy mach b va Vo=V,

. . 1 P
- Chtan =6 cao, X, = o G — 0 nén tu C duoc Zem nbny 0ol tat va V=0,

_ % ‘ & Av=vol Vi
c— 1
Wi W _
T S

0 £,
q o Hinh57
O khoang gitra 2 tan s6 nay, do lgi dién thé thay d6i nhu hinh 5.7.
Khi tan s6 tdng dan, dung khang cua tu C cang giam va v, cang giam.

£

Hinh 5.6

Tacd: v, = s vy
R+X,
Hay 4,=-L= 1R
S P
:}{:E
1
Tha = tad A= 5.9
e ot C ROUOe vy T oW RC (3.9)

L 1 . 1 L.
Tan =0 mata dd By grarm d1 /,‘E lan tle 2nf R.C=1hay ; = — cling dwoc got latan s6 cat,
Béy 4 = ! __ 1

1+ j2nf B.C [EJ

= %4“%_1[%)

(e)



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

5.4 PAP UNG TAN SO THAP CUA MACH KHUECH PAI DUNG BJT:
Trong doan nay, ta phén tich mach khuéch dai dung cau chia dién
thé, nhung két qua ciing c6 thé duoc ap dung cho cic mach khac.

Cac tu Cg, Ce va Cr, 58 zae dinh

Hinh 5.9

dap tmg & thn sb thip cia
mach. Ta =et riéng anh hudng

cha tumg tu dién.

- Qo Vi Qg duoe ndi gifta
nguc’:_‘:-n tinn hiéu va linh kién tac
ddng nén ta cd thé v& méft cach
tdng quat mach trén nh hinh
5.9,

Dién tréd tdng cdng biy gi¢r 1a Re+R; va thn 56 cit cla
mach (zern ntnr thirong théng) la

1
Eﬂ{RS +Ri:lc5 (5.10)

3 tin 6 gifva hay tin 56 cao, dung khang cla Cs rit

Ls =

nhd nén dirge xem nhur ndi tﬁt, Vico thé tinh:
E v
vi| _E;+w,

(5.11)

giita, can

Tai tan sb cit fig, dién thé tin hiéu vi béng 70.7% so véi gia tri dugc xac
dinh boi phuong trinh (5.11) va nhu vy ta thiy Cs chi c6 anh huong 1én do
khuéch dai ctia mach ¢ tan sd thép.

O mach khuéch dai nhu hinh (5.8), khi phan tich anh huong cua Cs;
ta gia sir Cg va Cc c¢6 dung khang kha 16n va xem nhu ndi tit ¢ tin s6 cta tin hiéu.
Véi gia sit nay, mach tuong duong xoay chiéu & ngd vao nhu hinh 5.10.



i:j 3Hatr1 ona Bi duoc xac dinh béd
Rs + R_i:= Rl .-'r.-'ng .-'r.-'rE)I‘E (5.12)
v, Wa
-vﬁ £ %igzﬁr v, = Ri.TJS :
— _ R, #/F; RS +Ri_-1:}{:|:s (513)
E;
o vl
Hinh 5.10

Cc: Vi C¢ duoc nbi gitra ngo ra cua BJT va tai nén hinh anh CC va Ry, Ry

nhu mot mach loc thuong thong. Tan sb cit do anh huéng cua Ce c6 thé duge xac
dinh béi:

1
= (514
- 2R, +RJC,
| | +
| | + Cg
Idc y
Hg RL? o r”? ? RL? Vo
théng Ro <_[R
I:l —_—
‘ i G AT
Thevenin
Hinh 5.11 Hinh 5.12

Gia st rang anh huong cua Cs va Cg khong dang ké, dién thé ngo ra
s& giam con 70.7% so Vi v & tan s giira tai fic. Mach tuong duong xoay chiéu &
ngo ra nhu hinh 5.12. Vay Ry = R /1.
Cg: Ta ¢6 thé xem Cg nhin hé théng nhu hinh vé 5.13

Vi B, duoc xac dinh nén tin 55 cit fig duoc xac dinh béi
- 1

fo-— -
HE R B amR, Cy (5.15)
—C: V& hé théng mach khuéch dai hinh 5.8, mach tuwong

drong zoay chidy duroc nhin béd Cp nhix hinh 5.14.
E)at R"g = Rl HEZ IR

théng

hirh 5 15. Vatir ddy taco thé xac dmh Rﬂ

Hinh 5.13



R, =REff[%+re] (5.16)

ﬁr.!=rE
E %E
R o . :
ii fﬁ; S
o 1.
Hinh 5.14 Hinh 5.15 Hinh 514

Dé xac dinh anh hu(}ng cua Cg 1én d6 khuéch dai cia mach, ta xem
mach hinh 5.16, trong d6 d6 khuéch dai dugc cho boi:

ao-f__ R s
v v, r, +Eg
khi khong c6 Cg.

Khi ta mic Cg vao mach, nhan théy:

- O tan sb that thip, dung khang cta Cg 16n, Cg ¢ thé xem nhu ho
mach va d¢ loi dién thé s& nho nhét duoc tinh bang cong thuc (5.17).

- Khi tan s6 tin hiéu ting dan, dung khang cua Cg giam va vi miac
song song v4i R nén tong tré nhin & chan E giam nén d6 khuéch dai ting dan.

- Khi tan s6 du 16n (tan sb giita hay tan sb cao) tu Cy xem nhu ndi tat
va d0 loi dién thé s& cuc dai va

E C

Ay=-2C

r&

- Tai tan s6 fi g, d0 loi dién thé s& giam 3dB so voi tan sb giita.

Nhu vay ta thay rang dap ung ¢ tan sO thap cia mach 1a do anh
huong cua Cs, Cc, Ce. Tan sb cat thap (tAn so tai d6 do loi giam 3dB) ctia mach s&
14 tAn sb cét thap cao nhét cua fig, fic va fig.

5.5 DPAP UNG TAN SO THAP CUA MACH KHUECH PAI DUNG FET:
Viéc phan tich mdt mach khuéch dai dung FET & tan s6 thép cling
tuong tu nhu mach khuéch dai dung BJT ¢ doan trudc.
Ba ty di¢n tao anh huong dén d6 loi & tan sb thép la Cg, Cc va Cs.
Ta xem mot mach khuéch dai dung FET nhu hinh 5.17.



T

s

Rzig Cg He&

e NSEAE

Hinh 5.17 Hinh 5.18

RSlg

Cg: Do tu Cg néi‘ gitra nguén tin hiéu va hé théng linh kién nén mach tuong
duong nhu hinh 5.18. Tan so cat thap do anh huong cua Cg duoc xac dinh boi:
1

£ =
Y omlBg, +RJC,
Trong d6: By =R
Thong thuéng R >R, nén ff  ¢6 thé tinh gin ding
1
27R.
Cc: Tu lién lac ngd ra Cc dugc ndi gitra linh kién va tai nén mach tuong

duong ngd ra nhu hinh 5.19. Tan s6 thap do anh hudéng cua Cc duge xac dinh bai:
1

(5.18)

L =

£ = (5.19)
. ETI{RD +RL )CE
Trong d6: Ry = Rp //14.
|
Hé Ce e
. & |
théng R théhng — s
R, =
D L
Hinhs.19 Hinh 520

Cs: Tu cuc nguén Cs nhin hé théng nhu hinh 5.20. Do d6 tan s thép
do hiéu ung ctuia Cg dugc xac dinh béi:

1
flo=—— (5.20)

27R.,, .



Pé xac dinh Reg, ta chl y mach twong duong ngo ra cua mach dung
FET bén trén nhu sau:

I

Tacha yla: vy = v, - Vs = Vi - Vo.
Ta thay nguon dong g, ves bang ngudn dién thé va dé tinh R, ta cho
ngd vao bang 0 tirc v; = 0. Mach v& lai nhu hinh 5.12b.

&
=

@ %

[

5@

Hinh 5.21

Vi A ol S R

Ta cd: i, =
R, r,+E /IR,
v E
1 iI:I 1+ Rs(1+gmrd:| ( )
r,+Rp W,
Néur, => (Bp /Ry )taco:
Reqﬁﬁ RS = RS
| Bo(eatd)  1+g,E,
¥}
=R, wRg i (5.22)
En
5.6 HIEU UNG MILLER:

O Vung tan s cao, cac dién dung 16n (tu lién lac, tu phan dong),
dugc xem nhu ndi tit va khong anh hudng dén cac thong sé cia mach. Pién dung
anh huéng quan trong dén hoat dong ctia mach 1a 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° giita ngd vao va ngd
ra). Bién dung ¢ ngd vao va ngo ra s€ gia tdng badi tac dung cua dién dung lién cyc
giita ngd ra va ngd vao cua linh kién va no s& 1am thay d6i do khuéch dai cua



mach. Trong mo hinh 5.22, dién dung “hoi tiép” nay dugc dinh nghia 1a Cp. Ap
dung dinh luat Kirchoff vé dong di¢n ta co:

ii:i1+i2
Diing dinh ludt Ohmta cd: i, Cs
| |
v | |
1, =— .
Zl + lih 11=
V W Wy +
—_— B : : Jél = 1]
i3] R, i Zi.., Ri.., v v, W
e, e, Hinh 522
izz(l_*&*v)"i
o )
Ty do ta tim duec: e
REWF I Ctn 20 SERI NS S N
Z, R, Ko Z; By e ow -
1- Ay ’_' §R& T
MNhung =
Hinh 5.23
Va i 1+ !
' Z; Ry Xy

Tt phuong trinh nay ta v€ lai mach tuong duong nhu hinh 5.23. Cac
tu lién cuc & ngd vao ciia mach dién duoc xem nhu méc song song voi Cy. Tong
quat, dién dung ngd vao hi¢u img Miller dugc dinh nghia béi:

Cumi = (1-Av)Cs (5.23)

Nhu vay ¢ tan sb cao, do loi dién thé Ay 1a mot ham sb theo Cy;. Vi
d6 loi & tan sb gitra 1 cuc dai nén ta c6 thé dung do loi tdi da nay dé xac dinh Cyy;
trong cong thue (5.23).

Hiéu ung Miller cling lam gia tang dién dung ¢ ngd ra, chung phai
dugc dé ¥ dén khi xac dinh tan s ngit cao.

- 1 .
N « °F Ta cd: ig=11+ iz
[
. Vo Vo — W
i ME i =i, =2 1
L E,q e,
+ K -— T ~ ; Ay g - Q1 R .
v, a, =L i, v, Thing thirdmg B rét lon nén od the xem nlnr:
- Vi +-— - Ty W
Ea g M1y = e -
C

r



Thay V= VD’{AR.T ta dwoe:

X, X,
- L
vy oAy
g Kcr
:>‘_ID = :{':rl = 1 = 1
R mcf[l—iJ e
W ki
Trong déd Cy go 12 dién dung Miller & ngd ra:
1 (5,247
Coyp =|1—-— |C '
" ( “g"vJ '
Vi thuong Ay >> 1 nén Cp g = Cp (5.25)

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

5.8.1 Cac thong sb ciia hé thong.
5.8.2 Sw bién thién ciia he hay (B) theo tan so.

O ving tan sb cao, c6 2 van d& xac dinh diém -3dB: dién dung cta hé théng (ky
sinh va lién cyuc) va sy phu thudc vao tan so cua hfe hay .

5.7.1 Cac thong sb ciia hé thong:
Ta xem mach khuéch dai dung BJT & tan so cao nhu hinh 5.25



Fy el !
Ty
| | " Hinh 5.25
':[,]13__
Ez RZ$ \é( —

— R
Cu P =

SIL ST AT SEE ST

Cbe, Che, Cce 1a cac tu lién cuc cta BJT do ché tao. C,,;, Cyo 12 cac tu
ky sinh do hé thong day nbi, mach in ¢ ngd vao va ngd ra cua BJT. Nhu vy, mach
tuong dwong xoay chiéu & tan sb cao co thé duoc v& lai nhu hinh 5.26.

Es T g
W

Vs i~> Ry h‘Rzg gﬂmlz o Bih@) = ?RE ??j T Co ’

L7
Hinh 5.26

Trong do: C; = Cy; + Cpe + Cii
Co=Cy 0+Cce+CMO
Chu y su vang mat cua Cg, C¢, Cg vi & vung tan sd cao cac tu nay
xem nhu ndi tit. Thong thuong Cbe va Cce nho nhit. Trong cac sach tra clru, nha
san xuat thuong chi cho biét Cpe, Cpe ma b qua Ce.
Dung dinh 1y Thevenin bién d6i mach ngo vao va ngo ra, ta dugc:

My My
+ Rini + Finz

Hinh 5.27 Hinh 5.28




V‘(’)’l Rthl = RS //R1 //Rz //Rl
Tan s6 giam 3dB do tac dung cua C; la:

1
Fon LT (5.26)
Trong do: C; = Cy; + Cpe + Cyi
Ci= Cyi + Cpe + (1-Ay)Cpe

O tan sb rat cao, anh hudng cua C; 1a lam giam tong tré vao cua hé
théng, giam bién do tin hiéu dua vao hé théng (giam dong i,) va do d6 1am giam
do loi cia mach.

O ngo ra voi: Ry = R, //Ry //1g

1
Co=Cun* Cop+ Cpqp V6L~ ©mo = [1 - EJC’“ B Cre
Nén tén s6 ngit do anh hirdng cia Cp la:
1

27 4. C

O tan sb rat cao, dung khang cta 'Co giam nén lam giam tong tro ra
ctia hé théng va két qua la vo bi giam va v, s& tién dan vé 0 khi X cang nho.

Tan s6 cét cao cia mach dugc xac dinh 14 tan s cat thip trong 2 tan
Sé Cét in va fH()

Ngoai ra vi hfe (hay p) cing giam khi tan sd tang nén cling phai
duoc xem la mét yéu td dé xac dinh tan sb cit cao cua mach ngoai fy; va fi.

5.7.2 Sw bién thién ciia hg, (hay B) theo tan so:
Ta chdp nhan su bién thién cua hfe (hay PB) theo
tadn sb bang hé thuc:

(5.27)

HO =

h .
hy = —ed (5.28)

1+_1[f]
fe

s |
Trong dd hfe(mid} la hfe &tén sb gilta. fB 14 tin sb matai do /ﬁfe(midﬂ glam 3dE. Bé wic dinh fB
nguol ta thuong dung mach tuong duong cua BIT theo thong sb hdn tap n(lai 7t) &
tan soO cao.



Tk

Thb’ g Ay c

— "j—h’e ﬂchcl_ TV e ™ dulh e - ih’e

1= To. = 1 Sheeusar -1

'k e re= ——

Hinh 5.29

Ta chﬁp nhin:
— gb'e
F 2']'[[!3 b'e + Eh'c :I

Thay g = 8m/Mfe (mid)

£ (5.29)

.. _ _ ' B e
Ngodi ra g, = e, (i) 8 e e (mid) L oy 20050

Tye by
_ Powny 1
Mét chch ghn ding: Brui) = 1
Cre ™ Cpe ¥a Cpyrp ™ Cpe
1
Suyra fp =

270 B iz 1. (Coe + i)

Néu séach tra ctru cho f, thi ta c6 thé suy ra fp tr cong thurc lién hé:
fp=1f(l-0) ‘

Tich s0 d0 loi-bang tan dugc dinh nghia cho BJT béi diéu kié¢n:



VA  |hg | = 20log

1+ —
fp

Thn 56 matai d6 Bele =09 duge kirhigu 14 fp ta cé

= 20log 1 = 0dB

B et iy N B iy 3

1
Xy o
1+| L fp
£y
Vavi fp >> fp vily
fr = heegmia)- I i (5.30)
Chu y 1a fz = By = bang tan; nén fr chinh la tich d¢ o1 bang tan.
Hav £ fr fr
q = =
7P Npomiar Py
Va fr= B(nﬁdj- 1
270 By Te (Cre + Coe )
£, ! (5.31)

) ETEI’E I:Cb-: + cbe)



i 4l Nl
hf‘e(nﬁdjl
]r—SdB '\\
07071 | e
1 Bé déc 6dBioctave
° £
i T
-10
e
1MHz 10MHz 100MHz 1kMHz =)
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 sb cao ciing
tuong ty nhu & BJT. V61 FET cling ¢6 cac dién dung lién cyc Cy, Cgs, Coq va tu ky
sinh ngd vao Cy;, ngd ra C,. Cg va Cyq khoang tir 1pF dén 10 pF trong luc Cyg,
nho hon nhiéu (tir 0.1pF dén 1pF).

Ta xem mach khuéch dai dung FET nhu hinh 5.32. Mach tuong
duong xoay chiéu nhu hinh 5.33.

VI

cgd ? Cr
|
[

4'; ds
| k T :ZCMD$RL
. Rs?cmi:: 5 = 1.

AT AFT e /; AT AT
Hinh 5.32

7
a
=
ol 1

TI'OIIg do: Ci = CWi + CgS + CMi Voi CMi = (I-AV)ng



Hinh 5.33

bé xac dinh tan so6 cat do anh hudéng cua C; va C, ta dung mach
twong duong Thevenin ¢ ngd vao va ngo ra.

C ngd vao Chinh 7.34a)

Rin1 =Rge /Rg
1
Vi g = ——— 532
ET R (3:32)
e, ngd ra thinh 7.34b)
VA f = ! (5.33)

2MR 4. C,

Tan so cat cao cua mach la tan so cat co tri nhoé cua fi; va fi.

+ R i + Rtnz l
Ci Hinh 5.34
Ein1 —‘7 " Bl ~ —‘7

=) =)

C




BAI TAP CUOI CHUONG V
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Bai 1: Cho mach dién hinh 5.33

§81{
082k U.l-’-'l?u.

e
vg§ Zir glljk "

ST

Hinh 5.33

Cwi = 5pF, Cyo = 8pF, Cy,. = 12pF, Cy. = 40pF, C.. = 8pF
a/ Xac dinh r,
b/ Tim Ay(mid) =vy/v;
¢/ Tinh Z;
d/ Tim AVS = V()/VS
e/ Xac dlnh fLS: fLea fLE
f/ Xac dinh tan sd cit thap
g/ V& dap ung tan sb

Bai 2: V6i mach dién va cac thong s cua bai 1:
a/Xac dinh fy; va fy
b/ Cho Cb’c :‘ Cbe;’ Cbc = Cbc- Tim fB va fT . )
¢/ Xac dinh tan s cat cao va v€ dap ting tan so.

Bai 3: Lap lai cac cau hoi cta bai 1 v6i mach dién hinh 5.34

14+
120k .
e 01 = B=100/s
| |
M— | Ap
Wi
' |
s 30k
_ = 2.2 o
7 ' .
ST

Hinh 5.34

o



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

Bai 5:Cho mach dién hinh 5.35
a/ Xac dlnh VGS va IDQ
b/ Tim gy va g,
¢/ Tinh Ay = vy/v; & tan sb gitra
d/ Xac dinh Z;
e/ Tinh AVS = V()/ Vg
t/ Xac dinh fi g, fic, fis
g/ Xac dlnh in va fHO
i/ V& dap tng tan sd.
Cho biét: Vst =-6V, Cwi = 3pF, Cyy = 4pF, Ipss = 6mA, Cyg =
5pF, Cgs = 6pF, 14 = o0, Cys = IpF
18w
= o
1

1k 0.1 i
—— ) "

vg M =39k
_ 1.2 101
7T /; 77

Hinh 5.35

Bai 6: Lap lai cac cau hoi cuia bai 5 cho mach dién hinh 5.36
Cho blét IDSS = 101’1’1A, VGS(Off) :-6V, Iy = o0, CWi:4pF, CW() = 6pF,
Cgaq = 8pF, Cy=12pF, Cys = 3pF

+20

=220k glgk 1ou
Lk |

| v
v 8k = 56k
) = 2.2 100
e AEE /;|; e

Hinh 5.36
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6

CAC DANG LIEN KET CUA BJT VA FET

fhdhdddf ek

1. Muc tiéu:
Kién thire co ban:

w

4. No¢i dung:
6.1 Lién két lién tiép.
6.2 _Lién két chong.
6.3 Lién két Darlington.
6.4 _Lién két cip hoi tiép.
6.5 Mach CMOS.
6.6 _Mach nguon dong dién.
6.7 Mach khuéch dai visai.

Bai tip cudi chwong.

5. Van dé nghién ciru ciia chwong ké tiép.

Tai liéu tham Khéo lién quan dén chwong.

O cac chuong trude, chung ta da khdo sat cac mach khuéch dai riéng 18
dung BJT va FET. Thyc t&, mot thiét bi dién tir ludn 1a sy ndi két ciia cac mach
can ban dé dat dén muc tiéu nao do6. Trong chwong nay chung ta s& khao sat cac
dang ndi két thong dung thudng gip trong mach dién tu.

6.1 LIEN KET LIEN TIEP: (cascade connection)

6.1.1 Lién két bing tu dién.

6.1.2 Lién két cascade truc tiép.

bay 1a su lién ket thong dung nhat cua céc tang khuéch dai, muc
dich 1a tang do loi dién thé. Vé can ban, mot lién két lién tiép 1a ngd ra cua tang
nay duoc dua vao ngd vao cua ting ke tiép. Hinh 6.1 mo ta mot cach téng quat

dang lién két nay véi cac hé thong 2 cong.

'_l.

ig

Vi _»."lLT-Fl 0= .L":"..Vz

X
- |

I

d—l-

Vg

£i=434 Zo1

-1

iz Zoz

Hinh 6.1

Zin

PR

.h
+
%RL

Z0=Zn



Trong d6 Avy, Av,, ... 1a d6 loi dién thé ciia mdi tang khi co tai.
Nghia lIa Av; duogc xac dinh voi téng tréd vao Z;; nhu la tai cua tﬁng Av,. Vo1 Av,,
Av; dugc xem nhu la nguén tin hiéu.

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

Avr=Av,. Av,...... Av,

(6.1)

Do loi dong dién duoc xac dinh boi:

Aip = 11£= — v, E—’i

Téng trd vao: Z; = 7Z;;

Téng tréra :Zy=Zo,

6.1.1 Lién két biing tu di¢n: , ‘ ,
Hinh 6.2 mo6 td mdt lién két lién tiép gitra hai tang khuéch dai dung JFET.

(6.2)

+ oo

=" Roz
Cz j?i Ca

e — — .
. I I @> @ Hinhe.2
we Lol o=l
’_./’77 i /;|; r/?T /i /;|;

gi=4

iz

-Téng tré vao cia téng thi 2: Z» = R,
- B0 101 cuia toan mach: Avy = Av,.Av,
vO1 Av; = -gn1(Rpy //Zi2) = -gmi(Rp1 //Rg)
thuong Rg, >>Rp; = Av; # -gniRp,
(6.3)
VéAAVz:-gijDznénJAVTzﬂAVLAAQ
Avr = gmgmRpiRpy (6.4)
- Tong tro vao cua hé thong: Z; = Z;; = Rg;
- Téng trd ra cua hé thé)ng: Zo=7Zyp=Rpy
V& mat phan cuc, do 2 mach lién lac v6i nhau béng tu dién nén viéc
phan giai giébng nhu sy phan giai & mdi ting riéng 1é.
Hinh 6.3 1a mach cascade dung BJT.



+% oo

Cz
Er1

ng Cz / I l Vo
w o Ly )
Rzé 2531 El $R4 REZ? :ZCEZ

[
P ; ST VY Zo
Zi=Z;, iz

Hinh 6.3

Ciing nhu & FET, muc ,dich cua nqach nay la dé gia tang do loi dién thé.
- B4 g1 dién thé cua hé thong:

Ave =Av Av, = Yo

Vi

—En iy (6.5)

rel

Trong 46 Av, =

Ay, = ) 6.6)
re2
- Téng tré vao cua toan mach: Zi = Z;;= R1 //R2 //B1r
(6.7) 7
- Tong tro ra cua toan mach: Zyg=Zp = Ry
(6.8)

Hinh 6.4 1a mach két hop giita FET va BJT . Mach nay, ngoai muc
dich gia tang do khuéch dai dién thé con duoc téng tré vao 1on.

. Avr=Av,. Av,

V6i Avy = -gn(Rp //Z3)
(6.9)

Trong do Zi2 = R1 //R2 //PBr.

E
;‘&LT-.TEZ——C

r&

. Z,=Rg (rat 16n)
. Z() = RC



Oz F1 Cs
=
v 5] }_‘ Vi
Hinh .4

1 7L 21

Zi iz

6.1.2 Lién lac cascade truc tiép:
Pay ciing 1a mot dang lién két lién tiép kha pho bién trong cac mach
khuéch dai nhét 1a trong k¥ thuat ché tao vi mach. Hinh 6.5 md t& mot mach
khuéch dai hai tang lién lac truc tiép dung BIT.

+ivoe=+1
2 2
Em 0.8k
k | | Wy
[l
Rs 7 :
. 168

. (2
Vi K B2=100/5
1 Erz

Fr=40/51_= Er1 . 1.1k
1 9% Hinh &5

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

- Tranh dugc anh hudéng cua céc tu lién lac ¢ tan s thép, do d6 tan
s6 giam 3dB & can dudi co thé xudng rat thap.

- Tranh duoc su c6ng kénh cho mach.

- Pién thé finh ra ctia tang dau cung cap dién thé tinh cho ting sau.

Tuy thé, mach ciing vap phai mot vai khuyét diém nho:

- Su troi dat diém tinh diéu hanh cia ting thir nhét s& anh huong dén
phan cyc cia tang thi hai.

- Ngudn dién thé phan cuc thuong c6 trj s6 16n néu ta dung cing mot
loai BJT, van dé chinh cua loai lién lac truc tiép 1a 6n dinh su phan cyc. Cach tinh
phan cyc thuong dugc 4p dung trén toan bo mach ma khong thé tinh riéng timg
tang. Thi dy nhu ¢ hinh 6.5 ta c6:

Phéan curc:



1L'rcu: = RBIBI +1"er +REIIE1
# (RB + BIREI)IBI + Vg
Woe =W

FEL _ 4834

=], =— ==
TRy +BRy

Iei=Filpig g =1.93mA
Vg =Eglg =232y
Vo = Vg + Vo = 3.02v
Vi WMo =VWp =W —Rglg =62v
Vg = Vg — Vg, =5.5v

W
IE2 =R—E293L:2 = 5Smdb
E2
I
Tp, = —= = 5004
Py

Wy = Voo —Rpgley =8v
Thong so mach khuéch dai:

Z, =R, 1B, (r, +Ry) ~ Ry 18R g = 3516k

Téng tré vao:
Ziy %8, Rg, = 110kE2
Ry,
Ay w - TE 05
R

El

D6 loi dignthé: Ay, ~ —i“ = 07273

E2
Avop o= Ay Av, =13813
Zy
E ¢

B)d 1o dong dién: |_'_.':'._|_-|_| = Laﬁl =109 08

Téng tréra; Zy =Ry = 08kiZ
Mach phan cyc nhu trén tuy don gian nhung it dugc dung do
khong 6n dinh (su troi dat diém diéu hanh cua Q1 anh huong dén phan cuc cua
Q2), do d6 trong cac mach lién lac tryc tiép nguoi ta thuong ding k¥ thuat hoi tiép
mot chiéu nhu hinh 6.6
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Vi |_ Qs Eeep1 Ie1
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Rz Veer_—— EY TVemr_—
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Hinha7

Hinh 6.6

Mach tuong duong Thevenin ngd vao dugc v€ ¢ hinh 6.7. Ta co:
Epm =B R,

L
Vg = Vs 2
EE1 E2 R1+R2
. i E
Viy TL'TBBIZRBBI'IBI-FE;: Eﬁ = II{ 'IBl+Ey
1+ 1+2L
E, E,
E,
2

Thuong ta chon ) hang dau 16n dé Vg, 6n dinh, tir d6 Vegr, Ier, Lo
cling 6n dinh. B¢ thay r6 sy 6n dinh nay ta dé y:

Ve =Rl +Veg + Ve =Ry +Er + Vg

i3 R
=[1+=L[E, +221,+E, +E I,
Rﬂ ! E’l !

= (2 +ﬁJEF +{ﬁ +R EIJIEI
E, Py

E
Ve — o4 E, PR S
R2 -I;”rI:l: R2 1”?-!:!:
=1, = T = .
REI +_1 tl

Bl REI'BI
Dong dién nay doc 1ap d6i voi B2 va co thé xem nhu doc lap ddi véi
B1 néu ta chon:

(6.11)




<]
|ES'IR'EI
E
Licds: I, J’i{l_(%ﬂ] ' } (6.12)
REI R2 vl:l:
E]r = Vg
thay ddi theo nhiét do va dong I¢,, nhung anh hudng
E, << Vg

nay s& dugc giam thiéu néu ta chon
Ve thong so cia mach khuéch dai cach tinh cling nhu mach trude.
Lién lac trye tiép dung FET:
O MOSFET loai tang (E-MOSFET), do cuc cong cach dién han véi
cuc nguodn va cyc thoat nén rat thuan tién trong viéc ghép truc tiép.

+""rDD

n §~»RD R[;.g s

——,

L) L] " Hinhé.8
C1 | o — Dz
Vi_| L_|/ &m Ll &

e

Céch tinh phéan cuc giéng nhu mot tang riéng 1é.
Vas1=Vbs1 = Vas2
Avy = (gmRp)’
Tang khuéch dai cyc ngudn chung va thoat chung ciing thuan tién
trong cach ghép truc tiép.

Ep

|
=
v, Cy 0 ﬁ: Q2 Hinh 6.9
—) D) .
Rt L1 NEE

R
Rs&i Car Si




Dién thé Vg cta Q, tuy thude vao Rp, Rg; va Rg,.

Trong 2 cach ghép trén, FET chi hoat dong t6t khi 2 FET hoan toan
gidng hét nhau. Thuc té, khi 2 FET khong dong nhét, sy troi dat diém diéu hanh
clia tang trudc duoc ting sau khuéch dai khién cho tang cudi cing hoat dong trong
vung khong thuan lgi. Dé khac phuc ngudi ta ciing dung k¥ thuat hoi tiép dé on
dinh phan cyc nhu hinh 6.10.

+n
Fp Fp Fp
= = = '
c, 'O
oL m.:_ 0 E = (E 2
1
ol L = NS
/7|7 Hinh & 10
Ay

Eg

Gia str dién thé cyuc thoat ciia Q1 16n hon binh thuong, luong sai biét
nay s€ duoc khuéch dai béi Q2 va Q3 va do do dién thé tai cuc céng cua Q1 16n
hon. Piéu nay lam cho Q1 dan dién manh hon, kéo dién thé & cuc thoat giam xuéng.

Tuy nhién, Rg cling tao ra mdt van dé mai. Néu goi AvT la dod loi
cua toan mach thi:

Vo = '|AVT|-\{i

Nén dién thé ngang qua Rg la:

Vi - Vo = Vi T |Avy|vi = vi( 1+ |Avy])

Vi T Wy 1+ |“'3ULF T |
.vi

Vi lg= -
® RG RG

v, Egs

1

A 2 4 2
= tong trd vao oha mach: Zi=—=
& ' ! i, 1+|J'3L'JT|

glam nho.
bé khac phuc, nguoi ta chia Rg ra [am 2 nira va dung mot tu noi tat
tin hi¢u xudng mass.

Raf2 Raf2 FPhan giat mach ta tim duoc:

A‘-"I"J "I'n""'.f YT = - o)
LC A (gmRp)

Zi=Raf2

- =

Zo=Rp/f 2 #Rp
Hirh 6.11



6.2 LIEN KET CHONG: (cascode connection)

Trong su lién két nay, mot transistor ghép chdng 1én mot transistor
khac. Hinh 6. 12 mo ta mach lién két chong véi mot ting cuc phat chung ghép
chdng 1én mot tang cuc nén chung.

Vor=18v
=18k
Er 2
s 6.8k . Vos
[ 1
| |
| Q_l
=1
Frg
§ il's o1
< b1 = b2 =200

4.7k Hk/l Hinh 6.12
oo

Su lién két nay phai dugc thiét ké sao cho tang cuc phat chung c6
tong tro ra (tong tro vao cua tang cuc nén chung) kha 16n va do loi dién thé thap
cung cap cho tang cuc nén chung dé bao dam dién dung Miller 6 ngo vao thap
nhat nén loai lién két nay hoat dong tét & tin sd cao. Trong mach trén, v6i cach
phan tich phan cyc nhu cac chuong trude ta tim duoc:

VBI =49v
VBz =10.8v
ICI # Icz =3.8mA

_ o _Z26mW 6 90
Bién trd déng clamdi BJT lar » =77 =%
E
Avlzmﬁ—ﬁz—r_ez—l
Vi I"a I"a
Ay, =5 = 265

rE

Vi Avy = Av Av, =265

6.3 LIEN KET DARLINGTON:



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

c ¢
|
E_ | Q1 = B O
B
o Po
Bz £l
Hinh&.13 E

Hinh &.14

Su lién két giita 2 transistor nhu vdy twong dwong véi mot transistor
duy nhét c6 do loi dong dién 1a Bp = By. B>

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

Transistor Darlington:

Vi dang lién két nay rat thong dung va thich hop cho viéc nang cong
sudt nén ngdy nay ngudi ta thuong ché tao cac lién két nay dudi dang mot
transistor duy nhat goi 1a transistor darlington.



Bang saumé ti cac théng s6 cla transistor darlington 2999 do nha sin xut cho biét:

Thing s O didukién Min hlax
VeE I=100m& 1.8V
hic In=10mA 4000
(PD) I = 100mA 7000 70000
Mach tmg dung:
Mach cin ban thirong dung cé dang nhuwrhinh 6.15
T - Cach tinh phin cwc gidng nhe & BIT théng
RB§ 1 ’ thwdmg,
_ TL'rcu: _vBE
v l::l IB = -
S Ry +PoKy

(6.13)
< Difm chn ctd ¥ 1& (D rét 16n va gia tri ca VBE
thuo'ng cling 1ém hen trrémg hop hat transistor
Lz o, rémac kifu Darlmgton.
Hinh&.15 I l 4' |_ - "Je mét zoay chifu, transistor darlington dwec
Fr e theo kify circ thu

[~k

chung nén ciing c6 tong tré vao 16n, tong trd ra nho va do 1oi dién the xap xi 1.

6.4 LIEN KET CAP HOI TIEP:
Lién két nay cling gdm co 2 transistor va ciing c6 dang gan gidng
nhu lién két Darlington nhung gém c6 1 transistor PNP va mot transistor NPN.

C 4L

_| I_
LH C1 — Yo
B Q1 * 21 Ik i 2
Bl Bl
2 Fg 2
[z B
Hinh &.14 E Hinh 5.17

Cling giéng nhu lién két Darlington, cap hoi tiép s¢ cho mdt do loi
dong dién rat 16n (bang tich do loi dong dién cua 2 transistor).



Mach thuc té co dang nhu hinh 6.17
- Tinh phan cyc:
Voo —Eolp =V —Rglp =0

Ma [ =Teotlg1=Polpotlp1=Polo g 1”Paley

=1 = Fhly
:’Im:M (6.14)
R, + B PR ¢

Tur @6 suy ra duoc 1c1, Igo, Ico
- Théng sb xoay chiéu: .
Mach tuong duong xoay chic¢u

 Téng tré vao Zi:

1i PiTe1
+ . T I +
? el i Peipe o W
Vi Fr lhzl, i-~hl ?RE
B zlez -
Hinh 618
_ v, — ¥,
ly =
Pty
v v =Bt = —E, I:_ Byl + Bﬂihﬂ) 7 — gty B
v 1y = ~1gp = —fiy
n v.
Nen 1_1 = Bty +EiRE ¢ = BBE
bl
Wva & =Eg VR, (6.15)

B3 lgn dong dién:

1y = Patng — Pring — 1 = — BBty

_=_[31[32

iy 4 R, +Z (B.16)



D3 loi difn thé:
vy =—Eo1p = BPRey,

VA i, =i
" Pty
E
ﬁ_,_l':'l_,_‘ij" = 1 = |31|32 £ 931 (61?)
1+£ Bty B R
R ¢

. Téng tréra: M1 tat vi, phin gidi mach ta tim duoe:

iy iy
Ty =Ry Pty 1, 12w 2L ,
PRI s TR, rit nho.

6.5 MACH CMOS:

Mot dang mach rat thong dung trong mach s6 14 dung 2 E-MOSFET kénh
N va kénh P lién két voi nhau nhuy hinh 6.19 dugc goi la CMOS
(complementaryMOSFET).

+5 o
& Io 4
L] o ID
G | L
(I
Vi L Vi
D
|
G
ok 0 S Vas =T 0 "Fss
Hinhea 19 Hinh e 20 Hinh e 21
A EE

Trudc khi di vao khao sat hoat dong cua CMOS, ta can nhé lai hoat
dong cua E-MOSFET.

Dic tuyén truyén caa 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 Vg >V gy thi EEMOSFET kénh
N mo1 hoat dong.

- O E-MOSFET kénh P, Khi Vgs = 0 thi E-MOSFET kénh P ciing
ngung va chi hoat déng khi VGS < VGS(th)-



Phan tich mach CMOS
Ta xem mach CMOS diéu hanh khi Vi = 0V hay khi Vi=+5V
- Khi V; = 0V duoc dua vao cuc céng cua CMOS
. V61 Q; (NMOS) Vgs =0 Q = Q1 ngung
. V61 Q, (PMOS) Vgs =-5V = Q2 bdao hoa.
Két quala Vo =5V

Wi = - +5% Vea=0V +5V
L | ®] Q2 O | |%]|Qz:0FF
¢ | | ) | ®Pmos s | | ) | eeos
L Lo
V=0V Wo=+ 5 Wi=hV =0
L In L 1o
G_J l— Qo G_J | — 01:0N
L1s| OFF L= | mmos
HMOS
1._.r = W = 5
s Hinh 6.22a " p— Hinh 6.22b
P P

- Khi Vi =+5V dua vao
. V61 Q; (NMOS) Vs = 5V = Q1 béo hoa
. V6i Q, (PMOS) Vgs = 0V = Q2 ngung
Két quala V=0V

6.6 MACH NGUON DONG PIEN:
6.6.1 Ngudn dong dién diung JFET.
6.6.2_Dung BJT nhw ngudn dong dién.
6.6.3 Ngudn dong dién dung BJT va zener.

Ngudn dong dién la mot bo phan cap dong dién mic song song voi
dién tr6 R goi 1a ndi tro cua nguon Mot ngudn dong dién 1y twong khi R = oo (va
s& cung cap mot dong dién 13 hang sb).



Hirh 6.23a Hinh 6.23b
I QD =R MNguén thue t8 I QU Ngubn Iy trdng

q Mot ngu(‘Sn dong di¢n trong thuc :cé ¢ thé duoc tao béi FET, BJT
hodc t6 hop cua 2 loai linh kién nay. Mach c6 thé st dung linh kién ro1 hodc Ic.

6.6.1 Nguon dong dién dung JFET:

Dang don gian nhu hinh 6.24
Hinh 6.24 Do V&3 dLl:O'C gify & OV nén dong thoat
llu dugc gitt ¢d dinh & Ip = Ipgs. Vay JFET
- () I=1 diéu hanh g1dng nhw mét ngudn dong dién.
) . ¥ ST w80 ndi trd cha ngudn 14 dién trd ngd ra
D55 . x
Vas(ofd cha JFET (lary)
o e

6.6.2 Dung BJT nhw mét ngudn dong dién:

Mach co ban nhu hinh 6.25
: E

Tacd 5 — LA

It * TR, +R, “Ver)

W,
: VaVg=Vg- 07V
1 Vg + V.
: Ry Nén Eg

Trong d6 Iz 14 dong dién khéng ddi drge cfp cho mach.

Hinh 6.25  'EE
6.6.3 Nguon dong dién ding BJT va zener:



I ‘ Trong mach hinh 6.25, ngudi ta cd thé thay R2
v bing mc’;}t diode zener cd dién the zener 1la Ve GHatr
F ) cia ngudn dong dién Ie duroc tinh b
B -
' I, el = Vi~ Vee
= - Fe (6.18)
E Nhwr vy nguén dong Ic toy thudc vao Vz, Rg
—VEE

6.7 MACH KHUECH DAI VISALI: (differential amplifier)
6.7.1 Dang mach can ban.
6.7.2 Mach phan cuc.
6.7.3 Khaio sat thong so.
6.7.4 Trang thai mat cAn bang.

6.7.1 Dang mach can ban: .
Mot mach khuéch dai visai can ban ¢ trang thai can bang c6 dang
nhu hinh 6.27

| W - Mach d5i =ing theo duo'ng thing dung
Céc phin ti trong tmg gidng nhau vé moi
o1 RC dde tinh ~
Fp1 = Fay
v, v
. . Fep=Feg
1 Q 5 2 Voo = Ve
Ry Q1 gidng het L 22, thuo'ng duroc ché
B2 taotrén cung mat miu tinh thé.
R - Mach cd 2 ngd vao vl, v2 va 2 ngdra la
V. . V.
W a* b
H 6.27 =

- C6 2 phuong phap lay tin hiéu ra:
. Phuong phap ngd ra visai: Tin hiéu duoc lay ra gitra 2 cyc thu.
Phuong phédp ngd ra don cuc: Tin hiéu
dugc 14y gitta mét cuc thu va mass.
- Mach duoc phén cuc bing 2 ngudn dién thé déi ximg (4m, duong)
dé c6 cac dién thé & cuc nén b'ﬁmg Ovolt.
Nguoi ta phan biét 3 truong hop:

a/ Khi tin hiéu vao vl = v2 (cung bién do va cung pha)
Do mach do6i xtng, tin hi¢u ¢ ngd ra va = vb



Nhu vay: va=AC.vl
Vp = AC . Vo
Trong d6 AC la do khuéch dai ctia mot transistor va dugc goi la do
lgi cho tin hi¢u chung (common mode gain).
Do vl =v2 nén va = vb. Vay tin hi€u ngo ra visai va - vb =0.

b/ Khi tin hi¢u vao c¢6 dang visai:

Lac nay vl = -v2 (cung bién d§ nhung nguoc pha).

Luc do6: v, = -vy,.

Do vl =-v2 nén khi Q1 chay manh thi Q2 chay yéu va nguoc lai nén
Var Vb. Nguoi ta dinh nghia:

Va-Vp = Ays( Vi -V2)

Ays duogc goi la do loi cho tin hi¢u visai (differential mode gain).
Nhu vy ta thdy 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 gidng
nhau).

¢/ Truwong hop tin hiéu vao bat ky:

Nguoi ta dinh nghia:

- Thanh phan chung cta v1 va v2 la:

1
Kl :E[‘H"‘“z)

- Thanh phan visai ctia v1 va v2 1a:
o VvsTVi-W2 )
Thanh phan chung dugc khuéch dai bo1 AC (ngd ra don cuc) con
thanh phan visai duoc khuéch dai boi Avs.
Thong thuong |Avys| >>|A(|.

6.7.2 Mach phan cuc:

Ta cd: Voot Vee = Bl Vop+ 2EelE
| oo Xem - # I
= Veg = (VeetVee) - (Ret+2RE):

T4 3% Re lI': Phrong trinh niy xéc dinh duéng thing 14y
dién dd thi Ie = f{VeE).
I MNgoal ra:
=K
Eplgt+Veet+2Eglg - VEg =0
Vg~V
Rg ~ Ry = IE#EE—RBE #1,

IEa I'(:[E 2R'E +FB
Fg
Hinh 6. 28 ~VEE



Phuong trinh nady x&c dinh diém diéu hanh trén dudng

thiang 14y dién.
Khi mach tuan hoan do6i xung, dién thé 2 chan B bang 0V nén:
Vg — V.
E.I. =0=1_ =_f£ 'EE 619
E-B E ERE ( :I

6.7.3 Khao sat thong s6 ciia mach:
Ta thir tim Ac, Avs, téng tr¢ vao chung Zc, téng tréd vao visai Zys.
a/ Mach chi c6 tin hi¢u chung:
Tuc vl =v2vava=vb
Do mach hoan toan d6i xung, ta chi can khao sat nita mach, nén cha
¥ vi ¢6 2 dong ie chay qua nén phai ting gip doi Re.

+
R
Ya Ya
) .\
—VEE

Hinh 629

Phén giai nhu cac phan trudc ta tim dugc:

v E E
Ao=r=-_TL g _F 6.20
“Tw, o +2R, 2R, 620
Z.=Ro IE'
7= L= fr, +2R ) (6.21)
il 1y,

b/ Mach chi c6 tin hi¢u visai:
Tacv,;=-v,vav,=-vb
Nhu vay dong dién tin hi¢u luén luén nguoc chiéu trong 2 transistor

va do do khong qua Rg nén ta co thé bo Rg khi tinh Avys va Zys.



ipg

ip
—_—
3% Re W
A pr a Wh fr
E’ihl E’ihz Hinh 6.30

: v
3 . 1
Va1, =—
Pr,
SUy ra Ya __ N1 v_ﬁ___RE
RE L, Ty L,
: T, — W 2% i E
a1 ra —_2 v _ " _ T2 c 6.22
Ngodira, Ay = = = _C (6.22)
W, -V, 2W, W t,

Nguoi ta thudng dé y dén tong tro giira 2 ngd vao cho tin hiu visai
hon la gitta mdt ngd vao voi mass. Gid tri nay goi la Z’ys.
Khi c6 Rp thi Zys =Z’VS //2Rp
; v :
Can chi ¥ 13 iy = — =—iy

Heé thirc nay chimg to giita 2 ngd vao chi c6 mot dong dién duy nhat
chay qua. Ttir d6 nguoi ta dinh nghia:
VW, 2V

=21 = 2pr, (6.23)

1y

Lo = —
1h

¢/ Mach c6 tin hiéu tong hop:

Véi v1, v2 bat ky ta ¢6 ca thanh phan chung vC va thanh phan visai
AVS.

- Néu lay tin hiéu giita hai cuc thu thi thanh phan chung khong anh
hudng, tuce la:

o Var Ve =Ays(Vi-V2) )
- Néu lay tin hiéu tr mdt trong hai cuc thu xuéng mass:

v, =h- v, +§Am.v?§

1

, = A V, —Eﬁm.vm

Ddu - biéu thi hai thanh phédn visai & hai cuc
thu ludn trai d&u nhau.

d/ H¢ s6 truat thai tin hiéu chung A;:



. A
Dinhnghia: &, = ‘;5

C
( A cang 16n thi thanh phdn chung it anh
hudng dén ngd ra)

e/ Phwong phap ting A,(ngudn dong dién)
Mudn ting A; phai giam Ac va ting Ays. Nhu vay phai ding Rg 16n.
Tuy nhién diéu nay lam cho Ve va Vg ciing phai 16n. Phuong phép t6t nhat 13
dung ngudn dong dién.
Nguon dong dién thay cho Rg phai ¢6 2 dic tinh:
- Cap 1 dong dién khong dbi.
- Cho 1 téng trd Zg nhin tir cuc thu ciia Q3 16n dé thay Rg.

b

W Hinh 6.31

—VEE

6.7.4 Trang thai mat can bang:
Khi mach mat can bang thi khong con duy tri duoc su dbi ximg. Hau
qua trim trong nhat 14 thanh phan chung co thé tao ra tin hiéu visai & ngd ra.
* M6t sbé nguyén nhan chinh:
- Céc linh ki¢n thu dong nhu dién trd, tu dién ... khong that sy
bang nhau va dong chat.
- Céc linh kién tac dong nhu diode, transistor.. khong hoan
toan giéng nhau.
* Bién phap on dinh:
- Lya chon that k¥ linh kién.
- Giit dong dién phan cuc nho dé sai s6 vé dién trd tao ra dién
thé visai nho.
- Thiét ké (1 ¢ tri s6 that 16n.
- Thém bién tré R’; dé can bang dong dién phan cuc.
- Ché tao theo phuong phap vi mach.



Hinh 6.32

* 1& s& trufit thai tin hidu chung ;'LE
Brinh nghia:

26 luwong tin hidu chung vao dé
tao thanh mdt don i visat ra

A i < . . " A
3¢ luemg tin hiéu wisa vao dé
tao thanh mdt don vi visal ra

;'Lz hidu thi s cén bfmg cha mach. Mach cin bfmg thi ;'Lz cang lén.

BAI TAP CUOI CHUONG VI

kkkkhrk

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

6.33
+12V
A0k =2 ok 40k Sk
? 1|_1. $ 1|_1.
I | 1|
" | B=100/51 p=100/51 ki
lﬂkj 2k 100 mkj 2[cj~ 1000
Hirth 633

Bai 2: Lap lai bai 1 v61 mach dién hinh 6.34



% £ A0k . Sl
| t 5 % | |1|-L
1L | i - 1
— ) — B=100/51
Wi Inss =2ma
10k -
131 Vasrom= -4V i izk 100
LT /;;
Hinh 6.34

Bai 3: Trong mach dién hinh 6.35
1/ Xac dinh dién thé phan cuc Vi1, Ve, Voa
2/ Xac dinh d¢ loi dién thé

20V
gok % 1

Wiz |
100k =100/Si v
[
S77 ﬁmk
1

=100/Si
Hinh 6.35
=10k mou
i

Bai 4: Tinh d9 loi dién thé ciia mach hinh 6.36

+12V

Vo



L % +12V
mou e :
-

|
F=100/51"

Vi
vi F=100/5i
120k Hinh 6.36

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

+12W
| : ; —
- 1/ Tinh I~ khi B~ =112
©| =g, cTe
2/ Lép lai ciu 1 ldu Rp= 21200 Mhin zet.
3/ Hac dinh gia tr1 téi da cha Ep d& mach

51c_£ hoat ddng binh thwéng,
N
2k
-6V
Hinh 6.37

Bai 6: Trong mach dién hinh 6.38
1/ Tinh dién thé phan cuc yc1, Ve
2/ Xéc dinh d¢ loi dién the

Ay =_0
Vi
40 3 3% +12V
k> v B=125/5i .
1H = | Wz o v
- | | B=100/51 M 0

l/mi 2 1000 470 100 2k

Hinh .38



OP-AMP-KHUECH PAI VA UNG DUNG

XThhbhbhn

Muc tiéu
Kién thitc co ban can cé khi hoc chwong nay.
Tai liéu tham Khio lién quan dén chwong.
Noi dung:
7.1 Vi sai tong hop.
7.2 Mach khuéch dai OP-AMP ciin ban.
7.3 Mot s6 irng dung ciia OP-AMP.

el NS

Bai tip cudi chwong.
5. Van dé nghién ctru cia chwong ke tiep.

7.1 VI SAI TONG HOP:

7.1.1 Cac t?mg oiira.

7.1.2 Tang cudi.
7.1.3 Mot thi du.

Mach vi sai trong thuc t& thuong gdm c6 nhiéu ting (va duoc goi 1a
mach vi sai tong hop) v6i muyc dich.

- Tang d6 khuéch dai Avys

- Giam d6 khuéch dai tin hiéu chung A

Do d6 tang hé sb A1,

- Tao ngo ra don cuc dé thuan tién cho viéc st dung ciing nhu ché
tao mach khuéch dai cong suat. Thuong ngudi ta ché tao mach vi sai téng hop
dudi dang IC goi la IC thuat toan (op-amp _operational amplifier).

Nguoi ta chia mot mach vi sai tong hop ra thanh 3 phan: Tang dau,
cac tang gilta va tang cudi. Tang dau 1a mach vi sai cin ban ma ta di khao sat o
chuong trudc.

7.1.1 Cac tﬁpg giira: i
Cac tang gitra c6 thé 1a vi sai hay don cuc.

a/Mac noi tieép vi sai véi vi sai:



¢ . = o — _l:
bIuc dich: - Ting Aaye vi |Aarg| # .

=1
- Giam Aqovi [Aa| # ‘— 1
) <
Do dd tang hé 56 Aq
| VEE
Hgbra
Eg
Hinh 7.1
Ez
\-._l‘v_.-r’ k‘_.\.\'\!"_'}
Téng 1 Téng 2

Dé y 1a tong trd vao cia ting Vi sai sau co the 1am mat cin bang tong
trd ra clia tang vi sai trudc. Tang sau khong can dung ngudn dong dién.

b/ Mic vi sai noi tlep voi don cuc:

Ngudi ta thudng dung tang don cuc dé:

- Dé sir dung.

- Dé tao mach cong suit.

Nhung mach don cuc sé lam phat sinh mQt s6 van dé moi:

- Lam mat can bang tang vi sai, nén hai dién tr& RC cia tang vi sai
doi khi phai co tri s6 khac nhau dé bu trir cho sy mat can béng.

- Lam ting ca Ays va Ac nén (1 co thé thay d6i, do d6 chi nén dung
tang don cuc ¢ noi da c6 thanh phan chung thit nho (sau hai hoiic ba tAng vi sai)



W
o Trong do:

Re=Rc// Zy ‘
Vol ZV la tdng trd vao cha ting

> dom cuc,

o
Tang dom cue

Hinh 7.2

7.1.2 Tang cubi:
Phdi thoa mén céc diéu kién:
- Cho mét tong trd ra that nho.
- Pién thé phan cuc tai ngd ra bang 0 volt khi hai ngd vao ¢ 0 volt.

a/ Piéu Kkién vé tong tré ra:
bé duogc tong trd ra nhd, nguoi ta thuongdung mach cyc thu chung.

v
cC
B.re% 1g Vo
— E= Er
F
=" =2 e
Vi
Ee
—iE
(a) (b) 2
Hinh 7.3

Dé tinh ‘téng tré ra ta dung mach tuong duong hinh 7.3b; Trong do
Rg la tong trd ra cua tang (don cuc) ding trudce.

Phén g1a1 mach ta tim dwoc:
Z :v_ﬂz REI:RS+|3re:|
", Rp(I+P+pr +R,

Théng thurdong PRy rét 1ém nén:
Zo=vglig # 1, +Rg /P 7L

b/ Diéu kién ve dién the phan cuec:



Vi cac téng dugc mic truc tiép voi nhau nén dién thé phén cuc ngd
ra cua tang cudi co thé khong & 0 volt khi ngd vao & 0 volt. Dé giai quyét nguoi ta
dung mach di chuyén dién thé (Level shifting network) gdm c6: mot ngudn dong
dién I va mot dién tré R sao cho: E = RI.

Ry
W Trong d¢ E 14 dién thé phin cure ngd ra
N B (= 0 volt) cla tang cudi. Tuy nhién, niny
- = vy tng trd ra s& ting thdm mét tri 55 14
C) —— Ngdra R Vi viy d& thda min ci hai didu kién,
I o) (0 welt) ngudd ta ding mach di chuyén dign thé
g |+ Y trirdc mét ting cue thu chung
-
I
—
Tang cudi Di chuyén
dién thé
Hinh 7.4

+ 6%

-EvaT2 lamachdi
chu}rén dién thé.
-T3 1a t’é‘mg cure thu
chung d& cho téng
tré ra nhé.

Hinh 7.5

=

at

o '

Mach di chuyén din thé

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



Ts: Ngudn dong dién cho T, va T,. Dién thé phan cyc tai cuc nén
cta T; duoc xac dinh boi cau phan thé gdm T, (mac thanh diode), dién tre 480Q
va 2.4kQ.

T4, Ts: khong phai 1a vi sai vi 2 chan E ndi mass. T4 ¢6 nhiém vu dn
dinh dién thé tai diém A cho T; va To.

+6av

2.4k

480£2
% 240¢2 -bw

Ts: La tang don cuc chuyén tiép giita vi sai va tdng cudi.

T7: La mach cuc thu chung du tién va Tg 12 mach di chuyén dién thé
vo1 dién tro 3.4k.

To: La mach cuc thu chung cling 1a téng cudi dé dat duge téng tré ra
nho.

7.2 MACH KHUECH PAI OP-AMP CAN BAN:

7.2.1 Mach khuéch dai dao.
7.2.2 Mach khuéch dai khQng dz’io.‘
7.2.3 OP-AMP phan cuc bang nguon don.




Trong chuong nay, ta khao sat op-amp ¢ trang thai 1y tudéng. Sau day
la cac dac tinh cia mot op-amp 1y tuong:

- P9 loi vong hd A (open loop gain) bang vo cuc.

- Bing tan rong tir 0Hz dén vo cuc.

- Tong trd vao bang v cuc.

- Tong trd ra bang 0.

-Cachésdn béng vO cuc.

- Khi ngd vao & 0 volt, ngd ra luoén ¢ 0 volt.

Puong nhién mot op-amp thuc té khong thé dat duoc cac trang thai
1y tudng nhu trén.

+1|.|r|:|: W
L B Vo
A {Vl_VZJ
+
L
Wy _Vcc W1
EZr higu Mach tirong duong

Hinh 7.7

Tir cac dic tinh trén ta thay:
L oh=_ o

. 0 &0 khi v0 xac dinh va chira bao hoa thi V=V
2
-Z;— o nén khong co6 dong dién chay vao op-amp tir cac ngd vao.
- Zy — 0€Q nén ngd ra v0 khong bi anh huong khi mac tai.
- Vi A rat 16n nén phadi dung op-amp v6i hoi ti€p am. Véi hoi tiép
am, ta co hai dang mach khuéch dai can ban sau:
7.2.1 Mach khuéch dai dao: (Inverting Amplifier)
Dang mach can ban.

1
Lz

4 i A i A 4 u

1i 7. &, Zp o the od bt loy dang nao.

> - Tin hiéu dua vao ngd vao (- ).
== . i A <A — n
v - - w1 cd thé =oay chifu hodc mdt
‘=- 7. g E
i chign,
W + Wi




Do op-amp ly twdng nén:

T-.Tl:"ifz =0
Vi Vi
L=y = —=——
z,  Z,
SBuyradd lon dign thé cha mach:
fooYo_ %
Ly &
i i (7.2)
Nhan xét:

- Khi Zf va Z; 1a dién tro thuan thi vy va v; s& 1éch pha 180° (nén
duogc goi 1a mach khuéch dai déo va ngd vao (- ) duoc goi la ngd vao dao).

- Z dong vai tro mach hoi tiép am. Z; cang 16n (hoi tiép am cang
nho) do khuéch dai ciia mach cang lon.

- Khi Z¢ va Z; 1a dién tro thuan thi op-amp c6 tinh khuéch dai ca dién
thé mot chiéu.

7.2.2 Mach khuéch dai khong diao: (Non_inverting Amplifier)
Dang mach cén ban.

«
: Ta cd:
1y
==
-— Va ig=1;
. W~V
' f
Vi 1. = ‘i.i"_z VD _V2 = Vj
' Zi Zf Zi
Suy ra:
P S (7.3)
v, Z,
Nhan xét:

- 7y, Z; cO thé co bat ky dang nao.

- Vo va vi cling ¢6 thé ¢ bat ky dang nao.

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



- Z; cling dong vai tro hoi tiép am. Dé ting do khuéch dai Ay, ta c6
thé tang Z¢ hoac giam Z;.

- Mach khuéch dai ca tin hiéu mot chiéu khi Z¢ va Z; 1a dién tré
thudn. Mach ciing giit nguyén tinh chat khong dédo va co cung cong thic voi
truong hop cua tin hiéu xoay chiéu.

- Khi Z=0, ta c6: Ay=1 = vy=v; hoac Z=w ta cling c6 Ay=1 va
vo=V; (hinh 7.10). Luc nay mach dugc goi la mach “voltage follower” thuong dugc
dung 1am mach dém (buffer) vi c6 tong tré vao 16n va tong trd ra nhd nhu mach
cuc thu chung ¢ BJT.

it
[ ]
Zf=|:| L |
Zi V=W Vo=V o=V
v.
Vi_ V-.A '
Hinh7.10

7.2.3 Op-amp phan cuc bflng nguf”)n don:

Phan trén 1a cac dic tinh va 2 mach khuéch dai can ban duoc khao
sat khi op-amp dugc phan cuc bang nguon d6i xtmg. Thuyc té, dé tién trong thlet ké
mach va sur dung, khi khong can thiét thi op- amp dugc phén cuc bang ngudn don;
Luc bay gid chan néi véi ngudn 4m -Vee duoc ndi mass.

Hai dang mach khuéch dai cian ban nhu sau:

+W e

%m
<
-

STl |
el
A

Ce (a) T (b)

Hinh 7.11

Nguoi ta phai phan cyc mét ngd vao (thuong la ngd vao +) dé dién thé
phan cyc ¢ hai ngd vao lac nay 1a Ve /2 va dién thé phan cuc ¢ ngo ra cung la
Ve /2. Hai dién tré R phai duoc chon kha 16n dé tranh lam giam tong tr¢ vao cua
op-amp. Khi dua tin hiéu vao phai qua ty lién lac (C;, trong mach) dé khong lam
léch dién thé phan cuc. Nhu véy, khi phan cuc bang ngudn don, op-amp mét tinh



chat khuéch dai tin hiéu mot chiéu. Trong hinh a, mach khuéch dai ddo, C, 1a tu
loc dién thé phén cyc ¢ ngd vao (+). Trong hinh b, mach khuéch dai khong dao, C,
dung dé tao hdi tlep xoay chiéu cho mach va giir dién thé phan cyc & ngd vao (-) 1a
Vee /2. P khuéeh dai ctia mach van khong doi.

7.3 MOT SO UNG DUNG CUA OP-AMP:
7.3.1 Mach lam toan.
7.3.2 Mach so sanh.
7.3.3 Mach loc tich cue.

7.3.1Mach lam toan:
bay 1a cac mach dién tir dic biét trong do su lién hé gitra dién thé
ngd vao va ngo ra la cadc phuong trinh todn hoc don gian.

a/ Mach cng:
¥
’W Cac dong d1én chay qua cic dién tréd la:
- - ¥ - a
lx 1= —l,=—",.i1, = —
Rl R2 Rn
Tdng cic déng didn nay chay qua Re va
o tao thirh v nén ta co:
w, = —F, A S B 3
Rl RH Rn
Hinh 7.12
=Wy = Zsj.lkjvj (7.4:1
Trong dd: I, :_R_f;kg :_R_f;___;k =_R_f
Rl R2 § Rn
MNéu Ry=R,=R,=.=FR thitacé:
n
Vo =20 (7.5)

Tin hiéu ngd ra bang tong cac tin hiéu ngd vao nhung nguoc pha.
Tachuylavi 1a mét dién the bat ky co thé 1a mét chiéu hodc xoay chicu.
b/ Mach tru:

Ta c6 2 cach tao mach trur.

* Trir bang phuong phap doi dau
Dé trir mot sd, ta cong véi sb ddi cua sb do.



= ve  Hinh7.13

- x\"il /;
v, dau tién dugc lam dao roi cong véi vy. Do doé theo mach ta co:

Rf Rf
Vg =— —V1+ - (¥
Rl R2
Méu ta chon Ey=R{=E,,ta [sih7e ek
vy = (o, —v,) (7.6)

Nhu vy tin hi€u & ngo ra 1a hi¢u cta 2 tin hi¢u ngd vao nhung doi dau.
* Trir bang mach vi sai:

Dang co ban
V2 fv‘i{i Ry Ta cd:
= E
Vo V=W, =¥ f
E; L m -~ "n "~ "1l
% Wl + Vi) Rf +Ri

vy Diong dién vao tir vo qua Fi 5& qua Ry nén:

Vg~ Vg Vo ~ Vo

Rf' =
j: Hinh 7.14 E, E;

Thay tri s0 cua v, vao biéu thuc trén ta tim duogc:

E
g = R—f.(vl — W) (7.7

. ! 7.8
NéuRp=F,ta co: vy =(vy-v5) (7.8)
¢/ Mach tich phan:
Dang mach
Dong dién ngd vao:



Didng nay nap vao tu C vatao ra vl

1§ 1%
_I.|r vuz——.I-I.dt:——.I- V_1+V_g++v_n dt
C Cil R, R, E,

Ha}r

HE! 1
——I — v, + N W, |dt
o\ B C 2c E,C

—

t n
Hinh 7.15 =y = IZ_IZkJ-det (7.9
0ol
e 1 1
V&ik; 1ad0 loi cha cdc ngd vao: k==
DicbiftkhiR1=R2=_.=R_=R: i
1 2
Wy :—ﬁ-[u;vj.dt (?1[})

* Hai van dé thyc té:
- bi€u kién ban dau hay hang so tich phan:
Dang mach cdn ban

_1l.lr|:| le REI
M, M, Trirée hét khoa 8) hd, khéa 83 déng, tu C
S 58 nap dién. Ngo ra 58 téang tir O 18n dén
S tr1 s6 Vo (lun ¢ su abi dau). Sau do S
C
[ duge mé rava 31 dong kin, tu van giit
s p B2 I tri 56 nay vi khong cé 161 thoat Mach
' / . thanh mach lay tich phan cba v, Do do:
||||||r - 0

1
Vu = _.I- ﬁvidt +1;l.lr|:|

Vi Vg la didu kign ban dau hay hing s& 14y tich phin
Mah 716 - Trir d18n thé offseat:

B Vi cac op-amp c¢d difn thé offset 1én
N r\j\/ angdra (dién thé ng ra khi ngd vao

| T bing 0 volt), v0 s& chiu mot sai 56 dang
Vi R lé. Bé& khic phuc tinh trang nay, mét
Vv o dién tr& Re duoe mic song song v C

dé tao hdi tiép &m cho tin



sb thép. Nhu vay khi c6 Ry, mach chi c¢o tinh tich phan khi tan sb cua tin hiéu f

f o= !
27k, .C L ,
thoa: , Rgkhong dugc qua 16n vi sy hol tiép am s€ yeu.
d/ Mach vi phan:
Dang mach
R¢
h‘-"\v Tin higu vi nap vao tu C biang dong dién g
s dw
cotrisd: 1, =C —
vi_| I _ : i dt
! Vo Biay cling chinh la déng dién chay qua
— ‘o 2 n
i, + dién tré E, vy
dhr,
Hinh 7.18 Vo= —RC.—

Vin dé thwe té: gidm tap dm.

Mach don gian nhu trén it dugc dung trong thuc té vi c6 dic tinh
khuéch dai tap am O tan sb cao, day 1a do d9 lgi ctia toan machGting theo tan sb.
Dé khic phuc mat phﬁn nao, nguoi ta mic thém mot dién tré ndi tiép voitu C o
ngo vao nhu hinh 7.19.

F¢

% Liac nia}r mach{ chifcc’: didc tinh lﬁ}r 71
phin tét khi tan 56 ca tin hiéu nhd

E;

4 A ] . A A A
nao d& mach giam thidu to1 da tap &m
1; ma diéu kién trén van dirge thda min

Wy C %JTR s ] ) .
_}bﬂ,v_| — o hom i~ Phai lua chon Ei thé
_I..

Hinh7.12

7.3.2 Mach so sanh:

a/ Pién thé ngd ra bao hoa:
Ta xem mach hinh 7.20



Tacd:vg=A0n-1=AE,

Vi Ed=TJ1 -2

E, 14 dién thé khac nhau gifra 2 ngd vao
va duoc dinh nghia:

E=(dién thé ngd vao +3-(dién thé ngd
TAO - ),

Do mach khéng cé hdi tiép m nén:

Hinh 7.20

Yo =ﬁs_E;1

Trong d6 A 1a do loi vong hd ciia op-amp. Vi A rat 16n nén theo
cong thuc trén v rat 16n.

Khi E4 nhé, v, duoc xac dinh. Khi E4 vuot qua mot tri sb6 nao do thi
vo dat dén tri s6 bao hoa va duge goi 1a Vgy.. Tri s6 cua Ed tuy thudc vao mdi op-
amp va c0 tri sO vao khoang vai chuc pV.

- Khi E4 am, mach ddo pha nén vy=-Vgy

- Khi Ed du(mg, tlrc Vi~Vp thi V0:‘|'Vgat.

Dién thé ngd ra bao hoa thuong nho hon dién thé ngudn tir 1 volt
dén 2 volt. D& ¥ 1a [+ Vg, c6 thé khac |-V,

Nhu vay ta thay dién thé Eq toi da la:

+V,

+:E- — ﬁLSﬂI
-V

-E — ﬁsa

b/ Mach so sanh murc 0: (tach mirc zéro)
* So sanh mirc zéro khong dao



Dang mach

V=0

+ Wi

[ w2
E; /7

Hinh 7.21

Dién thé & ned vao (-3 dugeo dung lam
dién thé chuin va Ei 14 dién thé mubn
dem so sanh véi dién thé chudn duoc
dhra vao ngd vao (+).
Ehi BV =0v thi vp=+ Ve
Ehi B <V =0v thi ve=-Viu

Thi dukhi E; cé dang tam giac thi dang song ngd ra vy co dang nhur hinh 7.22

Wi

W

\/

¥

1 3
+U5at :'r'i' +1;“r5at
d L
BV
—_— 'vSat —-I;UTS ;
Hinh 7.22

* Mach so sanh mirc zéro dao:




Dang mach

Dién thé chuﬁn Vieer =0v dit & ngd vao
(+). B1én thé so sanh E; duwa vao ngd

> va0 (),
e | > R
RL? ref’ 0 Sat
Hinh 723
4 T 4 e

+Wsa ‘f

/\ R

>+ Vs

iy

¥

E; L \/ \ E.
‘vﬂat

‘T“TSat
Hinh 7.24

¢/Mach so sanh véi 2 ngd vao c6 dién thé bat ky:
* So sanh mirc dwong ddo va khong dao:
- So sanh muc duong khong dao:



Pién thé chuin Ver >0v dit & ngd vao (-,
Pién thé so sinh E; dura vao ngd vao (+).
vref' Ehi E=Ver thi V=t Vaa

— + Ehi B Verthi vo=-Vag

E; Ri=
/77

Hinh 7.25 Vo
& Vo Vo &
+1“T5at ) i +v5at
Vier Vier
N /| .
0 E; 0 t
I 1 E i
> ‘vSat N
N
Hinh 7.26

- So sénh mtc duong dao:
Dién thé chufn Ve >0v dit & ngd vao ().

- Dién thé so sanh E; dura vao ngd vao (-).
B Khi E>Vier thi vo=Vu
+ ve Ehi Ei<Vier thi vo=+Vsu
+ E
vt 3

Hinh 7.27

& Yo & ve
N +Vgat +Vsat [ ‘;
T“Tref' T“Tref'
) N, /| .
] E; 0 t
E.
-Wea :
_._
W
Hinh 7.28

* So sanh mirc Am dédo va khong dao:



- Bo sanh mc &m khéng dao:
Fién th{é‘ chufn Vs <0v dit & ngd vao (-).
Biénthé so sanh E; dua vao ngd vao (+).
vref' Ehi ExWVer thi vo=+Vey
+ vy Ehi Ej=Vier thi wp=-Vsa

L J

Ve /\
B

I Y A
. o M YT\

Hinh 7.30

L

+¥

- So sanh mirc am dao:
Dién thé chufn Ve <0v dit & ngd vao
(+). Bién thé so sinh E; dira vao ngd
E—= vao (-1
Fhi Ei=Vier thi V=t aa

J_—_ RLg Ehi E—i{-';urref' thi v|;|=—Vgat

+Vau _[ _

——  HVsa
- A
Ta ¥

+¥

o N N I AN NN

-Vaa

<
(Ef’

Vs
Hinh 7.32




d/ Mach s6 sanh véi hoi tiép dwong:

* Mach dao:

Dang mach

. Tin hiéu so sanh E; duoc dua vao ngd
E; v vao (-).
ref + Ty Dién thé chufn Vier diroe la}r e mot
=F,; phin ciia didn thé ngd ra v0 qua ciu
R."l,ll"uv phin thé Ry, Rz Céc dién tré Ra, Bz
. i 1 Hirh ,}’_33;3 nhw viy con déng vai tré mét hoi

ti€p duong nén v, ludn ludn ¢ trang thai bao hoa. Tuy theo murc tin hi¢u vao ma v,
giao hoan & mdt trong hai trang thai +Vg, va -Vgy.

E, E,

- v, = V. =BV
R +E, ° R, +R, ** P Veu

Tacd: V.

R3 R A D
Trong d6: P= R, IR, gc;n lati 56 hii tiép ducng,

Néu ta tang E; tur tur, ta nhan théy:
Khi Ei<Vref thi V0:+VSat
Khi Ei>Vref thi VO:'VSat

Tri s6 cua E=V,¢ =B.(+Vsy) lam cho mach bat dau doi trang thai duoc goi

1a diém nay trén (upper trigger point) hay diém thém trén (upper threshold point).
Vurr=B.(+Vsa)

(7.12)

Bay gio néu ta giam E; tur tr, cht ¥ 14 luc ndy vp=-Vgy Va Vier=B(-Vsa), ta
thay khi E;<B(-Vga) thi v, chuyen sang trang thai +Vs,. Tri s6 cua E; luc nay:
Ei= Vit = P(-Vsa) duoc goi 1a diém nay duéi hay diém thém dudi (lower trigger
point-lower threshold point-V1p). Nhu vay chu trinh trang théi cua mach nhu hinh
7.34.

Nguoi ta dinh nghia:

VH=(Hysteresis)=VUTp-VLTp

V=B {(+Vsa)-(-Vsar)] (7.13)
Néu [+VSat/=|-VSat|=V=]2B. Vs



+iga Vure j"LTP

e
-
=
e
.
=

1I"rLTP
(a) (b} DEETRR
Hinh 7.34
* Mach khong dao:
Dang mach
R, . - % R Thay d&i E; ta nhin thiy:
’\A/ & - - Ehi Vﬂﬂ"u{mf':p' thi vo=-Vsa
- Ehi Vy bit dau 1dn hon O volt, mach
+ ref'zﬁ_

- To=Vey 01 trang thai va vg=+Vsy Tri sé E; khi

Bl
~TE; /J: ;§RL v[_]ibﬁt ::i{ﬁu iii-f‘::i trang thai duoc goi la

digém nay trén VUTF.
7 /77

Hinh 7.35

- Bay gio néu ta glam E; (vo dang la +Vgar), khi V4 bét ddu nho hon
V,=0v thi v, doi trang thai va bang -Vg,. Tri s6 cua E; luc ndy goi 1a diém nay
dudi VLTP-

Vo o4 4 Vo
+"iui" .................. -+
s Wore ,f}rLTP
0 o 0 T,
»> _-Iiursal _‘J .................
- > [
fal (bl : Wy ()
Hinh 7.36

Tinh VUTP va VLTP



Tacd Uﬁ=vsat—R21

Va I:T“'TS“I _Ei_

E,+E,
a V.. —E. E E
Vay. v, o=V, - ‘R -y __ "2 y 4 "2 F

AT R +R, ™ R,+R, ™ R,+R,
Phén biét 2 trudmg hf;fp: ‘
- Ehi tang E; tir tr1 53 that am [én, 10c dau V= Vet nén:

E E
V, = (W) m——— (V) +—= E.
8= Vs RI+RQ( ) E,+R, '

Ehi V ;=0 tirc E=VUTFE, v, ddi trang thai, ta suy ra;

E
Vi = — — (=W, ) = 0
TP Rg Sat (?14>

- Khi giam E; tir tri s6 duwong dan xuong, lic nay voj=+Vg, nén:

E E
Wy = (Vg ) — 2 (+Vgy ) + 2

E,
E,+E, R, +E,
Fhi V ,=0, tirc E=VLTP, mach ddi trang thai. Vy:
i3 i3
Vg (l- — 2+ —2 ¥V, =0
(Vg ) R1+R2} R, 1R, P
R
= Vi =~ (+Vgy) <0 (7.15)
R2
B, (7.16)
1L'TH :vU'rp _vLTP :_[["'vm)_[_vm)] ’
Va E,

Chit § 18 Vg | 6 thé khac |-V

e/ Mach so sanh trong truong hop 2 ngé vao cé dién thé bat ky
v6i hoi tiép dwong:

*Dung mach khong dao:

Dang mach



~ Ehi Vi<V = Wo=-Viu V2 Vu=FE;-Ry1
D{ o g i
Va + E,+ER,
E, —v
e Nén V,=E;-R,— "
A\ oA ETME TR,
R 5 =
I Hay V,=E,-————E,+———— v, (7.
= ay Va ran, S tE g, (701D
E; Hinh 7.37

Khi VA=V, thi mach d6i trang thai (v, doi thanh +Vg,), tri sb cta E; lac
nay goi la diém nay trén Vyrp. Tur (7.17) ta tim duogc:

E.+E E

. : 'vref - _1(_vsu3'

E, E, (7.18)
Méu chon Ey=nR.q, ta lele}

Vi =

1 1
Vi = | 14 = [V — —(=V,
UTP ( n]mf n( sat ) (7.19)
- 3 trang thai méi W=tV ), bay gitr ta giam E; thi khi V, 6 try 36

_ Rl Ei_ Rl
E,+E,

W, =E

+V,
R +R1( Y.

béng V¢ thi mach s& d6i trang thai, tri s6 cua E; lc nay goi la diém
ndy duodi Virp. Tuong ty nhu trén ta tim dugc:



Vi = mﬂm _ﬁ('ﬂ'rm:'
R, E, (7.20)
v néu nk. =R thi:
Vim = (1 + l}"rmf - l':"‘vm:'
n n (7.21)
trr dé:

V) — (=W,
.,;U;,.Hz.,;urm_-gurLsz I: Su:' I: Su:'

1

N ta thrémg dinh nghia tri 58 trung tim 14 tri trung binh cha VUTP vi VLTE:
Vi + V. 1

V= —2 T 5 = = (1+—]vm
1

) (7.22)
néu |+Vsat|:|'VSat|
* Dung mach ddo:
Dang mach can ban nhu hinh 7.38
B . Khi E; con nhd hon Vi, vo & trang théi +Vsa,.
Dongdiénl qua R1, B2 cdtri sd:
o { Wi I Vm- — Wy
Va + " R,+E,
R. Bién thé tai ngd vao (+) &
7, A V=RV, f f
5 T Méu ta tang E; 16n tiy toy, khi ]jjidat déntry 55 WV,
thi mach dd1 trang thai, tr1 56 cia E; l0c
Hinh7.328

vref'

do, cling 1a tri sO cia Vi, goi 1a diém nay trén Vyrp.



Vo = “RI+V,

Vi ~ ¥

-k, = +V
1R1+R2 Tef
E E
Vi = [1- =—— + L (+V,
uTe [ R1+R2 Tof R1+R2( Sﬂl)
11 1
. = Vi = Mg * (+Voy )
N&u chon R,=rR IT+n IT+n

- O trang thar mdn UI:I:'R‘TSat
Ve =y _ Ve = (V)
Rl +R2 Rl +R2

TL'rmf _(_vm:' +
R, +R, T

Dong I =

V, =-R,I+V, =R,

(7.23)

Néu ta giam E; tu tu, dén khi E=V, mach s& di trang thai (vy= -

Vsa) va E=V 4 lac @6 ¢6 tri s6 18 Vi 1p (diém nay dudi).

E E
=Y. =|1- ! Vo + LI Y
LT ( R1+RJ vt R1+R2( s

vi néu Rn=rRq,ta titn Ao

Vi =1invref +1-|1—n (= Vi ) (7.24)
7.3.3 Mach lgc tich cwe: (Active filter)

C6 4 loai mach chinh:

- Mach loc ha thong.

- Mach loc thwong thong.

- Mach loc dai thong.

- Mach loc loai trie (dai triét).

a/ Mach lgc ha thong(Low pass Filter-LPF)
* Mach loc ha thong can ban:
Dang mach



v, latinhiduvio cétinsd £ Téng trd hél tiép

A R, .- 1@

©oc 7, = — 3% y4i ©=270
Ri | R, L

i f'l.,l'l,., Joc

B8 1o cha mach:

“u_ﬁz R_l

Hinh 7.39 |Ay|= 2=

Rl
1+ j@Ek,C (7.25)
Khi @ con rhd (thn sé thﬁp), | p R/, nihumg khi tn 56 18n cao || giam dan. Tai thn

|ﬁ*v|=

. Ay = i _
at do 46 1ot gram di J2lin ! 2 )dwoc got latan sb cit. Vay £~ lathn 58 matal dé@cE,C=1
Tire £, = — (7.26)
o1, C
R%
A
Biivi |Ay|= L vl Al = 0.707 4 o 2 — 45°

T+ 1+] 2245

Néu ta chon R=R, thi |AVO| 1

Bap tuyén tan s6 d6 doc -20dB/dec vi khi tan sb ting 1én 10 lan thi
d6 khuéch dai giam di 10 lan tirc -20dB. Nguoi ta hay dung mach voltage follower
dé 1am mach loc nhu hinh 7.41. Pay 1a mach khuéch dai khong dao, nhung do
khong c6 dién tré nbi mass & ngd vao (-) nén do loi bang +1.

Yo WM

v,y
1
o 1

Do dad: “02“1:“1R+ ] :1+ijc-Vi
fLle:

Tai tan s6 cit e ta cd: oo RC=1
1

= fl: =
ZmE.C



Nguoi ta thudng chon R=R dé giam dong offset.

Y oy
A

A2 \

10 \

i/ 100

-~

* Mach lgc ha thong -40dB/dec:

Trong nhi¢u tng dung, ta can phai gidam nhanh d0¢ lgi cua mach khi
tan sO vuot qua tan so cat, cd nghia la do doc cua bang tan phai 16n hon nira. B¢ 1a
muc dich cta cac mach loc bac cao.

Dang mach
szzR
Wy WE E g n
i
Hirh 7.42 /;,[, Ce=2Ca
| |

|1
Néu chon C,=2C,, ta cb:

‘ W, —W Vo — W Vo —W
Taco: 1 "B _ "B LI 0
R R 7

Vg = ——
WA E+2,

E
Viy wp=vw [l+—}
B Vol

Thay vao phirong trinh trén ta tim duoc:
Vg 1

2
iy EP/ M
Zg) Loy -Zepa




Vo _ 1
v, [1-2a®R*C?)+ j20RC,)

Tai thn s& cit, 45 loi gidm di~2 lin, tie:
J1-202R2C2} + (20RC)) = 2
=40'R*C = 1= 20 R*CE =1

= RC, = ! = 0707
2 hay:
g = 277 7.27)
Wi,
2amBC

Goc pha ¢ = — Arctg L o= CP=—9DD

1- 2wk AC]
O mach nay d6 khuéch dai s& giam di 40dB khi tan s6 ting lén 10 lan (d9
loi gidm di 100 1an khi tan s6 tang 1én 10 1an).

4 [ Av(dB)  Trong thue t&, a8 thift ké mach, ngon
0dB tatheo 5 bude sau déy: f
1. Chon tén 56 cit C mong mudn.
0.707 _3dB 2. Chon €y nén chon 100pF<Ci< 1uF
3 ChQﬂ C2=ch
0.1 50dE 4. Tinh Rty céng thire (7.27)

5 Chon Ee=2E
0.01 -40dE k:

e 10ma

Hirnh 7.43

* Mach lgc ha thong -60dB/dec:
Pé dat duge d6 dbc hon nita-gan véi Iy tuong-nguoi ta dung mach
loc -20dB/dec mac nbi tiép voi mach loc -40dB/dec dé dugc do doc -60dB/dec (dd
loi giam di 60dB khi tan s6 ting 1én 10 lan-goc pha tai tan so cat 1a -1350).
Dang mach can ban nhu hinh 7.44




=
i

Ra=2R L_%
Rs=R " Vo
v R,=R / Voi :| C, Hinh 7 44
k= (o]
I,
| |
[
-40dB dec -20dB/dec
r 1
Trong dé: C; = Ecz;cz =20 =0y =40
B3 loi téng cdng:
v Vg W
.l.ll:ll.l. = _D = —Di

v vy Vg ¥y

Theo phan trirge: Y01 _ 1 = :
v, 2R RY 1-40°CPR7 + j20RC
I P 1 1
Loy Loyl
vy 1
Va Vo - 1+ jwRC, 1
Vay A, =

1-40*CR* + j20RC, + joRC, - @’ CE° - 20°R*C.C,
Néu chon: C5=2C = 4C%=C52 v4 2C{C5=C52



0707 |

0.01

0.001

1
" - 20’ CIR )+ J20RC, - 0 RCE)
Khi d6 loi giam di~/2 lin:
[1-2002C5°R2%+H[20RCs-003RIC1P=2
Ehai trién, don gian ta tim duge:
1+ocfRéC;5=2

SUYV Al A

1
W Cy
Trong thue té, @& thiét k& mach ta theo 5 buée:
1. Chon tén 8 cit oo hay fr
2. Chon C5 trong khoéng 0.001pF dén 0.1pF

=@, RC0,=1=R= (7.28)

1
3. Lay Cy=5 %05 =26,
4. Tinh R tir cong thire: R=1/00.C4
5. LAy R1=R2=R3=R; Ry=2R, Rp=R.

L |4 #av{dB)  Gia tri t8t nhit cha R it 10kQ dén
OdE 100kE2. MNéu E wrot ra ngoatl khoang

-60dE. ¢

e 1000y

Hinh 7.45
b/ Mach lgc thuwgng thong (high-pass filter)

bay 1a mot mach ma do loi cua mach rat nho & tan sb thap cho dén
mot tan s6 nao do (goi la tan s6 cat) thi tin hiéu méi1 qua dugc hét. Nhu vay tac

dung ctia mach loc thuong thong nguoc voi mach loc ha thong.

* Mach lgc thwgng thong 20dB/dec:
Dang mach nhu hinh 7.46

bay la mach voltage follower nén Ay=1. Do dién thé ngod ra v bﬁng

v6i dién thé 2 dau dién tro R nén:

\ nay, ta chon Cs tri s6 khac. Cho ¥ 1a do
—3dB d8 1o ti xle’,‘ nghich v bic 3 cha thn s
nén khi tan s tang 18n 10 lan thi d6 1o

aae giamdi 1000 lin tie 60dB/dec.



R}&{ V= E W= ! .

Hinh 7.46 @R C

Khi tan s cao, tong tré cua ty dién khong dang ké nén Ayo=vy/vi=l
Khi tan s giam dan, dén lac nao d6 do loi bat ddu giam. Tan s6 ma tai d6 do loi
giam con 0.707 Ay, goi la tan s6 cit. Lac doé ta co:

! =1:>oa,:RC=1:>ca,:=L 1

f.=——
o R EC hodc ®  opRC (7.29)
K N R A1 22T
L 1__11 ﬁﬁ-"—'lﬁu

Ta ciing c¢6 thé dung mach nhu hinh 7.48

el & ﬁxv(dB:' RM{

*’;E Hinh 7.48

0 1ap e

Hinh 7.47



Péloi 4. - To_ R
R 1 1
1l amE.C
Tan & cit tai 46
L 1=y = L =om,
w RC
Hay E = 1

27 . C
Trong thiét ké ta ding 4 buéc:
1. Chon tén =8 cit @ hodc fC-
2. Chon 0.001pF<C<0.1pF

3. TinhE =

g 2
4. Chon E=R

* Mach lgc thuwgng thong 40dB/dec:

§ (dE)

Dang mach
R:=R/Z
: {'W et
E:=FE 1
- 07707
+
C1=C Ve Vo v
u]
Wi I_C2_=|
R.=R 0.1 @e
U.lﬂﬁc

Hinh 7.42

Do la mach voltage follower nén di¢n thé 2 dau R, chinh 14 v,. Ta co:



Vi—Wg Vg~ Wy Vg~ Wy

Z. R Z.

2

:‘>vi=v3[2+2i':]—vn[l+2§':]

z
= .vBivB:vu[l+—c]
E+Z; E

. A ) 4 - A v n 4
Thay tr1 56 clia vB vao bigu thire trén ta tim duoc:

27, 272
Vi:Vn|:1+_RE + E:|

MNhung v,

R2
1

W
Hay .L":";.va—DZ 5 5
i 1_ i
( chajCz] ToRC

Tai tin s& cit nTeh
> Y 2 Y
l-———=| + =z
EfaiC BT

Hay: R*0iC* =4= 0,RC =4/2 =1414
1.414
©.C (7.30)
Mguwdi ta chon By=F d& gidm dong offset ngd vao. Thure t&, @8 thidt k&, ta theo 4 budc:

=Rk =

1. Chon @ hay f-
2. Chon C1=C2=C thich hop
100pF<C<0.1F
L - 1.414
3. Tinh  @cC
4 Chot R2=RJ’2; E=R
* Mach lgc thuwgng thong 60dB/dec

~ Nguoi ta dung 2 mach 40dB/dec va 20dB/dec ndi tiép nhau dé dat
duogc do doc 60dB/dec.




+
_,=C
_| |_ Vol
Wy =
Ei
L. L. ——
—— ——
40dB/dec 20dB/dec

ChOIl C1:C2:C3:C;
: E

. W T
Ta oo _D= _Dﬂ
Vi Yo ¥y

Theo cach tinh & phan trirde, ta cé:

Vg 1
1 1- !
wEk;C
R
R P . !
4 Wy 4 .2
[ mﬂcﬂRfJ ok, C

VIZI_

Wy - 1- 2 i 2 1
Rip*C? ®R,C w'RC

Tai tan so cat:




oo 1 B =2
v, A-jB
1
——=1=a. k. C=1
Suy ra; ol RS e
R, = (7.31)
W C

¢/ Mach lgc ddi thong: (band pass filter)
bay 1a mot mach ma & ngd ra chi c6 mét dai tan gidi han nao do
trong toan bd dai tan cua tin hi¢u dua vao ngd vao.

Wi 4 Vmazx

_// \ 0. 70 T inmua
—

N

Hirh 7.51 @ @ O ®

Véi mach nay dién thé ngd ra vomax dat dén tri sd toi da & mot tan sb
nao do goi la tan s6 cong hudng o,. Khi tan s6 khac véi tan sb cong hudng, do
khuéch dai giam dan. Tan s6 thap hon o, 1am d6 loi giam di con 0.707Vomax g0i 12
tan sb ngét thr?ip o, va tan sd cao hon o, 1am do loi giam con 0.707vonax goi 1a tan
s6 nge“it €cao M.

Béng thong dugc dinh nghia:

B:(DH - O

Khi B<0.1m, mach duogc goi la loc dai thong bang tan hep hay mach

loc cong huong. Khi B>0.1m, dugc goi la mach loc dai thong bang tan rong.

) @, - )
Tisd: @@= EI duoce goi 12 hé 56 phim (quality factor) cla mach.

i I::"-‘:Ir Al A — :fr
Va B_E(radfs, (negE—fH—fL:”Q I:fH_fL):'

* Mach loc dai thong bing tan hep

Dang mach
]
‘ || V&L
E2=2F;
Vi Fi Ce ,}& C=Cp=0C
Vv [
F;
H Ve

’ :E Hinh 7.53



Néu dat: R'=R//Rs

R1Zc2+Rlzcz +ﬁ+ﬁ
E'R, Rzzc. E, Zg

E, ER,C R
—1+—11+j{lecl——1 H

=W =V

Vi="Vp
R, R,C, oR'R,C,
= Ay =t R, E,C — E
V.
R, R,C, oR'R,C,
Tai tan s6 cong hudng o,:
E
o R0 -—— =
o R'C.R,
:siz=1F>u1+'{2clc2 (7.32)
@

T
B)é don gidn va tién lgi trong g dung, ngurdd ta chon

] er,00 —
20k C

Bé dinh bing tin B, ta tim opy vi o,

Tat o7, va opg ta cd:

1 4
@R, C— =1
20R'C

Ta co 2 phurong trinh:

@k, C— ! =1 (a)
2mE'C

CoR,CH— =1 (©)
20R'C



Tur phuong trinh (a) ta tim duoc:

+RCEJRCY +2R R C?
m=

2R'RCP

T phurong trinh (b) ta tim duoc:
~R'Cx{R'CYF +2R'R
_-RCE[ROF+RE,

OR'R,C

Ta chi lay nghiém duong, va:
R'C+.f(R'C)’ +2R 'R, C

" 2R'R,C*
_—R'C+4(R'CF +2R'R,C
Lo oR'R.,C?
véB:mH—mL: 2RC2= 1 = 2
2R'R,C* R,C R,C (7.33)
P)é tinh R, ta chil i
R R
%_R'Rgclcg_ 2 R,.C*
W TR,
RiR,C*
r,oRas 1_Riks
Thay 2wy R,+2E,

1 R,

— = = (R, 140% )=k, +2R

4Q2 R2+2R3 I: 3:]( Q ) 2 3
E E

=Ry=—"1 2

Trong thiét lzé ta chon:

2. Chon bing tin B va thn 58 cfng hurdng ap. Tirdd suyra; J= %

3. R1,R2, B3 ducc tinh tir cac phurong trinh:
2 F E, E,

B,=—R="2R; =
PTRCT T T agi—2 T ag?




* Mach lgc dai thong bang tin rong

Thong thuong dé duoc mot mach dai thong bang tan rong, nguoi ta
dung hai mach loc ha thong va thuong thong méc ndi tiép nhau nhu’ng pha1 thoa
man diéu kién tan sb cit o, ctia mach loc ha thong phai 16n hon tan sb cit o, cla
mach loc thugng thong.

Aur g
JEILU:l:
LEF o HEE b 07074y _/ \_
Vi o @ N >
z 1 Vo B=(ﬂ2'(ﬂ1
Hirh 7 54 @1 (HPF) @:(LPF) ©
Ngoai rata ciing c6 thé ding mach nhuy hinh 7.55
%ﬁz } Ze v,  Z — joR,C,
| | Bym —=—_f = :
R Cy cl ¥y Zy [1+J®R1c1)[1+J®ch2)
—M— v _ 1
Zs {—1+—2]+{le@ S J
R, C, @R ,C,
Hinh 7.55

Ta tim duoc 2 tan sb cét la:
1 . 1
VA Gy =
R2c2 Rlcl

Phai chon R, R,, C;, C, sao cho m; < m,.

d/Mach lgc loai triur: (dai triét-Notch Filter)

bay la mach dung dé loc bo mot dai tan sd nao do trong toan bd dai
tan. Mach thuong dugc dung dé loc bo cac nhidu do mot bd phan nao do trong
mach tao ra thi du nhu tan s 50Hz, 60Hz hay 400Hz cua moéto.

Co rat nhiéu dang mach loc dai triét, thong dung nhét 12 mic 2 mach
ha thong va thuong thong song song véi nhau hodc c¢6 thé dung mach nhu hinh
7.58.



LEF e lach
o n 1'rlZI
Vi | 1 cong

HEF
: : 0:]2
Wy W e "
Hinh 7.5¢ Hinh 7.57

[ | Phén gial mach nay tuong ddi phire tap, ta chip
(o3 ‘ nhin céc két qua thiét ké theo 5 bude sau:

1. Chon C1=C2=C: Tri thich hop tu

Ry | Cz W :
| L= Rz 100pF dén 0.1F.
; ; Vo 2. Tinh R2 tir cdng thirc:
2
R,=—"

A\ * *TBC

A
R Hinh 7.58

E ]
40
4. Chon R, thich hop (thudng B_=1k(2)

5. Tinh By, tir céng thive Ry=2Q°R._

3.TinhE, =




BAI TAP CUOI CHUONG VII

dhdkkdd

Bai 1: Xac dinh v, trong mach hinh 7.59

o Ex

Yy " |
Hinh7.5%
W1 Eq >_

3

Bai 2: Xac dinh v, trong mach hinh 7.60

)‘V&f

v1_/vﬁ_1_ :] . B /vﬁf'

+ Wy i
vg—'g\/— + N

Py Hinh 7.60
ST
Bai 3: Xac dinh I} trong mach hinh 7.61. Thay R; =5k, tinh lai I;. Mach trén
la mach gi?




Fp =k

Ri=2k —>
L
+ My ) 0 Hinh 7.61
—— Ay +
ok

AL
Bai 4: Mot op-amp c6 céac dac tinh
+W +V=15v, -V=-15v, +V,_=F13v, A=200000
Xac dinh v trong cac trudng hop:
af V,=-10uv, V,=-15uv
bf Vo=-10uv, V,=+15uv
¢/ Vy=-10pv, V,=-5uv
d/ V.,=1.000001y, V,=1¥

af Vo=+5mw, V,=0v

Hinh 7.62

tf V=0, V,=5mv

Bai 5: Cho mach hinh 7.63
a/ Tinh v,
b/ 1y?

10k

Hinh7.63

Bai 6: Cho mach dién hinh 7.64
a/ Tinh bang thong ciia mach
b/ Ap dung bang sé khi:
R1:R2:1 0kQ2
C=0.1pF; C,=0.002puF
R=10 kQ; R, =5 kQ



e R,

Fe| R AW >_
=l : " _ -
. j

1 Hinh 7 .64

Bai 7: Cho mach dién hinh 7.65

S| v/ I
Wi ;-
f\f\/ - -

+ + -
D o
. k XE Hinh 7.65
Wy

- Diode dugc xem nhu 1y tudng.

- v; ¢6 dang sin bién do 16n.

Tim dang tin hi¢u ra vy va bién do cua v, theo vi. Mach trén co tac
dung ctia mach gi?

Bai 8: Cho mach hinh 7.66
Chung t6 rang:

R, R
R
My R,
= W R R, Ay Hinh 7.66
il W \ A -
w1 + KN}

k] /

Bai 9: Cho mach hinh 7.67



Chtng té néu vi 1a tin hiéu dién thé mdét chiéu
thi ngd ra dugc xac dinh bdng phuong trinh:
dV, ¥ v, E
04 0 142 =0
& R, R\ R,

Z
Rz —
E; T Hinh 7.67
Wi R

Bai 10: Cho mach hinh 7.68

ICll 5k 25%],1@

+ 5w

-1 5w

a. Mach trén 1a mach gi? Néu chtic ndng cta tung BJT trong mach.

b. Cac BJT hoan toan giéng hét nhau, duoc ché tao béng Si va duoc
phan cyc vo1 Vgg=0.7v. Mach hoan toan can béng va ly tuong. Udce tinh tri sb cua
tat ca cac dong dién phan cuc I¢ cua cac BJT trong mach va di¢n thé cac chan BJT
(Xem IC ~ IE)



Bai 11: Cho mach di¢n nhu hinh 7.69. Gia st op-amp ly tudéng va duoc
phan cuc bang ngudn d6i xtng £15v
a. Tim vy theo R, Ry, vy, v
b. Gia st v, bién ddi tir Ov —0.8v va V2 bién d6i tir 0—1.3v. Cho
R2=2kQ va ngo ra bdo hoa cua op-amp 1a Vg, =+15v. Hay udc tinh tri s6 cia R,
i}

A=
¥ vV,

2

dé do loi dién thé cia mach dat tri sb toi da va v, khong bién dang
(chon R4 0 gid tri tiu chuan). Tinh Ay trong trudong hop do.

o2

; ’— R gR %ft
Ra T | "

R
= R R Hirth 7 69

1




Chuong 8

MACH KHUECH PAI HOI TIEP

S

8.1
8.2
8.3
8.4
8.5
8.6
8.7

8.8
8.9

8.10
8.11
8.12

Muc tiéu.

Kién thirc co ban cin cé khi hoc chwong nay.
Tai liéu tham Kkhio lién quan dén chwong.
Noi dung:

(Feedback Amplifier)

bR o

Phan loai mach khuéch dai.

Pai cwong vé hdi tiép.

Do loi truyén véi hoi tiép.

Tinh co ban ciia mach khuéch dai c6 hoi tiép Am.
Dién tré ngo vao.

Dién tré ngo ra.

Phwong phap phan tich m¢t mach khuéch dai c6

Mach hoi tiép dién thé ndi tiép.

Cip hoi tiép dién thé ndi tiép.

_Mach hai tiép dong dién noi tiép.
Mach hoi tiép dong dién song song.
Mach hoi tiép dién theé song song.

Bai tap cubi chwong.

5. Vin dé nghién ctru ciia chwong ké tiép.

Trong chuong nay, chung ta s€ tim hiéu vé loai mach khuéch dai c6 hoi tiép
am va khdao sat anh huong cua loai hoi tiép nay lén cac thong so6 cling nhu tinh

chat cua mach khuéch dai.

8.1 PHAN LOAI MACH KHUECH PAI:
8.1.1 Khuéch dai di€én thé.

8.1.2  Khuéch dai dong dién.

8.1.3  Khuéch dai dién din truyén.

8.14 Khuéch dai dién tré truyén.

Khi khao sat cac mach khuéch dai c6 hoi tiép, ngudi ta thudng phan
chuing thanh 4 loai mach chinh: khuéch dai dién thé, khuéch dai dong di¢n, khuéch
dai dién dan truyén va khuéch dai dién tré truyeén.



8.1.1 Khuéch dai dién thé:( Voltage amplifier ) ,
] Hinh 8.1 m6 ta mach twong duong Thevenin cua mot h¢ thong 2
cong, mo hinh hoa cia mot mach khuéch dai can ban.

Eng
+ W Ta 4
Ei Ao, Vi
A L Vo
]

Hinh 2.1

- Néu mach co6 dién tré ngd vao R; rat 16n d6i v6i ndi trd Rg cua
nguén tin hiéu thi v; = v,

- Néu tai Ry rat 16n d6i v6i dién tré ngd ra R, ciia mach khuéch dai
thi v0 = AVNL-Vi ~ AVNL-VS

Trong diéu kién nhu vay, mach s€ cung cép mot dién thé ngo ra ti 1¢
v6i dién thé ngd vao va hé sb ti 1& nay doc 1ap dbi véi bién d6 ciia nguodn tin hiéu
va dién tro tai. Loai mach nhu thé duoc goi 1a mach khuéch dai dién thé.

Mot mach khuéch dai dién thé 1y tuong khi c6 dién trd ngd vao Ri
béng v0 han va dién tr¢ ngo ra Ry = 0. Ky hi¢u

Kl

Vi

A, =

khi Ry =00, nhu vay Ayne biéu dién do loi dién thé cta mach hé (open-circuit).

8.1.2 Khuéch dai dong dién (current amplifier)

Mot mach khuéch dai dong dién 1y tuong duoc dinh nghia nhu la
mot mach khuéch dai cung céip mot dong dién ngo ra ti 1¢ voi dong dién tin hiéu
ngd vao. He s6 ti 18 nay khong phu thudoc vao Rg va R;. Mot mach khuéch dai
dong dién 1y tudng co dién tré ngd vao R; = 0 va dién trd ngd ra R, bang vo han.

L=L
—» —
L Tat

=R : AL R,

AT /47

Hinh g2

Trong thyuc té, mach c6 dién tré ngd vao thap va dién tré ngd ra cao.
Nhu Vé:ly, Ri < RS va R()>> RL.

L




Hinh 8.2 1a mach tuong duong Norton cuia mot mach khuéch dai

dong dién. Chu y, ky hi¢u i
v6i Ry = 0, no dién ta do loi dong dién cua mot mach ndi tat (short-
circuit).
Ta thiy rang:
Vi Ri << Rs nén Ii = Is
Vi Ro>> Ry nénl ( Ail; = Aily)

8.1.3 Khuéch dai dién din truyén: (Transconductance Amplifier)

Mot mach khuéch dai dién dan truyén ly tuong s& cung cap mot
dong dién ngd ra ti 1& voi dién thé tin hiéu ngd vao. Hé s ti 18 nay doc lap voi Ry
va Rg. Mach nhu vay phai c¢6 di¢én tré ngo vao R; bang v0 han va dién tré ngd ra
R, bang v6 han.

Trong mach thuc té: R, >> Rg va Ry >> R,

Hinh 8.3 1a m6 hinh twong duong ctia mot mach khuéch dai dién dan

truyén.
I=l
—
R G
: R, R,
Hinh 83
Ta thdy rang v; v khi ~ R;>>Rg

Va I() ~ GmVi ~ GmVS khi Ro >> RL

Choi § 12 G =%§L khi Ry =0.VAy Gy 14 dién din truyén cia mach khi thi R ; =0( mach ndi tat).

8.1.4 Khuéch dai dién tré truyén (Transresistance Amplifier)

Mach tuong dwong 1y tuong ctia mot mach khuéch dai dién tro truyén nhu
hinh 8.4



. +
I B Rql; Ep

Hinh 8.4

Mach cung cap mot dién thé ngd ra vO ti 1& v6i dong dién tin hiéu ngd vao
IS va hé sb ti 16 nay doc 1ap voi Rg va R.
Trong thuc t& mot mach khuéch dai dién tro truyén phai c6 R; << Rg va Ry << R;.
Nhu Véy khi do Ii X Is, Vo= RmIi X les.

Chiyring R = ? khi Ry = R, nheviyladiéntrd truyén cia mach hé

1

8.2 PAICUONG VE HOI TIEP:
Mot mach khuéch dai hoi ti€ép gom cac b phan nhu sau:

i., Wach khndch ik
MNgudn ! Mach so sdnh 3 E4a1 canban [ F&| Machldy
Min hid hodc trgn |y lcs a8 161 _y|méD
triyen A

Ta|Hé théng héi iép cé
fl 58 hdi ti€p ld

Hinh 8.5
Nguén tin hiéu: C6 thé 1a nguén dién thé Vg ndi tiép vO1 mot noi trd
Rg hay ngudn dong dién Ig song song v6i ndi tré Rs.
Hé théng hoi tiép: Thuong dung 13 mot hé thong 2 cong thy dong
(chi chtra cac thanh phén thu dong nhu dién tro, tu dién, cudn day).




Mach 1ay mau: Ly mot phan tin hiéu & ngd ra dua vao hé thong hdi
tiép. Truong hop tin hiu dién thé & ngd ra duoc 1dy miu thi hé thdng hoi tiép
duoc mac song song voi ngo ra va trong truong ho*p tin hiéu dong dién & ngd ra
duoc 1ay mau thi hé théng hdi tiép dugc méc ndi tiép voi ngd ra.

El1er} thé g{ur:fc Diéng dién duoc
13y man lay mau
- + — To
Ehuéch dai B vg T Khuéch dai B
ciin bén A '?_ cin bin A $ ’
S > __‘
—HE théng hdi|— —H& théng hdi|—
tiép B tiep B

Hinh 2.6: Dién thé duroc lﬁ}r - Hinh 8.7 Dong dién duoc 1ay mau
Mach so sanh hoac tron:
Hai loai mach tron rat thong dung la loai tron ngd vao noi ti€p va
loai tron ngd vao song song.

Tron ndi tiép Trion song song

lv_ i Fhuéch dai ,
Eg 3 * can han & I Ehuéch dai
¥ cin ban A
+
Va >
—_ Hs thé:ung héi Ngﬁ?é?ltm I fl Heé théng héi
Ngudn tin _ tidp B ' tigp p
hiéu ¥

hay d6 loi dong dién A; cua mach khuéch dai. Ti s6 I/v; dugc goi la dién dan

Hinh 8.8: Mach trén ndi tiép

Ti 56 truyén hay dg loi:
Ky hiéu A trong hinh 8.5 biéu thi ti s6 giita tin hiéu ngd ra véi tin
hiéu ngd vao ctia mach khuéch dai cin ban. Ti s truyén v/vi 1a 46 khuéch dai dién
thé hay do loi dién thé Ay. Tuong ty ti s6 truyén Ul;1a d6 khuéch dai dong dién

Hinh & 2: Mach trdn song song

truyén (d6 truyén dan-Transconductance) Gy va v/I; dugce got la dién tro truyén
Ry. Nhu vay Gy va Ry dugce dinh nghia nhu 1a ti $6 gitra hai tin hleu mot & dang
dong dién va mot & dang dién thé. Do loi truyén A chi mdt cach tong quat mat



trong cac dai luong Av, A;, Gy, Ry cia mot mach khuéch dai khong co hoi tiép
tuy theo mé hinh héa dugc sir dung trong viéc phan giai.

Ky hiéu A; duoc dinh nghia nhu 1a ti sb gitra tin hiéu ngd ra véi tin
hiéu ngd vao cua mach khuéch dai hinh 8.5 va duoc goi 1a dod loi truyén cua mach
khuéch dai voi hoi tiép. Vay thi A, dung dé dién ta mot trong 4 ti so:

I
Yo _agtoa,
Vg L
I_D:GM;“_D:RM
Vg L

Su lién hé giira d6 loi truyén A, va do loi A ctia mach khuéch dai can
ban (chua c6 héi tiép) s& dugc tim hiéu trong phan sau.

Trong mot mach ¢ hoi tiép, néu tin hiéu ngd ra gia ting tao ra thanh
phan tin hidu hoi tiép dua vé ngd vao lam cho tin hiéu ngd ra giam trd lai ta ndi do
12 mach héi tiép 4m (negative feedback).

8.3 PO LOI TRUYEN VOI NOI TIEP:

Mot mach khuéch dai ¢ héi tiép co thé duge dién ta mot cach tong
quat nhu hinh 8.10

Dé phan giai mot mach khuéch dai c6 hi tiép, ta co thé thay thé
thanh phén tich cyc (BJT, FET, OP-AMP ...) bang mach twong dwong tin hiéu
nho. Sau d6 dung dinh luat Kirchhoff dé 1ap cac phwong trinh lién hé.

_ Tin kigura
W s . T '
% T TinbSotd  Cphidchdai Xp=AX;
2@ can ban A
Xp=Xi Tdi
R, % bén
ngodl
Xe=PXo HE théng hdi|
tidp p 777
Hinh & 10

Trong mach hinh 8.10 co thé 13 mot mach khuéch dai dién thé,
khuéch dai dong dién,
khuéch dai dién dan truyén hodc khuéch dai dién tré truyén co hoi tiép nhu dugc
dién ta & hinh 8.11



|®+
S

dién thé

Khuéch dai

I

L

Khuéch dai
ding dién

)

=R

Hinh 8.11 Dang mach khuéch dai hoi tiép
(a) Khuéch dai dién thé voi hoi tiép dién thé ndi tiép
(b) Khuéch dai dién dan truyen vé6i hoi tiép dong dién noi tiép
(¢) Khuéch dai dong dién voi hoi tlep dong dién song song
(d) Khuéch dai dién tré truyén véi hoi tiép dién thé song song

Trong hinh 8.10, ndi tré nguén Rg duoc xem nhu mdt thanh phﬁn cua
mach khuéch dai can ban. B9 lgi truyén A (Avy, A;, Gy, Ry) bao gom hi€u tng cta

tai R va cua hé théng hoi tiép B 1én mach khuéch dai.

Tin hi¢u vao Xg, tin hi¢u ra X, tin hi¢u hoi ti€p X, tin hi€u trir X4 c6

——F Khué chﬂd al
v, dién din
- truyén
+
BIO_:‘:"} B
—* Rhiichda
didn tré
> truyén
B

(d)

thé 1a dién thé hay dong dién. Nhiing tin hiéu ndy ciing nhu ti s6 A va B duoc tom
tat trong bang sau day.



Tin hie’_‘q Loat hit tiép
hay ti =5 Biénthénditiép | Dongdidnndi | Dongdiénsong | Biénthé song
(a) tiep (b) song (c) song (d)
Xy Fién thé: Diong dir%n Diong d1én Biénthé
Xe, Xp Xy Pruénthé Pruénthé Diong dién Diong dién
A Ay G A1 Fpg
B i i Le e
Ty I I il

Béng 8.1: Tin hiéu dién thé va déng dién trong mach khuéch dai hdi tiép

Nhu Vay: Xd = XS - Xf = Xi

(8.1)
He¢ s6 hoi tiép B duoc dinh nghia:

0 (8.2)

Hé s6 B thudng 1a mot sd thye duong hay am, nhung mot cach tong
quat B 12 mot ham phirc theo tan s6 tin hiéu.
bo loi truyén A duogc dinh nghia:
A= X() / Xi
(8.3)

A, % 46 1ot cha mach ¢6 hdi tiép

poFo Ko X, XaoX_, (%-p%,
T :}{: :}{:S

= ;.*{1— s?} =
b

—A-PAA, = A (14+BA)=A

Al1-pa,)

— "E"‘f=

(8.4)

bai lugng A biéu dién d6 1oi truyén ciia mach khuéch dai twong tng
khong c6 hdi tiép nhung bao gdm anh huong cta hé thongB Ri, Rs.
Néu |Af] < |A| hoi tlep duogc goi 1a hoi tlep am
Néu |Af] > |A| hoi tiép dugc goi 14 hoi tiép duong




Biéu thirc 8.4 cho ta thdy khi c6 hol tiép am,do 1ol giam di(1+pA)
1an so véi d6 loi cia mach cin ban khong ¢ hoi tiép.

Do loi vong (loop gain):

Tin hi€u X, trong hinh 8.10 dugc nhan véi A khi qua mach khuéch
dai, dugc nhan voi B khi truyén qua h¢ théng hoi tiép va dugc nhan voi -1 trong
mach trdn va tr¢ lai ngd vao. Vi vay T = -BA duoc goi 1a do loi vong va dai lugng
F=1+BA=1-T dugc goi 1 thira s5 hoi tiép.

Nguoi ta thu(‘)'nr dung dai luong

N(dB) = 20log %‘ bire M(dB)=20l0g

1+BA‘

dé biéu dién anh hudng cta lugng hoi tiép 1én mach khuéch dai. Néu 1a hoi tiép
am thi N <0.

8.4 TINH CHAT CAN BAN CUA MACH KHUECH PAI CO HOI TIEP
AM:

8.4.1 Giir virng dd khuéch dai.

8.4.2 Giam su bién dang.

8.4.3 Gia ting dai tin hoat dong.

Trong mach khuéch dai hoi tiép 4m lam giam d6 loi truyén nhung lai

c6 mot s6 uu diém ndi bat nén duoc tng dung rong rai.
8.4.1 Giir virng d khuéch dai:

Thong sb cia BJT hay FET khong phai 14 mot hing sé6 ma ching
thay doi rat nhiéu theo nhiét do, ngay ca cac thong sd nay ciing khong giéng nhau
khi thay thé tir mot mau nay sang mot miu khac. Do d6, khi nhiét do thay doi hay
khi thay thé linh kién tac dong d6 loi A ctia mach sé& thay doi.

Khi ¢6 hoi tiép:

A
T 1+pA
Ta di tim su thay 381 nay khi A thay d3i.
di, dA  d(1+PA)  dA+PAdA —pAdA
A, A 14pA A(1+BA)
dh; dA 1
C TR Teph (8.5)

Vay khi mach c6 hdi tiép, khi d6 loi A ctia mach khong ¢ hdi tiép
thay d6i thi d9 lgi ctia toan mach (c6 hoi tiép) thay d6i nho hon (1+BA) lan.

Trong truong hop |[BA|>> 1 thi:

A A1
A = R —— R — (8.6)

f

=

Nghia 1a mach khuéch dai sau khi thyc hién hoi tiép 4m d6 loi chi
con tuy thudc vao hé so6 hoi ti€p ma thoéi. Thong thuong hé so6 hoi ti€p B cod thé



duoc xac dinh bdi cac thanh phf?m thu dong khong lién h¢ vai transistor nén do loi
cua mach s€ dugc gitt viing.

8.4.2 Giam sy bién dang:

Bién dang gom co6 bién dang tan sd do sy khuéch dai khong dong
déu & cac tan sb va bién dang phi tuyén do dic tinh khong tuyén tinh cia BIT va
FET lam phat sinh hai (harmonic signal) chong 1én tin hiéu duoc khuéch dai lam
bién dang tin hiéu ngd ra. Nhu v@y 0 ngd ra ngoai thanh phan tin hi¢u vao dugc
khuéch dai con c6 mot thanh phan nhiu xudt phat tir sy bién dang ctia mach, ta
datla D.

Tin hi¢u ngo ra: Xo=AX;+D

Khi ¢6 hoi tiép am, néu ta gitr Xi khong ddi thi tin hiéu ra giam vi do
loi Af< A. Nhung vi sy bién dang ti 1€ v&1 A¢nén cling giam theo.

Khi c¢6 hoi tiép am, mach khuéch dai A vin cho thanh phan bién
dang D nhung & ngd ra ctia mach toan phan sy bién dang bay gio chi con 1a Dy

De=D - PAD;
=D (1+pA)=D
D
1+ pa
Vay nhidu ciing giam di 1+pA 1an khi c6 hdi tiép am.

&7

f =

8.4.3 Gia tiing dai tan hoat dong:
Do loi truyén cua cac mach khuéch dai thuong 1a mot ham sé theo
tan s6 (xem lai chuong dap tuyén tan so).
- O tan s cao ta co:

A=t

T
1+1—
fLH
Trong d6 A, 1a d6 loi cia mach & tan sb giira
fi 1a tan so cat cao
Néu mach co6 hoi ti€p am thi dg loi truyén bay gio 1a A¢



Ay =

(1+ A, I'fn}
— Am 1
+pA, T F
(1+ pag )y
Tan =5 tai d6 48 loi glam di 3dB g vin:
f

—l=fy =1+ BA, (8.8)

(4B, iy w =l PR
Nhu vay khi thuc hién hoi tiép am, tan sd cit cao tang thém (1+BA.,)

(1 +Bﬁm)[1+j
Hay

Tuong ty & tan s6 thap:
A

m

i
1— L
L F , .
voi f 1a tan so cat thap cua mach khuéch dai can ban khong c6 hoi tiep.

Dung cach phan giai tuong tu ta cling tim duoc:

b=

£
£, = L (8.9
Y 14pa,
bé y la trong am thanh fy >> f; nén d0 rong bang tan thuong duoc

xem nhu gan bang fy; hay fy.

8.5 PIEN TRO NGO VAO:
8.5.1 Mach hdi tiép dién thé noi tiép.
8.5.2 Mach hdi tiép dong dién ndi tiép.
8.5.3 Mach hdi tiép dong dién song song.
8.5.4 Mach hoi tiép dién thé song song.

Bay gio ta xét anh hudng cta hoi ti€p am lén tong tré vao cia mach

khuéch dai.
- Néu tin hi€u hoi ti€p dua ve ngd vao la dién the va nodi tiep voi dién

thé ngd vao (hinh 8.11a va hinh 8.11b) thi tong tré vao s& ting.



I
—>
+
s () L, Hinh 8,12
’_»—r‘““ﬁ
"
=B
w
Ry = I—S

i

Vi dién thé hoi tiép v nguge chiéu véi vs nén dong dién vao I; nho
hon khi mach chua c6 hoi
tiép &m Nhu viy dién trd ngd vac R, = s 1én hon dién trd ngd vio Ri khi chira c6 hdi tidp. Phin sa
s I
ta s& thay: i
Ry =R, 0+p&)=E,F (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 trd vao sé giam.

i i Hinh 813

5
=i L
5

=P,

ﬁ

b

o Vil =Is - I nén [; (vo1 mot gia tri xac dinh cua I¢) s€ nho hon khi chua cé
hoi tiép am.
B, Lo
Viy By =8 T bi glam.
IS IS
Phén sau chiing ta s& thay
E. E.

Ry=—0™ =—_1 8.11
T 1+ps T G1D

Cac dac tinh cua 4 loai mach hoi tiép am duoc tom tit & bang 8.2




Loat hit tiép

Bnénthé nditiép | Doéngdignndi | Dong dién song | Biénthé song

_ tiép S0nNg S0Ng
Dang mau Hinh 8.11a Hinh 8.11b Hinh & 11c Hinh &.11d
E.f Giam Ting Ting Giam
Rir Ting Tang ~Giam _Giam
e Hoh Ehuéch C'ltai d16n Khu%ch dai‘die’_‘n Khuéch dai déng | Khuéch dai‘die’_‘n
' thé dén truyén d1én tré truyén
i3 N Y3
CHt vitng Aot Tang It Tang
Bing thn Tang G1am Tang Gam

Béng 8.2 Anh huéng ciia hdi tidp &m 18n mach khuéch dai
8.5.1 Mach hoi tiép dién thé noi tiép:

Dang mach hinh 8.11a dugc vé€ lai trong hinh 8.14 v4i mach khuéch
dai duogc thay thé béng mach tuong duong Thevenin. Trong mach Ayyp dién ta do
loi dién thé ctia mach ho (khong tai) nhung xem RS nhu mdt thanh phén cua mach
khuéch dai.

A . . w
Tir hinh 8.14 ta thiy didn tré ngd vho véi hdi tidp 1a By = I—S
Trong dd: ¥s = Bl +v; =E, I + Py !
A ¥, K v Ao E
v vy =Yt Yo vt
B, +E; v, ER,+E,
L R, L,
—P. —P.
) e , x
e C) v, | R, R, g L Vo
- ’_» 1: - AYNT_-Yi‘—| : _
P ), 4 ¥
‘ L
=P
VS )
ij - I_ Rﬂi Eﬂi

Hinh &.14 Mach khuéch dai héi tiép dién thé ndi tiép

Trong d6: Ayt d0 loi dién thé cua mach ho khong hoi tiép
Ay d0 loi dién thé ciia mach khong c6 hoi tiép va co Ry



Nhu vay:
AVNL = lim AV
(8.14)
Ry —»

8.5.2 Mach hoi tiép dong dién ndi tiép:
Dang mach mau hinh 8.11b duoc vé lai trong hinh 8.15

I L=L
— —_— P
4 + ‘T G, R ‘T +
Ve g) v, E Ei g E($ E o

r-ﬂ- ¥ 4—| ¥
h—

‘ =P

R]-f = ‘;—S Rm Eint

Hinh 815 Mach khuéch dai hdi tiép dong didn ndi tiép

Tirhinh 8.15,tacd: R, ="‘I’_s

Vi vy =R,L +v, =R,L + L,
T, v By
"R, +R,
I, G,R,

Bt G, =-t=
TRy R, +R,

1

VA,

(8.15)
VEY I, = Gpov, = Gy R L

Nén R, = ‘iIf_s _ RiIiI+ Bl, _R,L+ [;;GMRiIi

i i i

BUY A

Fy =R, (1+pGy) (8.16)

Va G, = limGy,
RL—)O
Trong d6: Gm la dién dan truyén ctia mach ndi tit (R, = 0)
GM la dién dan truyén cta mach khong c6 hoi tiép nhung c6 tai.
8.5.3 Mach hoi tiép dong dién song song:
Dang mach mau hinh 8.11c duoc v& lai trong hinh 8.16 v&i mach
khuéch dai duoc thay thé bang mach twong duong Norton. Trong mach nay A,



biéu thi dong dién cuia mach ndi tat (RL = 0) véi ndi tro nguén Rg dugc xem nhu
mot thanh phan cua mach khuéch dai.

1 L
—» —»
+ +
FL %3 éﬁm R N S
- 4—| 4—‘ -
R, = ;—
S K., K,

Hinh 8.16 Mach khuéch dai héi tiép dong didn song song

Tirhinh 2 16tacd =L+ =L+EL

. ALR
Wa IIZI =;ﬂzﬁ1_li
. |:|+RL
I, AR
FONBEe T T TR YR,

(8.17)
Vi Apladé lot dong dién khi khéng cé héi tidp nhung cd tai Ry, nhur véy:
IL=L+pEL =L +pA, L =11+ RAD

7, 7. )
v By =I—1u;‘aRi=I—1 ,tatim duec:
s i

Vi

B = (1+ B )L,
R

= ! <R
e 1+ BA,

(818)
i A1 =limAT
Ep—0

8.5.4 Mach hoi tiép gién thé song song:
Dang mach mau hinh 8.11d dugc vé€ lai trong hinh 8.17



Rﬂt Erlilt
Hinh &.17 Mach khuéch dai hi tiép diénthé SOME SO1E

Tt tmach trén ta cd:
I, =1 +1, =L +pv,

E LE,
RS W
Trong dd: R, _Vo_ Baly (819
i RD +RL
V5 kI, E.
"iui"" R = —1 = 11 = 1
2 T, o BaBoiL) pypfata
' E,+E; Ey+E;
Viy: . = R (8.207
I+BRy < B,
Chu y:R,, 1a dién tro truyen cua mach hé (R = oo)
Ry 14 dién trd truyén ctia mach khong c6 hoi tiép nhung c6 tai
Rp
Do do:R,, =1im Ry
) RM—)OO
8.6 PIEN TRO NGO RA:
8.6.1 Mach hoi tiép dién thé noi tiep.
8.6.2 Mach hoi tiép dién the song song.
8.6.3 Mach hoi tiép dong di€n song song.
8.6.4 Mach hoi tiép dong dién noi tiep.

Bay gio ta xét anh hudng cua hoi ti€p am 1€n dién tré ngd ra cua
mach khuéch dai.



- Néu tin hiéu héi tiép am 14y miu dién thé dé dua vé ngd vao thi
dién tré ngd ra cia mach sé€ glam (R0f<<R0)

- Néu tin hiéu hdi tiép am ldy mau dong dién dé dua vé ngd vao thi
dién tré ngo ra cua mach s€ tang (R,&>>Ry).

8.6.1 Mach hoi tiép dién thé noi tiép:

Chung ta di tim dién tro ngd ra Rer cua mach co hoi tiép nhung chua
méc tai Ry vao. Dé tim Rof, ta noi tat nguon ngo vao (vs =0, [g=0) va dé ho tai
(R, = ). Pua mot ngudn gia tudng v vao 2 ddu cta ngd ra, tinh dong dién I chay
vao mach tao ra bdi v. Dién tréd ngd ra dugc dinh nghia:

w
Rﬂf :E
Tirhinh 8 14 ta tim duwoe (VD dhroe thay thé biﬁng T
I— T — Ao W _wt [T
RI:I REI
Boivivg=0=v=v=-pV
Mén;
i E,
E.=—=—"2
T T4 Pl (8.21)

Chu ¥ 1a R, chia cho thira sb hoi tiép 1+BAyne ( chit khong phai Ay),
trong d6 Ayn 12 d6 loi dién thé ciia mach khong ¢ hoi tiép va ho (R = o).

Khi dua tai R, vao mach, dién tré ngd ra cia mach hoi tiép bay gid
la R’Of: RL //Rof.

_ RuRp  RRg 1
TR, R, 1+Phgg

[R”(HBAMJ*R

R,E, _ RoRy H(Rg +Ry)
Ro+Ry +Phug Ry |, Phur R
E,+E,
Vi B =R /Ry ladién trd ngd rakhi khing cé héi tiép nhung cé RL. MNhu viy:
o RIU
“= Tt iy (8.22)
Aga Ry

Véiﬁv=m
i} L



Chii y 1a by gio R’ chia cho thira s6 hoi tiép 1+BAy, trong d6 Ay 1a do loi
dién thé cua mach khong c6 hoi tiép nhung c6 tai Ry.

8.6.2 Mach hoi tiép dién thé song song:
Xem lai hinh 8.17. Ngat nguon ngd vao (Is = 0) va cho h¢ tai (R

Taco: R T
I
Vo 1= T Rl
RI:I
Vile=0nénl=-Ieval =-Pvy=-pv
Daodo:
I— v+ v R
RD
Hay:
I— v+pv Ry, w1+ PR, )
Rl:l RI:I
v R (8.23)
I 1+FR,

Rm: D¢ loi dién trd truyén ciia mach khong hoi tiép va khong tai.
Khi mac tai R; vao ta co:



R, R,

E' =%, HE ;=
“TTE T TR 4R,
L
RL[ d ]
n _A\IHER, ) ReRy 1
ot B4 E, 1+pR, Ro+R.+BR R,
" U14BR, 1+ PR
E R AR, +E.)
1+ ﬁRm'RL
E,+E;
ViR g =R /Ry ladiéntréngd rakhi chua cd héi tigp nhung cd tai. Tir do:
E.E
RYy=R,#R, =—"~_
Ey+E,
Va 1
L
:R-II:’I-= I:I
1+ BE 4 (2.24)
i RII].RL . n . - 2 3 = . v Ao A P
VoL Ry = N ladd lon dién trd truyén cia mach khdng cd hoi tiép nhmg cd tal
III+ L

8.6.3 Mach hoi tiép dong dién song song:
Xem hinh 8.16 v&i vy =v
Tacd I=_" _ AT
a
Véilo=0,L =-T=-pIy=pI
Wy
I=——p4,T ha _
R, Pl hay 0+pay =2

u 0

Dodd R, =%=Ru(1+ﬁf-‘ai) (8.25)

v6i Ai la @6 loi dong dién ctiia mach ndi tit (R, = 0). Khi mic R; vao:



EugBr B (I+BADEL
R, +E, R (1+BA)+ER,
R.R. 1+ B,

B, +E; 1+pAR /R, +E)
VeiE s = o MR L tatim duoc:

R =R /IR, =

R'y =

. . 1+pRA,

E' . =EFE'.
of 0 1+ pa, (8.26)

“E"iRU . . .
Trong dé A= R, TR ) ladd loi déng dién cia mach khuéch dai khdng héi tiép nhung cd tai

8.6.4 Mach hoi tiép dong dién ndi tiép:
Xem hinh 8.15 vo1 vg =0, Ry = 0.
Dung céch tinh tuong ty nhu cac phan trén ta tim duogc:

R, =R, (1+pG,) (8.27)
va
14+ BG
E',=ER, BGy (2.28)
14+ BGy

Dic tinh va thong sd ctia mach khuéch dai hoi tiép dugc tom tat trong bang
8.3. Chu y Gm la dién dan truyén ctia mach khong c6 hoi tiép noi tat (R;=0) con
Gy 12 khi c6 tai.



Darig ﬂ}ach Pién thé néi tiép Déng -5i1;1e_n not | Dong dign song | Biénthé song
Bric tinh tiép song S0ng
Tinh higu héi tiép X¢ Brién thé Biénthe Dong d1én Dang dién
Tin hidu duoc lay . ) N i N s
mau Brién the Didng dién Didng dién Bién the
Mach vao: Bat
Mach ngd ra: Bt vp=0 Iy=0 Iy=0 vp=u
MNgudn tin hidu I=0 =0 v=0 v=0
B= K}é Thevenin Thevenin MNorton MNorton
" “/ Wy I I/
b= I}{% vy I, I, Wy
' I I
F=1+BA ﬁv:"%i sz%i _L":"._I:% RM:“nIi
Af 1+Phy 1+P Gy 1+Pay 1+PRyy
R AffF G g/F AglF Ry 1/F
Rop R,F R,F R,/F R,/F
E R, (1+pG 14+ B4, E
R;0f= R_Of‘."r."IRL 1] I:I( |3 m:l I:II: |3 1) 1]
14 Bl 14+ BE,
& RID 1+|3Gm RID (1+|3_'_ﬂ_|_1:| ﬂ
] 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 13 nhan dang loai mach héi tiép.

Mach vong ngé vao (input loop) duge xac dinh 1a noi dua tin hiéu dién thé vao vS:

giita cuc nén-phat & BJT, cuc cong-ngudn & FET, 2 ngé vao ¢ mach khuéch dai

visal...

Vi¢e tron hodc so sanh dugc nhan dang la hoi tlep néu trong mach vao co

mot bd phan mach y mic ndi tiép v6i vS va néu y dugce ndi véi ngd ra. Trong
truong hop nay dién thé ngang qua vy 1a tin hiéu hoi tiep X¢= v¢ (hinh 8.11a va hinh

8.11b).

Néu diéu kién tron ndi tiép khong thoa, ching ta phai thir dang tron
song song. Nut ngd vao (input node) dugc xac dinh nhu la: Cyc nén B cua BJT
dau tién, cuc cong G cua FET dau tién, ngd vao dao cua mach khuéch dai visai
hay op-amp. Trong trudng hop ndy ngudn tin hiéu Norton duge dung trong do tin
hi¢u dong dién Ig di vao nut vao. Viéc tron dugc nhan dang la song song néu co
thanh phan nbi giita nut vao va mach ngd ra. Dong dién trong thanh phan ndi nay
1a tin hiéu hoi tiép X¢= I, (hinh 8.11c va 8.11d).




Tém lai, vi X; = Xs - Xg, nén viéc tron 1a ndi tiép néu hiéu tin hiéu
dua vao mach vong ngd vao la di¢n thé va 1a tron song song néu hiéu tin hiéu dua
vao nat ngd vao la dong di¢n.

Dai luong ¢ ngd ra dugc ldy mau c6 thé 1a dién thé hay dong dién.
Nut ngd ra ma & d6 dién thé ngd ra v, 1y ra phai duoc xac dinh rd trong mdi
truong hop Gmg dung. Dién thé v0 thudng dugc 13y & hai dau tai Ry va I, 1a dong
dién chay qua RL. Ta c6 thé thir loai lay mau theo 2 budc:

1. bat vo =0 (tic R = 0). Néu X; thanh 0, tin hiéu léy mﬁu 1a dién thé.
2.bat I, =0 (toc R = 0). Néu X thanh 0, tin hiéu ldy mau 1a dong dién.

Mach khuéch dai khong 6 hoi tlep

Ta phan mach khuéch dai co hoi tiép ra lam 2 thanh phan: Mach
khuéch dai cin ban A va hé théng hoi tiép B. Khi xac dinh dugc A va B ta tinh
duoc cac dac tinh quan trong ciia mach khuéch dai c6 hoi tiép. Mach khuéch dai
cin ban khong c6 hoi tiép (nhung hé théng B phai duoc dua vao) duoc xac dinh
bang cach ap dung cic nguyén tic sau day:

- Tim mach ngd vao:

1. Bt vy = 0 khi 14y méu dién thé (nat ngd ra ndi tat).
2. bat I, = 0 khi lay mau dong dién (mach vong ngd ra ho).

- Tim mach ngg ra:

1. Bat v; = 0 khi mach tron song song (nit ngd vao nbi tit-
khong c6 dong dién héi tiép di vao ngd vao).
2. Pt I; = 0 khi mach tron ndi tiép (mach vong ngd vao ho-
khong c6 dién thé hoi tiép dwa vao ngd vao).

Cac buoc phan giai:

Tim Ay, Ri, Rortheo cac budc sau day:

1. Nhan dang loai hoi tiép. Budc nay dé xac dinh X, va X 1a
dién thé hay dong dién.

2. V& mach khuéch dai cian ban khong cé hdi tiép theo nguyén
tac phan trén.

3. Dung nguon tuong duong Thevenin néu X, 1a dién thé va
dung ngudn Norton néu Xy la dong dién.

4. Thay thanh phan tac dong bang mach tuong dwong hop ly
(thi du thong s6 h khi ¢ tan sb thap hay thong s lai ( cho tan

sO cao).
5. Xac dinh 3pva X, tlr dé tinh duoe p = K—f
) a
6. Xac dinh A bang dinh luat Kirchhoff cho mach twong

duong.
7. Tu A, B, tim dlIQ’C F, Af, Rif, Rof, R’Of.

8.8 MACH HOI TIEP PIEN THE NOI TIEP: (voltage- series feedback)

8.8.1 Mach source-follower.




8.8.2 Mach Emitter follower.

Hai thi du v& mach hdi tiép dién thé ndi tiép quen thudc dugc khao
sat mau 12 mach khuéch dai dung FET véi cuc thoat chung (source follower) va
mach cuc thu chung dung BJT (Emitter follower).

Mot mach hdi tiép dién thé ndi tiép 2 ting dung BIT dugc dua vao &

muc 8.9.

8.8.1 Mach source-follower:

Mach dugc cho ¢ hinh 8.18a. Dién tr¢ tai la R = R. Vi mach vong
ngd vao chira thanh phan R dugc ndi véi ngd ra (vo ngang qua R) nén day la
truong hop clia mach tron ndi tiép. Tin hiéu hoi tiép Xy 1a dién thé vf ngang qua R.
Kiéu lay mau tim duoc bang cach cho vy = 0 va khi d6 v¢ = 0 nén la kiéu ldy mau
dién thé. Vi vay day la mach hoi tiép dién thé nbi tiép.

V. y ¥

G Jf— —C
" + _S—A_ vscjl- 5 E§ év,:,

v
\ & v
e
(a) (b
= D
. + V== u V= ra CE B va
O = ) = ,
] M|
|R|:uf l?’ of

()

Hinh 8.18 (a) Mach Source follower
(b) Khuéch dai can ban khong hoi tiép
(c) Mach tuong duong tin hiéu nho tan sé thap
Dé v& mach khuéch dai can ban ta theo 2 budc:
- Tim mach vong ngd vao bang cach cho v, = 0, khi d6 vg duoc dua
thang giita G va S.
- Tim mach ngd ra bang cach cho I; = 0 (ngd vao hd). Khi d6 R chi
xudt hién trong mach vong ngd ra.
Ta v€ dugc mach hinh 8.18b.




Khi thay FET bang mach twong dwong tin hiéu nho & tan sb thap ta
duoc mach hinh 8.18¢

w
X - £ \
Vi vp=vgnén [3=—v =1vavi=vs
. .

Vg _ BaVstal _ Eu ek

Tydoe: A,=—"L=
v, (r,+Ejv, r,+EK
bat #= En'a
' Gl HE.
Suy ra; Ay=—= (8.29)
¥ v, r1,+E
Va
Fol4Bh, =14—F0
oy 1+ R
rd+R
Wh vy
A _ "'ll:l.""i.i" _ LLR
g ——
F I'd+li1+|_1.:lR (8.30)

Vi dién tré ngd vao cua FET rat 16n: R; = o0 nén R;;=R,.F= o0
bé xac dinh di¢n tré ngd ra, tachu y R =Ry

.= Ry _n
T 1t Bhy, 1R (8.31)
B&riviRD=rd, B=1,Am=11mhv=p
RL—}CO
B R, Eiry r; +E E.ry

"iuTé_: E'. = = . =
T F R4 r, +(1+WR o, +(1+pR (832)

Chiaylatrongdd: Ry =Ry /Ry
. I
R, =lmR' =12
of R of 1+ LL
8.8.2 Mach Emitter follower:




Mach dugc cho ¢ hinh 8.19a. Tin hiéu héi tiép 1 dién thé v, ngang
qua Rg; va tin hiéu ldy miu 13 v, ngang qua Rg. Nhu vy day 1 truong hop cua
mach hdi tiép dién thé ndi tiép.

Dé v& mach khuéch dai cin ban khong hdi tiép ta tim mach ngd vao
béng cach cho vp = 0. Vay vg ndi tiép Rs xuét hién gitra B va E. Pé tim mach ngo
ra ta cho I; = 0 (mach vong ngd vao hd) vay Rg chi xuat hién & mach vong ngd ra.
Ta v& dugc mach hinh 8.19b. Thay BJT bang mach tuong duong tin hiéu nho ta
duoc mach hinh 8.19c.

(cj
Hinh 8.19: (a) Mach Emitter follower

(b) Mach khuéch dai can ban khong hoi tiép
(c) Mach tuong duong tin hi¢u nhd tan so thap



A
Tacd: vy=v; = Pf=-—L=1
Ty
Wi R ducre Zem la mot thanh phﬁn cha mach khuéch dai, V=Ve VA
A _E_E_&h'RE_ BE. g
g — == =
y g o Eg +pr,
E. E.+ + BE
F=1+fhy=1+ PRe Ko +Pr + PR
RS+|3re RS+|3re
RE

(8.33)

=y = G et
(re +RE) +_S
B #1 (8.34)
Dién tré ngd vio chamach khdng cé hai tifp 1a;
Ri = RS + Bre

R, +p(r, +R
SR, =R, Fo (Rg+pr,) 5 Pt Fe)
RS+&-&

Ey =FE;+pB, +Eg)
i Eg Ao e ntuy tal E1 nén
E, o

i Py, w

(8.35)

Trong d6 Ry —0 (nhin vao ngudn dong dién)

Vi
bog = lm Ay =c0

Ep—sw
ﬂéﬂR_JG:RE
Mén
B _R'D 3 Egi(E; +(r,)
===
E B +pr, +E )

(8.36)

Va

Rz—m

E. + E
Rgf — ]JIn RIDf: s |3|3re =re+FS (83?)

8.9 CAP HOI TIEP PIEN THE NOI TIEP:

Hinh 8.20 dién t& mot mach khuéch dai 2 téng méc ndi tiép co do loi
lan luot 13 Ayy, Av,. tin hi¢u hoi tiép duoc lay tir ngd ra cua tang thir 2 qua hé
thong R, R, dua nguoc lai tin hi¢u ngd vao vs.



V6i cach phan tich tuong ty nhu doan trudc, ta dé dang thay rang
day la truong hop cua mach hoi tiép dién thé ndi tiép. biéc tinh chu yéu nhu da
thay 1a tong trd vao tang, tong tré ra giam va do loi dién thé 6n dinh.

B | Ay Ay — Aoy
'k L
+ R,
“() ry ﬂ N . RT
R, «T&) _ R, “

77
(b)
Hinh £.20 (a) Cép hdi tiép dién thé ndi tiép
(b} Mach tirong duong khéng héi tiép

Mach vio ctia mach cin ban duoc tim bang cach cho vy = 0, Vay R,
hién ra song song voi R;. Ng6 ra dugc tim bang cach cho I; =0 (I’ = 0) Vay ngo ra
Ry ndi tiép voi R,. Pién thé hoi tiép vy ngang qua R, ti 1& v6i dién thé dugc lay

mau v, nén:

p= ot
W E,+E,

]
Ta xem mach cu thé nhu hinh 8.21
Trong do: Rg=0, f =50
Ta thir xac dll’lh Avf, Rof, Rif
Dau tién ta tinh d6 loi toan mach khi chua c6 hoi tiép
Ay =Avi. Ay,

(8.38)



150k,
=

%101{
=5 w1
| | & 0,
¥

47k
= 47 e=sou ,

T =

AEE A

7

é 47k 4
C|3|=5|.L

47

Tk
R Cs =|1|UIJ- -
N
Qe |Cs =5
=47k

Cy=501

= R, =1000

/77 Hinh 8.21: Cp hdi tidp tir cure thu Q 2 wéé cue phit Q1

Dung cach tinh phan cuc nhu cac chuong trudce ta s€ tim dugec:
fe1 #35Q 1o #17Q

Brei =1.75k Pre =850Q

Tai R’y la: Ry = 10k //47k //33k //850Q #813Q)
Tir hinh 8.20b ta thdy ring tai R’1, ctia Q2 1a R, //(R1+R2)

R, =4.7k //4.8k = 2.37k

Ciing tir hinh 8.20b, ta thdy tong trd cuc phat ctia Q; 1a R voi:

RE = Rl //R2 =98Q



Wl_ _RI

P& loi dinthé Aqp o 1 _ 71 =-6.11
Voo ¥y re1+RE
D& loi didn thé Loy cla Q2 a:
RI
Ayp=-0=-T12_ 1353
1 L2
= Ay =Ahy hy, =811.8
L E 1
HE 56 hdi tidp P= —Lt—=—
€50 héitigp P B4R, 43
vaBhy =17
F=1+pAy=18
A
A =?"=45.1
Néu A r rit 16nA tathiy Ag = v 1 _ug ehpxis
U Ay rit lonlhs; —ojta a}r%i T ph, P [ 1A e

Dién tré ngd vao cua mach khong hoi tiép:

R; = PBre; H(1+B)Rg = 1.75k +(51)(0.098k) = 6.75k
Khi ¢6 hoi tiép:

Rir=R;.F=121.5k
Dién troé ngd ra khi chua c6 hdi tiép:

R’O = R’LZ =2.37k
Dién tro ngd ra khi co hoi tiép:

C R _
Ry =— = 13160

8.10 MACH HOI TIEP DONG PIEN NOI TIEP

Ta xem mach c6 hoi tiép ¢ hinh 8.22.

Tt cac ly luan cia mach Emitter follower ta théy 1o 13 tin hiéu hoi
tiép X¢= vf 1a dién thé ngang qua dién tré R va la cach tron nbi tiép.

Pé thir loai lay mau ta cho vy = 0 (R = 0). Viéc 1am nay khong tao
cho dién thé vf ngang qua Rg tré thanh Ov. Nhu vay mach nay khéng lay miu dién
thé. Bay gio néu cho Iy = 0 (R = ) nghia la dong cyc thu bang 0 nén vy ngang
qua Rg cling bang 0. Vay mach ldy mau dong dién ngd ra. Vay 1a mach hoi tiép
dong dién nbi tiép.



Hinh 222

(a) Mach hdi tiép
déng didn nditiép

(b Mach can ban

khdng hoi tidp
()  Mach  tuong I R,
duong A E Al )
o ——p
() + A -

Chu y 1a mic du dong dién I, ti 1& v6i vo nhung khong thé két luan 1a
mach hdi ti€p dién thé néi ti€p vi néu dién thé 1ay mau 1a v, thi:
5% _~LRs _ Rg
vo LRy By

va B’ bay gio 1a mot ham sb cia tai R.

Mach ngd vao ctia mach khuéch dai khong héi tiép tim duoc bang
cach cho I, bang 0, Rg xuat hién & mach vao. Dé tim mach ngd ra ta cho I; = 0 va
RE cling hién dién & mach ngd ra. Mach dugc v€ lai nhu hinh 8.22b va mach tuong
duong theo thong s6 re nhu hinh 8.22¢.

Vi dién thé hoi tiép ti 1€ voi Iy 1a dong dién duoc léy mau nén v Xut
hién ngang qua Rg trong mach di¢n ngd ra (va khong phai ngang qua Rg trong
mach ngd vao).



. E.
Way: E,'zv_fz__Ez_RE
IIZI IIZI
Viwv,=venén:
Golo_ Po__ B
MU e, w, R +Pr, +Rg (8.39)
F:1+B'GM:1+—B'RE
B, +pr, +Eg
B +pr, +Eg (140
R, +Pr, +R, (8.40)
\ G - B
Va o —_TM_
M TTF R, +pr, +(1+ PR, (8.41)

Néu 1+B)Rg >> Re +Pr, thi:
_ -1 1 (8.42)

MT LT T A
Eg B

Néu Rg 1a mot dién tro ¢b dinh, do loi dién dan truyén cia mach hoi tiép
rat on dinh. Dong qua tai dugc cho boi:

— P, Vg

R, +fr, +(1+pR, Ry
Dong qua téi nhu véy ti 1€ tryc tiép voi dién thé ngd vao va dong nay
chi tuy thugc Rg. Mot ing dung 1a dung mach nay Iam mach diéu khién lam I¢ch
chum tia dién tir trong dao dong nghiém.
Do lo1 dién thé cho boi:

I, =Gy v =

E

B _ IIIIRL =G R. = - E’RL
T, ML TR, 4P +(1+AIR
Ayg# - L (8.43)

Eg
Tir hinh 8.22¢ ta thay

E,=Rg+fr.+Rg
VayRyp=R.F=Re+ pr +(1+p)Rg
#Ro + plr, +Rp) (8.44)
vi By # @nénRor=Ry(1+ PGy =
viviy R gp=FRp /MRgp=Fp (245



8.11 MACH KHUECH PAI HOI TIEP DONG PIEN SONG SONG:

Hinh 8.23 1a mgt mach dung 2 transistor lién lac truc tiép dung hoi
tiép tr cuc phat cua Q, vé cuc nén cia Q, qua di¢n tré R’. Tu cac ly luan ¢ doan
8.7 ta théy mach tron song song dugc dung va tin hi¢u hoi tiép X¢la dong dién I¢
chay qua R’ dugc ndi tr nat vao dén mach ngo ra.

= - - - - 1i'ir
Dau tién ta ddi ngudn tin hidu ve thanh ngudn Norton gém cd ngudn dong dién Iy = icha}r VAo

nit vao song song voi Rg.
| Wee

Y tiép dong didn song
Vo SONg

Vs C

L e
=

— ":&
y y +/'7> ) Hinh .23 Mach héi

Pé x4c dinh loai 1dy mAu, ta cho v, = 0 (Rc2 = 0), diéu nay khong
lam giam I, va khong lam cho dong qua Rg cua Q, xuong 0 va dong Ir khong giam
xubng 0 vay mach nay khong phal lay mau dién thé. Bay gid néu cho I, = 0 (R¢ =
), dong Iy s€ bang 0 viy mach ldy mau dong dién. Nhu viy mach hinh 8.23 1a
mdt mach hoi tlep dong dién song song. Bay gio ta s€ chirng minh rang hoi tiép
am. Dién thé vg, rat 16n d6i véi v; do Q khuéch dai. Ciling Vay, vpy 1€ch pha 180°
so vOi pha cua v;. Vi tdc dong Emitter follower, vg, thay ddi rét it so voi vgy va 2
dién thé nay cung pha. Vay vg, ¢6 bién do 16n hon v; (la vg;) va c6 pha léch 180°
so v&i pha cua v;. Néu tin hiéu vao tang lam cho Ig tdng va I; cling tang va [; = I -
I; s& nho hon trong truong hop khong co hoi tiép. Tac dong nay 1a mot dic tinh
ctia mach héi tiép am.

Mach khuéch dai khong cé hoi tiép:

Mach vio cua mach khong héi tiép tim duge bang cach cho I, = 0.
Vi dong I, khong dang ké nén cyc phat cua Q, xem nhu ho (I, = 0). Két qua la
R’ mic ndi tiép Vo1 Rg 6 cuc nén cua Q;. Mach ngd ra tim duoc bang cach nbi tat
nat ngd vao (cuc nén cua Q). Vay R’ dugc xem nhu méc song song voi R tai cuc



phat ctia Q,. Vi tin hiéu héi tiép 1a dong dién, mach ngudn duge vé& lai bang ngudn
tuong duong  Norton voi Ig = vs /Rg . Mach tuong duong cu6i cung nhu sau:
VCC

Ly

= %Rﬂ

c, c,

2O Y

Hinh 8.24: Mach khuéch
B\ o e
R% ; £ _I,: 5 y dai khong héi tiép
IS GD 'E RE%R.' TI
aell I Wl O % |
e |
R R o, Ry

Tin hiéu hoi tiép 1a dong dién I chay qua dién tré R’ nim trong
mach ngod ra. Tt hinh 8.24 ta co:

Ly <l = IIIZI|
I, R'4Rg (8.46)
Tir bang 8.3 tathiy dién tré ngd vao giam, dién trd ngd ra téng va dd 1ot dong dign Ay &n dinh.
Taco: Ay :I—Uml:RE+R (8,477
I, B Ep

B 1od dién thé:
A :E:IUR_C?:AE_R“ E+Ry R

ve LR, Eg Eg E;

R
A= i (8.48)

Néu Rg, R’, Rew, Rg On dinh thi A, 6n dinh (doc lap voi thong s6
cua BJT, nhi¢t do hay su dao dong cua nguén dién thé Vg).
8.12 MACH HOI TIEP PIEN THE SONG SONG:

Hinh 8.25a 1a mot ting cuc phéat chung véi dién tro R’ duoc ndi tir
ngd ra trd vé ngd vao. Gidbng nhu mach hinh 8.23 ta thiy mach tron song song
dugc dung va Xy la dong dién I¢chay qua R’.



+
Vg

Ko =)

K = =F IrT

v —

R,
My
=1,

of
Hinh 8.25 (a) Hbi tiép dién thé song song
(b Khuéch dai khéng hoi tidp

Néu chung ta cho v, = 0, diung hoi tiép I; s& giam t6i 0 chi rang kiéu
léy mau dién thé duoc su dung. Vay mach nay la mach khuéch dai hoi tiép dién
thé song song. Nhu thé d6 loi truyén (dién tro truyén) A¢= Ry duge 6n dinh va ca
hai dién trd ngd vao va ngd 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 ngo ra duoc xac dinh bang cach ndi tit
nat vao (v; = 0), nhu vay R’ nbi tir cuc thu dén cuc phat. Két qua la mach tuong
duong khong hoi tiép dugc vé lai & hinh 8.25b. Vi tin hi¢u hoi tiép 1a dong dién,
ngudn tin hiéu duge biéu dién bang ngudn twong dwong Norton véi Is = v /Rs.

Tin hiéu hoi tiép 1a dong dién I chay qua dién tré R’ nam trong
mach ngo ra. Tu hinh 8.25b:

=1 ——_ 249
p - (8.49)
Diéu nay chimg to rang I;ti 1¢ V01 Vo va tin hi¢u 14y mau 1a dién thé.
Véi mach khuéch dai c6 hoi tiép ta co:

vy 1
MT T i [—3
N S 2 N 1 r
Cht y rang dién tr¢ truyén bang luong am cua dién trd hoi tiép tu
ngo ra vé ngd vao. Va néu R’ 12 mot dién tr& 6n dinh thi dién tro truyén s& 6n
dinh. D¢ loi dién thé voi mach hoi tiép:

. R, PR, R, R, (8.50)




BAI TAP CUOI CHUONG VIII

fhdkknd

Bai 1: a/ Cho mach di¢n nhu hinh v&€. Tim dién thé xoay chi€u v; (theo vg
va vy). Gia sir mach khuéch dai dao co6 dién tré vao vo han va

A= by =-2000 p'= :—f= ﬁ . Rp=Rs =1k(Y; Re = 3kQ)
1] .

Transistor c¢6 cac thong sé p=100; phan cyc voi Ic = 1.3mA

b/ Tim Age=—L
V3

Es o Wach khudch +
M, 1'\/‘ ] daiddo A ] .

+ vr He théng p'

Bai 2: Mot mach khuéch dai can ban khong hoi tiép cho ngd ra 1a 30v vai
10% bién dang hoa tin bac hai (second-harmonic distortion) khi ngd vao & 0.025v.
a/ Néu 1.5% ngd ra duoc hdi tiép vé ngd vao bang mach khuéch dai
hoi tiép am dién thé ndi tiép thi dién thé ngd ra nhu thé nao?
b/ Néu ngb ra van giir & 30v, nhung hoa tin 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 dung 2 transistor c6 B
= 100; phan cuc v6i dong Ic = ImA. Céc tu dién xem nhu ndi tat & tan sb cia tin

hi¢u.



&/ Xhe dinth loai hdi tidp va tinh Aye= >

Vg
b/ Xhe dinh Rig R VAR’
% +1;UTCC
Ok 4.5k
T o~ L§
+ | "y 1 2 0
1000 = =48k
200 = =
P /;|;
e | |

Bai 4: Trong mach khuéch dai hoi tiép sau, transistor co cac thong sd
=100, phan cuc véi Ic =1.3mA. Bé qua diéu kién phan cuec.

a/ Xhc dinh loai hai tidp. Tinh A ¢ = -2

w

5

12k Lo TVeo

fklflv_

=
YA L

1k

- 7 I”lj e T

Bai_5: Transistor trong mach c6 cac thong sé P=100; phan cuc
Ic=1.3mA. Tinh:

VOl



b/ Reva Ry
of RDf va R’ 0f

| 4.7k ‘4?1«:
90k ' 90k '
4.7k = % | -
%_|I @Ql L (2 *
' imk lﬂkﬁ jmm ]
15k ST
M— |

Bai_6: Transistor trong mach co cac théng sé P=100, phan cuc véi
I=1.3mA.
a/ Vo1 Rg = 0. Xac dinh:
RMf = Vo/ Is, A\/FV()/ Vs, trong do ISZVS/ RS
Rif, R%of
b/ Lap lai bai toan vdi Rg=0.5k

‘ Wee
1001 Sl
T

+
Fs=1k i

o e

ij| v Fog




MACH KHUECH PAI CONG SUAT
(Power Amplifier)

ddkdkhdhn

Muc tiéu.

Kién thirc co ban can cé khi hoc chwong nay.
Tai liéu tham Khao lién quan dén chuong.

No6i dung:

9.1 Mach khuéch dai cong suit loai A.

9.2 Mach cong suit loai A dung bién thé.

9.3 Khio sat mach khuéch dai cong suat loai B.
9.4 Dang mach khuéch dai cong suit loai B.

9.5 IC cong suit.
Bai tap cuoi chwong.

o=

5.Van dé nghién ctru ciia chwong ké tiép.

Mach khuéch dai cong suét c6 nhiém vu tao ra mot cong suét du 1on dé kich thich
tai. Cong suat ra c6 thé tir vai trdim mw dén vai trim watt. Nhu vdy mach cong suat lam
viéc v6i bién d9 tin higu 16n & ngd vao: do d6 ta khong thé ding mach twong duong tin

hiéu nho dé khao sat nhu trong cac chuong trudc ma thuong ding phwong phap do thi.

Tuy theo ché d6 lam viéc cua transistor, nguoi ta thudng phan mach khuéch
dai cong suét ra thanh céac loai chinh nhu sau:

- Khuéch dai cong suét loai A: Tin hiéu dugc khuéch dai gin nhu tuyén
tinh, nghia 14 tin hiéu ngd ra thay ddi tuyén tinh trong toan b chu ky 360° cia 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 vung ngung. Tin

hi€u ngo ra thay ddi hon mét nita chu ky cua tin hiéu vao (Transistor hoat dong hon mot

nira chu ky - duong hodc am - cua tin hi¢u ngd vao).



- Khuéch dai cong suit loai B: Transistor dugc phan cuc tai Vgg=0 (vung
ngung). Chi mét nira chu ky 4m hodc dwong - cua tin hiéu ngd vao duoc khuéch
dai.

- Khuéch dai cong suit loai C: Transistor dugc phan cuc trong vung ngung
dé chi mot phan nhoé hon nita chu ky cua tin hiéu ngd vao dugc khuéch dai. Mach
nay thudng dugc dung khuéch dai cong suat & tan sd cao voi tai cong hudng va
trong cac ing dung dac biét.

Hinh 9.1 mo ta viéc phan loai cac mach khuéch dai cong suat.

I. & i J
i !
AN v Giéi han
i 1 cong suat
—T i II'-
Ving _.-"r A N
bao hoa H S
: AB
= A .
0 Ving feumg c  Ves

ic

a ANEVAN

]
2 J

j]
L 4




=

ic

L

Hinh 9.1

9.1 MACH KHUECH DPAI CONG SUAT LOAI A:
) Mach’ phan cuc c6 dinh nhu hinh 9.2 1a m6é hinh cia mot mach
khuéch dai cong suat loai A don gian.

Diém khac nhau gifta mach nay v mach khiéch dai tin
higu nhd 14 ngd vao w co bidn dd 1dn thang tram mV).
Mach cdng sudt loai A it duoc sir dung do cd hidu SUAL
kém Chil ¥ 14 hé s6p cha céc transistor cdng sudt
thirdmg nhd hon 100,

. Khdo sat phan cuec:



Ve =07V
Tacd: I,=-——_—" Ey
Eg
REE Il: = E’IB E:
WA T"rcE = TL'rcu: _RcIc| R:,
Dong Io cd gin han tdi da 1a Q
WV ;
R_EE = Logu Im
C Do dd ld}i oo tin hidu }r‘ao,
dé dong Iz co thé biénxdrﬁl 1om nhit va
t&t nhét, didm tinh didu hanh Q phal
I _ -I;"'TCC !
co
duoc phan cre sao cho 2K pie 0 Ur:m UO; ‘EI
_V;
Vo - )
FEe / Dy la diém phin cue Hinh 9.3

dé mach cho h1eu Ut 1ém rihdt,

. Khio st xoay chiéu:

Khi dua tin hi€u v; vao ngd vao (hinh 9.2), dong Ic va dién thé Vg
(tin hiéu ra) s& thay doi quanh diém dleu hanh Q. Véi tin hiéu ngd vao nho (hinh
9.4), vi dong dién cuc nén thay d6i rat it nén dong dién Ic va dién thé Vg 6 ngd ra
cling thay d6i it quanh diém diéu hanh.

Khi tin hiéu ngd vao 16n, ngd ra s& thay ddi rat 16n quanh diém tinh
diéu hanh. Dong I sé thay doi quanh gioi han OmA va Vcc/Re. Dién thé Vg thay
d6i gitra hai giéi han Ov va nguén Ve (hinh 9.5).



Tit1 hiéu vao

=

)

>

wen \JFT N —

0 V\c\ V; g
<\

Tin huéu (dién thé) ngd ra

Hinh 9.4 Tin hiéunhd

Tin higu vao

&

&

Vg Q
RO\

Dong tin jiéu
ngdra

L

VCE

Tin higu (di18n the)
ngdra

Hinh 9.5 Tin hiéu lén
. Khao sat cong suat:
- Cong suat cung cap dugc dinh nghia:
Piey = Vee - Ieq 9.1
- Cong suat ngo ra lay trén tai, trong trudong hop nay 1a R¢, dugce dinh
nghia:



Potac) = 1“TCE{rmsjl : IC(rms]l (9.2)

Pylac)=FR¢ ICE(ﬂnsj (9.3)
Verim) (9.4)

Pc\(a.cj = R
C

* Néu tinh theo dién thé dinh va dong dién dinh:

Fotar) = lofms - Fao
2
ICiPJ %EPJ
R,=—E g,
= (9.5)

42 2

. 2
1l 1
_ _CEmey | "CEp) | Y

Hoge Fol@c)= R, M2 ]Rc

ngipJ

Pnf_a.cjz

ox, (9.6

Hoic Poac) = Vegmey Lome
1ur'3Ei1:'3 IC(P?

A

_ T"T'3Ei1:' J'IC ip)
Pu:uf_aJ:j_ = 5

(2.7

* Néu tinh theo dién thé va dong dién dinh di dinh:



h‘rCEiP—PJ ! EJlICip—pJ ! 2J

PO(B-C> - o
W I
Po(ac) = w
Iﬂ
Cip=
Hodc: Polac) = —2 2 R
Vigip-
Hodc: Folac)= %

. Hiéu suft: r

(9.8)

(9.9

(9.10)

Hiéu sudt cia mach khuéch dai edng suat duge dinh nghia:

P
n% = 222 10004
ifdc)

. Hiéu suat toi da:

(9.11)

Ta théy trong mach cong suét loai A, Vg ¢ thé thay déi tbi da:

Vegpp max = Vec
Dong I thay doi toi da:

IQ(p—p) max = VCC/RC
Cong suat ra toi da:

-I;"'TEC

R,V
3 2R,

F olac) Max =

Céng sudt cung cap toi da;

F =V I =V Voo _ Vi
ifdey A= Voo e M= Voo T
Hiéu sudt to1 da ota mach: c C
n¥ = M_mg%
By oy max
Vi, I8R
= ——L 100%
Ve /2B
1% = 25% (9.12)

9.2 MACH KHUECH PAI CONG SUAT LOAI A DUNG BIEN THE:

Mach co ban c6 dang nhu hinh 9.6



AT
k]

Hinh 2.7

Blen thé s& lam tang hoac glam dién thé hay dong dién (tin hiéu xoay
chiéu) tiy vao sé vong quan cua cudn so cap va thu cap. O day ta xem bién thé
nhu ly tudng nghla la truyen 100% cong suét. Néu 201 Ny, Ny, vy, vo, I, I lan luot
1a s6 vong quan, dién thé tin hiéu xoay chiéu, dong dién tin hiéu xoay chiéu cua
cudn so cap va thi cip. Ta co:



v, N
I2 Nl
L N,
Pi=vi Li=Py=v. I
Y2 _h VW
v, L I, I
- A 4 .

V3
2 _r
I, L
K51
=EFE'' =F
I L 1

R, v/l I, v, v, I, N, N, (WY
R'. w/L, w, I, w, I, N, N,

N
Bt a=N— goi 141 56 vong ciia bién thé, ta cd

Nhu vay ¢6 thé xem nhu dién trd tai phan chiéu qua cudn so cap la:

— Tt — %
R_l—R_ L= 4 -R-l (914)

. DPwong thang lay dién:

Néu ta xem bién thé 1y tudng, nghia la noi tro bang 0Q. Nhu vay
khong co dién thé mot chiéu giam qua cudn so cap nén Vegqg = Vee. - Do do duong
thang lay dién tinh 1a duong thang song song VOi truc tung Ic va cat truc hoanh
Vg tai diém c6 tri s6 bang Vee. Giao diém cua duong thang iy dién tinh va dic
tuyén ra ¢ Iy tuong ung 1a diém diéu hanh Q.
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O ché do xoay chiéu, dién tré tai nhin tir cudn so cép la R’L nén duong
thang lay di¢n dong bay gio
1

268 dbe 14 - Ry v qua didm didu hanh Q. Chi ¥ 13 tin higu ra cé gidd han v8 bién 48 dih 1 Voe
VEp-p) = YCE max ™ ¥ CE min
Tetp-py = 1omaz = Imin
Ciong suat ra lay & cudn so cip 14

(T"TEEM - vCEmm}'(ICmm{ - Iijn:I

Fataey =
8
Trudmg hop bién thé I¥ twéng, cong sut nhin duge & tai ciing xip 1 céng sudt trén
. il
Tacd v, =v,=—2¥,

N

1
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Hinh 5.9
12
P, = —=1 gy IL=I2:£-IE
E, I,

. Hiéu suét:
Cong suat cung cap la:
P;(dc) =Vec - leg ., )
Cong suat ti€u tan trong bién the va transistor cong suat la:
Pq = Piwe) - Pogac)
Hi¢u suat cua mach dugc dinh nghia:

Pu:-(m:jl
% = 100%
i de)
Trong mach trén:
VEmax = 2V
V ' Binin = ©
Townas = 2log

2V (2l
= Py = M: %.vcclm

o _ 1
Vay: P (max) = B Pitde

Nén: n% max=50% _
9.3 KHAO SAT MACH KHUECH PAI CONG SUAT LOAI B
Trong mach khuéch dai cong suét loai B, ngudi ta phan cuc véi Vi =0V
nén binh thudng 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 hi¢u (ban ky duong hay am tuy thudc vao transistor NPN hay PNP). Do do



mudn nhan dugc ca chu ky cua tin hiéu & ngo ra ngudi ta phai dung 2 transistor,
moi transistor dan di€n & mdt nita chu ky cua tin hi€u. Mach nay goi 1a mach cong
suat day kéo (push-pull).

‘LQT_

Hinh 2.10 ~

Cong suit cung cap: (cong suat vao)
Ta co: Pl(dC) = VCC . IDC
Trong d6 Ipc 1a dong dién trung binh cung cip cho mach. Do dong
tai c6 du ca hai ban ky nén néu goi Ip 1a dong dinh qua tai ta co:
2

I = _1]
D )
Va
2
Pll:dﬁ:l = 1;ur|;|;. E.Itp:l (916)
Ve +2Wee
— @& — | Qi

ﬂgr— 2 [T ﬁv— —

L @ L Tai

Q
Vi IR

Hinh 9.11a Diing ngudn dai Hinh 9.11b Diing ngudn don

. Cong suit ra:
Cong suat ra lay trén tai Ry c6 thé dugc tinh:



a
¥ Lims)

ofac) = RL
Tinh theo dién thé dinh - dinh:

2

P

Y Lip-p)
P-:-(au:jl = BR
L
Tinh theo dién thé dinh:
p Vi
o T oR |
 Hiéu sudt:
P-:nl:au:]
1007
'rl% = Pil:-:b:]
a
= Vi 100%
5 .
1L'rcu: [E-I':F':':|
Vi I(py= L Linl
_ RL
W
Nén n% = = L) 10004 (9.17)
- 4 Cl: - -
Trito81 da cha VL(p} la Vi nén hidu suat té1 da 1a
T
Z100%
n% (ma)= 4 =7854% (9.18)

. Cong suit tiéu tan trong transistor cong suat:
Tiéu tan trong 2 transistor:

P2Q = Pi(dc) - Po(ac) N i
Vay cong suat ti€u tan trong moi transistor cong suat:

_ T2
o=~



. 08ng sudt ratdi da:
Cdng suit ra s& to1 da ld ?L(p) =V

'|;u;r2
P = s (9.19)
R,

: Lo H . _ Ve
Lic d6 dong dinh la: Iy = T
L

. 2
Vatri t51 da cia dong trung binh la: Incmax= o
Tri t51 da cla cong sut ngd vao:

Pitdoimax = Y0 - Tdoymax

—hp T

2 Ve
T E

L

Pitdc]rn.u-c = -E'J’T[;E . | —

(9.20)

Hiéu sudt td1 da cla mach cbng suit loat B la

P
max = —t R 1 n00g
%o Pil:dlemux
_ -I;"'Tgll IERL

————100% = T 100% =78.54%
AT 4 4

Cong suat tiéu tan toi da cua 2 transistor cong suat khong xay ra khi
cong sut ngd vao t6i da hay cong suét ngd ra toi da. Cong suit tiéu tan s& toi da

khi dién thé & hai dau tai la:



2
WValkhi dé:

DV,
=
Poquax = F FL (9213

s A ) . i A ¢
Hiéu sudt cia mach cling cd thé duge tinh nhny sau:

2
Porag = L)
2R
2 Wy
Pigae = Veedpe = Vie LT Ripj:|

P TV
= % = = q00% = = % 1009
ifde) o

= 1"TLil:'J
n%E =78.54 —"J O (9223

cc

9.4 DANG MACH CONG SUAT LOAI B:
9.5.1 Mach cong suét push-pull lién lac biing bién thé.
9.5.2 Mach cong suét kiéu dbi xirng bo tic.
9.5.3 Khio sit vai mach thuec té.

Trong phan nay ta khao sat mot s6 dang mach cong suit loai B thong
dung.

Tin hiéu vao c6 dang hinh sin s& cung cip cho 2 tang cong suat khac
nhau. Néu tin hiéu vao 1a hai tin hiéu sin nguoc pha, 2 ting cong suit gidng hét
nhau duoc dung, mdi ting hoat dong & mot ban ky cia tin hiéu. Néu tin hiéu vao
chi c6 mot tin hi¢u sin, phai dung 2 transistor cong suit khac loai: mot NPN hoat
dong ¢ ban ky duong va mgt PNP hoat dong ¢ ban ky am.

Pé tao duoc 2 tin hiéu nguoc pha & ngd vao (nhung cung bién do),
nguoi ta c6 thé dung bién thé co diém gilta (bién thé dao pha), hoic ding
transistor mic thanh mach khuéch dai c6 do loi dién thé béng 1 hoac dung op-amp
mic theo kiéu voltage-follower nhu dién ta bang cac so do sau:



;E'U— ir; hiéu vao
ting Ec’:‘;ng Vao tin
A suat cong suat
(a)
Woltage -follower
N a‘g
7 ciau:u
Vao t’é‘mg cong
suEt
/"HV D—ﬂ‘j
(e}

Woltage-follower
Hinh 2.12: Tao 2 tin hiéu ngirge pha

9.4.1 Mach khuéch dai cong suét Push-pull lién lac bing bién thé:
Dang mach co ban nhu sau:

| I Hinh 9.13

IR
‘QU ‘ ‘ Hee ‘ ‘ , 4 RL
Q1 dan
}%7
Bifn thé tao 2 tin s “Q_gdgﬂ

hiéu noroc pha Bién the ned ra

- Trong ban ky duong cua tin hi€u, Q, dan. Dong i, chay qua bién
thé ngd ra tao cam tng cip cho tai. Luc nay pha cua tin hiéu dua vao Q, 13 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 ung cung cip cho tai. Trong luc d6 pha tin
hiéu dua vao Q, 1a 4m nén Q, ngung dan.



Chu y la 1; va 1, chay ngugc chiéu nhau trong bién thé ngd ra nén
dién thé cam Gmg bén cudn thir cip tao ra boi Q; va Q, ciing nguoc pha nhau,
chung két hop v6i nhau tao thanh ca chu ky cta tin hiéu.

W .
L Fs Eién dﬂ.ﬂg
Tuyeén tim

/\ ___/ .
\/

Hinh 2.14

Thuc té, tin hiéu ngo ra 1éy dugc trén tai khong dugc tron ven nhu trén
ma bi bién dang. Ly do 1a khi bat ¢ddu mot ban ky, transistor khong dan dién ngay
ma phai cho khi bién do vuot qua dién thé nguong Vgg. Su bién dang nay goi la su
bién dang xuyén tam (cross-over). Pé khic phuc, ngudi ta phan cuc Vi dwong mot
chut (thi dy ¢ transistor NPN) dé transistor ¢ thé din dién tot ngay khi o tin hiéu
ap vao chan B. Cach phan cuc nay goi la phan cuc loai AB. Chu y 1a trong cach
phan cuc nay do dan dién cua transistor cong suat khong dang ké khi chua co tin
hi¢u

Ngoai ra, do hoat dong voi dong Ic 16n, transistor cong suat dé bi nong
1én. Khi nhiét d¢ tang, dién thé ngudng Vg giam (transistor dé dan dién hon) lam
dong Ic cang 16n hon, hién tuong nay chong chét din dén hu hong transistor. bé
khic phuc, ngoai viéc phai giai nhiét ddy du cho transistor, nguoi ta mac thém mot
dién tré nho (thudng 1a vai Q) ¢ hai chan E cia transistor cong suat xudng mass.
Khi transistor chay manh, nhiét dg tang, Ic tang tic I lam Vg tang din dén Vg
giam. Két qua Ia transistor dan yéu tro lai.

+3W e

% e

Hinh 215 Mach khuéch dai c{:‘nng S}lﬁt loai AR dung hién
thé d4o pha va bién thé xudt dm



Ngoai ra, nguoi ta thuong mic thém mét dién trd nhiét co hé sd nhiét Am
(thermistor) song song v&i R, dé giam bot dién thé phan cuc Vi bu trir khi nhiét
do6 tang.

9.4.2 Mach cong suit kiéu dbi xirng - bd tic:

Mach chi c6 mot tin hiéu ¢ ngd vao nén phai dung hai transistor
cong suat khac loai: mot NPN va mot PNP. Khi tin hiéu 4p vao cuc nén cia hai
transistor, ban ky duwong lam cho transistor NPN dan dién, ban ky am lam cho
transistor PNP dan dién. Tin hiéu nhan dugc trén tai 1a ca chu ky.

_I_-hurlﬁlﬁl
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Hinh 9.16a: Mach cdng suft suft kifu d81 ming - bd tic

AON I:: —_I_—_hufccl AL
L) . _
LA =

a E > T -Vees t
/\OFF

Hinh 9.16b: Ban k durong-Qp din, Qz ngung

1L
-

L J

Vi

Ve L]

) . _

i ﬁ 1+ 7 -
VON > I:: | Jurccz \/

Hinh 9.16¢: Bén ky 4m-Q1 ngung, Q2 dén
Ciing gidng nhu mach ding bién thé, mach cong suit khong dung bién the méic
nhu trén vap phai su bién dang cross-over do phan cuc chan B bang Ov. Dé khic

1
-

L




phuc, ngudi ta cling phan cuc mdi cho cac chan B mot dién thé nho (duong dbi véi
transistor NPN va am doi voi transistor PNP). D€ 6n dinh nhiét, & 2 chan E cling
duoc mac thém hai dién tré nho.

560€2

cel

=5 T"i -

Q2 -Iiurl: C2

560L2
Hinh 9.17: Mach d8i simg-bd tic loai AR
Trong thyc té, dé ting cong sgéit ciia mach, nguoi ta thuong dung
cac cdp Darlington hay cap Darlington_cdp hoi tiép nhu dugc mo ta ¢ hinh 9.18 va
hinh 9.19.
5600

—" "/~ Dailington

— O L,
102
40pF

i — | W + —L

10 pp—— N 1

Darlingto

N\ WT
5600 J,/"f 022 4-607

Tal AC khi chira ndl loa '

Hinh 9.18: Céng suét ding 2 cép Darlington
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Hinh 9.19: C8ng sudt ding cép Darlington-cip héi tiép
9.4.3 Khao sat vai dang mach thuec té:
Trong phan nay, ta xem qua hai dang mach rat thong dung trong
thue té: mach dung transistor va ding op-amp 1am tang khuéch dai dién thé.

9.4.3.1 Mach cong sudt véi tang khuéch dai dién thé la

transistor:
Mach c6 dang co ban nhu hinh 9.20
4700
5200
2
47pF +EE
3.90
In
295k 470l F
AN I
3.90
100pF ? 4,7k Tal
- D,
2, 4-800
ES

1 5
l/"l 1
_ 1|-Ij|- @
§3.9k 270
ST /i

Hinh 2.20

Cac dac diem chinh:

- Q la transistor khuéch dai dién thé va cung cép tin hiéu cho 2
transistor cong suat.



- D; va D, ngoai viéc 6n dinh dién thé phan cuc cho 2 transistor
cong sut (gitt cho dién thé phén cuc gitra 2 chan B khong vuot qua 1.4v) con ¢o
nhiém vy lam dudng lién lac cap tin hiéu cho Q, (D; va D, dugc phén cyc thuén).

- Hai dién tr& 3.9( dé 6n dinh hoat dong cia 2 transistor cong suat vé

phuong di¢n nhiét do.

- Tu 47pF tao hoi tiép duong cho Q,, muc dich nang bién do cua tin
hi€u & tan so6 thap (thuong dugc goi la tu Boostrap).
- Viéc phan cuc Q quyét dinh ché do lam viéc ciia mach cong suat.

9.4.3.2 Mach cong suit véi ting khuéch dai dién thé 13 op-amp
Mot mach cong suét dang AB voi op-amp dugc mo ta nhu hinh
9.21:
- Bién tr& R,: dung chinh dién thé offset ngd ra (chinh sao cho ngd
ra bang Ov khi khong c6 tin hiéu vao).
- Dy va D, phan cuc thuédn nén:
V31: 0.7v
VBZZ -0.7v

=Ry,
10027 1W
Ry [ T410C5%
..-o—"_::'_ o
+
Py

1007, L
jmﬂf it o
/J7 []JHIEZ Vs a8l N

Janizi

Kt
on, Bi
-
EGDQ-‘::__:ni \T
<
100u
F i “Wee = -6V
A

== Fa Hinh 9.21

-
G.&"§
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- Pién thé Vg cua 2 transistor cong suét thuong duogc thiét ké

khoang 0.6v, nghia 1a d6 giam thé qua dién tr6 10Q 14 0.1v.

- Mot cach gan dung dong qua D; va D, 1a:

v
ki T Y
R, 560
- Déng cire thu cia hai transistor cdng suét:
W
I. =1, gizmzmm
TR TR 00

Nhu vay ta thiy khong c6 dong dién phan cuc chay qua tai.
- Dong dién cung cip tong cong:

=L +I+Ic=17+9.46+10=21.2 mA
(khi chua c6 tin hi¢u, dong cung cép qua op-amp 741 la 1.7mA -nha
san xut cung cap)
- Cong suit cung cap khi chua c6 tin hiéu:

Pin (standby) = 2V ¢ . I, (standby)

=(12v).(21.2) =254 mw
- D6 khuéch dai dién thé cia mach:
A, w1427 21452 g
E, 10
- CBng suft ra trén tai:

_ (TUTDILDJ I“E) v'iipil

Pl:-l:n-:j -

R, 2R,
g1a sir tin hidu vao cd bién dd dinh 1a 1087 mv
Tacd:

vo(pf@.z 1087 = 1y (p)
Do dd:

1
F = — =0.0625watt
ofac) 2800

- Dong dién qua tai:



Yiip)

Dong trung binh chay qua mdi transistor khi ¢d tin hiéu:
Ine = L /741
_ 125mA
om
- Didng cung cép kdu cd tin hidu:
L=0+I+Ipa=17+946+498=61mA
- C8ng sut cung cép khi cé tin hidu:

- Hiéu sust:

alpl

+10md =49 8md

=
9®1=;ﬁﬂ¢0m¢=%%§¢om¢=ejﬂa

ifde)
- Chi ¥ ring khi Qq din, Qo ngung nén:

- Pién thé dinh qua tai:

Vop) =0.125 . 8=1v )
- Khi Q, dan (ban ky duong cua tin hi¢u), dién thé dinh tai chan B

cua Q la:

VBl(p) = VEl(p) +0.7v=2.25+0.7=295v
- Dién thé tai ngd ra clia op-amp:

V1 = VB] - VDl =2.95-0.7=2.25v
- Tuong tu khi Q, dan:

VB,Q(p) = VEZ(p) -0.7v=-2.25-0.7=-2.95v
- bién thé tai ngo ra op-amp:

V1 = VBZ(p)+ VD2 =-295+0.7=-2.25v
- Khi Q; ngung (Q, dan)

V31 = V] + VDI =-225+0.7=-1.55v
- Tuong tu khi Q, dan (Q, ngung)

Vg, =V -Vp,=2.25-0.7=1.55v
- Dong bao hoa qua mdi transistor:

I%M:Rj&c - _3333ma

L +R, 10+8

- bién thé V, tdi da:

Vo) max = 333.3 * 8 =2.67v




|

-2 25w
1.55v

anh 9.22: Dang séng clia mach khudch dai

9.4.3.3 Mach cong suat dung MOSFET:

Phan nay gidi thieu mot mach dung MOSFET cong suat Vo1 tang
dau 1a mot mach khuéch dai vi sai. Cach tinh phan cyc, vé nguyén tic ciing gidng
nhu phan trén. Ta chi y mdt s6 diém dic biét:

- Q; va Q, la mach khuéch dai vi sai. R, dé tao dién thé phan cuc cho
cuc nén cua Q. Ry, C,; dung dé gioi han tan sd cao cho mach (chéng nhiéu & tan
s cao).

- Bién tré R tao can béng cho mach khuéch dai visai.

- Ry3, Rys, C5 12 mach hoi tiép 4m, quyét dinh do loi dién thé cua
toan mach.

- Ry5, C, mach lgc ha thong c6 tac dung giam séng du trén nguén
cap dién cua tang khuéch dai vi sal.

- Q4 ding nhu mét ting dao pha rap theo mach khuéch dai hang A.
- Q3 hoat dong nhu mot mach on ap dé 6n dinh dién thé phan cuc &
giita hai cuc cong cua cip cong suét.

- Dy dung dé gid1 han bién do vao cuc cong Qs. Ryg va Dy tac dung
nhu mot mach bao vé.

- Ry7 va Cg tao thanh tai gia xoay chiéu khi chwa méc tai.
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Hinh 9.23 Cong suat 30W dung MOSFET
9.5 IC CONG SUAT:
Trong mach cong suat ma ting dau 1a op-amp, néu ta phan cyc bang
ngudn don thi mach cé dang nhu sau:
-R, R, dung de phan cuc cho ngd vao co di¢n thé bang VCC/2
- Mach héi tlep am gom R, Rg va C3 voi Ry << R;. tu C; dé tao do
lgi dién thé mot chiéu bang don vi. Nhu vay khi chua c6 tin hi¢u vao, & hai ngod
vao + va ngd vao - ciing nhu & ngd ra cua ting op-amp déu co dién thé phan cuc
b?mg Vec/2, b?mg véi dién thé mot chiéu & ngo ra cia mach cong Suét.

-Tu G, (tu xuat) dé ngan dién thé mot chiéu qua tai va dam bao dién
thé phan cuc ngd ra bang VCC/2
- D6 loi dién thé cua toan mach: Av ~ 1+R-/Rg
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Cac IC cong suat thuong duoc ché tao bén trong co cau tric gan
tuong ty nhu mach trén. Véi nhimg IC cong sut 10n, tang cudi c6 thé 1a cac cip
darlington-cap hoi tiép. Ngoai ra dé nang cao chat lugng, nguoi ta con che tao
thém mot s6 mach cé chirc nang dac biét nhu bao vé ndi tat ngo ra, bd chinh tan s ...

Thi du ta xem Ic cong sudt LM1877 (bén trong ¢ 2 mach cong suit
v6i cong suat ra toi da 1a 1w/kénh) c6 so d6 chan nhu sau:



M (G @)
R
—® Chat pat 2

Chat pat. 1

an | D | an
o | (D | =
2L @2

|7
Inputl .’ <_@ In put 2

Feed back1 : I _. Feed back 2

Hinh 2.25: fordd chin IC LM 1877

Mach sau déy cho thiy cach rap thanh mach cong suat Iwatt v6i cac
linh kién bén ngoai khi dung 1 kénh.

L= SE Vo= v
J; R, = 120K
+
C5 = 1000pF
v, N + 1000 F -
+N - Wy
C, = 1yF N
Ey=2"700 8L
Cj =.1
|
R; = 500 Cy =47pF

Cy = 100QF
Hinh .26: Mach cong sudt 1w diing LM 1877

Trong d6 cht ¥ mot sb dic diém:
- R,, C7, Ry, C, quyét dinh do khuéch dai ciia mach (mach hdi tiép
am).
- R4, Cs 1am tai gia cho mach va diéu hoa téng tro loa & tan sb cao.



-Tu G, quyét dinh dap ung tan so cao.
- R; dé phan cuc ngd vao.

R, khéng duogc qua nho sé le‘l‘m b;én do tin hiéu vao.
- bg khuéch dai ciia mach ¢ tan so gitra
Ay = 1+£=1+1DD.103
R, 500
- B1én 45 tin hidu ra ki wilp) = 20mw
vo(p) =20 201 = 4 volt

- Cong sust ra:

=201

Ve 42
UB) = 2 = Twatt

2R, 28

Trong truong hop rap 2 kénh, mach dién nhu hinh sau:

Pu:u 1=

+Ver
47pF 1000pF
|—| =
Q
@%

[

100uF
P
18 ‘
Vig I - +
5;\:!?201: szf
I+ -
A O
vas _N+$12m=
ik Onk
S0DC
RN Omb
2
/;J7 100uF G

47pF

N

Hinh @27 Mach céng sudt  stereo ding LM 1877
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BAI TAP CUOI CHUONG IX
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Bai 1: Tinh cong suat vao, cong suat ra va hi¢u suat ciia mach sau, bi€t rang
khi ¢6 tin hi¢u ¢ ngd vao dong I s€ dao dong vdi bién dd dinh 1a 10mA.

oo =+20%
Frp=1k F-=2000
[ B =255

Wi

Bai 2: Trong mach khuéch dai cong suat sau day:
1. Tinh céng sudt vao, cébng sudt ra va céng suit
tiéu phi trong mdi transistor.
2. Tinh cong sudt va hiéu suat ciia mach khi tin hiéu vao c6 bién do
hiéu dung 1a 12V (1,).

ki 25%

. ¥ L
i R3
2 =40

-5V

Bai 3: Mot mach cong suét loai A dung bién thé véi ti s6 vong 4:1. Dung

nguén cép dién Ve = 36V dé mach cho cong suét 2 watt trén tai 16Q.

Tinh:

a/. Py trén cudn so cép.

b/. VL(ac)- )

¢/. V() trén cudn so cap.

d/. Tri hiéu dung cua doéong dién qua tai va trén
cudn so cép.



Bai 4: Mot mach khuéch dai cong suit loai A nhu hinh v&. Xac dinh:
a/. Do loi dién thé gan dung cua mach.
b/. C(A)Ilg SUélt vao Pi(dc)-
c/. Cong suit ra Po(ac)-
d/. Hiéu sudt cua mach.

Cho biét dong tiéu thu cua LM324 khi chua c¢6 tin hi¢u 1a 0.8mA.

n vcc=12"-.-"
100pF

Bai 5: Trong mach cong suét hinh 9.23 cho biét Vs cua IRF532 thay doi
tr 2v dén 4y \{2‘1 Vs cua IRF9532 thay doi tur -2v dén -4v. Mét cach gan dang,
tinh di¢n the toi da va toi thi€u gitra 2 cuc cong cua cap cong suat.



Muc tiéu.

o=

Noi dung:
10.1
10.2
10.3
10.4

Chuong 10

MACH DAO PONG (Oscillators)

ddkdkhdhn

Kién thirc co ban cin c6é khi hoc chwong nay.
Tai li€éu tham khdo lién quan dén chwong.

Mach dao dong sin tan sb thi(lp.

Dao dong sin tan so cao.

Dao dong thach anh.

Dao dong khong sin.

Bai tap cudi chwong.

5. Van dé nghién ciru ciia chwong ké tiép.

Ngoai cac mach khuéch dai dién thé va cong suit, dao dong
cling 1a loai mach can ban cia nganh di¢n tir. Mach dao dong
duoc stir dung phd bién trong cac thiét bi vién thong. Mot cach
don gian, mach dao dong la mach tao ra tin hi¢u.
Téng quat, nguoi ta thuong chia ra lam 2 loai mach dao dong: Dao dong
diéu hoa (harmonic oscillators) tao ra cic song sin va dao dong tich thoat (thu gidn
- relaxation oscillators) thuong tao ra cic tin hi¢u khong sin nhu rang cua, tam

giac, vuong (sawtooth, triangular, square).
10.1 MACH DAO PONG SIN TAN SO THAP:

10.1.1
10.1.2

Dao dong dich pha.

Dao dong cau Wien.




Ta xem lai mach khuéch dai c6 hoi tiép

Wz Wi Fhuéch ﬂai Wi
’{} » hy= |Av |£E'A >
]
Ve Hé théng hdi tiép
p=1plL0g «
V.= VS + T-.Tf
Ay=2
Wi
W
p= =
W

- Néu pha cua v¢ léch 180° so voi v ta ¢6 hoi tiép am.

- Néu pha cia v; cung pha voi vy (hay 1éch 360°) ta co hdi tiép
duong.

D6 loi ctia mach khi c6 héi tiép:

W W, W W, +w

A =2=2 top =1
W, VoW, W,

B g

A (1+_:. A (140

5 £

ZAU(1+BA£E)=AU+|3AU‘£‘T

A= s (1013
1-ph,

Truong hop dic biét BA, = 1 dugc goi 1a chuan ct Barkausen
(Barkausen criteria), lic nay Ar tr6 nén v6 han, nghia la khi khong c6 tin hi¢u
nguon vy ma van co6 tin hi¢u ra v, tirc mach tu tao ra tin hi¢u va duoc goi 1a mach
dao dong. Tom lai diéu kién dé c6 dao dong la:

BAv=I

04 + 0p = 0° (360°) didu kién nay chi thoa & mot tan sb nao do, nghia
1a trong hé théng hoi tiép duong phai c6 mach chon tan s6.

Néu BAv >> 1 (dung diéu kién pha) thi mach dao dong dat on dinh
nhanh nhung dang séng méo nhiéu (thién vé vudng) con néu PAv > 1 va gan bang



1 thi mach dat dén d6 6n dinh cham nhung dang song ra it méo. Con néu BAvV <1
thi mach khong dao dong dugc.

10.1.1 Dao dong dich pha (phase shift oscillator):
- Tao song sin tan sd thap nhat 13 trong dai 4m tan.
- Con goi 1a mach dao dong RC.
- Mach ¢6 thé dung BJT, FET hodc Op-amp.
- Thudng dung mach khuéch dai dao (1éch pha 180°) nén hé thong
héi tiép phai 1éch pha thém 180° dé tao hdi tiép duong.

a. Nguyén tic:

EPr dao Av
(1&ch pha 180%)

v

L J

Ha théng héi tidp p
(léchpha 180% |«

Hinh 101
- Hé thong hoi tiép gdbm ba mac R-C, mdi mac cé do léch pha tbi da
90° nén dé do léch pha 1a 180° phai dung ba méc R-C.
- Mach tuong duong tong quat ctia toan mach dao dong dich pha dugc mo

td ¢ hinh 10.2

Z Z Z
W= Eq Vo=V,
R A\t N N N
|| |1 |1
O~
R ™~ E R R
S
Hinh 10.2

Néu R; rat 16n va Ry nho khong dang ke
Ta co: vo=v; = Av.v;
Vi=Vp



- Hé thong hoi tiép gdom 3 mac C-R, va duoc vé lai nhu hinh 10.3.
[ Z Z

N CO I =R
~ 13 1z 1z

o I t t

| | | |
| | | | ‘ | | t

Hinh 10.3

- Dé phan giai mach ta theo 4 budc:
+ Viét phuong trinh tinh d6 loi dién thé p = v,/v, ctia hé théng
hoi tiép.
+ Rut gon thanh dang a + jb
+ Cho b = 0 dé x4c dinh tan s6 dao dong f,
+ Thay f, vao phuong trinh ctia budc 1 dé xac dinh gia tri cua
B tai fo.

Bé vy p= Vol = Riy

v
Tirhinh 10.3,tacéd:
!
1+ (@C iy + Ry - i) =0 (10.2)
!
Rl - i) + (- @C iy + Ry - ixy=0  (10.3)
1
Riz - ig) + (-] oC Jiz + Riz=0 (10.4)
1
S'Ll}i" ra. CR- _j @ )11 - R_12 +[:|13 :Ul
1
1
01 - Rip +(2E. -] C Jiz =0
Tir do:
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DPé mach 1éch pha 180°:

1 6
o R*C* Ra,C

= 0= o,RC =60 R°C°

=1=60R *C = o =

£R A2
1
Trdd @, =—— 10.5
o 1] »\l'IERC ( )
Va g, = 1 (10.67
O 6RC

Thay ®, vao biéu thirc ctia B ta tim dugc:



"o 2 -

]
1 2 ~3
—— | Rk C
(«J’ERCJ
Déu try cho biét hé thr’f:ng hdi tié‘p co dd léch pha 180
Tir B4, = 1 = D5 khuéch dai vong hd A 229,

1
Tém lai: £ = 2m-f6RC
1]
by = 297180

b. Mach dich pha dung op-amp:

- Do op-amp c6 tong tro vao rat 16n va tong trd ra khong dang ké
nén mach dao dong nay minh hoa rat tot cho chuan cr Barkausen. Mach cin ban
duoc vé & hinh 10.4

- Tén s dao ?C)ng duoc xac dinh bai:

PTAJ6RC
vadd lon dong hd:

D:

+
R
C C C
| | | |
[ [ [
R R R
Hinh 10.4

¢. Mach dao dong dich pha dung FET:

- Do FET c6 tong trd vao rat 1on nén ciing thich hop cho loai mach
nay.

- Tong tr¢ ra cua mach khuéch dai khi khong c6 hoi tiép:
RO = RD||rD phai thiét ké sao cho R, khong dang ké so voi tong tr¢ vao cua hé
thong hoi tiép dé tan s6 dao dong van thoa man cong thurc:



1
~ 2mf6RC
Néu diéu kién trén khong thoa man thi ngoai R va C, tan sd dao
dong s€ con tuy thudc vao Ry (xem mach dung BIT).
- b6 1o vong hé cta mach: Ay = -gin(Rpl|rp) = 29 nén phai chon Fet
cO gm, Ip 16n va phai thiét ké vdi Rp tuong doi 1on.

i

+%on
=F

)

N
b

Hinh 10.5

d. Mach dung BJT:
- Mach khuéch dai la cuc phat chung c6 hoac khong c6 tu phan dong

cuc phat.
+W e

)
R,j—iicz S S >

Hinh 10.6




- biéu kién téng tro vao cua mach khong thoa man nén dién tré6 R
cudi ciing ctia hé thong hoi tiép la:
R=R"+(Ry[[Ry]|Zy) (10.8)
Véi Z, = Pre néu co Cgva Z, = B(r. + Rg) néu khong c6 Ck.
- Tong trd cia mach khi chua c¢6 hoi tiép Ry ~ Rc khéng nho 1am nén
lam anh huéng dén tan sé dao dong. Mach phan giai dugc vé lai

vo= A G) vy if? | R i | R §v3=R.i3
Yo=mw" -

Hinh 10.7
-Ap dung cach phéan giai nhu phan trudc ta tim dugc tan s dao
dong:
S 1 (10.9)
. = : :
2IEC
44t
E
vhhe & hditidp p=-— ! : (10.10)
E E
204235 44 2
E E

- Thu(‘)'ng nguoi ta thém mot téng khuéch dai dém cuc thu chung dé
tai khong anh huong dén mach dao dong.

10.1.2 Mach dao dong ciu Wien: (wien bridge oscillators)
- Cling 1a mét dang dao dong dich pha. Mach thuong dung op-amp
rap theo kiéu khuéch dai khong dao nén hé thdng hoi tiép phai co do léch pha 0°.
Mach cin ban nhu hinh 10.8a va hé thdng héi tiép nhu hinh 10.8b



Ra
Ra
(k)
(a)
Hinh 10.8

Ta cd:

R1

v, (1+ joR,C, )
P=1. = i i
bRy +- + ,
jwC,  (1+joR,C))
R1

(1+ joR,C,)

R, (0C) 1+ joR ,C )+ 1+ joR,C) + joR  C,
jaC, 1+ jok ,C))
_ E, J0C, (1+ Jok,C) )
(1+ joR C,) [joR,C, - ®*RR,C,C, +1+joR ,C, + joR ,C, ]

jok ,C,
- (1- @*R,R,C,C0+ jwlR O, + R, C, + By C, )

@k, C,

@R, +R,C, +R,C, )+ 'R, R ,C,C, — 1)

Tai tan s6 dao dong ,:



©g°RqRyCqCy - 1=0
! !

=@y = =, = (10.11)
T RE,CC, ' 2nfRE,CC,
Khi dé:
B K, Cy _ E,C,
,(R,C, +R,C, +R,C,) R,C,+R,C,+R,C,
1
. S— (10.12)
R, C
1+—=+ 1
Rl c2

Néu chonR; =Ry =RvACy=Csy=C. Tacé pz— v -1
RC+RC+RC 3

= A,=3Va L= (10.13)

ZnE.C

Trong mach co ban hinh 10.8a, ta chu y:

- Néu d6 loi vong hd A, <3 mach khong dao dong

- Néu do loi vong hé A, >> 3 thi tin hiéu dao dong nhan duogc bi
bién dang (dinh dwong va dinh 4m cua hinh sin bi cit).

- Céch t6t nhat 1a khi khoi dong, mach tao A, > 3 (dé dé dao dong)
xong giam dan xubng gan bang 3 dé co thé giam thiéu téi da viéc bién dang.
Nguoi ta ¢6 nhiéu cach, hinh 10.9 12 mét vi du dung diode hoat dong trong ving
phi tuyén dé thay d6i do loi dién thé ciia mach.

- Khi bién d¢ cua tin hi¢u ra con nho, D;, D, khong dan dién va
khong anh hudng dén mach. D6 loi dién thé cua mach lic nay la:

R
A,=1+=+ =32
RE

- Do loi nay da dé mach dao dong. Khi dién thé dinh cua tin hiéu
ngang qua R, khoang 0.5 volt thi cac diode s& bat ddu dan dién. D, dan khi ngd ra
duong va D, dan khi ngd ra am. Khi ddn manh nhét, dién thé ngang diode xap xi
0.7 volt. B¢ y 1a hai diode chi d?m dién & phan dinh cia tin hiéu ra va né hoat dong
nhu mot dién tré thay doi ndi tlep v0i Rs va song song voi Ry lam glam do loi cua
mach, sao cho d¢ loi lic nay xudng gan bang 3 va c6 tic dung lam giam thiéu su
bién dang. Viéc _phan giai hoat dong cua diode trong vung phi tuyen tuong dbi
phtrc tap, thuc té ngudi ta mic thém mot dién tré Rs (nhu hinh v¢) dé diéu chinh
dd loi ciia mach sao cho d6 bién dang dat dugc ¢ muc thap nhéat.



Ci Ry _I/R,

' LAk 33k Hinh 10.9
R3 T E - A

15]i "Ij.ﬁ Chinh bién dang

Es
100k

- Ngoai ra ciing nén dé y 1a do bién dang s& cang nho khi bién db tin
hiéu & ngd ra cang thép. Thuc té, dé léy tin hi€u ra cua mach dao dong nguoi ta co
thé mic thém mot mach khong déo song song v6i R;C; nhu hinh vé& thay vi mic
ndi tiép & ngd ra cua mach dao dong. Do tong tré vao 16n, mach nay gan nhu
khong anh huéng dén hé thong hoi tiép nhung tin hiéu ldy ra c6 do bién dang duoc
giam thiéu dang ké do tac dong loc cua R,C;.

- Mot phuong phap khac dé giam bién dang va ting d6 6n dinh bién do tin

hi€u dao dong, nguoi ta sit dung JFET trong mach hoi tiép am nhu mot dién tro thay doi.
Lac nay JFET dugc phan cyc trong vung dién tr¢ (ohmic region-vung ID chua bao hoa)

va tac dong nhu mot dién trd thay ddi theo dién thé (VVR-voltage variable resistor).

- Ta xem mach hinh 10.10



Hinh 10.10

- Dy, D, dugc dung nhu mach chinh lvu mdt ban ky (am); C; 1a tu
loc. Mach nay tao dién thé am phéan cuc cho JFET.

- Khi cip dién, mach bat ddu dao dong, bién do tin hiéu ra khi chua
du 1am cho D, va D, dan dién thi Vs = 0 titc JFET dan manh nhét va rg nho nhét
va do loi dién thé ciia op-amp dat gid tri tdi da.

- Sy dao dong tiép tuc, khi dién thé dinh ngd ra am dat tri $6 xép Xi -
(V,+0.7v) thi D, va D, s& dan dién va Vgg bat dau 4m.

- Su gia tang cua tin hi¢u di¢n thé dinh ngo ra s€ lam cho Vgg cang
am tuc rys tang. Khi rys tang, do 1oi A, cua mach giam dé cudi cung dat dugc do loi
vong béng don vi khi mach hoat dong on dinh.

- Thyc té, d& mach hoat dong o diéu kién t6t nhat, nguoi ta dung
bién tro R, dé c6 thé chinh dat d6 bién dang thap nhat.

Vén dé diéu chinh tan sé:

- Trong mach dao dong cau Wien, tan so va hé so hoi ti€p dugc xac
dinh bang cong thirc:

1 5:;

£y = 5 E, C
:I'I:,,I'FLIRECIC2 1+R_+C_

1 2

- Nhu vay dé thay doi tan s6 dao df)ng, ta c6 thé thay d6i mot trong
cac thanh phan trén. Tuy nhién, dé ¥ 1a khi c6 hé s6 hdi tiép B cung thay dbi theo
va d¢ loi vong cling thay d6i, didu nay c6 thé 1am cho mach mat dao dong hodc tin
hi¢u dao dong bi bién dang.

- Dé khic phuc diéu nay, nguoi ta thuong thay ddi Ry, R, hodc C,
C, cung luc (dung bién tré doi hodc tu xoay d6i) dé khong 1am thay d6i hé sop.
Hinh 10.11 mé ta viéc diéu chinh nay.
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Hinh 10,12

Hinh 10,11
- Tuy nhién, hai bién tro rat kho ddng nhat Vél thay d6i giong hét
nhau nén {3 kho gitr vimg. Mot cach khac dé diéu chinh tdn s6 dao dong la dung ky
thuat hoi tiép 4m va chi thay doi mot thanh phan mach va khong 1am thay dbi do

loi vong du B va A, gieu thay d6i. Mach dién nhu hinh 10.12
- Tan s6 dao dong ctia mach van dugc xac dinh boi:

1

f. =
* o fRR,LC,C,

1
o = =1 = i & ol f = 1[:'14
Vi Cy =Cp=C; Ry =R nhuhinh v& tacd: o ETECM ( )

A . 1 1
Vahe séhditiép p= —g =% (10.15)
1+=2+L 2+ —
Rl cﬂ Rl

Vay khi R, tang thi f; giam,  tdng. Nguoc lai khi R; giam thi f; tang
va B giam. Mach A, dua vao trong hé thong hoi tiép dung dé gitr viing do loi vong
luén bang don vi khi ta diéu chinh tan s6 (tirc thay d6i R,). That vdy, ta thir tinh d6
loi vong ho A, cia mach
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Hinh 10.13
e

Ta cié theo hinh 1013

Wy T E
P 1 B e
E, E E,
Vo—W., W.—W
IZIR i 1R 0l :>Vu—Vi=Vi—Vu1
E
=2V, =V, V=V, —
1
W L
=A ="=2+"
Wy E,
1
B —— = Bh, =
24+ —
E,

Toan bo mach dao dong cau Wien c6 dicu chinh tan s6 va bién do dung

tham khao duogc vé ¢ hinh 10.14
Ce

E:
e

. ' N Re 47000 Riz
' R
1 _ /W /\’\/681c_
1. 05 221 - E1o
== vR, | f\‘,ﬁ\/ Ak } Vo
R N
20k 77 T;M/_/W, § 4?'u"".fk N
Ee VE, +
Es 10k T
Wﬂk VR: VRI chinh tdn 56
Fi1 33k FR2Z chinh bién dang
7 ? FRZ chinh bién d5
Hs +
5.6k S

Hinh 10.14

10.2 MACH DAO PONG SIN TAN SO CAO:

10.2.1 Mach cong hwong.

10.2.2 Tong quat vé dao dong LC.
10.2.3 Dao dong Colpitts.

10.2.4 Dao dong Clapp.

10.2.5 Dao dong Hartley.




Dao dong dich pha khong dung dugc ¢ tan s6 cao do luc d6 ty dién phai c6
dién dung rat nho. Dé tao song tan sb cao nguoi ta thuong dua vao hé thong hoi
tiép cac mach cong huong LC (song song hoic ndi tiép).

10.2.1 Mach cfng hwéng (resonant circuit):

a. Cong hudng ndi tiép (series resonant circuit):
- Gdm ¢co mot tu di€n va mot cudn cam mac noi tlep
- Cam khang cua cudn day la jX; = 2nf;

- Dung khang cha tu dign la- 13X, = ;
12T
- Mgirdn ta dinh nghia tén sé cing hirdng cia mach la tin sé f[ﬁ] matal dd HKo=X1
1 1

onf,L —mifu -

- Thuc té, cudn cam L ludn c6 nodi tré R nén téng tré thuc cua mach
la: Z=R+JXL-JXQ .

- Tai tan s6 cong hudng f thi X; = Xcnén Zy =R

I I
— —
|
§ L L > lytuéng
+ +

RO HES O L

Hinh 10.15 (2)

- Vay tai tan sb cong hudng téng tré ciia mach ¢ tri sb cuc tiéu.
- Khi tan so0 f < f;, tong tré co6 tinh dung khang.
- Khi tan so > fj tong tré c6 tinh cdm khang.



- Nguéi ta dinh nghia bing thn (bandwidth) cfia mach céng hurdng B, la B, =fs- 1y trongdé fs,

o . v
£, 14 hai thn 58 hai bén thn 56 cbng huéng ma tai 46 [Zl=+2 R hodc [I= FT;

- Néu goi Q 12 hé 56 phim cla cudn diy (quality factor), ta cé:

B, =fy/Q,véi Qduoc dinh nghia: Q =%

b. Cong hudng song song (parallel resonant ci rcuit)
Tong trdé cia mach:

Z=(X) | Rg +¥ 1)

7 (=% (B +jKLs:| _ KCKLS — 1K R
—_1'3*{:,:+R5+_1'§{:Ls E, +jXLs—jK,:

KLS :Kc

Tai tén sé cing hrdng f[] ta oo

() - X Re  (Ky)

BUYral 7= -1X
] R, R, g,
X
Nhung ¢ = —s
RS
Eig* _
=Z, =——- jR;Q=R,Q" - jR,;Q

s
Néu Q 1én (thn sb cao, néi tré R nhd)

Zy=ReQ?m Rp 6 gidtri nhy mdt didn trd
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e pha Hinh 10.150¢)
1
+90g°
Cam khang
_f
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khang
-890
Hirh 10.15(b)
1

RP

Z — Rs R‘p

Z - L T L ’\.J'IE

? &Ly tudng
. .t >t
= %ha
Hinh 10.14
fn i

S

cam khang dung khang

10.2.2 Tfmg quat vé dao dong LC: o
-Dang tong quat nhu hinh 10.17a va mach hoi ti€p nhu hinh 10.17b



Aq,-(gc:,."ifi ViTVo | 5. Zs

7 7, /7L
Av{oc) &% ot khing ta

va khéng héi tifp

{a) §=)
Hinh 10.17
- Gia sur R; rat lon d61 vo1 Z, (thuong dugce thoa vi Z, rat nho)
Dé tinh h¢ s6 hai ti€p ta dung hinh 10.17b
Z Z
W, = 2 V= p= Yz =2
Lo+ AR

Pé xac dinh A, (dd lo1 cua mach khuéch dai can ban ta dung mach

10.17¢

a8

; Z
Ay(pc]l-vi Vo 1
= Ly E;

2L

Hinh 10.17¢



Vot Ry = 2o, Néu khdng, phai coi Zo nitur B, /12,

Ta cé:
Yinzi_'_ 1 :ZI+ZE+Z3
Zy Ly Z,+E2;  Z(E,+Z5)
=7, = L2, +25)
2+ E,+ 2,
2, +25)
z VA
= v, = L Aoy Ty = P2 L
By+ZL E +21(Zz+23:‘
0T -
En (i + 2
Ufi .L":"..v = V—D = 1( : 3} "'E"'"I:I'I:l:ll::l
v, Z(Z,+EZ O+ E (L + 2, +40)
Ba 1':"1 T-.Té'ng: BJ':"._.U =( -Zg J|: Zl(zz +23} :|"E"1:r|:u:u::|
Zo+Zy | 22, + 20+ (2 +2, +25)

_ leﬂ A
CZ(Z H+Z R (2,42, +2 0
Tai tin s& chng hudng Z1+ Z2 + 23 =0

A Z
=7, +Z,=-Z, =p= 2 -2
VI £
A A
:>B"$"1:r - __j‘a"trl:-:-c]

SZyiz, e T
2 3 1

Giat phirong trinh Z4 + Zy + Z2 = 0 ta tim dugce £
Biéukiénﬁﬁu:—’l,suyra_ég slma = X1
7 oo ) o) 7

1 2
Tury 21, Z0, 23 la tu dién hay cudn cam va tinh chét ciia mach khuéch dat, ta co cac mach dao ddng sau

Mach dao ddng Zq Zo Z Mlach lhéch dai
L L C Khuéch dai dao
Hartley L C L Follower
Colpitts i i L Khuéch dal dao
L i i Ehuéch dai khdng dao
Clapp C C L ndi1 tigp Ehuéch dai dao
Pierce Crystal C C SCTAL (L) Khuéch da dao

10.2.3 Mach dao dong Colpitts:
Ta xem mach dung JFET



+ oo

Lz
.1 é REC

—— Lz Rg
—C AET

Hinh 10.15

So sanh véi mach tong quat:

7,=Cy; Z,=Cy; Z3 = Ly; Cs: tu lién lac ngd vao lam céch ly dién thé
phan cyec.

Ly: cudn chén cao tan (Radio-frequency choke) c6 ndi tr¢ khong
dang ké nhung c6 cam khang rat 1on & tan sé dao dong, dung cach ly tin hiéu dao
dong vo1 ngudn cap dién.

Tai tan sd cong huéng: Z,+ 72, +Z5;=0



MOS0
. 11 1 O+
:?’J%le{ J: L=
alor @Gy @,y
0,
L,
C+C,
bu 201 GC Y 10.16
Méugoi ¢, = 172 tacdfy=——— (10.16)
B S C, +C, om L, Cp

Briéuloién dd Lo

1
zZ ja,C C
F N iiint W L et W} 10.17
woc) Zg 1 cl ( )
10Ty

Két qua trén cho théy mach khuéch dai phai la mach dao va do loi
vong ho phai c6 tri tuyét d6i 16n hon C, /C;.
AV(oc) la d@ 10’1 khéng tai: AV(oc) = -gm(rd //XLZ)
Do X, rat 16n tai tan sb cong hudng, nén: Ay * -gmlq
Mot mach dung BJT
J_ 1 +T“TCC

Hinh 10.12

10.2.4 Dao dong Clapp (clapp oscillator):



Dao dong clapp that ra la mot dang thay do6i cua mach dao dong
colpitts. Cudn cam trong mach dao dong colpitts d6i thanh mach LC néi tiép. Tai
tan sd cong huong, tong trd ctia mach nay co tinh cam khéng.

+ o
L
.1 RFC o
5
; 1l Vg
Ca /“ ]
N _J—
ll |_ a1 = )
—| Zr = Z;
L, | =Re Z, = L, nditip C3
C: T ST

T

Hinh 10.20

Tai tan sb cong huong: Z, + Z, + Z; =0

1 o1 1 .
-] -] -] +j@eL, =0
ey Wy s

2101 1 1

= iyl = j— (o + =+
i} cl c2 c3

MNéu got: —:—+i+L

T cl c2 c3

. 11 , 1 1

= jo,L,=j— —=a; = == —— (10.18)
Wy Cp L,C; 2L T

. Z
vaAVl:OE:I [ _C_z (1[:'19)

Dé ¥ 1a do mach L,C; phai c6 tinh cam khang & tan sé dao dong nén
C; phai c¢o tri $6 nho thuong 12 nho nhat trong C,, C,, C3 va f; gan nhu chi tuy

thudc vao L,C; mic ndi tiép. i ,
Nguoi ta cling co6 thé dung mach clapp cai tién nhu hinh 10.21

Tan s dao dong ciing duoc tinh bang cong thirc trén nhung chi y do
dung mach cuc thu chung (A, 1) nén h¢ s6 B phai c6 tri tuy¢t doi 16n hon 1.



Hinh 10.21

ng ( +Wee
\d

L, J—C

Cy Rg s
T St T 4

I

W

.
—

10.2.5 Dao dong Hartley (hartley oscillators)

Ciing giong nhu dao dong colpitts nhung vi tri cua cudn day va tu
hoéan do6i nhau.

Z,=Ly;Z,=1y2725=C

pe o I

Vi p= v, N,

Hai cudn cam L; va L, mic ndi tiép nén dién cam cua toan mach la
L:Ll +L2+2MV(’)'IM1é.h6 cam.

oo

Csa

Hinh 10.22

Tu diéu kién: Z, + Z, + Z; = 0 tai tan sb cong hudng voi
ZI+ZZ=Zl=jco0L



1

v?a'z ——
3 JC'-'?'u c
SN JE L S SR S R (10.20)
W, Gy LC, 2. LC,
Z1 L1
v6i L 1a dién cim ola cd cudn dy vi Aoy < Z, L, 00
Ta ciing c6 thé dung mach cuc thu chung nhu hinh 10.23
- +iee
EFC
Cz [ Rl -
T . —
P |
N, | c R, N Hinh 10.23
L Vo
" ) |
N, =R, Y= G
I E
A /;; LIS

i) 1
Tuong tir: B—E' :—zm
I{E
Eg+rg
Ph, = pA

A

Toc) =

o)

10.3 DAO PONG THACH ANH (crystal oscillators)
10.3.1 Thach anh.
10.3.2 Dao dong thach anh.

10.3.1 Thach anh
Tinh thé thach anh (quaRtz crytal) 13 loai d4 trong md trong thién
nhién, chinh la dioxyt silicium (Si0,).
Tinh thé thach anh dung trong mach dao dong 1a mét 1at mong dugc citra

tr tinh thé. Tuy theo mat cit ma 14t thach anh c6 dic tinh khac nhau. Lat thach anh ¢



dién tich tr nho hon 1em? dén vai cm? duge mai rat mong, phéng (vai mm) va 2 mat that

song song v&i nhau. Hai mdt nay dugc ma kim loai va noi chéan ra ngoai dé de su dung.

Dang /‘ E Ko hidu
N T

Hinh 10.24

Dic tinh cua tinh thé thach anh 13 tinh 4p dién (piezoelectric effect)
theo do khi ta &p mdt lyc vao 2 mat cua lat thach anh (nén hodc kéo dan) thi sé
xuat hién mot dién thé xoay chiéu gitra 2 mit. Nguoc lai dudi tic dung ctua mot
dién thé xoay chiéu, 14t thach anh sé& rung & mot tan s6 khong ddi va nhu vay tao ra
mot dién thé xoay chiéu co tan sb khong ddi. Tan s6 rung dong cua lat thach anh
tuy thuge vao kich thudc cua no déc biét 1a do day mat cat. Khi nhiét do thay d01
tan so rung dong cua thach anh ciing thay d6i theo nhung van c6 do on dinh t6t
hon rat nhiéu so véi cac mach dao dong khong dung thach anh (tan sé dao dong
gan nhu chi tuy thudc vao thach anh ma khong 1¢ thudc mach ngoai).

Mach tuong duong cua thach anh nhu hinh 10.25

Es 14 dién tréd bidu thi mire tifu hao ning luong

Rs thiremg tir vai ohrm dén vai trim ohm.
L.: dién cim
1 - Cs: dign dung
Lz —— °  Cyo tu hinh thanh do hat 1dp kim loal ma & hat mat
thach anh.
Cg
T Hinh 10.25

Tinh thé thach anh cong huéng & hai tan sé khac nhau:



11

100K

1k

100

Esz

1060

= |

- Cdng hrdng ndi tidp &tan s6 fodoLgvaCe

fg

o LG,

1

(10.22)

- Céng hrdng & tin s fp do L, Cova Cp mic song song

1

10.23
T (10.23)

']'[ —_—
(1/C; +1/C,)

Hinh 10.26

Hai tin s& f5 va f, tuy khac nhau
nhung lchong pxc| (dur:u 141 DD)
- Cing cén chl ¢ 14 h& 58 phim

L,
Q=2nf, =%

s 14t 16n tir vai ngin dén
trén mdt trim ngan nén thach anh
con duoc ding trong cac mach dai
théng hep.

- Mt didm quan trong khac niva la

anh hrdng cha thu dién mac SOnNg
song bén ngoéi( tu lam ta) s& lam
gmm tin sé cong huo'ng song song
va lam cho tan s58 nay cang ghn fs



‘|Z|

10k \ fg < f.. < fo
1004 T
RSC RS \ —
F .. 100
L —__ —__ Cﬁtm) fi fq,y. fp, %
FPha
&
—_ g ag®
£
— 9|:| | I
Hinh 10.27

Ta co thé dung thach anh dé thay thé mach néi 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 c6 dién cam Ls 16n, dién dung ndi tiép rat nho nén thach
anh s¢ quyet dinh tan s6 dao dong ciia mach; linh kién bén ngoai khong lam thay
d6i nhleu tan s6 dao dong (dudi 1/ 1000). Thuong nguoi ta ché tao cac thach anh
c6 tan s6 dao dong tir 100khz trd 1én, tan s6 cang thap cang kho ché tao.

10.3.2 Dao dgng thach anh: o
Dao dong dung thach anh nhu mach cong hudng néi tiép con goi la
mach dao dong Pierce (Pierce crystal oscillator). Dang tong quat nhu sau:

K
da
Cs Cy
| | | |
[ |
Y Vi RS “i{}{Lg
| | Hinh 10.28
| |: [
HTAL

Ta thdy dang mach giéng nhu mach dao dong clapp nhung thay cudn
day va tu dién ndi tiép bang thach anh. Dao dong Pierce 1a loai dao dong thong
dung nhat cta thach anh.

Hinh 10.29 1a loai mach dao dong Pierce dung rat it linh kién. Thach
anh nam trén dudng hoi tiép tir cuc thoat vé cuc cong.



f ) ) RF(C
—|Dl.i; A * [
Trimmer ' /—\ H />£>
e e = TT \F
=2 LT =
s v = T
_r A
Hinh 10,29

Trong d6 C; = Cgs; C, = Cgs tu lién cuc cua FET.

r

Do C; va C, rat nhd nén tan s6 dao dong cua mach:

1
L
27 i
(UC, +1/C +11C, +1/ G, )

va thach anh dugc dung nhu mach cdng hudng song song.

£, =

+12%
.1£
RI‘E
S € e
| | Vo
C, .05 I
)
s
680pF—- =1M
= oo
250p L A
r T
Hinh 10.30

Thuc t& nguoi ta mac thém mot ty tinh chinh Cy (Trimmer) nhu

hinh 10.29 va c6 tac dong giam bién dang cua tin hiéu dao dong.



fn= 1

27 Ls
(WCg +1/C, + 1 Co + 17 C + 17 )
Ta c6 thé dung mach hinh 10.30 véi C; va C, mic bén ngoai.
Tén 56 dao déng £ - L 1,11
- n - - =44 —
2mafLgCr v Cp Cp Cp G
Thidme thi Cer 14t 1hd 50 ¥ Oy vA Co i — ™ e =5 £y 55—
rong thi Co rat nho so von ©) va Cy nen: c, ] 0 zﬂm

Truong hop nay ta théy thach anh dugc dung nhu mot mach cong

E): _%;"a"v(nc] 5_%
hudng nbi tiép : !
10.4 DAO PONG KHONG SIN
104.1 Dao dong tich thoat dung OP-AMP.
10.4.2 Tao song vuong, tam giac va rang cwa voi
mach dao dong da hai.
10.4.3 Tao song tam giac tir mach so sanh va tich
phan.
10.4.4 Tao song tam giac don curc.
10.4.5 Tao song rang cua.

10.4.1 Dao do¢ng tich thoat dung OP-AMP (op-amp relaxation
oscillator)
bay la mach tao ra song vuong con goi la mach dao dong da hai phi
6n (astable mutivibrator). Hinh 10.31 mé t4 dang mach cin ban dung op-amp

Mo

—H"Fs at

0 |_ = ¥ gat

Hinh 10.31

~ Ta thiy dang mach giéng nhu mach so sanh déo c6 hoi tiép duong véi
dién thé so sadnh vi dugc thay bang tu C.



v
E,+E,

F8 56 hi tidp f = % dién thé hi tidp duong v, =

Blél’l thé thém trén VUTPIB-(+VS AT)>O

Dién thé thém dudi Vi 1p=PB.(-Vsa1)<0

Gia str khi m& dién vy = +Vgar, tu C nap dién, dién thé hai dau tu
tang dan, khi V¢ (dién thé ngd vao -) 16n hon ve= Vyrp (dién thé ngd vao +) ngd ra
d6i trang thai thanh -Vgar va v; bay gio 1a: vi = Vitp = B.(-Vsar). Tu C bit dau
phong dién qua R1, khi Ve = 0 tu C nap dién thé am dén trj s6 Vi rp thi mach lai
d6i trang thai (vO thanh +Vsar). Hién tuong trén ctr tiép tuc tao ra & ngd ra mot
dang song vuong voi dinh duong la +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 di¢n va phong dién déu qua dién tr¢ R1 nén thoi gian
nap dién bang thoi gian phong dién.

+1|.|r3 aT

SLAAAN
wl LN

_VSELT ...........................

Hinh 10.32

Khi C nap dién, dién thé 2 dau tu la:



Ve = Vi +(HVaur — Vi )1~ E’_%:' i T=RC
_ B(=Vau) (V) - B(—‘J’m}[l _ E-P{}
Ehit=t; =V_ =Vgrp=p"HVe,up
B'(+1"'TS_‘ELT> = B'('HSJ&T) + ['H"TSJELT - B'('USATM“ _e—tlﬁ:]
Gia sir FVEATH-VEAT]
= p=—p+(1+BI1-e )
2p= (4B 4)
:;»1—5:"% :f_ﬁﬂe—nfrzl_ﬁ 1-B

+p +p 1+p
1
Bt
1-p
:>t—1:Ln1+B:>t1: bl
T 1-p 1-p
Suyrachuky: T=2t, = 2R ,Cln 1+P (10.25)

Vatin s dao dding: f = 1. !

. E
(10.26) Vol p= 2

OR Cla 1+V E,+E,

1-p
1+B 146

5 E ., FEo T 2178

Néutachon p= :__ = 0462 thi _

& R, 4R, 1-p  0.538
T Ln FB
1-p

VaRg- 0462R3=0462R,

R3 = 0863.2

Lic nay: £= ! P,=0. 36R,
2R,C

Thuc té [+Vgar| 6 thé khac |-Vsar| nén dé dugc song vudng ddi xtimg, co
thé st dung mach nhu hinh 10.33




Cach phin tich trén vin ding,

E
Ea p= 3
B
/\If\v ° chi can luuy, Ry +E;
RE
Ve =W = W
o f DR2+R3 ﬁ’ 0
Dién thé ngd ra
Vz v, =H| W, [+0.7v]

Hinh 10.33

Trong cac mach hinh trén ¢ ngd ra ta duoc séng vudng déu (t; = t).
Muon t; # t, ta co6 thé thé R, bang mach

Trong khodng thén glan ty. tu nap qua B

Ay <7 v D va trong ta tu phéng qua R va D,
A R D1 B NéuDDyvaR=R taducct, =t
Rf L Né:‘uR:t B taduoct =t
~l MeuF’'=2F ta duoe ta =24
L1
Hinh 10.34

10.4.2 Tao séng vudng, tam giac va rang cwa véi mach dao dong da
hai:
Dang tin hi¢u ra cua mach dao dong tich thoat co thé thay ddi néu ta
thay d6i cac thanh phan ctia hé thong hoi tiép am.

a. Tao song tam giac:

Mot cau chinh luu va JFET dugc dua vao hé théng hoi tiép am nhu
hinh 10.35. Pé y 1a dién thé tai cuc thoat D cta JFET ludn duong hon cuc nguon S
(bat chap trang thai cua ngo ra V0). JFET nhu v@y hoat dong nhu mot nguodn dong
dién va trj s6 clia ngudn nay tuy thuéc JFET va R1 khi Vps 16n hon 3v. Thi du véi
JFET 2N4221, ta co:



R, | 0g 0.5k 1k (2 Sk 10k
I [ 3.2 ma 1. dma lmA 0. 3mAa 0. 1éama
VAN N
ML
D2S7 w Dy Hinh 10.35
[
| | .
I Wi \ Vo
+
E:
e 4y
Ea
- Gia str vy = +Vsar thi Dy, D, dan. Dong dién qua Dy, JFET, D, nap
vao tu C tu tri
sO
E : A E
Voo =— % (- déntrist V., = —2  (+V. trong khoang thed slant,
LTP R, +R3( sa1) TP R2+R3{ saT) g g g P

- Khi ve = Vyrp, Vo d0i trang thai thanh -Vgar; Ds, Dy dan, tu C
phong dién cho dén hét va nap dién thé am dén Vi rp trong thoi gian tn. Sau do
hién tuong lai tiép tyc.

Ve
Wi Vo
W ) pl——
- t Hinh 10.36
WLTD
T .
= gaT o ot -




ol I:-';”TUTP - 1L'TL'.['l:':'

Ly

Do Ila déng dign mot chiéunén I=

AT
=71=_f

voi Ve = Vom — Vip
b
Néu 4 diode dong nhat thi ta c6 thoi gian nap dién bang thoi gian
phong dién, tic t, =t,, va chu ky dao dong T =t, + t==2t,

_2CVy . 20V (10.28)

=1 =T

hay tin s& dao déng f= !
2.0V

Nhu vay 6 ngod ra ta c6 sobng vuong va ¢ ngod vao trur ta cd song tam
giac.

b. Thay d6i d§ doc ciia song tam giac

Dé thay doi d6 dc cua song tam giac ta phai thay doi t, va t, (néu t,
# t, ta c6 song tam giac khong déu). Mudn viy ta tao dong nap va dong phong
khéc nhau.

Goi dong phong la I, va dong nap la I, ta co:

_CVs _CW

n In L IP
Mach minh hoa nhu hinh 10.37

b |

D, /h

t

D

En

Z i
| | tp tn
L Vi - Wi 1#?
+
v Rz
i My
Rz
Hinh 10.37

c. Tao song rang cwa:



Pé tao séng ring cua ta tim cach giam that nho thoi gian phong dién.

C6 thé dung mach nhu hinh 10.38
- Thii gian C nap dién:

i o CWom — Vi) (10.29)
T

Néu diode Si thi VLTP = -0.7v nén;

b = C(?UTPI+U.?RF]I (10.30)

P
- Thoi gian C phong dién qua D, rat nho (vai chuc micro gidy).
- Chu ky dao dong T =t, +t, # t,
[~

sl

Rp o

A

Ez

Ve /\f’\/

Ez

Hinh 10.38

10.4.3 Tao song tam giac tir mach so sanh va tich phan:
Ta xem mach tich phan sau day:
I +i0—

| |

®E=—15HR '(':
' AN -

®E=15v -

W Hinh 10.3%

-1

Gia sir ¢ thoi diém t =0, SW ¢ vi tri 1 (E; = 15v) dong dién qua R 1a:

~+¥



Dong dién nay sé& nap vao tu C dé tao ra vy (giam dan)

oV _E-Vy o dVp E-Vy V-,
dr R &  RC :
_EBim Vo) |y V6 Ei latei dai s6

Gia st khi vg = Vipta chuyén SW sang vi tri 2, tu C s€ phong dién
va nap theo chiéu nguoc lai dé tao ra vy (duong dan).
oVeEi o Vo Vo VB wm-Vs o Vs-E o
E dt dt EC t _R.C

Khi vy = Vypp ta chuyén SW sang vi tri 1. Mach tiép tuc hoat dong

5

nhu trudc.
+ 15w
=10 "
t
-15+
Hinh 10.40
Vo4

WTITD
/\ .
= t

VLT

Pé tu dong bo giao hoan va tao dong hang cho tu dién cia mach tich
phén, nguoi ta co thé dung mot mach so sanh va mach tich phan ghép voi nhau;
xong ldy ngd ra cua mach tich phan lam dién thé diéu khién cho mach so sanh.

Toan bd mach c6 dang nhu hinh 10.41



A7)

R R
VR * W

| |
+ W

E
1 Vs

wit) \/ \

T, T:

W—\

R

Hinh 10.41

Pé phan giai mach ta chu y 13 khi ngd ra ctia mach so sanh bao hoa
duong (+Vsat) thi vo=Vz + 0.7v =V, > 0. Con khi bdo hoa am vy=-(V+0.7v) =
-V, <0.

Taco:
TLFIil_vlzr'“i'l_v(t:I :>i+i—ﬁ+@ v,o= ) v+ Fy w(t)
R R, R, R, R, R 'UR+R, TR +ER,

i) =Vmax =V khi v, =Wy va vy =—V; =—(V; +V)
TITP

1 1 2 1 2

=V, =- K WV, + Ry Vo
E,+E E
S 2_vR+R_2vD (1031

1 1

Sy =Tt g R (10.32)
R1 R1

Dién thé dinh - dinh cta tam giac:
E.

2
—n—
Vmax'vrm’n =2 E, o

Chu ¥ 12 néu Vg = 0 thi Ve = -Vinin
Xac dinh tin s6:



Ve .
5 e =)

+KhiVg=0,tacd i=

Ehi vy = -V (duding tiém) thita cé:
W, - dVit) Vi Vi — Vo

R 4 RC T,
Vo -V 2*«!,]% R
=T, == ‘mh RO LRC=2RC2 (10.33)
T"'TIZI VEI Rl
Ehi vy =V (dudng giam) thi ta cd:
_Eidv(t)__vu Vg — Vomax
R dt R.C T,
R
V., -V g R
=T, =——mn_'mxpo___ "1 pc-ppo—2 (10.34)
vﬂ vﬂ R1
Chuky daoddng T=T, +T P G Rar RV R S WP T £
e ST AT E R Y T T TR R Y
+ Khi Vg#0

Khi vy = -V, (dudng tién) thi ta co:



2V, =% 2V, =2
VeV AV VotV Vaw —Vew _ Ry T, = Ky
R dt R.C T, T, V, +V,
Ehi vy =V (dudng giam) thi ta cd:
V-V, AV VoV Veu -V W”% W”%
=0 's ':t:':_ 0 Ys _ Vmin T Ve 1:>ng Y
R dt R.C T, T, V, -V,
Chu loy dao dong:
E E
21"%'19“@3_2 21"%'1?“@}1_2 4RCE., [ W2
T=T,+T, = L+ L= 2[ — zJ
2
:l: E, p[ﬁ} }
—stan 56 dao ddng; T dRgRC Vo (10.36)
Chi
T, V,-V Vo + V. Vo + W,
2=t o =T 2 =T=T+T, =T 1+
T, Vo+¥; Wy =Wy o~ V3

T, 1 Wy
—> chu ky thao tc: 5:?25 1_1;_0

10.4.4 Tao song tam giac don cuc:
Ta xem lai mach tao song tam giac khi Vg =0

Wi
I I ATIE) i
R R < Yo ]
W= * . Wurp
W o | NS
+
R D, — wit) »
.2 - o\
LTF
v D —v, - t, ~lq . 2
E: §
tal (=3

Hinh 10. 42



E
Vo = Vo = R—WD

1

Licnay Vg =V, = R_f“iuru VA Vo =V, = _Evn
E 1 E 1
Vakhi Vg=0—>t,=t,
Pé tao song tam gidc don cuc (gia str dwong) ta mac thém mot diode ndi
tiép v6i R, nhu hinh 10.43a
Khi vy = -V,: diode D dan
Khi vy = +V: diode D ngung
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n E -
Vay v = Vo, = R—“Ju (zhc dinh khi v0 = -VO tire D dén)
1

. E . . =
VA Vo=V, :—R—EUD (xAc dinh khi v0 = +V0 tire D ngung dan)
1
Lic nay do diode ngungnén Ry +rg 4 —onénVip=0
R—j?u 1JDERC
Tt -I;"TIZI+1”TS:1”TU'I'P_1”TLTP:R1 =T = E,
RC T, T, PO+,
_R_ﬂvu ‘AID&RC
Vaty -0 Vs Viw~Vow R N S I S
EC T, T, Wy — W,
vch% HURC% JRCR,( W2
T=T,+T, = Ly L= T
VotV | V-V, R, V-V
2
.. 1 E W,
—Tinsb daoddng f = =——|1-| = 10.37
in 50 dao dbng: £ =3 = o [Vu]} ( )
| 1 R, T, WV, -V T, 1{. V,
khi Ve=0tacdf=== L= F =5 =_[1-_21(1038)
3 T 2R,RC T, V,+V, T, 2\ WV,

Mubn tao séng tam gidc don cuc am ta chi can doi chiéu ciia diode
D. Tan s6 dao dong khong thay doi.

10.4.5 Tao song rang cua:

Nhu phan trudc, dé tao séng rang cua, ta giam nho T,. Mudn vay, ta
tao diéu kién cho tu C ciia mach tich phan phong dién nhanh. Ta c6 thé dung mach
nhu hinh 10.44. Do E; &m, khi m¢ dién tu C nap tao v(t) duong (tich phan déo)
tang dan tir Ov. Luc nay do Vi > 0 va lon hon v(t) nén v0 & trang thai -Vgar (
diode D va transistor Q ngung khong anh hudng dén mach tich phan. Tin hiéu
rang cua tang dan, khi V, = V. mach so sanh d6i trang thai va v, thanh +Vgar lam
cho D va Q dan bao hoa. Tu C phéng nhanh qua Q kéo v(t) xudng Ov. Mach so
sanh lai doi trang thai...
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dW . V., —0 E.CV
:c C_E_1:C Tef :>T1: i Tef

R, T, E,
T, =0

B CW
=T=T+T, = 22
Ei

1 1 E;
=f=—=— 10,39

T RC 7V, (10.39)

Ta ciing ¢6 thé thay Q bing SCR.



