HOI TIEP
HOi ti€p 1a 1dy mOt phan tin hiéu dau ra dua tré 1ai ddu vao lam thay dGi dau vio.
Trong chuong cung cdp nguOn va G dinh ché dd cong tic cho transistor, ching ta da xét
truOng hgp ddc bi€t cla hdi ti€p trong d6 1a hoi ti€p dong di€n. Tuy thubc cuc tinh
cUa tin hiéu tic dOng v€ dau viao ma ngUdi ta chia thanh hdi ti€p am va hoi ti€p
duong. HOi ti€p 4m lam gidm nho dién dp ddu vao, ngudi ta st dung né d€ 6n dinh
di€m lam viéc tinh. Ngugc 1ai hoi ti€p dudng lam ting dién 4p dau vao, ngudi ta s
dung vao mach dao dOng.
Trong phan nay nghién ctu chU y€u la hoi ti€p Am. VAy khi néi d€n hoi ti€p ta ngdm
dinh d6 12 hoi ti€p am.
Sa d6 t6ng quan mach hoi ti€p (hinh 7.1)
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Hinh 7.1: SO'd0 tOng qudt cta mach hoi tiép

Us: tin hi€u vao
Uv: tin hiéu vio phan khuéch dai
Uf: tin hiéu hoi ti€p
Ur: tin hiéu ra

: hé s06 hoi tiép
K: ham truyén dat cla khau khuéch dai
Tin hi€u vio khau khu€ch dai bao gdm tin hi€u vao va tin hi€u hoi tiép.
Khi tin hi€u vio va tin hi€u hoi ti€p ngUOc pha nhau thi dugc goi 14 hoi ti€p Am nhu
hinh 1.148. Khi c6 hoi ti€p 4m, mach s& cé tinh chat sau:
Tr& khéng vao 16n
Tu dugc dién 4p G dinh hon
Cai thién dap Ung tan sO
Trd khang ra nhd
M3 rOng viing thu hoat ddng tuy€n tinh.
Gidm dugc nhiéu.
Phan loai hoi ti€p
Dua vao cich 13y tin hi€u dau ra dua hoi ti€p 1ai ddu vao ma ngUdi ta chia thanh: hoi
ti€p dong di€n va hoi ti€p dién 4p.
Dua vao cich ghép tin hi€u hoi ti€p v€ dau vao ma ngUdi ta chia thanh: hoi ti€p ndi
ti€p va hoi ti€p song song. Cy thé€ chia thanh 4 loai sau:
HOi ti€p dién 4p ndi ti€p (hinh 7.2)
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Hinh 7.2: Héi tiép dién dp noi tiép
tin hi€u hoi ti€p ty 1€ véi dién ap dau ra va n0i ti€p vai tin hiu vio.
HOi ti€p dién 4p song song (hinh 7.3):
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Hinh 7.3: HOi tiép dién dp song song
tin hi€u hoi ti€p ty 1& v&i dién dp dau ra va song song v&i tin hi€u vao.
HOi ti€p dong di€n nOi ti€p (hinh 7.4)
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Hinh 7.4: Héi tiép dong dién néi tiép
tin hi€u hoi ti€p ty 1& vdi dong di€n dau ra va ndi ti€p v4i tin hi€u vio.
HoOi ti€p dong dién song song (hinh 7.5)
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Hinh 7.5: HOi tiép dong dién song song
tin hi€u hoi ti€p ty 1€ vGi dong di€n dau ra va song song v4i tin hi€u vao.
HOi ti€p n0i ti€p lam ting trd khdng vao, con hi ti€p song song lam gidm trd khing
vao. HOi ti€p di€n 4p 1am gidm trd khang ra, con hOi ti€p dong di€n lam ting tré khang
ra. TrG khang vao 16n va trd khiang dau ra nhd dé 1a mong mudn clia hau hét cic tang
khuéch dai. Ca hai yéu cau dugc dap Ung trong hoi ti€p dién 4p nOi ti€p.
1.6.3. Tdc dung cUa hoi ti€p
1.6.3.1. Atinh hudng cUa hoi ti€p dGi véi hé s6 khuéch dai.
Khi khong c6 hoi ti€p: K 12 hé s6 khuéch dai. Khi c6 hdi ti€p:  1a hé s hoi tiép cla
khau hoi ti€p thi hé sO khuéch dai clla mach c6 hdi ti€p gidm di (I  K) lan so véi
khi khong c6 hoi ti€p, chi ti€t hé s6 khué€ch dai clla mach c6 hoi ti€p dugc thé hién
theo bang 1.1: ] o ] ] ]
Bang 1.1: HE SO KHUECH PAIL, HE SO HOI TIEP VA HE SO KHUECH DAI KHI
CO HOI TIEP THEO HINH 7.1

Dién 4p n6i | Pién 4p Dong dién | Dong dién
ti€p song song n0i ti€p song song
Hé s6 khuéch dai K UJ/U, U/L, I/U, L/1,
khong c6 hoi tiép
Hé s6 hoi ti€p B UJ/U, L/U, UL I/1,
Hé s6 khuéch dai K; U/U; U/, L/U, L/I
c6 hoi ti€p

HOi ti€p dién 4p noi ti€p

Trong hinh 7.2 chi ra hoi ti€p dién 4p nOi ti€p. Tin hi€u hoi ti€p dién 4p nOi ti€p vdi
tin hi€u vao, k€t qud 1am gidm toan b0 tin hi€u vio. That vay, n€u khong c6 hodi ti€p
(Uf = 0) thi hé s0 khuéch dai dién 4p:

Ur Up

Us Uy
Néu c6 tin hi€u hoi ti€p Undi ti€p vGi dau vao, tacé: Uy Ug Ug
Bai vi

Chonén (1 PK)U; KUy
TU d6 suy ra hé s6 khuéch dai dién 4p khi c6 hOi tiép:
U, K
fug 1 pK
trong cong thlc trén, hé s khuéch dai khi c6 hoi ti€p sé gidm di (1 PK) 1an khi
khong c6 hoi ti€p. Hé s6 nay lam thay d0i trd khang vio ra va cdc dac tinh khic cla
mach.
g (1 BK) dugc goi 12 d0 sau hoi ti€p.
HOi ti€p dién 4p song song:
Hé s0 khuéch dai theo hinh 7.3 1a:
U KIV KI KI
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Afinh hudng cla hoi ti€p dén trd khang vao
Hoi ti€p dién 4p nOi ti€p
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Hinh 7.6: HOi tiép dién dp noi tiép
HOi ti€p dién 4p ndi ti€p dugc thé hi€n chi ti€t trong hinh 7.6. Trd khang vao c6 thé
dugc tinh nhu sau:

u, Us U U BU_ U BKU_

Zy Uy Z Z
IyZy Us PKUy
Us IyZy PKUy IyZy BKIyZy
Us

Zvi 1 Zv BBK)y Zy(d BA)
v

K&t luan: khi c6 hoi ti€p trd khing vao sé ting 1én (1 K ) 1an so vGi khi khong c6
hOi ti€p, di€u nay diing cho cd hoi ti€p dién 4p va hoi ti€p dong dién noi ti€p.
Hoi tiép dién 4p song song:
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Hinh 7.7: HOi tiép dién dp song song
Hoi ti€p dién 4p song song dudc thé hién chi tiét trong hinh 7.7. Trd khing vao dugc
tinh theo cdng thUc:
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Vay tr@ khing vao s€ ting (1 K ) 1an so vGi khong c6 hoi ti€p.
1.6.3.3A0nh hudng cUa hoi ti€p tGi trG khang ra:
Trd khéng ra chi phu thuOc vao hoi ti€p dién 4p hodc hoi ti€p dong di€n ma khong
phu thudc hoi ti€p noi ti€p hay song song. D€ thudn tién chiing ta nghién c(tu loai hbi
ti€p nOi ti€p.
HOi ti€p nOi ti€p dién 4p:
HOi ti€p dién 4p noi ti€p dugc thé hién trong hinh 7.6. Trd khang dau ra dugc xéic
dinh bang dién 4p cung cap U, gy ra dong dién I, khi ngdn mach U (U, = 0). Dién 4p
U dudgc tinh:
U IZ K,
Us =0, thi Uy =-Us
Vivay U=1Z, - KU, = IZ, — K( U)
Vi€t 1ai cong thlc nhu sau: U+ KU = Izr
Vay ta c6 tr& khdng dau ra khi c6 hoi ti€p:
U V4

r

\4

T 1 K
TUr d6 ta thay rang hoi ti€p dién 4p noi ti€p s€ lam tr& khang ra gidm di (1+ K) so vdi
khi khdng c6 hoi tiép.
Hoi ti€p dong dién nbi ti€p
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Hinh 7.8: HOi tiép dong dién néi tiép
TrG khang ddu ra khi c6 hoi ti€p noi ti€p dong dién dugc xdc dinh bang tin hiéu U &
dau ra, tao ra dong dién I, khi ngdn mach Us, ty s6 gilta U va I chinh 1 tr@ khang dau
ra. Trong hinh 7.8 chi r0 chi ti€t hoi ti€p dong di€n ndi ti€p. Gi4 tri cUa trd khang ra
dugc tinh nhu sau:vdi Us =0 va UV = Uf ta ¢6

IﬂKUvﬂKUfﬂKI
Z Z, Z,

Zd K)J U

z, Y zi1k
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NhU vay héi ti€p dong dién n0i ti€p 1am trd khang ra ting 1 + K 1an.



TONG KET ANH HUGNG CUA HOI TIEP PEN TRO KHANG VAO, RA

A e x Dong dién n0i A Dong dién n0i
bién ap nO1 ti€p ti6p Dién ap song song (i€p
ZV(1+ K) ZV(1+ K) ZV(1+ K) ZV(1+ K)
Zvf N . .2 .2
Tang Tang Giam Giam
7o Zr(1+ K) Zr(1+ K) Zr(1+ K) Zr(1+ K)
Gidm Ting Gidm Tang

Vi du 25: X4c dinh hé s0 khuéch dai dién 4p, trd khang vao va ra clla mach cé hoi
ti€p dién 4p nOi ti€p: VGi K = 100, ZV = 10k , Zr =20k ,hé sO hbi ti€p: a. =-0,1
va =-0,5.
Giadi: st dung codng thUc trén ta c6:

K 100 100

K. 9,09
V% Tk T 01 100 1
3
er Zr 20 10 1.82k
1 K 11

zZ,1 K 10k 11

VA 510k

bK, K 100 100 1.96
1 K 1 05100 51

zv, Z,1 K 10k 51 510k

3
z, Zr 20 10
1 K 51
Vi du 25 cho ta thdy khi hé s6 h0i ti€p thay d0i s€ 1am thay d0i hé s6 khuéch dai, trd
khéng vio, ra cla mach hoi ti€p. Hé sO khuéch dai gidm di 11 1an (t& 100 con 9,09),
tr& khang vao gidm di 11 1an, trd khang ra ting 1én 11 1an. TuOng tU trong truGng hop
= 0,5 hé s khuéch dai cUa mach hoi ti€p sé gidm di 51 1an, trd khang dau vio ting
51 1an, tr6 khang ra gidm di 51 1an. Vay c6 th€ dung hoi ti€p am d€ thay dbi cic tham
sO clla mach khuéch dai.
1.6.3.4.Gidm méo tan s
Trong b0 khuéch dai héi ti€p 4am ma c6 k >> 1, thi hé s6 khuéch dais€ laKf 1/ .
Khi d6 c6 th€ xem nhu mach chi don thuan la dién trd, né khong phu thudc vio tan s6
cho dit b0 khuéch dai d6 c6 chlta phan t& phu thulc tan sO. Thuc t€ thi méo tan sO
gidm 12 do su thay dGi cUa hé s6 khuéch dai theo tan sO trong mach c6 hoi ti€p am
dién 4p dugc gidm déng k€.
1.6.3.5. Gidm tap 4m va méo tuy€n tinh.
Khi c¢6 hoi ti€p 4m sé& 1am nho tin hi€u nhi€u (vi du ti€ng U cla ngudn cung cdp)va
gidm nhd méo phi tuy€n.
Khi d0 méo phi tuy€n gidm di (1+K ) 1an thi hé sO khuéch dai ciing gidm di. D€ ¢6
th€ gidm dugc dO méo phi tuyén ma van c6 hé s6 khuéch dai can thi€t ngudi ta s
dung phan tl c6 hé s6 khuéch dai 16n hoat ting tan sO khué€ch dai 1én.
1.6.3.6. @nh hudng cla hoi ti€p Am dén hé s6 khuéch dai va dai tan
Theo cong thic tinh hé s6 khuéch dai khi c6 hoi ti€p am la:

vf

392,16




k, X K 1 vhi K>>1

1 K K
Néu K >> 1, hé s6 khuéch dai xap xi 1/ . O tan s6 thap, dac tuyén c6 dd dOc 1én
do dung khing trong mach khuéch dai kh4 16n, nguoc 1ai & tan s0 cao, dac tuyén dbc
xu0Ong, dung khang trong mach khu€ch dai rat nhd. Do vay hé s0 khuéch dai cla
mach & céc tan s khac nhau s€ khac nhau (h 7.9). khi ma hé s khuéch dai gidm
xuOng thap dén gid tri ma hé s6 K khong con 16n hon rat nhiéu so véi 1, thi cong
thic K, 1/ khong con ding nlra.
Trong hinh 7.9 chi ra mGi quan hé gi(ta hé sO khuéch dai va tan sO lam viéc. Khi c6
hOi ti€p 4m dai tan lam viéc B, s€ rOng hon khi khong c6 hoi ti€p cac gidi han tan sO
trén va dudi dugc xic dinh khi hé s6 khuéch dai clla mach gidm di 3dB.
1.6.3.7. Atinh hudng dén d6 On dinh hé s6 khuéch dai.

4 Hé s6 khuéch dai
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O day chiing ta chi quan tim dén van dé On dinh khi c6 hoi ti€p so v&i hé s6 khuéch
dai khi c6 hOi ti€p so v&i khi khong c6 hoi ti€p. Lay vi phin hai v€ cla cong thlic tinh
K

9K, 1 || |dK,| | 1 ]dK]
k| T kx| ™[k, | [ klK]
Nhin vao cong thic trén ta thdy mach c6 hoi ti€p hé s6 khuéch dai c6 d6 6n dinh hon
mach khi khong c6 hoi ti€p véi hé sd 1a K.

Vi du 26:

M6t mach khuéch dai bang -1000, hé s6 khuéch dai thay dGi 20% theo nhiét d6. Hay
tinh su thay d0i cUa hé sO khuéch dai khi ¢6 hoi ti€p am vGi  =-0,1.

Giai:

SU dung cong thic:

K| fak| |1
K, | | K|k || 01 1000

khi K 1

20%| 0.2%




Nhu vay d6 On dinh cla hé s6 khu€ch dai ting 1én 100 1an so vGi khi khong c6 hoi
ti€p. Hé s6 khuéch dai thay dGi tr 1000 sai s6 20% xubng con 10 va sai s& chi con
0.2%.

1.6.4. Cac mach hoi tiép thuc té:

Céc vi du vé mach hoi ti€p sé gidi thich, minh hoa dnh hudng cla hoi ti€p v4i cic
ki€u két n6i khdc nhau. Trong phan nay chi giGi thiéu nh{ng nbi dung co ban.
1.6.4.1. HOi ti€p dién 4p nOi ti€p
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Hinh 7.10: Mach khuéch dai héi tiép néi tiép dién dp ding FET
Trong hinh 7.10 12 m&t mach khuéch dai hoi ti€p dién 4p ndi ti€p dién dp nli ti€p s
dung FET. MOt phan tin hi€u ra (U,) thdng qua cic dién trd R1 va R2 dugc dua trd vé
dau vao di€n 4p nay chinh 1a di€n 4p hoi ti€p U, nGi ti€p vdi tin hi€u ngudn Uy, tin
hiéu vao U, = U, — U..
Néu khong cé hoi ti€p thi hé s6 khuéch dai la:

U
K - R
U g m* L

v

Trong d6 R, 1a dién trd ph6i hop song song
R, R,/IR/ R R,
Khau hoi ti€p c6 hé s0 hoi tiép:

Uf Rz

U R R,
Thay gid tri cUa K va  ta c6 th€ tim dudc hé s6 khuéch dai clla mach khi c6 hoi ti€p
am.

K 8.k,
1 K 1 R2R,//Rl R2 g,

Néu >>1 tacé:
Kf l Rl R2
R2

Vi du 27:

K




Hay tinh hé s6 khuéch dai khi khong c6 hoi ti€p va khi c6 hoi ti€p trong mach sit
dung FET nhu hinh. 7.10. Theo cédc gid tri nhu sau: R1 =80k ,R2=20k ,Rr=10
k ,RD=10k ,vagm=4000 S.

Giai:

Dau tién tinh RL:

RR, 10k 10k
R R, 10k 10k
BO qua dién trd 100k do R1 va R2 mac n0i ti€p, hé s6 khuéch dai khi chura c6 hoi
tiép:

K g,R, 4000 10°S 5k 20
Hé 56 hoi tiép la:
R, 20k
R, R, 80k 20k
Hé 56 khuéch dai c6 hoi ti€p:

Sk

L

0,2

K 20 20
1K 1 2002 5
Vi du 28:
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Hinh 7.11: HGi tiép dién dp néi tiép str dung b khuéch dai thudt todn
Tinh hé s6 khuéch dai clla mach theo hinh 7.11 bié€t: hé s6 khuéch dai clia b
khuéch dai thuat toan K =100.000 va cdc dién trd R1 = 1,8M va R2 =200k
Giai:
R, 200k
R, R, 200k 18M
x K 100000 100000
71 K 1 01 100000 100001

Chii ¥, n€u K >> 1 thi ta c6:
f L
' 0,1

0,1

9,9999
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Hinh 7.12: Mach héi tiép dién dp néi tiép
Theo mach trong hinh 7.12 hoi ti€p di€n dp ndi ti€p. Tin hi€u di€n 4p ngudn 1a US,
dién 4p ngudn 12 UV, dién 4p ra la Ur, Ur ciing l1a di€n 4p hOi ti€p nOi ti€p vGi dién dp
vio. Khi khong c6 hoi ti€p thi Uf = 0 ta c6:
U h R, h, R, Uglh,

US US hve
Va Yr 1
U,
Khi ¢6 hoi ti€p thi.
Kf U, K hfeRE/hfve hfeRE
Ugs 1 K 1 1 hfeRE/hie h, h,R,
Néu

hiRg >> h,. thi K¢ 1

Chi y:Khi st dung tham sO h d€ phan tich mach ding BJT, c6 su tudng dudng vGi cic
tham sO re, ,r0, nhu phén 1.3.2. nhusau hy.= ., hi.= ,h.=- ,hy=re.

1.6.4.2. héi tiép dong dién nbi tiép

Ucc

Hinh 7.13a: H6i tiép dong dién néi tiép
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Hinh 7.13b: S0’ d6 tuong duong

Ciing giOng nhu cdc vi du ta vUa xét trén, hOi ti€p dong di€n ndi ti€p 12 18i mOt phan
dong dién & dau ra dua trd 1ai n0i ti€p v Gi tin hi€u & dau vao. Hoi ti€p dong dién nbi
ti€p On dinh hé s khuéch dai va lam ting trd khang dau vao.

Hinh 7.13a cho ta mOt mach khuéch dai dung transistor,dong dién hoi ti€p ndi ti€p
dugc 18y tU cUc emitter. Dong di€n nay qua di€n trd RE, tao ra dién 4p hoi ti€p ngugc
pha v@i tin hi€u ngudn, k€t qud 1am nho dién 4p dau ra Ur. Mulng bo hOi ti€p dong
dién nOi ti€p chi cdn b dién trd emiter hodt mac thém mot tu dién song song vGi né.
Xét khi khong c6 hOi ti€p

Dua vao hinh 7.13b va bang 1.2 ta co:

I,h h
KI_r b"" fe fe
UV Ib hve RE hve RE
U
_r IR, R,
I 1
Trd khang vao va tré khéng ra
ZV RB // hve RE hve RE
Z R,
Khi c6 hoi ti€p:
k. L K hy!h, hy,
/AT
U 1K h,  h, h,R,
: hve RE
TrG khang vao va tr& khdng ra c6 thé dugc tinh theo bang 1.2
h.R
zZ, z 1 , R.1 ==
‘ hve
hfeRE
Z, Z,1 K b, 1= h, heR,

Hé s0 khuéch dai dién dp K, khi c6 hoi ti€p dugc xéc dinh:
h.R
Kf Ur IrRC Ir RC KfRC fe"tC
U, U, U h hfeRE

Vidu 29:
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2,2K0
4700 Ur
0,5uF i
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hve = 80002
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10mV
Hinh 7.14: Mach khuéch dai BJT héi tiép dong dién

Tinh hé s6 khuéch dai dién 4p cla mach sau v3i cic sO liéu cho trén so d6(H.7.14)
Gidi:

Khi khong c6 hoi tiép:
h,
k L L 120 0,085
Uv.  h, R, 900 510
U,

Hé s6 khuéch dai dién 4p khi c6 hoi tiép:
k, Y

3 3
oot KeRe 19210722107 42

Hé s6 khuéch dai dién 4p khi khong c6 hoi ti€p (tlc khi d6 RE = 0)

3
K, R 02,2.10 2933
r 7.5

e

1.6.4.3.HOi ti€p dién 4p song song
o

R -1
Uy m - q U, Is = vwR1

Hinh 7.15: B6 khuéch dai hoi tiép am dién dp diing OA
Ta xét mach hoi ti€p di€n 4p song song st dung b0 khuéch dai thudt toan hinh 7.15.
Theo hinh 7.15 va bang 1 4p dung cho b khuéch dai thuat todn ly tudng, dong dién
vao Iv = 0, dién 4p vao UV =0, hé s6 khuéch dai bang vo ciing, chiing ta cé:
k Y L
I, ’ U R

r

3

0
Hé s6 khuéch dai c6 hoi ti€p
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Thong thuOng hé s khuéch dai 1a khuéch dai dién 4p khi c6 hoi tiép.
1 R
k, Ll gl K
1.U, R R

DGi vGi mach dién hinh 7.16 mach khuéch dai hoi ti€p di€n 4p song song st dung
FET, khi khong c6 hoi ti€p, Uf =0
K ll]r ngDRS

<

Hé s0 hoi tiép -+

Khi c6 hoi ti€p hé s6 khuéch dai clla mach:
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Hé s0 khuéch dai dién 4p cUa mach khi c6 hoi ti€p
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Hinh 7.16: B khuéch dai hoi tiép dién dp song song st dung FET

Tinh hé sO khuéch dai khi c6 hoi ti€p va khong c6 hoi ti€p cho mach 7.16a , bi€t cac
gid tri gm = 5mS, RD = 5,1k ,RS =1k vaRF =20k

Giai:

Khi khongcé hoi ti€p hé sO khuéch dai dién 4p 1a:
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