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: TONG QUAN

Trong chwong 4, ta da xéet mach khuéch dai tin hiéu Ion, v, v, tuan theo qui
tac bao hoa, MOSFET chi & trong ving bao hoa.
Hé thire gilra tin hiéu ra — tin hiéu vao cho:

2
Vy =V, — K(V' Vi)

R

& hé thirc khdng tuyén tinh gitka v, ¥a v, (H.6.1)

Vo 1V



« Duwéidang:

KV, =V )’

I, =1+l =

« V&ithanh ph an DC va thanh ph an gia t ang:

. D6 thibiéu dién: I s
Nhan xét: Ip
K

b= -\.,)" =hs,DChias -----

o =K (V) Vi ) v = g -'EBJ-

hé sé hédan g, =K(Vgs— Vo)

y

+K NI _VTH )Vi
K
IS :E(VI -V, )2,
id =K (VI _VTH)Vi




¥ KHUECH PAI TIN HI EU NHO

Hé thirc khdng tuy én tinh gay kho kh &n cho vi éc phan tich va
thi ét |1ap mach khu éch dai.
Pé c6 mach khu éch dai tuy én tinh:

> Phan cwc DC dwoc ch on tot

> Pat chong tin hi &u nh é 1én

» Dap rng cuatin hiéunhoé dwoc™ -

diém hoat déng & trung diém v,

dai hoat déng ngd vao Vg Piém ho at déng

(V) Vo)
hia trén c naV,.

P | AVO

xem la g an nh w tuy én tinh .

Ta c6 th & xét chi ti ét hon bang:
-1). o thi
- 2). Toan hoc
- 3). Nhin ttr mach

v




®KHUECH DAI TiN HI EU NHO

1). Phwong phap do thi
« Chon diém hoat déng tét: trung diém dai ho at déng ngd vao
 Chotin hi éuvao hteu ich (xem | ai & trwéec).

A VS

Piém hoat déng RL

?‘

Tin hiéu vao h tru ich

. o |
/'

¥O

bién thé phan ci

(Pién th é offset)

R e Ll

+Vi
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¥ KHUECH PAI TIN HI EU NHO

SR A— [ TH
Dw&idang: 'o =lo Hla = 5 +K (V) -V, v,
V&i thanh ph an DC va thanh ph an gia t ang (AC):
K 2
5 :E(VI _VTH) ’
id =K (VI _VTH)Vi
Db thi biéu dién: .
Nhan xét: ¢ K 2
: K ) . iy E(VGS _VTH)
ID:E(V' -\},)"=hs, DCbias
0 =KM V) v=g.y 'T [ e
| «~ _Piém phan c uc
hé so ho dan:
. Im = K(Vgs = Vn)
Va: .
Ves =V,

0 Vr V|§-¥i Ves



¥ KHUECH PAI TIN HI EU NHO

2. Phwong phap toan h oc

« phwong phap khai tri én chu 6i Taylor ham y=f(x) chung quanh x =
X, cho: df

dx

(x- X))-'_idz;xo

2! d?
Ap d ung vao cac ph wong trinh MOSFET SCS chung quanh diénthe é
phan c wc V. V&I VI twong rng VeI X, X twong tng veol V, + v,

2

(% X) +....

Xo

hoac x — Xotu’o’ng rng v&i v, va y twong wng véi ip = I +|d,ta
dwoc:
K[(V ~
o= F (V, +v) = ['+‘2" Yo ]
2
- KM e) +K(V —\4H)v.+%\f
2
I _K(VI_VTH)
D

+K (VI — Vo )Vi

Néu tin hi &u giatang v, da nhé dé bé qua s 6 hang b ac hai,ta con
a o =K (V) Vi)



¥ KHUECH PAI TIN HI EU NHO

Vé&i mach khu éch dai, ta c6 th & biéu dién diénthé ratong céng v,
bang:

VO:VO_l_VO
Vo =V — iR,
Vo +v, =Vs—(1,+iy) R,
=V — IR — 1R,
Do do:
Vo =Vs = IRy
Vo = —Ig Ry

- _gmvi RL

« D6 loi dién thé tin hi éu nh é:
\Y/

A\/:_O:_ngL:

\/i 9



‘KHU ECH PAI TiN HI EU NHO

Cach khac:
Pao ham v :

0 T A Y
dv, dy AT v, =V,
— —~ PboédoctaiVv,
v, = —-K (v, = V, :
( | TH)R_ | :V| v
:_K(VI_VTH)RL\(
:_ngLVi

Trang h op v&i két qua & céach tinh trén.

Lwuy: Macdau dé lgithélahangsog,,R,, nhwngg,, vado dé dod
lo’i phu thuéc vao diem phan ¢ wc cua mach khu ech dai. bBiéu nay
ching toé rang v&i sw ra ngoai nh 6 tr diem hoat déong DC, kétqua
co sw khuéech dai tuy én tinh. K ét qua nay tao nén can ban cua mo

hinh tin hi éu nho. 10



¥ KHUECH PAI TIN HI EU NHO

. Do loi the trong tin hi éu nh é:

R K
Vo = Vg~ - (V| _VTH)2

R, K 2

2 Vo Vs K (v, vry)
V=V kY vy
Vo = Vg - RLZK (V. + v]- Vi, )
=Vs - RLZK (Vi - Vo] - Vi)2
-V, - RLZK(

y{wo:vs— R,

Voz_RLK(Vl_VrH)V

8m
Vo - _ngLVi

P6 loi dién th é:

:VI_VTH]2+2[VI _VTH] \4+%
A |_VTH]2_RLK[V|_\4H] Y)

9. R




¥ KHUECH PAI TIN HI EU NHO

Tom lai

M6 hinh tin hi éu nho la sw phat bi éu kiéu dac biét cua
sw phan gi ai tuy én tinh c ua cac mach dién, ching
dworc ap dung khi dap rng mach mong mu 6n cua tin
hiéu mand coth & biéu dién nhw mot sw xao trdon nhé
trén tr i so6 hoat déng DC,

Noi cach khac do la phat bi éu kiéy dac biét ap dat vo
sw thong th, wong cua chung ta v @ mach dién dworc
goila qui t ac tin hi éu nh é, cho phep, dat dworc tlnh
chat tuy én tinh t &» mach khong tuy éntinhtrénd ainhé
hoat dong.

12



, MO HINH TIN HI EU NHO

Dap (’ng cua mach doi v&i sw thay, doi nho tw diém

hoat déng DC da biét dwoc |am tuy én tinh b &i sw xap
XT tot.

Moét phwong phap co tinh h € tha ong dé tim dap ng sw
gia tang nhé tin hiéu dwa trén sw thao luan & trwéc
liEn quan dén hai b wérc:

1. Tim diém_hoat dong DC cua mach dién sw dung
nhirng tri s6 DC va hoan thanh dac tinh ¢ da linh ki én.

2. Ap d ung ph wong phap tri én khai Taylor ¢ ua dap wrng
tin hiéu I&n de rat ra dap wng tin hi éu nhé. Lan lwot
thay th @ mach tin hi éu lé&n bang mach tin hi éu nh é,voi

mo& hinh tin hi éu nhé dwa vao khai tri én Taylor dé c6
dap tpng tin hi éu nh 6.

Do mach tuy én tinh, ta ap d ung cac dinh lu at, dinh ly
tuy én tinh dé phan gi ai mach 13



BiEU DIEN MACH TiN HI EU NHO

M6 hinh ch i lién quan nh @rng bi én thién tin hi éu nhé cda mach, va
dong th & dwoc mo t & thuan tuy dac tinh tin hi éu nhé caa mach, sé
rat dé dang phan tich tin hi &u nh é. Mét cach thu an [, md hinh tin
hiéu nh é la twong dbi gian di khai tri én bang cach

thwc hién tién trinh sau:

1. Pat mdi ngu 6n vao tri sé diém ho at dong, va xac dinh dién thé va
dong dién nhanh diém hoat ddng cho m &i thanh ph an trong m ach.
DPieu nay gan nhw la bwéc 1au nhat trong tién trinh .

2. Tuyén tinh hoa déc tinh m 6i thanh ph an mach chung quanh diém
hoat dong. PO 1a, xac dinh tinh ch at tin hi éu nh é dwoc lam tuy én
tinh ¢ ia méi thanh ph an, va ch on thanh ph an tuy én tinh dé dién ta
tinh ch at d6. Cac théng s 6 ctia cac thanh ph an tin hi éu nh é sé phu
thuéc vao dién thé hodc dong dién diém ho at dong.

3. Thay th @ méi thanh ph an ban dau trong m ach v &i thanh ph an
tuy én tinh t wong dwong va ghi | ai nhan trén m ach v&i bién so
nhanh tin hi éu nhé. Mach cu 6i ciing 1a mé hinh tin hi &u nh é mong
mu én.

14



BiEU DIEN MACH TiN HI EU NHO

* Vilamach tuy én tinh, va cac cong ¢ u phan tich khai tri en cho m ach tuy en
tinh nh w la nguyén ly ch ong ch @p, mo hinh t wong dwong Thevenin ph ai
dwocapd ung de phan gi ai mach. Ciing th & hai dinh lu at Kirchhoff v & thé
va dong c ing dworc str dung.

e V&inh wng nhin nh an trén, phan tich tin hi éu nh 6 cua mach cing ph ai
dwocmébta bang ti €n trinh cang tr wc tiép toan h oc sau:

1. D&t moi ngu on vao tr j sé6 diém ho at dong, va k ét hop nhivng ph wong trinh dé
xac dinh dlem ho at dong cua mach Pieu nay c Ging gi 6ng nh w cling b wéc th we
hién chatién trinh trwéec.

2. Quay lai nhom ph wong trinh ban dau V& moi bién trong cac ph worng trinh,
thay th & bé&i bién tong c éng c ta diém ho at déng va tr j s6 tin hi éu nh é cua
chung.

3. Khtr bé cac sw thay dm diém hoat déng tr cac ph wong trinh tuy en tinh dé giai
nhom ph wong trinh tuy én tinh c6 lién quan nh @pngtin hi @unho dén chinh
ching. S wloai bo nay ph ai ludn x ay ra vi s w tuy én tinh hoa dwoc xac dinh qua
diém ho at dong Swkhwr bo nay la gi ong nh w dé lam twong du’o’ng m 6t cach
riéng bi ét cac thay doi diém dieu hanh va s w thay doéi giatang nh é nhw di noi

trong bi éu th &
° =K (V, =V;y )V

4. Hoan thanh s wphan tich tin hi éunho bang cach k ét hop cac ph wong trinh
tuy én tinh hoa dé xac dinh sw thay doi theo ngd vao tin hi éu nh é tai ngu on.



MO hinh mach tin hiéu nhé cho céac linh
kién khac nhaudwoc tém tit nhw sau

Larps signnl Small signal

B e FiF
Eiv . — ¥ B - .
¥ = *'-_f T e o= KV — Vo,
qs
5 &

16



BiEU DIEN MACH TiN HI EU NHO

Mo hinh m ach twong dworng tin hi éu nh 6 cua ngu on dién thé doc lap DC
la mach néitat vi dién thé ngd ra khong thay doivoi bat ky swnhiéu loan
cta dong dién di qua no. Bac biét, ngu 6n cap dién Vs trong h au hét mach
dién deu noi tat vao mass (ground) trong m ach giatang nh é.

M6 hinh tin hi éu nhé cé ngu on dong déc |ap DC l1a mach h é&.

Pién tr & co tinh ch at dong nh at cho tin hi &u |é&n va tin hi éu nhé. Do d6 mé
hinh tin hiéu I&n va tin hiéu nhé cta ching & nhw nhau.

V&i MOSFET, két qua dan su at tir biéu th tpc ly _K(V _VTH) lching to
swlienhé dong thoat giat ang nho iy v&i dong ngu on i dé xac dinh dién
thé céng giatang nh é V4sVOI dién the nguon.

Theo dinh ngh Ta, tin hi éu vao v,c6 mét thanh ph an gia tang nh é v, va mét
thanh ph an DC V

Tong quat, n éu mét sw thay déi linh ki &n x phu thu dc vao s w thay doi
khac x , nhw xg = f(x »), thi Sw thay déi gia t ang nh é trong x z cho m 6t sw
thay doi trong X A dwoc cho b &i: df ( )

X, la tri diém tinh cha x, X, =

X

Xa=Xp 17

dx,



BIEU DIEN MACH TiN HI EU NHO

Mo hinh tin hi éunho
+ + ‘

v
‘ v ‘

NGi cach khac, ching ta  di tte nhom h & thirc xac dinh diém hoat déng
ding cac bi én diém hoat déng, thi d u:

Vo =AYV,
ké d6 ta tuy én tinh hoa va c6 dwoc nhom h @ thirc m&i trong bi én diém
hoat déng va bi én gia t ang nh 6, thi d u

Vg +v, = AV, +Av,

Hé thrc xac dinh diém ho at dong trong ch 6 ban dau (nhw VO AV))
ph ai dwocloaibo trong h & thirc tuy en tinh hoa vi chung ch ighépcong
thém vao bi én tin hi éu nh é. Trong thi d u, ching ta co:

V, = Av,

18



BIEU DIEN MACH TiN HI EU NHO

Thi du:
« Hay dan suat md hinh giat ang nh 6 cia MOSFET ma cwc cdng va ¢ wc thoat n 6i v&i
nhau nhw & h. .
Khi c we G va cwe D ndi v&i nhau,
thwc té ta co linh ki én hai ¢ wec.
Vi dién thé céng - ngu 6n cua linh -D
kién 1a gi 6ng nh w dién thé
thoat - nguon, dong iy qua linh

kién lién h & véi dién thé vpg
G J/ vDS

qua linh ki én la:
2 ‘
. K (VGS _VTH) i DS -

Ta co th & dan su at sw thay déi trong v ¢ nhw sau day. Cho tr i DC chia v 1a
Vps va goi sw thay doila v . Pat tri DC t wong wng cua ipg la Vg va goi sw

thay doilai . Thi:
19



BiEU DIEN MACH TiN HI EU NHO

Taco: j = dips v
ds d V ds D
Vbs |Vbs
.9
= (VDS _VTH) Vis— K( Vs~ VTF) Va
DS vds § r
Trong cach khac: i = K(VDsl—VTH)
Vy = ds )
T K (VDS _VTH) S

Lwuy rang vi 1/K(V ps Vo) lahang so, vy tilé thuan véiiy, no la
hé thirc dién tr& . Dang chl y 1A MOSFET v &i cwc cong va ¢ wc

thoat n 6i vao nhau co tinh ch at giong nh w dién tré& v&i tri so6 dién
tror 1/ K(Vpg — Vo) Vao tin hi éu nho.

Mach tin hi éu nh é twong dwong cho ph an tir néi trén dwoc chi ré

& H. trén. Vitinh ch at dién tr & cta tin hi éu nh é, va vi MOSFET v &i
diéntré Ilon la dé ché tao hon dién tr &, MOSFET thwéng dworc

ding nh w dién tr & tai trong m ach khu éch dai. 20



o TT——
MACH TIN HI EU NHO CUA MOSFET
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XGH TIN HI EU NHO CUA MOSFET

Pé tri én khai mé hinh tin hiéu nhé lién quan dén nhirng bwéc sau:

1. Pit méi nguon vao tri diém hoat dong, va xacdinh dién thé va dong
dién diém nhanh hoat dong ciia mdi thanh phan trong mach.

2. Xacdinh tinh chat tin hiéu tuyén tinh hod, va chpn thanh phan tuyén
tinh d@é biéu dién tinh chat do.

3. Thay thé méi thanh phan ban @au trong mach véi mach twong dwong
tuyén tinh hod va ghi nhan lai mach véi bién nhanh tin hiéu nhé. Mach
két qua la md hinh tin hiéu nhé mong muon.

- O bwéc thir nhat, chiing ta xacdinh diém hoat dong ciia mach khuéch
dai MOSFET véi dién thé phan cwc sir dung mé hinh mach tin hiéu lén
SCSé hinh sau. G sir la dién thé phan crc ngd vao 1a V], ching ta co
thé xac dinh dong haat ddng ngd ra I, va dién thé hoat dong ngd ra V.
Chung ta chirng té nguén cap dién V¢ dé dé dang dan suat mo hinh tin
hiéu nhé. 22



 Dongdién hoat dong ngd ra I, dwogc tinh tr we tiép hé thirc dic tinh
MOSFET nhu:

K

lp = E(V VTH)

« Pién thé hoat dong cung cp ngd ra codwec bang cach ap ding dinh
luat Kirchhoff chao vong bac gom nguon, MOSFET, va R, nhw saL:
e J

ve & < ide=F (VG5-VTH) vqs
+ Ado—pewgs IL.
——© i D=K(vi-VTH) 2/ 2 wi (:1.;}
0 @ - i
' 1 L
Vo =Vs— IR,

K
:VS_E(VI_VI'H)Z R -



O bwéc thr hai, ching ta xac dinh m6 hinh tin hi éu nhé tuyén tinh
hoa cho m 6i phan tt. Ta nhé lai rang mé hinh tin hi éu nhé ngu 6n
cung c ap la n 6i tat. Mé hinh tin hi éu nhé cta dién tr& la giong nh w
mé hinh tin hi &u I&n. Cudi cuing, md hinh tin hi éu nh é tuy én tinh

hoa cho MOSFET trong ving b ao hoa 1a ngu on dong ph u thu éc
dién thé ma dong tin hi éu nhé Ialién h é tuy én tinh v &i dién th é céng
- ngu on tin hi éu nh é:

id =K (VGS _VTH) Ve

O bwéc th v ba, ching ta thay m 6i phan tr goéc trong m ach v &i
twong dwong tuy én tinh hoa ¢ Gia né va ghi | ai nhan mach v &i bién
nhanh tin hi éunhoév,, v, vai;nhuveé & H. sau.
M6 hinh m ach tin hi &u nh é c6 th é dwoc phan tich dé xac dinh dap
tvPng mach tin hi éu nhé. Vi du, ta cé th é xac dinh dé Ioi tin hi éu nh é
cta mach khu éch dai MOSFET. Ap dung KVL taingd ra, ta dat:

Vo = _idRL

:_K(V| _VTH )ZVFE 24



e Do do, dé lovi tin hi @éu nhé cho:

VO _— O
___K(VI _VTH)RL it Vo
Vv
=-0,, RL ———O i ds=K(VGS- VTH) vgs
e VO | Cvj- i ds=gmvgs RL
gm: K(VGS_\ZI'H) -

lahé sé hé dan caa MOSFET.

. K
Ips = E(VGS _VTH)2 —

. 0 | K
lgs = aVGS [E (VGS_VTH)2i|

V= K(Ves Vo). v,

Ves=VGs

[7))

= gmvgs

25



Amplifier example:

Large signal

R, o
Ve, C_ Vs

o
—+ s
(v, s

) K
Ips — S (vf — V', )2

K

v, =V _5(1”1 _VT)ZRL

Notice, first we need to find operating

point voltages/currents.

Small signal

R,

2
—— ) 10

@) 1;1; Ids

i, =K, —=V;)-v,
i, R, +v_ =
v, o=—I, R,

_K(VI - VT )R}; -V,

2 %

_gnr RL ° 1;3’

Get these from a large signal analysis.




T ——
Thi du:
e Tinh dé lei tin hi &u nh é ctia mach khu éch dai c6 cac théng s 6 sau:

Vo=10V, K=1mA/\V?, R=10Q, VY= 1\

« Giaswr dién thé phan c wc dwore chon dé co V, = 2V. Tinh dworc :

K

VO:VS_E(VI_VI'H)Z R

_1.10° 5 _
- Pdloithé: 9 (W_N) 10.10= &
\Y

A :Vé: K(Vl _VrH) R
=10"(2v - V) 10
=10

27



L A CHON BIEM HO AT PONG

1. Khi mu én ch on tin hi éu nh 8, tiéu chu an khac r at quan tr ong trong
chon lwa la chon diem hoat déng hon la dai déong c wc dai. Mot tiéu
chuan nira la do levi tin hi éu nhé cua machn khu ech dai.

« P06 loi tin hi @u nhé ctia mach khu éch dai 1a ph u thu éc vao dién thé
diem hoat déng ngd vao V,. Bé Ié&n cua dd lovi tin hiéu nhoé cho bei:
AV A

A== k(% - %) R

H. 6.3 biéu dién dé Ién 10
cua do logi thay doi

theotrisoV,.

Yo
v

v

28



Thidu 2:
Cho mach khu éch dai c6 cac thong s o:

V=10V, K=ImA/V}, R=10R, V= 1)

Hay xac dinh trj s6 dién thé diém hoat déng VI sao cho c6 dd khu éch
dai bang 12.

Thay tri s6 vao biéu thic do I cho':
V

A=2=KM V)R
i

12=1.10°(V, - 1 10.10=

v =12+10_, o,
10

Diéu nay c6 ngh Ta rang v&i moét dién thé DC ngd vao 2,2 V s & cho k ét
qua dod Ién cua dd loi bang 12.

29



2. Xac dinh trij so6 dinh - dinh c wc dai du dwa cua tin hi éu sinus
e Theo tiéu chuan bao hoa & chwong 5, daitrisé cwc dai hop ly (co
hiéu lwc) cua dién theé ngd vao la:

-1+ ./1+
1+,/1 2\/SRL|<+VTH
R K

« V&icacthéng s 6 da cho, d i hiéu lwc cua diénthé ngd vao lat tr
1V = 2,32V. Theo nh w da thao lu an & chwong 5, dién th é ngd vao
dwéi 1 V MOSFET sé hoat dong & vung cutoff, trong khi  dién thé
ngod vao trén 2,32V MOSFET s é hoat déng trong vung triod. Ho at
dong ho ac trong vung cutoff ho  &c trong ving b @0 hoa k ét qua dan
t&i sw bién dang tin hi éu.

« Vidién theé offset vao(DC) 1a 2,2 Vva diénthé vao cwc dai hop ly 1a
2,32V, tri s6 dwong c we dai du dwa cia MOSFET hoat dong trong
ving b @0 hoala 2,32V —-2,2V =0,12 V. Do do, tri s6 dinh-dinh c wc
dai du dwa cua tin hi éu sinus ngod vao la 2X0,12V = 0,24V.

VTH -

30



« Lwuyl3, tacoth étac doéng gitra do I va dai dong. Peé tang do lov,
ta ph ai phan ¢ wc mach khu éch dai v&i dién th é vao | &n, dieu nay
lién quan dau cu 6i phia cao ¢ Ga dai tin hi éu vao. Tuy nhién, dién
thé phan c wc cao lam gi @i han sw du dwa tri s6 dwong c ta tin hi éu.

2. Tiéu chu an quan tr ong khac 1a dién th é diém ho at dong. Diéu nay
la quan tr ong khi m ach khu éch dai phai thac ( drive) t ang mach
khac ghép chu 6iva dién th é diém diéu hanh ngd ra ¢ Ga mach
khu éch dai xac dinh dién th é diém diéu hanh ngd vao ¢ Gatangké
tiép.

e Thidu: Xét mach khu éch dai ghép hait ang & H. .Trongm ach V ,
tao dién th & phan c wc cho t ang dau. Ngd ra ¢ Ga tang nay V o, cung
cap dién thé chom t ang th & hai. Do d6 Vo, = V5 .

Gia str v&i cac thdng s 6 sau:
Vo =10V, K=1mA/\V?, R=10Q, V= 1\

Cho bi ét tdng dau phan c wctaiV,, = 2,2 V dé c6 dé |gi th é bang 1321.



e Xac dinh diéntheé
diém ho at déng ngd ra

Vs

cua tang dau cung c ap 0 vs .
dién th & phan c wc ngd § R
vao hop Iy ¢ Ga tang th &
hai. o +
pian thé diém ho at =
déng ngd ra tang dau: —O—H: f
+ le) Vo =VOB
+ —
K ) y L voa=wvB
Voa :VS_E(VIA_ VTH) R VA ) - _
3
:10_1.120 (2,2-3° 10.10 . . o
=2,8/

Matheotréntacod aivah op ly 1V = 2,32V, nén V,, vwrot quatr i sé phla trén
(2,8V >2,32V) ta phai két luan la tang th & nh et khong th e tao ra dlen th & phan c wc
ngd vao h op ly cho 't ang th & hai khi dién thé phan c wc tang th o nhwt tai 2,2 V.
Chdng ta co th é diéu chinh bang cach giat ang VIA, ho actangtriso dlen tré& R caa

tang th e nhuret.
32



Mot s6 mach phan ¢ wc cho m ach khu éch dai MOSFET
Thi dy 3: Cho mach khu éch dail MOSFET & H. . MOSFET c6 V=

1V, K=1mA/V?2. Xac dinh dac tinh tin hi é
mach khu éch dai.
« Mach phan c wc bang cau
hia th & cho : Vs
chia th é cho o
V,, =V, =—° 1ov=16v
va; 84+16
vy :VS—%(VOA— V,)?=10-1.10°(1,6- ¥ 2.1t : : 3
=2,8/

ta co trworng hop nhw & thi d u trwéec.
Ppé tranh s w bién dang, ta c6 th & chon R = 22k Ohm, va c6:

:vs—%(vm— Vp)* =10-1.10°(1,6- X( 2,2.19

=10V - 7,9%/ = 2,08 33



Thi du 4:
« Xét mach khu éch dai MOSFET c0 céac tr i s6 sau:

Vo=5V, K=1mA/V?, R=100, V= 1\

« Vimach khu éch dai hoat déng & diéu kién bao hoa v &i dién thé
ngd vao trong d ai 1V - 1,9V, ta phai chon dién th é diéem ho at
dong ngo vao t aitrung diem cuadailaVIN = 1,45V. Swchon |rc
nay dworc biéu dién nhw sau:

Vo | (X} 1,45V, 4V)
V, 5Y [T

34



. DPdthi: ips | ,

0,5 mA \/
0,41 mA ’ Vos= 1,9V

DBiém hoat déng

I (4v, o,} mA)
0,1 mA /! Ves = 1,45V
0 mA i NVee=1V
. 0,9V 4V 5V Vos
« Nhw da thay, ngd ra s & thay dodi gitra 0,9V va 5V khi dién thé ngd ra gi ra
1Vval9V.
« Theo m6 hinh MOSFET SCS, cho:
. K 2
(VIN —VTH)2 |, = —(VIN —VTH)
Vo=Vs—K R 2
107° 2
2
1, 45— = 1,45-1
— 5_10—3 ( :I) ( )
=0,ImA 35

=4V



Do d6, diém hoat déng c ia mach khu éch dai dwoc xac dinh b &i:

V=145 V
Vg = 4V
I, =0,1 mA

biém hoat ddng nay lam ¢ wc dai dién thé vao dinh - dinh du dwa
cho m ach khu éch dai ho at dong & diéu ki é én bao hoa.

Mach khu éch dai vé&i diém hoat déng da chon cho:

- Pién th é vao cwc dai du dwa tri s6 dwong 12 1,45V > 1,9V
-Piénthé va cwc dai du dwa trisé am1a 1,45V > 1 V.

-Dién thé ra cwe dai du dwala4Vv > 0,9V va4Vv > 5V

Mac dau chdng ta dachon diém ho at dong ngd vao t ai trung tam
cuadai diénthe é vao, nh wng d ai dlen th é ra khong déi Xwng. Sw
khéng déi xirng la do dd lovi cua mach khu éch dai khéng tuy én
tinh.
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«bien tr 6 ngo vao, ngo ra -bo lgi dong dien

<4 — P loi cOng suAt
« Mach twong dwong (AC)

Small-Signal
Amplifier

|: I?
O jI'-
+ o
' +
I: ] H_.l
- g &
C'_
% 1 " . N ¥MYi=Kv
¥y
. T i i i

« Téngtr & (Pién tr &) ngd vao:

=Hu=!llu=ﬂ|}
g U

37



ﬂlen tr & ngo vao, ngo ra -Po loi dong dién

— Do loi cOng suat

« Diéntrora

I | .
Fiwif = E = N (8.3} E
. .
Current gain = —. A3 —_ . b
iy - i KTV Vo
N |
Curent gain = % L T ]
R
_ e K
bt )
My KV Vit (R [Rp)
Loy = Vsr
B RV -VRIRG. 8.34)
Vst
Current gain = —K{Vr — VTI(EI I|R’.:-f— 0o

iy



«bien tr 6 ngo vao, ngo ra -bo lgi dong dien

' — Do loi cOng suht

« Do loi cdng suat

' I &y

fower faf) = —— = — —. (8.38]
Uil Doyt Tt
Iy 1o
Power gan = —— (8.39)
pn= lipg:

=f-ﬂv;—vrm|ﬂua1[-xm vﬂmlﬂm—] 840
- K- ViR R Bl
{

e ViR =09 nén d6 loi cong suat ciing vo han.
« Tuy nhién , trong mach thwc té, dién tré ngd vao va dé loi cdng suat
la hiru han ( xac dinh) .
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«bien tr 6 ngo vao, ngo ra -bo lgi dong dien

e —Pé loi cONg stat
e Thidu: Nguén dong thé kiém

e Xeét mach sau:
e Ta codong } phu thugc -
¢ NgU%)n thé V|: iry - ] F:IHI;JI[

ey — 1)

Pé tim xap xi tirng manh ta thwc hién theo ba hréc néué trwéc

nhw sau:
e Tir hé thwc tin hiéu lon, ta co
1ry - h':IR] |-H.'q::
=il I : (843
[iey — I
Thay thé vao tri diem tinh cho: |, 1 o

vy —1)



«bien tr 6 ngo vao, ngo ra -bo lgi dong dien

4 —Po lgi cong stAt
Ké tiép, ta tuyén tinh hoa, thay \ bang v va i, bang i, cho bang cachdao
ham: ‘
.n I e—
Wi

|
LV — 12

 Trong bwéc thir ba, ta thay md hinh tin héu Ién bang mé hinh tin higu nhé
twong ng :

va suy ra ar thay doi trong dién thé ra tir
mach tin hiéu nhé bang cach ap ding KVL
cho vong ra: 1

uﬂ

 Taciing c6 theé tinh bang cach Ay dao ham tir 8.43dwoc:

duey 1
-2 - Ry
™ P Y T T




«bien tr 6 ngo vao, ngo ra -bo lgi dong dien

4 — D0 lo1 coONe SUAt
Thi du : Mach theo ngu on (SF)
e« Xét mach:
 Va mach dién twong dwong (AC):

L FﬂE; " +

Tinh dworc:

Uo = Qb (Kp | Rg)

Trong d0 Vv =V, -V, thay vao trén cho:

Uy = St — Lol Ry [ Ry) (8.33)

42



«bien tr 6 ngo vao, ngo ra -bo lgi dong dien

S — Do loi cOng suht
« Sap xép lai cho:
1
e (E:_Iﬂs +f"“] ~ =
_ iR gm _ 57
" R+ Rs+ RiRsgn | )

i R +Rs+RiRsgm

Cho th &y dé lgiithé nhé hon 1. ’
 Trwong hop dac biét quantr ong khiR | ratlén, khiR - ©:

15 14+ Esgm

va khico thém g , Rs>>1, cho:
B
by

> Ta sé thay vi sao m ach SF h tru dung khi xét dién tr & vao va dién
tr ra (xem & sau) 43



. " A 2 Y Y " A 2 s " A 2
‘Bién tr ¢ vao vadién tr ¢ ra tin hi¢u nho

« Piéntr& vao ratbang vo h an (vd c wc) vi dong vao MOSFET b ang 0.
« DPiéntr&ra dworc tinh theo h.

e Apdung KCL t ai nit a: + - 0 -
Se— '
S B
I+ heg =15+ (8.60)
-l = By lvg ks l f -
~Inbhest F et = —— 8.61 Y7 .
EmUtest T hest RuIRs (8.61) i i
Al

« Sap seép lai va don gian cho:
l'hn(ﬁu-r+ ! :]=Jiu Vet Er Eg

e . gmELEs+ R+ Rs

Do d6: g ,R,, va Rg ratlé&n , R +Rg tr& nén khong dang k é so v &i
d,R_ Rg, NénN:

Ry ||Rg

e vig, ratlénnénr ratbé, va A, ratlén

fm (dac diém caa mach buffer) 44



. Thi du khac:
e Lay lai thi dy & chwong tr wéc i
Mach ho at déng t6t véi tri dwong va iy
am cua v, va ciing th € neu chon dién '

thé phan ¢ wc ngd vao V , =0 cho phan s
tich tin hi éu nhé. Do dé: )

riN = ¥IN 4 tin = tin.

Pé xac dinh dién th é phan c wc cta mach khu éch dai, cho v ; = 0, két
quav,=0V. Twwthidu chwongtrwéccoVo=64VvaV s=16V.
% Gi® xét theo phan tich mé hinh tinhi éunhoé (H.)

Vot = R3K{Vizs — Vrltm = 1l vin. KV~ V=06 By,
L em e Lo . . N ‘
C-ci dé |::)’I t”j hiéunhoé 12 tai |3.L|R! v.@ﬂfmmi "
dién thé phan cwc V, = OV. -

L



e Taciing co th é tinh b ang cach sau:

d:'tl'UT"rd:'WII"H-IJ

« V&itriso cho & thi du chwong tr wérc :
v = 10 — 10 » {06 — vyl

e Vay:
Qr|  -210)(0,6-v,
™

=12

« CO clung k ét qua nhw céach tinh trén.

v Mach khu éch dai dung BJT s & dwoc kh o sat & mét ch wong
riéng & sau.
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o TT——
MACH TIN HI EU NHO CUA BJT
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"MACH TIN HI EU NHO CUA BJT

Khi cho tin hi éu AC tac déng vao
mach khu éch dai da dwoc phan c wc

trwéc (H.1)

e Céacdong dién va dién thé sé thay
_I.
dbi chung quanh diém tinh diéu hanh Q (H.2) vs (v}

e Cacdongi g, ic gém cé thanh ph an DC

lgo V& ca thanh ph an AC i,

e Cac diéntheé vge , Vo gOM c6 ¢ & thanh

phan DC Vggq va ca thanh ph an AC v, H.1

48






“MACH TIN HI EU NHO CUA BJT

Céc tri s6 dong dién va dién thé déu la tong céng thanh
phan xoay chieu ( AC) v&i thanh phan 1 chiéu ( DC), va

dwoc viét nhw sau:

ig=lgetin  (12)
ic=leotic ()
Vee =Veeo T Vee  (1€)
Vee =Vaeo * Voo  (1d)

Vpor Ve 12 tri 8O tlre thevi chia thanh phan xoay chiéu (

U_

oo ICQ, Vo Veeo 12 thanh phan DC ( la tri sO diém tinh
dle hanh Q)

| . Vgg, Vg la tri so tire thdvi tbng cdng gdm ca thanh phan
va thanﬁ phan DC .

>
O
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e e e e =

I .
j |

Verg Vee  vex -

lTime Time
> (]

- +
Veg Veg

N/
5
£
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' Phan gi ai bang dd thi I
I ( mA) iB(uA)




0 ’5 6 10 15 |2 VE ES)I 0 1065 Y BEQVBE

Vceg C« °C vhe 0,665




o T ——
e Taco cac tri sau:
biém tinh dieu hanh Q (Igo=30UA; 1,=3MA;Vgo= 9V)
Cac tri s6 thay doi (ac):
Vye = 0,68V — 0,65V= 0,030V = 30mV
|, = 40uA — 20uA= 20uA
I. = 4mA — 2mA = 2mA
V= 6V — 12V = 6V
 Tinh dworc:
o6 loi dong: A= ifi, = B = 2mA/20uA = 100
Do lgi thé: A, =v_./vp.= - 6V/ 0,03V = - 200
Tong tré vao R, = v, /i, = 60mV/ 20uA=3kQ)
Tong tré ra : Ro = v, /i, = 6V/2mA = 3kQ
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v ACH TUONG DPUONG TRONG CHE bOQ

S PONG AC
« Theo mach dién & h.1, vingnén-phat cho
Vg tVs = IgRg+Vge (2)

VigtVs = (lIgotip)Ret (VeeotVie) (3)
sap xép lai:
Ves-RelgoVeeo= IbRetVheVs  (4)
khi cho vé trai cua (4) bang zero,
Vs = ibRB T Vbe (5)

la phwong trinh vong nén-phét véi moi s6 hang DC cho bang
zero.

« Twong tw v&i phuwong trinh vong thu — phét: 5



v ACH TUONG DPUONG TRONG CHE bOQ

S PONG AC

Vec=IcRe + Vee (6)

Vee = (legtio)Ret (VeggtVee) (7)
hay:

Vcc,— lcoRe~ Veeo = IlRc + Vee (8)
Cho vé bén trai (8) bang zero ta co:

iCRC+V0e =0 (9) 2

Vee = - iCRC (10)

la phwong trinh vong thu-phéat véi moi s6 hang DC bang 0.
Phuong trinh (5) va (10) lién quan dén cac thong so6 ac.
trong mach. Cac phwong trinh nay co dwoc tryc tiep bang
cach cho tat ca cac dong va thé DC bang zero.(do khdng

thay déi, dao ham bang zero)
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# ACH TUONG DPUONG TRONG CHE PO

S, DPONG AC

 Ap dung nguyen ly chng chit ta co théphan tich rleng
mach & chédd DC ( phan tich chéd tinh - DC) va ché
d6 AC (phan tich ch&® déng - AC),dé do nham 1an

<hi phan tich chungachai chéid DC vaAC clung nt

uc.

 Phan tich ch&@o tinh - DC da dugc xét trong clrong
trudc (transistorkdng axc noi).

e Trong chrong nay, ta & chu tiong xét rieng phan tich
dong — AC, ling cach & dung md hinh mch trong tu
trong chédd tin hiéu nhs, 1a md hinh da trén s tuyen
tinh hoa mch khiéch dai.




wDO PON GIAN MACH KHU ECH PAI TIN

HIEU NHO

Rs | i
o °

| |

| |

| |
(5w || Gain, Al R ()

| |

| I
e ° T

| |

" | T

Nguon tin hiéu Mach Khuéch dai
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99 PO PON GIAN MACH KHU ECH DPAI TIN

S HIEU NHO
Mach trong duong aia mach khiéch dai dién thé.

Ap dung caadinh luat mach dién cho mach khiéch dai tuyén tinh
(khuéCh dal tin hiéu nho)

R S Rout
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99 PO PON GIAN MACH KHU ECH DPAI TIN

G HIEU NHO
« Mach ndi tat cho dién thé bang zero (V= 0)
Mach hé& cho dong dién bang khong (I = 0).

Nhirng két qua trén 1a hé qua truc tiép cua Si ap
dung nguyén Iy chong chap vao mach tuyén tinh.

« Két qué ta c6 mach
twong dwong & ché M%J B
dé AC, va moi tri sb cla o
dong dienvadienthéla  —rserl, vee
tin hiéu thay di theo = @F, e g
thol gian.

 Mach twong dwong DC L
nhw da xét & chwong phan cwc BJT 60




T ——
Mach dién twong dwong & ché dé déng (AC)

e Cho: Vo
1. NOI tat cac 0
o

tu dién lien
lac va phan N RC
d(‘),ng- ‘ vl (v) RB
2. NOI cac ngudn :
dién thé DC T

xudng mass. =
3. Thay transistor bang mQ hinh thong so vat ly
(ho&c toan hoc), dé co thé ap dung céc dinh luat
Ohm va dinh luat Kirchhoff trong mach dlen tuyén

tinh — khuéch dai tin hién nhé (sé xét tiép & sau)




MO HINH THONG S O CUA TRANSISTOR

* C6 nhiéu loai m6 hinh théng s6 nhu:
M6 hinh chir T (théng so r).(Vat Iy)
M6 hinh théng s6 hén tap 7T
M6 hinh thdng s6 hén tap h. (Thuyét t& cwc)
M6 hinh théng so .

e Tat ca cac mé hinh trén chi &p dung trong trudng
hop khuéch dai tuyén tinh véi tin hién nho.

Sau day ta s & xét den 3 m6 hinh th wong gép la
théng s o chiv T, hon tap 77 hoén tap h. 0



« Tatrién khai mé hinh tin hi &u nhé cta BJT bang cach tuy én tinh hod mé
hinh tuy en tinh t t'ng manh & trén.
« Xéth. . © I

¥
<
"
E

a

E

; d -+
" I":
il
+ m I > -3 e
I
- I i —+ ¥
|+ ; * DSV

ViEE
[1 3 T = _ _f e
I = :
=

{b} BFT large-signal model
= assapmang BIT is in achive region

—1

« (@) M6 hinh tuy én tinh t teng ph an (b) M6 hinh tin hi éu nhé
« Do noitatnénbé qua 0,6V va cho

i :% |, = d ('BIB)

diglis—1s " disg |

= B, 63




) HINH THONG SO r (CHU' T) VA CHU PI

« Do phan cwc thuan,nén ndi nén - phat co dién tré dong cho boi:
re=Villeg V&I Vi=KT/q (=26 MV & 27°C,=25mV & 25°C)

« Do phan cwc nghich nén ndi thu — phét cé dién tré nghich r_ rat Ion ,va cé
dong i, chay qua:

\_‘.7 B C +

B f bb ic c ?r_ o O

+ : > rc + I C
i b \L vbe ib grbe GBib §rc vce

I e gre N
vbe vce
o

1 i o, E ® ® O

DO: Ve = Ipplptlele = re!e_z(lg"‘_l) lelp= Tpelb
Vce = I‘c|c+ I‘ele = I‘c Ic :/8 rc Ib

ta c6 md hinh théng sb pi-hén tap.
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MO HINH THONG S O HON TAP

« Xem transistor co tinh tuyén tinh & ché dd tin hiéu nhd, theo ly thuyét ti

cwc ta co tu: gi i

i 0, maCh néﬂ — phét . gm = dVC - VC — ic = gmvgs
> GS

« O mach thu — phat :

. . _ _ Vbe _ _ VT
/le_c:(lc][Vbe]:g r rn—rbe——e—ﬁre_ﬁ‘ ‘
° | b Vbe | b m I leQ
gm: ic — ICQ E E

Ve VT g

+
Lt .
I Io vee
V, dién th é Early E: - E

g,, dworc goilahé sé truy én dan
65
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¥+ MO HINH THONG S O HON TAP h

o Xéttw cwce (hai cang)

I

* cac ph wong trinh:

V, =V, (1,V,) V= hylp+hV,
I2:I2(I1,\/2) > |, =hyl,+h,V,
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"7+ MO HINH THONG S O HON TAP h

e MO hinh co ban

V, = h,l, + h,V,
l, =h, 0, +h,V,
h1l
— —
il \ iz +
_|.
vl 1/ ha22 s
: o 4 @ 2111
e TONg quat goi -
L - —i
N, = N, 1=input(vao) X chi cach rap cia mach:
,=h r = reverse (nghich) e cuwc phat chung
2 X f=forward ( thuan) b cwc nén chung
1,, = N, 0=output (ra) c cwc thu chung
Ny, = Ny
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¥+ MO HINH THONG S O HON TAP h

Ta co cac dinh ngh Ta sau:

dién tr& ngd vao ( Q)

ti so dién th é ngworc

dé I dong n 6i tat ngd ra

h21=—V2 -0 diéndan ngdra (A/V hay S)
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# O HINH THAM S O HON TAP h TRONG

S MACH RAP CE
e Xét cac ham sau:
BE_f(IB’VCE) (1)
lc=1(lg, Vcg) (2)
Pao ham riéng phn cho:
GV BE GV BE
dV ge = dig+ dV ce
Y Ols fy =ns | OV cel| -ns ;
0l c dl ¢
dj.= dj,+ dV ce
I aIBLCIfh.S ' aVCE | .=h.s Ve
trong do:

dVBE :Vbe; dIB = ib ! dIC = ic; dVCE = Vce
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O RINH THAM S O HON TAP h TRONG

MACH RAP CE

- hie = 0 = dién tr & vao n éi tit (£2)
J: \ =hs Ib |yce0
Nie = 0V ee = Ve ti s6 dién th & nghich m ach hé
aV CE I B=h S Vce ib=0
OI C I o
Nt = = —| @6 lgidong thu an néitit
o0l s \/ .c=h-s. I blyce=0
— al C _ |c L i
hoe — _— diéndanra mach ho (S, A/V)
0V ce | .=h.s Veelic=0 o



O HINH THAM S O HON TAP h TRONG

MACH RAP CE

 Thay vao trén ta co:
Vioe — hieib+hrche (1)

ic:hfeib+hoche (2)

va dworc biéu dién bé&i mach sau:

B i
—
-:::-——wxfx,—l E 4
e
@h:ev:e hfeib ; 1/hoe
{:._
!: E

~

« Théng s 6 hén tap h cé th é tinh dweorc tlr cac dac tuy én
e Thong s 0 hon tap h thay dm theo nhi ét do.

. Thon ﬁ()h onta h dwoc cho pb.o6 nlha,san;(uat co tr i chinh xac
tron gp an gl ai ach cho cac bi euthtwcdeé nho.

e CO the Suy ra cac thong s or, T...ttrthdng s 6 hén tap h cho $'an.



NHAN XET

. Thay mo hinh théng s o transistor vao m ach twong du’o’ng
ap dung cac dinh lu at mach dién dé phan gi ai mach & cheé
dé dong (ac).

Trong tr wong hop gan dang (cho h , = 0) thi cdc md hinh
thong s 6 giong nhau :
B B C

L et ¢ o T
e ér"ﬂ(})nm $pm wem  vbe %m @hfmﬁu]
o ; i i E "y ' E'::'

Taco: rbe:rﬂ:he : IB:hfe : [ o1 C::Uh)e
Néu c6 thém diéu kién h, rat nhé, ta c6 phép g an dang th &

hali. .



PHA‘N‘TI'CH M ACH KHU ECH PAI TIN HI EU NHO

e Xét mach theo Hinh sau, Ngd vao tong céng v,y 1a tong
cla dién thé DC
offset V,, va dién
thé tin hiéu nho v..
Va dién thé ngd ra
Vo, Vg Va v, tuong
ng.

Gia sir mach hoat ddéng trong vung tac dong. Mach co
R, = 100kQ, R, = 10kQ, Vs = 10V va V, = 1V.
Gia st transistor c6 £ =100 .

Giai:
Ap dung hé th&rc ham so truyén cho:
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HAN,TICH M ACH KHU ECH DAI TIN HI EU NHO

~, (M-08 _ __ 1-06 _
V, =V AR =10V-=—+ (10Q( 10=

=10/ - &/ = &/
Vep =V, =6V>\,.— 0,4V

tho a diéu kién BJT trong ving tdc  déng
. D6 loi thé md hinh tin hidu nhé
« Tainiutngbra: v,

= - pi

R, By

| = i

° Rl wT
Vo - I:\)L

VI IB RI

« Thaytriso vao, dwoc _

Av = - 10 4



PHA'N.TI'CH M ACH KHU ECH DAI TiN HI EU NHO

e Tong tr& mach khuéch dai
> Tong tré vao:

Tinh dé dang, khi cho tin hiéu test vi vao ngd vao B, dworc:
r :\_/i :V._test =R
> Téng tré ra i
NoGi tat ngd vao, cho v,., vao ngd ra
(H. ) va do io twong ng, tdng tré ngd
ra cho b&i ry = v, /i,

Pé tinh r,, &p dung KCL tai nut C:

. V :
j - —test — Bj =0
I:QL
_ Viest —
r, = — i =0, = IQL

Iy fip=0 75



PHAN,TICH M ACH KHU ECH DAI TIN HI EU NHO

e Thidu 2: D6 khu éch dai tin hi éu nhé caa BJT
« Cho mach khu éch dai tin hi &u nhé BJT nh w & thi d u trwéc %nr.
2

e Talan lwot co: Trong md hinh tin hi &u nhé

o] c ] <>=1‘]:1:E\El.h- \I:“
I, + By, ,&bRLiRm:O ; d
: G va

_I_:_ RL - RL”R)ut ) ’

A1 Ib ﬁ RL + Rout ﬁ I:i)ut =, = == =
R R

— _,8 L u

A R

« P06 loi cdng su at:

_pO: A
& : \(l “AAZE R R




PHA'N.TI'CH M ACH KHU ECH DAI TiN HI EU NHO

b.Cach tinh g an ding khi:h ,=0vah_ 2z <1
8) > Z=h,hodcZ =Rg/h,

(10) > A;=h¢ hoac Ag =hiRg / (Rg + hy)
(14) > A,=-h.Z /h, hodcA,=-h.R./h,
(21)> Z,> oo (vOcwc) 2 Z,) =R

Rs( Zs) C

C

hfei b

Ta cO th é tinh tr wc quan t t» mach dién twong dwong g an
ddng nay. 77



WAGH KHU ECH DAI TiN HI EU NHO BJT

. Phan tich DC

Theo dinh ly Thevenin:

Vee = [Ro/ (Ry+ Ry)] Ve (1)
Rg = R1R; /(R +R,) (2)
Theo dinh ly Kirchhoff:

Vee = Rglg + Ve + Relg (3)
_ Ve~ Vee (4)

o R+ (B+1) Re
Ic=A: ©

Vece=RelctVeet Rele

Vel Vcc_(Rc T RE) Ic

\Vcc
+10V
- Rc
§82k 4,7k oo
VBB= 5|L||F
Ci 1] 0
uF VO
H N NPN
§R82k
1
RE
1k —CE
TN 50uF
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. ,PHAN GIAI CHE DQ PONG AC

« Tacd machtwong dwong tin hiéunhoe  ____________________________.
Tinh dwerc: o S 99—
Pé loi th é: + i:'b> i R
A\/:V_O:_ﬂR.CIb Z\I,(;e §RBE grbe theib groich Vo

v fhel b E = B, E

__ﬁRC__hfeRC__RC
- - - o ® ® ® ® e—oO
r‘be hie re _L

5 . . _ \ll _ rbelb _ _ _ 18 = h fe
Tong tr & vao: r, - . _rbe_ﬁ‘e_hle _ = h
II Ib rbe - IBre - ie
Vo 1 r. = VT
. ] [, =—=r ,=— e |
Tong tr & ra: I h.. CQ




T —
e Thi du 1 Cho mach khuéch dai theo H.1. Tinh:
1. DONg Ig ¢ le, Ve Ve Ver Vep:
2. Trisd R, A, A, Ry
Cho biét Vgg =0,7V, va re
e Giai: Ak
1. Phén giai DC: I S
Ve Ve 15V -0,V _ 71, 5uA L > BIHH

e R, 200kQ T ¥
lc =Bl 5 =100( 71,5A) = 7,1HA vi
. =1+l ,=7,15nA+ 71, A= 7,22hA 1 7
Ve =Vee = R 1. =15V-1KQ( 5,15mA= 15 5,15 9,85
V. =0V

Voe =V, =9,85/

Voe =V -V =0,7V-9,85= - 9,1¥ .




T ——
e 2.Phéantich AC

V; _ 26mV _

e - —3, 6@
o 7,15MA

R =1, =pr,=100( 3,642) = 3,64Q

. 200( 3,6
R=RIR=2A3% p-seam
200+ 3,64
&=—&:—100m:——274,5:—275

., 3,640
A =[=100

R, =R =10

81



T ———
le =(B+1)1,=151(5,8xA)= 0,88A
Ve = Re Il =1kQ (0,88mA) = 0,88V
Ve =Vee = Rele =10V - 5kQ (0,875mA) = 10V- 4,375 5,62¥%

Vee =Vo.-V_.=5,625- 0,88= 4,74¥ = 4,79
Veg =V.-V,=5,625-1,67= 3,958/ = ¥

2. Tinh lan lwort;

150( Q)
VL 26mV =P o = -176,887=- 178,9
=T = =28,26)= 28,8 ’ ’
Y R 4, 24KQ

«Q A = 3=150
R=(.=p.=15028,26Q= 4240 o R VIR T
R =R[R=83442l0= 28% AB‘A(RB+R]‘ 0(8,4+2,83j‘ |

R,=R =5l 82




PHU LUC

 Phan tich mach khuéch dai theo thong so h.
 Céc thong so twong dwong
« Chuyén ddi gitra cac théng s



PMN PIAI M ACH KHU ECH PAI VOI THONG SO h

« Xét mach khuéch dai rap cwc phéat chung (CE):
e Vai tro cac linh kién klhac: L owe
tu Ci, Co latulién lac
( ngan dong dc cho

dong ac qua )

Tu hod Cg co tri sO Ion
la tu phan dong (bypass)
noi tat & ché do ac.

Xc=1/(wC) =
1

= = 0 Q
2 1 fC 84




MRACH TUONG PUONG & CHE PO PONG AC




e Giali mach:

Vi:Vbe: hie|b+ hreVo (1)
|o: |C - hfel b+ hoeV 0 (2)
e Tw(1): .
() Zi:\%:\/lbe:hie-l_hre\l/O (3)
i b b

Vo=Vee= "Z1lo= lo=-Y V., (4)

d Thay(4)Vé.O(2) -V oY L = h feI [ + hoeV o] (5)

V 0o - _ h fe
| o] B h oe + Y L (6 )
 Thay(5)vao(3):
h ehre h el
Zi= e f = he™ eheL (7&8)

hoe+YL 1+ herL 6



T —
Do loidong dién:
Thay (4) vao (2):
lo=heli=he(Zlo)=1o(l+heZ )= hed i (9)=

Io: hfe — herL
|i 1+ herL hoe+YL

A = (10&11)

« DO lgi déntheé:
) : 1+ hoe
Thay (9) véo (1): Vi:hie[ I ZL]|O+hrevo (12)

fe

—_ 1+herL Vo

hie l+her
V o| hre ™ ( L) = Vi (13):>
herL




Hay: Vo _ hZ. _ “hZL
Av = = = =
Vi NiehfeZ L ~ (hie+ NoeZ L) Niet ( Nie hoe™ hre hef)ZL
_herL
= 14
Av Az, (14)
. ] Vo Bo hie
Tongtrera: /2 o — e,
0 lVs=0,ZL- o ﬁ
Theomachtaco:Vs=0 > Vo +.
V = (Rs+ hie)|i+ hreVO:O: '::'= Wl
—hV o -
| = 19
(Rs+ hie) ( )
Thay (19) vao (2): —
_hfeheVo hfehe
o= Vo=l 0=| hy™ Vo (20)=

Rsthe R+he a8



Hay: > = 1 __R+h
° h _ hfehre Rshe+Ah
; > Rs+hie
Chuy:

a. Cac thong so va cac cong thirc trén déu ap dung
chung cho cac cach rap voi lwu y vé chi s sau:

» Cach rap cwc phat chung: hy,, h ., hq,, h .

» Cach rap cwc nén chung : hy, h,, he, hp.

» Cach rap cwc thu chung : hy, h., h;,h

b. Trong Data chi cho céc théng so h.,,h,. h,h.. nén ta

Hies
phai chuyén doi sang cac thong s6 cua cach rap
twong tng ( xem bang chuyén doi trong giao trinh)

OC*



« Tom laita co cac cong th uwrc:

e
Ay = hie_+hAffeLz - (1)
AT T ey, ()

7 = 1 __ Rsthe (1IV)

_ hfehre - Rshoe+Ahe
> Rs+hie
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‘. Bang chuyén doi thong

Théng s 6
CE CB e T
hi r, + =
hle 1 + hfb hC 1— a
h hib hob _ h 1— h r-e
re 1+ h,, b ¢ (1_0,)
hfe - hy _(1.|. hfc) B
1+ h,,
1
Noe s hoc (1-a)r,









e V@i transistor 2N929 phan cuc tai I =4 mA, Ve = 12V,

lan lwot cho:
h, =220 h, =7,570 h =220
h. = 2x10™ h.=0,26810" . =0,9999)1
h,, =290 h, =-0,996 My, =291

— 6
hoe:30X10-6A/V hoe:O,103X106A N hoe_3OX1O- A/V

« V@i transistor 2N 2222A tai I =1 mA co:

h. = 25000

h, =1,5x10"

h, =100
h.=85x10°AN

94



I ————
» Thidu 1. Cho mach khuéch dai transistor rap CE c6 cAc tri

SO: R =50Q,R=200@ h= 1000 h= 2x1D h= 10Q= 2xi
Ap dung céac cong thive trén lan lwot tinh dworc:

_ . _heheZo _ (100)(2x10*)( 2009 _
2 e heez, 10007 1+ (2x107°)(2000) - 0L
A :VO: ~heZ = “hwZL
Y V hie+(hiehoe_ hrehfe)ZL hie(1+ hoZL)_ hrehfZL
-100( 2000
= =-200
1000( 1+ 2x10°)-( x 10*)( 10p( 2000
A= |o= N fe — 100 296,1
i l+hez. 1+(2x10°)(2000)
1 1
Zo= = =0,22M Q
oo — hitehe 2)(10_5— (100)(2X10_4)

Rs* hie 500+ 1000 S



« Thi du 2 Cho mach khuéch dai rap CE ( bai tap 5.4)
. Cho mach khuéch dai rdp cuc phdt chung (hinh ) . Transistor c6
thong s6 : he=1,6kQ ; he=80 ; he= 210" hee= 2QS

1. Tinh cac tr1 I, I, Iy, Vo, Vi, Vg Ve

2. V€ mach di€n tuong duong. :Ef;
3. Tinh céc tri s6 Zi, Av, Avs, Ai, Zo, Zo. 111::
Vs = Re cc— 12 20=15,3%4 Giat: Pl 2,2k
Ta co: Rit R 33+12 x| G
|
R 33kQ(12ZQ _
RB: Rl 2 = ( ):8,8(Q Is Ci ﬂl) E|"|lr Vo
R+TR 33kQ+1Z&Q — H‘O"‘
| = Vee~Vee _ 53407 + 15K cop I? -
 RH(B+YR 88KQ+8(1Q) @ R 10k
—_ i 12k PE _i'cE
4,64 %
= :51’uA ClioF
89,9
- #

l. = [l ;=80(51A) = 4,InA _



3. Tinh dudc.
hfehreZL 80( 210_4)( ]"&Q)
=h.— =1 &Q- =1,6Q- 27,8= 1,51
Zi=h 1+hoZ. a 1+ 2Qus( 1,8Q)
, 1,57XQ( 8,8Q)
=7 = =1 %O
2=z |R 1,57%Q+ 8,8Q .
— _herL _ _80(1’8(Q) —
A/_ — =
he*( hehwe— hehd Z1 162+ 1,6Q( 209 - 80 2.10)|( 1E)
144,54.10 _ 8356

" 1,6Q(1+0,038— 28,8

7 1,%Q
— . |=-885 —-63,98
Avs Av(z;w%j G{L:km 0,5@)

97



I
e _ 80 _ 80 _
1+hez, 1+2QuS(1,8Q) 1036

/
Ag= A e jz??,zz( 8,8 j:65,34

11,22

A:

\ R+ hie 8,8+1,6
> = 1 B 1 B
o~ B 1 B 4 I
hoe_ hfehre 20/18_ 80( 210 )
(Zs | Re)*he (0,5 8,8kQ+ 1,6Q

1 -1 _s5x0
(20uS-7, 7189 19,984 S

Zo= Rd| Z,=2, XQ50kQ = 2, kO

98



Cac trwong hep khac: _ﬂii—| s
1. Cotairieng R, : e @T H? -
Van ap dung cac cong thic (8), (10),(14).(21) T- |
nhung thay Z, =R_bang tris6 Z, = RJ/ R, . T -

2. Khi k & @én dién tré R, thi cac cong thic tdng tré vao thanh:

Zig= Rgll Z, =4 '

3.Néu dién thé nguén V, co R thi:
A, = VolVs = (Vo/Vi)(ViIVs) =
=(Zg/ (Zst+ Z) A, “
Va Az, = (1/19=(1/1)(1/10= A [ ZSI(Z+Z)] =
4. Khi Z, qua lén thi tinh
Z=RJIZ,

1s (4) I'L zs H\%ﬁ

99



o TT——
1. Céch tinh can ddng thi nhat:
a. Khih,_ =0
(8)> Z=h,hoicZ’ = Ry/iZ,
(10) =2 A = h/(1+h,Z,)
(14) 2 Av = 'herL/ [ hie( 1+ herL)]

(21)> 7, =1/ rbe vaZ' = RJIZ,.= RJI (1/h,)

us(J;: llm %'“E 4;” HE :':—lélp
] T - |

Ta co6 the tinh tr wc tiép cac cong thic trén tir mach twong
dwong gan ddng trén: 100




T ———
Tiwr mach dién gan ddng ta tinh dwec:
e Tong tré vao:
Vi=Z I, 22Z=Vl/l,=h,va Z'=Zg=Rgl/lhy,
Do lo1 dong :
Io = hfelb( 1/ hoe) / [(1/hoe)+ZL] =
- hfelb/ [1+herL] = hfeli / [1+herL]
Ai = Io/ Ii = hfe/ [1+herL]
P lgi thé:
Vo= -1,Z, = -Z hel; I [1+h,Z, 1>
. Av - Vo/Vi = - herL /{ hie[l'l'herL] }
Tongtrora:
V=0vaZ ->oo (voarc)> V,=-1,(1/h,) >
Z,=1l h,vaz'=[R.//(1/h)]

101



2. Mach khuéch dai phan cuc hoi ti ép Rg:
« Tu Cg néi tat nén ta c6 mach twong duong:
RB1 RB2
Z;=Rgy /I g
A, =V, |V = | b d
=-hZ, /e bl .
Véi: 1
Z, = (Uh IRy, /IR. B
Aizlolli:hfe ] * ﬁ hf e ﬁ%e"'
(do 1/h,.; Rgratlén) ype¢RB1¢hi e | hotRBY %Re
Zo = (1/ hoe) I RC -
« Cach giai day da xem & E_
giao trinh =




o
-~




