Phan 2: BIEN TU CO’ BAN

Bai 8: KHUECH DAI TIN HIEU NHO

(Part 1: Mach khuéch dai can ban)
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1. Khai niém khuéch dai




A.Khaingmkhuchdai <

Khuéch dai la qua trinh bién déi mét dai lwong (dong dién hodc dién ap) tir bién dd nhd & ngd vao
thanh bién dd 1&én hon nhiéu & ngd ra ma khong lam thay dbi tan sbé ctia nd. Mach khuéch dai

dwoc str dung trong hau hét cac thiét bi dién t& nhw: mach khuéch dai am tan trong amply, khuéch

dai tin hiéu video, ...

Thidt bi nio git! veti
iro khdch dgi?
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Co ba loai mach khuyéch dai chinh la:

» Khuéch dai dién ap: la mach khi ta dwa mét tin hiéu cé bién d6 nho vao, dau ra ta sé thu duoc
mot tin hiéu co bién dd In hon nhiéu lan.
| = Mach khuéch dai dong dién: la mach khi ta dwa mdot tin hiéu cé cwong dé yéu vao, dau ra ta
] sé& thu dwoc mdt tin hiéu cho cwérng dd dong dién manh hon nhiéu lan.
* Mach khuéch dai c6ng sudt: |a mach khi ta dwa moét tin hiéu c6 cdng suat yéu vao, dau ra ta
thu dwore tin hiéu cd céng suat manh hon nhiéu lan. Thwe ra mach khuéch dai cdng suat la két

hop ca hai mach khuéch dai dién ap va khuéch dai dong dién.
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Transistor dwoc str dung trongg mach khuéch dai gt“j" :
- FET (Field Effect Transistor): Transistor hiéu trng trwd'ng (hay Transistor tredng)

- BJT (Bipolar Junction Transistor): Transistor lwdng cuwc

Trong d6 FET c6 wu diém vé kich thwdc va dién ap cung cap thap, dan dén coéng suat tiéu thu thap
hon BJT va do tin cay cao hon BJT. Tuy nhién FET lai c6 nhwoc diém la dién dan g nho va nhay
cam v@&i dién tich tinh, do dé FET thwdng dwoc tich hop trong mach IC (hay bén trong chip), con
BJT thwdng dung cho cac mach roi. Trong pham vi bai hoc nay tap trung vao viéc ivng dung BJT

trong mach khuéch dai tin hiéu nhd.
Difference Between BJT and FET
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| a) Phan cyc transistor BJT hoat dong trong ving tac déng (vung khuéch dai hay tuyén tinh).

Vung tac dong
Ic (mA) A A e e e e 3
120 nA
6
| __ 100 pA
S -
80 nA
4 -
= r“? 60 nA
ol 3=
= 40 nA
2 2 -
-
- 1 20 nA

T T T T
2 4 \6 81 Vee (V)

Ving ngumg
Pac tuyén ngd ra transistor BJT




a) Phan cwec transistor BJT hoat déng trong vuing tac déng (vung khuéch dai hay tuyén tinh).

Khi tinh todn phan cwc can lwu y cac thong sé sau:

“ Trong cach rap cwc phat chung (E chung) hoéc Trong céch rap cwc nén chung (B chung):
thu chung (C chung): I .=aol +1 (I.,.dong ro ri)
] =T +1 Transistor npn € R CBOTRO
l lc I = al; (b6 qual,,vi rat nho)
[.= Pl —’\/_.
s ] o= 0.9 +0.998
IE - BIB T IB - (B +1)IB - BIB - IC IE o la hé Sé truyén dat déng dlén
=1

B la hé sb khuéch dai dong dién
(100 — 500 loai <1W va 20 — 100, loai > 1W)

Cong thwrce lién hé gilra a va f: oL = L

B+1
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Co6 4 cach phan cuwc co ban cua transistor nhw sau:

v,
I"cc I o
3 A Rg Re
A2 Re
Re
Phan dp (cach 1) Habi tiép (cach 2) Emitter (cach 3) Base (cach 4)

* Trong do:
- Cach 3 la trwong hop dac biét cua cach 1 khi R, = <
- Cach 4 la trwdng hop dac Qiét cla cach 1 khi R,== R.=0
*Vay ta c6 2 cach phan cwc tong quat la:
- C4ch 1: phan cwc bang cau phan ap
- C4ch 2: phan cwc bang hoi tiép dién ap
* V&i moi cach phan cwc ta cé 3 cach dwa tin hiéu vao va lay tin hiéu ra:
- Mach cwc phat chung (E chung): tin hiéu vao & cwc Bvara & cuwc C
- Mach cwc thu chung (C chung): tin hiéu vao & cwc B vara & cuc E
- Mach cwec nén chung (B chung): tin hiéu vao & cwc E vara & cuc C
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b) Diém lam viéc tinh va dwong thang lay dién tinh

Puong lay dién tinh ngd ra cat déc tuyen ngd ra tai mot diém twong trng vai |, (da xac dinh & ngd

vao), goi 1a diém lam viéc tinh ngd ra ctia mach diém Q(V

I(nA)
100+

Is2 80

60

Is1 40 -

20

(a) Pac tuyén ra

= w7

CEQ’ ICQ)'

=4V
'

(b) Bac tuyén vao

Do loi dong DC (mdt chiéu):
I
Boc = Iﬂ
BQ
Do loi dong AC (xoay chiéu):

Al
A== AIC
B

e Icn "Ic1

Q 132 _Im

Do loi ap




c) Mach twong dwong xoay chiéu cta transistor BJT

Transistor BJT 1a linh kién phi tuyén, nhwng khi xét v&i tin hiéu trong pham vi bién thién nhé thi
mérc do phi tuyén anh hwéng khéng 1&n, nén cé thé xem nhw mach tuyén tinh. Trong ché do tin
hiéu nhé do tinh tuyén tinh nén transistor dwoc vé thanh cac mach twong dwong xoay chiéu gom
dién tré va ngudn dong, dé co thé tinh toan va phan tich theo cac nguyén ly cla ly thuyét mach
dién. Cac mo hinh twong dwong nhuw:

= M5 hinh thong so r_ (tan s6 thap)

= M6 hinh théng s hén tap h (tan sb thap)

= M6 hinh théng s hén tap 1 (tan sb6 cao)

= M6 hinh théng sb y (tan sé cao)

Phin 4p (cich 1) Hbi tiép (cdch 2) Emitter (cich 3) Base (cich 4)
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c) Mach twong dworng xoay chiéu cua transistor BJT
Transistor BJT NPN va phan tich tin hiéu nhé theo mé hinh théng sé r

- Mach cywc phat chung (E chung) hoac thu chung (C chung):

Cuec phat chung Cuec thu chung

E ()
Nguén dong: i_=pi, , B la do lgi dong dién xoay chiéu trong cach mac cwc phat/thu chung (dwoc

nha san xuét cung cap).

1 —— =




c) Mach twong dwong xoay chiéu cia transistor BJT (tt)

- Mach cwc nén chung (B chung):

R T T
vao ra E [ i
. + . A S |

Nguon dong: i_ = ai_, o 1a d6 loi dong dién xoay chiéu trong cach mac cuwe nén chung (duoc

nha san xuat cung cap).
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c) Mach twong dwong xoay chiéu cia transistor BJT (tt)
Ghi cha:

= Do dién tr& r_co gia tri rat I&n (tir vai chuc kQ dén vai tram kQ) so vai dién tré tai, nén nhiéu

trwong hop cé thé bé quarr..
= Trong mé hinh trén ta co6 dién tr& dong & nhiét d6 phong (25°C): r_ =26(mV) (Q)
"IC N N ~ > >
V___). Biém lam viéc tinh anh huwéng

r_ phu thudc vao diém lam viéc tinh (mot chieu) Q (

IBQ’ ICQ’ CEQ)

dén r_nén anh hwdng dén kha nang khuéch dai tin hiéu xoay chiéu.

= Viéc tinh toan va phan tich mach khuéch dai dung transistor bao gém cac buwéc sau:
- Buée 1: Tinh toan ché dd mét chiéu (hay tinh toan phan cuwc transistor).
- Buée 2: V& mach twong dwong xoay chiéu tin hiéu nhé theo mé hinh théng sbé r,

- Buée 3: Tinh toan cac tham sb & ché do xoay chiéu (ché dé dong).
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2. Tinh khuéch dai cua transistor BJT




la st ta dwa mot tin hieéu xoay chieu co dang hinh sin CO bién do nho vaad
chan B cua transistor BJT nhw hinh bén dwéi. Bién ap & chan B ngoai thanh

phan phan cwc mot chiéu V, con cé thanh phan xoay chiéu cla tin hiéu v (t)

chong Ién. s
V() =V, +vi(t)
)=V .-R_ it R R

Ve = Ve =R 10 )

Ma ta co: i (t) = 1.+ i (t) &, < . T
I.=pBI ot b5

vy() >V, =, T= 1. T= v (t) = Vo =R (H) ¥ ERz .

V() <Vy = I, = 1. d= v (t) = Vo =R () T R T Ce

Cac tu C1 va C2 & ngd vao va ngd ra dwge xem nnw nol @t ([aung knang rat
nhd) & tan sb cla tin hiéu. Nhw vay tac dung cda cac tu lién lac C1 va C2 la cho

thanh phan xoay chiéu cua tin hiéu di qua va ngan thanh phan mét chiéu. Nhw

I Vi(t)
0 /\ l,
N A N
V()
Vi \ L

o
™+

<
/>
i+

vay o ngo ra v (t)=v.(0). i I I




. Cac chi tiéu ctia mach khuéch dai:

+Vee

. C N
R Ro li—h B l) .

L1
[ 5
|

-Tong trévao Z: Z, = Y

-Do loi dienap: A =-o L

i

<

0

-TongtrérazZ: Z, =—=
i

: (6}
Ay s A 1
- Do lgi dong dién: A, ==+ :
i _Po _ Volo _

i - DO loi cong sudt: A =0 =—2 = A A,
bi Vi

. =y




3. Mach khuéch dai cwc phat chung




- Tin hiéu dwa vao cuc nén B, lay ra & cwc thu C. Cue phat E dung chung cho ngd vao va ngo ra.

a) Phan cwc c6 dinh va 6n dinh cwc phat




| 3.1. Phan cwc cé dinh va 6n dinh cwc phat *+¥ce
Trong d6 tri s6 P do nha san xuat cung cap (khoang tir 20 — 500). i

Tri s6 1. dwoc tinh tir mach phén cuc:

C1 F_;'o
I _26mV Vi

 § ——

e IOQ

Icq duwoc xéc dinh boi cong thire sau: i}

QTR +B+DR,

Ghi chu: Vge = 0,7V vé1 transistor BJT 1a Silicon.

Vge = 0.3V vai transistor BJT 1a Germanium.




3.1. Phan cwc co6 dinh va 6n dinh cwc phat

a) Do loi dién ap:

Ta co:

vo=-PipRc (1, =Pi, vai =i =>1i =Pi;matacov =-i R.=>v_=-fi R )

Vi = Preip + Reie = Preiy + (1+P)REly

Suy ra:

PRc

Ty Br, + 1+P)R;

Do B >> 1 nén:

A ~—

Néu Rg >> 1, suyra:

A ms—

R

Re

i »

,vitaco:i.= (1+ P)ip

e gl
0 Bl |,
Iﬁre l
Vi
1}i.=ih+pib 2Rc
¥
=

Dau “ — > cho thay v, va v; ngroc pha nhau. I I



3.1. Phan cwc c6 dinh va on dinh cwc phat

b) Tong trd vao:

Ta ¢ tong tr6 vao:
Zi=Rs// Z }
Trong do: Zy = vi/ly, ma ta co vi = Prety + (1+)wRe . nén suy ra: , s
i
v. Pri +(1+p)R.1
7,- - B RS poiR)< R, @ReT) o) Boloi dongdicn
b b )
A==
L
Trong do
10 = — Vo ;it =& =>At =—&£
R ™ Z v; R




3.1. Phan cwc ¢ dinh va 6n dinh cwc phat

d) Tong trdra:

v
=z o
Z =—
lo
Pé tinh tong trd ra cia mach, dau tién ra noi tit ngd vao (v; = 0), ap mot ngudn
co tri sO v, & ngd ra nhw hinh sau, sau dé lap ti s6 z,.

Khi v;= 0 == i, = 0 == Bi,= 0 (tvong duong mach ho) nén

() C

Z,=>=R
10




3.1. Phan cwc c6 dinh va 6n dinh cwc phat
Néu ta mac thém tu C_ (tu C_ thoat thanh phan xoay chiéu tlr cwc E xuong mass) thi trong mach

twong dwong xoay chiéu sé khéng con sw hién dién cla dién tr& Rc

V i
I ;—E 4 M B C <
+ j_b bib S
i
Ra? Re f
=

T v Bre
vi © ‘ vy RB 3 Re '°

R%:c. ':: - B _;_ <—Izo

- Khi tinh toan trong thanh phan mét chiéu (DC) thi van cé R_
- Khi tinh toan trong thanh phan xoay chiéu (AC) khong c6 R_

e e pamn




3.2. Phan cwc bang cau phan ap
~ Pay la dang mach rat théng dung do cé dd 6n dinh tdt. Mach co ban va mach twong dwong xoay

chiéu clia n6é dwoc trinh bay trong hinh sau:

J_ O, F T .
T ™ s
Rt ™ Bro
Cy fdo, Vi Rlé R:é — 2Rc Vo
V1—H—‘-
Rzé = = 432‘
Zs5 Zy - o
- % S ) 26mV
Tri s6 r dwoc tinh tr mach phan I, = "
cuc: cQ
. . s . _ . B(ETh_VBE)
V&i |, dwoc xac dinh bdi cong thire sau: ICQ =
. R, +(B+DR,
VO VBE: R R
0,7V : BJT la Silicon R, =R, //R, =—1"2 . E, =V, R,

0,3V : BJT la Germanium R.+R R +R

1 2 1 2 II




3.2. Phan cwc bang cau phan ap

}I S
- -
.G fo, ¥4 R‘S, R’é éRc Ve
RS e = f‘ 5
Z = o
4 i i b
+¥ce . i, | — ™ .
1n i T.'I.
Rc o
v Ci F'. — Vi 2RC Yo
| R :
Pl ey <,
__L 24 Zb - o

So sanh 2 mach twong duong trén ta thay hoan toan giong nhau néu thay R bang R.//R,
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3.2. Phan cwc bang cau phan ap
T viéc so sanh 2 mach twong dwong trén ta co thé suy ra cac két qua phan gidi mach bang cau

phan ap nhu sau: Voo

14_' m T
o e ' T S
a) DQ loi dién ap: RS R -
— RC z_& v*s;;._‘_‘ f¥o_, Vi in R')é L— éRC Vo
L+R, Re Rzé = zr’ = = j
Zi b 2t e
b) Tong trd vao: + L

Z. =R,//R,//Z, véi Z, =B(r +R;)~ PR,
c¢) Tongtrdra:
Z,=Rc

d) Do loi dong dién:|A, =-A_ =




3.2. Phan cwc bang cau phan ap
 Twong tw nhw trén thi néu ta méc thém tu phan dong C., nhw hinh (a) hodc ndi thang chan E
xudng mass, nhw hinh (b) thi trong mach twong dwong xoay chiéu sé khéng con sw hién dién cua

- dién tré R_.




3.3. Phan cwc bang hoi tiép dién ap
Mach co’ ban va mach twong xoay chiéu ctia mach khuéch dai cwc phat chung véi kiéu phan cuc

bang hoi tiép dién ap dwoc trinh bay trong hinh sau:

| .
1 i-L-o B < ¢
‘R - | e
c dp L Biy
Rg G br'

v (.:;J—'\/v‘ Vo Re
L e
Rg
Re 2 le—‘ _i_ | ._]to

e 26mV Voi V.
Tri s6 r_ dwore tinh tr mach phan I, = 0,7V:BJT la Silicon
e Lo 0,3V : BJT la Germanium
CUC:
B(Vcc _VBE)

. i : e , N -
Voi |, dwoc xac dinh boi cong thirc sau: “cq R, +B(R.+R,)

e i




3.3. Phan cwc bang bang hai tiep dién ap

a) DO loi dien ap: vy v,

R

v

! |°<

i E
Tacé: i, =pi, +i ~Bi, (do Rg thwdng rat 16n)

Suyra: v, =—R, =—PRi, i,l & Re Q—I
zx'—. %o

Ta cb: v; = Preiy + Rele = Preip + (1+P)Rein=P(r. + Re)ip

Suyra:
Av =.V—° = — ";\"',—RC
Vl I;+RE RE
b) Téng tré vao: DoAy<Osuyral-A =1+[A |=|A,| (Vi|A/|>>1)
V. r.+R . Tur dé :
Z,=—= B(P(-l-eR )E) NéuRg>>re suyra: Z, = RBRE e
N1+ —El1-A) 1+BXe - ) Z=—PRets

R, "R +BR(A,

Ry




3.3. Phan cwc bang bang hoi tiép dién ap

c) Do lgi dong dien: "

A== Vi
P
‘ 1"1 Pr.
T ’. - _ Vo .. —Vi
aco:i,=—>-:;1=—"

: C
: B,
E
R Z, 2 R
: . 7 :
Suyra: Ai =l.i=_ L _tz_&_l leé&
1 R. v, v. R, z‘l — { | szo

Hay:|A, =-A

N6i tat ngd vao (v;i=0)=>i, = 0 vaPi,= 0

SuyraZ,=R¢//Rg

i




3.3. Phan cwc bang bang hai tiép dién ap
Twong tw nhw trén, ndu mac thém tu phan dong C. vao cuc E

cia BJT hodc ndi thang chan E xudng mass thi trong mach

twong dwong xoay chiéu sé& khdng con sw hién dién cia dién trd
Rc, luc nay cac thong s6 clia mach dwoc suy ra khi cho R =0, ta

c6é duoc cac thong sé nhw sau:

— +Veo
Rc

o I 8 % ;%_.H

N T saar s I B - e : °
N

a) DO loi dien ap:
RC

A, =—

T

b) Tong tré vao:

Pr, pr,

£~ Br = Br
lere (—AF T+-sfA |

Ry Rg

c¢) Toéng trdra:
Zo=Rc//Rp
4) P8 105 didng Hikn:

RC




Nhan xét: Mach khuéch dai cwc phat chung v&i cac kiéu phan cwe déu cho thay do Ioi ap va do
loi dong I&n nén thworng dwoc st dung dé khuéch dai tin hiéu, dé 1&ch pha gitra tin hiéu vao va

tin hiéu ra la 180°.




4. Mach khuéch dai cwc thu chung




Tin hiéu dwa vao cwc nén B, lay ra & cwc phat E. Cwc thu C dung chung cho ngdé vao va ngo ra.

Mach co ban va mach twong xoay chidu cda mach khuéch dai cuc thu chung véi kidu phan cuc

bang hoi tiép dién ap dworc trinh bay trong hinh sau:

+¥Yee .
2i, p 2 g .
B AN
R. Pre - T
N § CA) Re > 11o

Vi i Vo

C - 4 ! o
: Vo I_. | —L_ 2
Zi Zb °

Rg




a) DO loi dién ap: b) Toéng trd vao:

v

<

A,=—2 Z,=2=Ry//Z,
T mach twong xoay chiéu ta co: Trong d6

v, =Rgi, =R (4, +Bi,) = A+ P)Rei, Z,= i = Prt, + (1.+ PR, ~B(r, +Rg)

1, L

V; =Pri, +Rely +BRe1, =Pri, +(1+P)Rgi, Suy ra

Suy ra V.
Z. =3i=R,//Z, =Ry //B(r, +Ry) ~ Ry / /PR,
_Vo__ Q+BRgh, Ry !

" v, Bri,+(1+P)R.i, 1 +R;

T i




c) Tong tr¢ ra:

Lo , B 2’ E lo
Noi tat ng6 vao (v, = 0), ap mot dién thé v_ ¢ ngo ra, so l «é/r\/ o l
e R 0
d6 mach tuong dugc trinh bay nhu trong hinh sau: vi=0 Rz - yz
S ﬁibJ re
Tt mach twong duong ta co: J _E J |
. W .. @ W : =
1, =—-1, —pB1, =——(1+pn h
] RE b ﬁ b RE ( ﬁ) b
Vi sl e f DB o 1 03 K d) P9 loi dong dién
I.e RE ﬁre RE l.e
VO
Suy ra _=l_°=l+L=>Z°=re//RE Ai=l.—°= R: =_Av£
0 Vo e RE li i RE
Zi




|

| Ghi chu: Mach khuéch dai cwe thu chung ciing cé thé dwoc phan cwc bang cau chia ap nhw trinh

bay trong hinh (a). Cac cdng thirc phan gidi mach bén trén van dung, chi can thay R;=R,/IR,.

Mach cling c6 thé dwgre mac thém dién tré R nhw hinh (b), cac cong thire trén van ding khi thay
R, =R, /I R,. Tong tr& vao Z va tong tré ra Z_ khong thay doi vi R khong lam anh hwéng dén cuc
nén va cuc phat. Dién tré R, dugc dwa vao chi lam anh hwéng dén viéc xac dinh diém tinh diéu

hanh.




Nhan xét: Mach khuéch dai cwc thu chung co6 dién &p vao va ra cung pha nhau, do loi dién ap xap xi

bang 1, diéu nay c6 nghia Ia mach khuéch dai cwe thu chung la mach 1ap (Iap lai tin hiéu). Bén canh
do, mach nay co tong tré vao rat Ién va tong trd ra lai rat nhd. Vi cac ly do trén, mach khuéch dai

cwc thu chung thwdng dwgce dung lam mach dém — Buffer (cach ly ngd vao va ra) giup cho viéc

truyén tin hiéu dat hiéu suat cao nhét.




5. Mach khuéch dai cwc nén chung




~ Tin hieu dwa vao cuc phat E, ldy ra & cuwc thu C. Cuwc nén B dung chung cho ngd vao va ngb ra.

Mach co ban va mach twong xoay chiéu ctia mach khuéch dai cwc nén chung dwoc trinh bay trong

hinh sau:




Tt mach twong dwong ta tim dwgc cac thong s6 ciia mach nhw sau:

a) D0 loi dién ap:

v, o1 R R, R
Ry o0 GG € NG i
%, &l k& vi— El'- C 1
b) Téng trd vao: %r. B®“‘ R': Yo
7y =Ryl xem I, E T ] ‘—]
A - Zl —
¢) Tongtrora: Z,
Z,=Rc
d) D4 loi dong dién:
A.=i° R¢ v L, Z 2

I
I
|

Q

]

>

2
|
|
|
z

i




- Nhan xét: Mach khuéch dai cwc nén chung c6 dac diém 1a dd loi dién ap I&n nhwng dé Igi dong

dién bé, tin hiéu vao va ra cung pha. Nhwng tbng tré vao cla mach nay kha bé do dé can phai cai

thién tdng tré ngd vao. Mach nay thwdng rng dung trong cac mach khuéch dai tan sb cao.




P — —

Bang so sanh cac dac diém cua ba kiéu rap Transistor BJT trong mach khuéch dai:

I ‘Nhan xét chung =

Pac diem E chung C chung B chung
DPiém chung Cuc E Cuc C Cuc B
Tin hiéu vao Cuc B Cuc B CucE
Tin hiéura Cuc € Cuc E CucC
D3 léch pha Nguoc pha Cung pha Cung pha
Khuéch dai dong Lén Nho Khong
dién

Khuéch dai dién Lén Khong Nho
ap

Khuéch dai cong Lén Nhé Nhé
suat

Tro khang vao Nho Lén Nho
Tro khang ra Lén Nho Lén

- eI




Tém tat tinh toan cac théng so cira mach kh’uéch dai

1. Tinh toan phan cwc (thanh phan DC) tim diém t|nh Q (Igg log » Vogg) d0i vOi mach khuéch dai

cwe phat chung (E chung) véi kiéu phan cuc:
- Phan cuc cb dinh

- Phan cuc bang cau phan ap

- Phan cuc bang hoi tiép dién ap
2. V& mach twong dwong xoay chiéu tin hleuphﬁnﬁlgcicﬁle)o moHcF\t;;lpﬁaihh%ng soEI:m e e
3. Tinh toan thanh phan xoay chiéu AC:

- Tinh thong so r_

- DO lgi dién ap A,

- Tong tré vao Z

-Tong tréra Z_

- P06 loi dong dién Ai

] Trang 44



Mach khuéch dai cwc phat chung (E chung) vé&i kiéu phan cwe:

a) Phan cwc ¢b dinh:

Vo » .
= Ci F" ol i h.=ib+pib éRc v
Y el P
_=L Zi Zn = o
Tinh toan phan cwc (thanh phan DC): Tinh toan thanh phan xoay chiéu AC:
[ Vee = Vie - Tinh thdng sO
B
© Ry +(B+DR, - D6 lgi dién ap A,
_ B(Vee —Vy) - Tong tro vao Z
O R,+(B+DR, -TongtréraZ

- D6 logi dong dién A
Ve =VCC_IC(RC+RE) o g dis !

. Sy




Mach khuéch dai cuwc phat chung (E chung) voi kiéu phan cwec:

b) Phan cwc bdng ciu phan ap:

. i"’ 'I T — fio +
R, Ba % Pre
i Ca o, ™ R‘é R’é — Re 0
Vit gR‘ )
RS e - =
% . 4 i b ; b

Tinh toan phan cwe (thanh phin DC): Tinh toan thanh phan xoay chiéu AC:

- Tinh thdng so 1_
ETh VBE

I ~ . N ”
TR, +(B+DR, -Do loi dién ap A,
- Téng tré vao Z
1. = B(ETh_VBE) Tx . § i
- -Tong tro' r
cQ R, +(B+DR, ong trora Z_
- D6 lgi dong dién A
Rpy =R, /R, =02 By =V~ 0 loi dong dién A
R, +R, R, +R,

Vi =V, —-I.(R.+R})

C C E II




Mach khuéch dai cwc phat chung (E chung) véi kiéu phan cwec:
c) Phan cwc bang hoi tiép dién ap:

-Ov“

Vo

Cy Vo
-

“1.

Tinh toan phén cwc (thénh ph:':jn DC) Tinh toan thanh phén Xoay chieu AC:

| Vo V. - Tinh thdng so 1_
BQ — RB +B(RC +RE) - D(S |O’| d|én ép AV
- Tong tré vao Z
(Ve ~ Vi) |

I, = 2 )
cQ R, +B(R.+R,) -Tongtrora Z_

- D6 lgi dong dién Ai
VCE = Vcc - IC(RC + RE)

. Sy




~ Vidu 1: Cho mach nhw hinh sau:
a) Xac dinh cac gia tri phan cuc: |
b) V& mach twong dwong xoay chiéu v@i tin hiéu nhé

- ¢) Tinh téng tré vao Z, tong tré ra Z.,do loidienap A , 4o loi dién ap A

BQ’ ICQ’ VCEQ

+12V

iy

©
ﬁ RB H RC
270k 2.2k

= @)
SN

O el

—_

C1 Q1
I I - : NPN
10uF




Vi du 1: Cho mach nhw hinh sau:

~ a) Xac dinh cac gia tri phan cwc: |, 1.,V

BQ’ 'CQ’ " CEQ

Ap dung dinh luat Kirchoff 2 ta co: i iy
Vee =IRg + Vi c2
Suy ra dong dién Is: y . il

—” . NPN

Vee— Vs 12V-0,7V
=0 ~— =0,04185mA ~ 42uA
R, 270KQ

Day cting chinh la dong dien Iz, tir do suy ra dong dien Icq nhu sau:

Ieg= Plag =100 X 42 uA = 4200 uUA =42 mA =4,2 . 10°A
— — -3 3 —
Vo= Vee - IR = 12V - 4.2.10°A x 2,2.10°, = 12V - 9,4V =2,6V

. =y



Vi du 1 (tt):
~ b) V& mach twong dwong xoay chiéu véi tin hiéu nhd

+12V

i

+ 1'1_' + '_' < ¥ +
1 ip
[I] RB H RC o tio
270k 2.2k
C2 - Pre w
1 I I * Vi Rz 5 Vo
10uF RC
C1 Q1
|| /) NPN




Vi du 1 (tt):
c) Tinh do loi dién ap A, tong tré vao Z, tong tré ra Z_, do loi dong dién A

Phan giai mach ta s& tim duoc cac thong s6 cia mach nhuw sau:

Do loi dién ap: Tong trd ra:
Kooee Vi 8 RC Zo = RC
" v, r, D6 loi dong dién
2 - A __A Zi
Tong trd vao: 1=

Z, =¥=RB//&;

1

. =



Vi du ap dung: : -

Vi du 1 (tt):
c) Tinh dd loi dién ap A , tong tré vao Z, tong tré ra Z_, do loi dong dién A

L
Tacod:t, = 26mVy voil, =42 . 10°A . w
ICQ Q A
26mvV 26107V o

r = — =6,20 ]t
4210°A 4,2.107A

Digital Oscilloscope

bd loi dién ap:

| Channel C

A =—Re_ 22009 44
r 6,20

€

Két qua md phéng nhw sau:

A - \A :_3,53V _ 353
V 10mV

in

Trang 52



6. Anh hwéng cia ndi tré va tré tai lén
mach khuéch dai




Trong phan truwédc, ching ta da phan tich va tinh toan cac thédng sé clia mach khuéch dai dung BJT

trong trwdng hop khéng co tai va ngudn tin hiéu dwoc xem nhw ly twdng (khdng co ndi tré). Thuc té,
nguon tin hiéu luén cé ndi tré& nguodn tin hiéu Ry va mach co tong tré tai R_. Tai co thé la loa,
ang-ten, coi, dong co dién hodc bat ky mét thiét bi hivu ich nao. V&i ndi tré Ry va tré tai R nhw vay
s& lam thay dbi cac thdng sb ctia mach nhw tdng tré vao, tdng trd ra, do loi dién ap va do loi dong
dién.

Trong phan nay sé khao sat anh huwdng ciia R va R 1én cac thong so clia mach khuéch dai.

=



Xét mach khuéch dai sau:

Xac dinh duong thang lay dién dong (xoay chiéu):

Ta co:

- Dién tr¢ tai DC: Ri=R¢

R '
- - Dién tré tai AC: R, =R, //R,
= _ - Phuong trinh ngd ra chi véi tin hieu AC:
1
fio iR, +v_=0
éR'L ° @icz_i_vce (1)
RL
. -
I:: = T, ic=i +1q @i, =ic—Iq (2)
Trong do:

o+ Dong dién cuc thu d6i voi ca tin hiéu xoay chiéu va tin hiéu 1 chiéu.
Dong dién cyc thu d6i véi tin hiéu xoay chiéu.

I Dong dién cyuc thu d6i véi tin hiéu 1 chiéu. I I




‘6. Anh hwéng caa ndi tré va tré

. 1. bwong thang lay dién dong (xoay chiéu)

Vi =N +VCEQ SOV, =V —VCEQ (3)

Trong do:
hi€u mot chiéu.

VCEQ: Di¢nap V

CEQ

Xac dinh duong thing lay dién dong (xoay chiéu):
Ta co:

Dién tro ta1 DC: R;=R¢

Pién trd tai AC: R, =R, //R,

Phwong trinh ngd ra chi véi tin hiéu AC:

iR +v_=0
¢ L ce

ic =i, +leq @i, =ic—Ieq (2)

Vg Dién ap v do1 voi ca tin hiu xoay chiéu va tin

v_:Dién ap v__ dodi vai tin hiéu xoay chiéu.
ce ‘ ce ‘

do1 voi tin hi€u mot chiéu.

.



1. DPwong thang lay dién dong (xoay chieu)

Thay (2) va (3) vao (1) ta dugc phuong trinh ng ra khi ¢6 ngudn tin hiéu AC:

. |
(1¢ _ICQ) = — (Vg —VCEQ)
R,

V,
S WL I - L ViR’ =RJ/R,

Ry Ry
Phuong trinh nay chinh la phwong trinh duong thing lay dién dong ctia mach.
V,
i =—7—+1,
(R Cc // R L )

Khi v, =0 th

Khi 1,=0 it Vg=IoR MR, )+ Vg
Ghi chu:
- Duong thc‘zzr‘zg lay dién tinh (dwong tai DC) la tdp hop tat ca cac diém lam viéc tinh O(I o Vg khi chua co
tin hiéu nguon AC.
- Puong thang lay dién déng (dwong tai AC) la tdp hop tdt cd cdc diém (i Vop)s bao gom ca diém Q, khi c6

tin hiéu nguon AC. I I




1. Pwong thang lay dién dong (xoay chieu)

Phuong trinh duong thang 1ay dién dong:

Puing thang 13y dién dong

RY /

Puirng thing 1ay dién tinh

133

Ix:

1 Vs
1. =——V +——+1
TR, T ® % 1 v
Icq
i v
Voi R’ =R//R, P
- V(I,Q Vee
i = i 1. = i3
Khl VCE 0 thl C (RC //RL) cQ
Khi 1.=0 th vg=I,R./R,)+ Vg4 Ve @

v

A

o
&

Iz
\Ncc » Ver
- 3

~eeotleg R

> R’;=Rj;f.’/Rc

\/




2. Anh hwéong ctia ndi tré nguon r

: V. =| —— |V
1 t m S
li® Vo r+2z,
=A,v, =A |0
Vin(t) Vo T AV, = A Vs
L +z,

Nhw vay de co do Igi ap A cang lon thi z_>>r_

I Yo _Zm A >
: vs rs +Z, :
I v :
! | T =A — r
; I v I S
1 | 1 . ju— 1
I I " n
1 1 1 r +Z
1 i | 1 S
] T lin ! |
AMN—— ? !
1
. I
Tin hiéu z 1.=A1 =A — |1
an |\ v, =|—2—|v r+7z,
nguon = TN

||{
|||—01- '

Vo
i Pé c6 d6 loi dong A cang lén thir >>z




6. Anh hwéng cta ndi tré va tré tai lén macﬁ khuéch dai ;

3. Anh hwéng cua dién tro tai R,

M6t bd khuéch dai AC dung dé cung cap céng suat cho mot tai & ngd ra. Tai co thé 1a loa, ang-ten, coi, ddng co

Z.
Mataco: v, =A, | —— |V,
r,+Z,

dién... Khi phan tich mach nay, ta thay thé bang mot dién tré tai.

R X .
e (—L}VO Dé c6 ap toi da trén tai thi R >>z

out
Zout + RL

Z. R
Do lgi ap tir nguon dén tai: |A ., = L _ Av{ in j( L ]
z,,+tR,

ut

R
Z 7\ V4 by X = ~n r 3 Y
G _ t :
Véi v, =z 0 => i =| —=_ |j De codong t0i da tren tai thi
z >>R
out L

Do loi dong tr ngudn dén tai:

L. : r). 1 r z
Voi i, =A.1, = A.{ i, =>| A, =—==A.. — . 2
i*tin i 1IETP . 1
L +z, 1 r.+z, )\z , +R,

— Trang 60



4. Mach khuéch dai cwc phat chung véi kieu phan cwe c6 dinh khi cé néi tré va dién tro tai.

Xét mach khuéch dai cuc phat chung véi kieu phan cwe cd dinh voi ndi tré rg va trd tai R, nhw hinh

Sau.

Is B:'El' ------------ :C
mo ] o E i
BRI §m- S - ériesar@ SENE
N =i s S
e > |

Mach twong xoay chiéu

. =y




4. Mach khuéch dai cwc phat chung véi kieu phan cwe c6 dinh khi cé ndi tré va dién tro tai.

Z
Z

Trong truomg hop khong cé dién tré tai va nguon tin hiéu thi ta co:
- Dién tré vao: zin=Rs // Pre
- biéntrora: zow =Re

- Do lo1ap: (khi khéng co tai ngd ra xem nhu he mach)




6. Anh hwéng cta noi trér va tré tai lén m_a‘!.:_ﬁ klmﬁd:g

4. Mach khuéch dai cwc phat chung v&i kiéu phan cwe c6 dinh khi c6 néi tré va dién tré tai

- Trong truwong hop cé dién tré tai va nguon tin hiéu:

- grr-===mmmmess ! C
AAA : 1 Ta c6 d0 loi 4p toan phan (hay do loi
! g CD ! ;R ;RL ap tr nguodn dén tai):
/:-t/ Vs - : l‘ieE Bre Blb :
\ ! | Vi Zin Ry
s } """" 'S Aprp =— = A,
I Z. E Z,., VS I'S + Zin RL + Zou‘[
R

V(’H Av :__C(dO:RE :0);Zin :RB //Bre;zout :RC
r

€

. O A 0 7 R,
vRIP r, \r,+(R,/Pr,) AR, +R,

1 R, //PBr R_.R 1 R, //PBr
:AVETP:( B Be ][ C L J:( B Be ](RC//RL)

r,\,+(Ry//Br,) A\ R, +R, r,\1,+(Ry;//Pr,)

— o~



4. Mach khuéch dai cwc phat chung véi kiéu phan cwe c6 dinh khi c6 néi tré va dién tro tai

- Trong truwong hop cé dién tré tai va nguon tin hiéu:

1C Ta c6 d6 loi dong tong (hay do loi dong
tor nguon dén tai):

Ru .
. 1 r Z
— L __ s out
T - R =57 Ai{ ]( R )
_____________ ls rs + Zin Zout + L

Voi Ai :B;Zin :RB //Bre;zout :RC

]
o~}

- — e e m e

:

£
AN
7

Z

AL, =Lop s Re
T r+(R,/Ppr) \R, +R_

. =y




- Trong truwong hop cé dién tré tai va nguon tin hiéu:

dién ap A cla mach sau va nhan xét.
VETP

4. Mach khuéch dai cwc phat chung v&i kiéu phan cwe c6 dinh khi c6 néi tré va dién tro tai

Vi du 2: Twong tw vi du 1, mac thém dién trd tai R =10k & ngod ra. Tinh toan va mé phong do loi

C2
||

1
10uF

RL
10k




4. Mach khuéch dai cwc phat chung véi kiéu phan cwe c6 dinh khi cé néi tré va dién tré tai
- Trong truwomg hop coé di€én tré tai va nguon tin hiéu:
Vi du 2(tt):

Khi co dién tré tai thi ta co do loi ap toan ph::in dugc tinh nhw sau:

Agp = A, o R,
z. +L AR, +R,
R _

22000
Véi Ay 1a d6 Loi dién ap khi khong 6 tai A, =——C =—
r 6,20

==y

Zinla tong tré vao cua mach
rs1a dién tré nguon

Xét truomg hop: zin = 15 (dé ¢6 do 1oi ap Avere 16n)

| Sall_f fL ggs, WEE 2980 o
r \R, +R, 10kQ+22kQ 12,2

e

. Sy




6. Anh hwéng cta ndi tré va tré tai lén ma___ch khuéch dai

‘-

4. Mach khuéch dai cwc phat chung véi kiéu phan cwc cb dinh khi c6 néi tr& va dién tré tai

- Trong truwong hop cé dién tré tai va nguon tin hiéu:

Vi du 2(tt):

Digital Oscilloscope n

Channel C

Channel D
Position

Position =
1301 [5]03
g GND
oFF 5]
o
] ? o5 92 0
1. ek 50
] I v
D -
\ !
1

C1
c1(2)
s G [

RB

270k

— e

1
10uF

Q1
K NPN

RC
2.2%

o O o >

RL
10k

Trang 67
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