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Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
TIENG

ANH
CHUYRN Gia ca: cé thé giam dén 10
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NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.




Pién tu tuong tu |

Gido vién: Phung Kiéu Ha
Email:
Bai giang dugc giang vién

Nguyén Vi Thang va Phing Kiéu Ha
Khoa BTVT, Pai hoc Bach khoa HN bién soan



mailto:pkieuha@yahoo.com

Muc dich mon hoc

®* Nham muc tiéu cung cap cho sinh vién cac
kién thdc co ban vé mach dién t& tuong tu,
phan tich, tinh toan va thiét ké mach dién t&
tuong tu



Panh gia

® Thuc hanh: bat budc (lién hé thay Quang
Thang, b0 mén Hé thong vién thong, 309 C9)
® ru’dng hop cong hay trir diém:

Mién thi: lam mach, trinh bay, n0p bao céo, bao vé
truéce 16p tot

CoOng 1-2 di€m: lam mach nhung két qud chua tot

Cong 1 di€ém: cé dong gop trén I16p va lam tot bai
tap

Tru diém: khéng c6 va bai tap
Khong dugc thi: goi chra bai vang mat hoac khéng
lam bai 3 1an




Tai liéu tham khao

Electronics devices and Circuits theory — Robert Boylestad, Louis
Nashelsky, Prentice Hall, 8" edition, 2001

Electronic principles — Albert Paul Malvino

Ky thuat dién tlr - PO Xuan Thu va cac tac gid khac
Ky thuat mach dién td - Pham Minh Ha

Pién t& can ban — Pham Dinh Bao

Mach dién tu, tdp 1 — Nguyén Tan Phudc

Cac trang web dién tu


http://www.discovercircuits.com/list.htm
http://www.discovercircuits.com/list.htm
http://www.epanorama.net/links/basics.html
http://www.epanorama.net/links/basics.html
http://www.datasheetcatalog.com/
http://www.datasheetcatalog.com/
http://www.datasheetcatalog.com/

NOi dung du kién

Gidi thiéu 2 tiét
Piot va ng dung 3 tiét
Mach khué&ch dai tin hiéu nhé st dung transistor BJT 10 tiét
Mach khuéch dai tin hiéu nhd st dung transistor FET 8 tiét
Anh hudng dién tré ngudn va tai 2 tiét
Pap Ung tan sb 2 tiét
Hoi tiép 5 tiét
Mach ghép 5 tiét
Khuéch dai cong suat 3 tiét
Nhiing van dé co ban vé khuéch dai thuat toan va (ng dung 8 tiét
Khuéch dai cong hudng va khuéch dai dai rong 1 tiét
MOt s6 mach thuc té va bao vé bai tap 16n 4 tiét
Tong két 2 tiét

* Cha y: Kiém tra gilra ky sau khi két thic ndi dung mach ghép (khodng sau 8 tuan hoc)




Chuong 1: Gigi thiéu

® Vai tro mach dién tu tuong tu

* Ung dung

® Khai niém vé mach dién tir va nhiém vu
® Nhac lai mot so kién thic can thiét

® Tham sO co ban clia b6 khuéch dai




Vai tro mach dién tu tuong tu

® Vai tro:
Tat ca cac hé théng thong tin, hé thdng dién td, diéu khién
tu dong...; s6 hay tuang tu; déu sir dung mach dién tu
tuong tu hoac dua trén nén tuong tu.

Mach tuong tu: ADC, DAC, nguon, RF...
Mach s0O: cac b vi xtr ly
® Thiét bj co ban:
Piot, transistor ludng cuc BJT, transistor trudng FET (JFET,

MOSFET), b khuéch dai thuat toan op-amp, cac thiét b
khac (diét bién dung, diét quang, LCD, pin mat troi, triac...)



Vi du trng dung: hé théng thu phat

Nguon | Xuly
tin hiéu
Dao dong | Piéu ché Khuéch dai
) ) Antenna\(
May phat
May thu
Giai . | Khuéchdai |, |Loc
diéu ché
Thu XU ly

tin hiéu

Antma



Khai niém vé mach dién tu
va nhiém vu

® Nhiém vu:
Gia cong tin hiéu theo thuat toan
® Tin hiéu:
S6 do (dién ap, dong dién) ciia mot qua trinh
® Tin hiéu:
TUONG TU va so
® Thay doi:
BIEN DO, tan s6 va pha
® Gia cong:
KHUECH DAL, chinh luu, diéu khién, do, nhé, diéu ché,
tach song, tinh toan...



Kién thic co ban

® Ban dan:
Vat liéu, lién két, troi, do linh dong, tap chat, dién t&rva o
tréng, dai nang luong, khuéch tan...

* Pidt:
Cau tao, hoat dong, ing dung

® BJT, JFET, MOSFET
Cau tao, hoat dong, cach mac, phan cuc
Can xét 1 chiéu va xoay chiéu

Chu y: kich thudc transistor

® Phan mém mo phdng:

PSPICE hoac Workbench



MO hinh mang 4 cuc

® Hé so khuéch dai: A, K
e Dongvaapvao:l, V.

in?

e Dongvaapra:l_ .,V

out? out

 Trd khangvaovara:Z,, Z,
0 Z,Z,..K, K

in? out?




Chwong 2: Piot va irng dung

e Didt — Cau tao, hoat dong
e Mach chinh Iwu
Ntra chu ky
Ca chu ky
Mach cau
Két hop voi tu
e Mach cat
e Mach ghim
e Mach nhan ap
e Diot Zener va (rng dung




Piot ban dan — Cau tao

JUNCTION

— DEPLETION REGION
}"“'-ELEGTRGETATIE FIELD

* HOLE

— FREE ELECTRON
- NEGATIVE ION

& POSITIVE 10N
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e Linh kién 2 cwc: dan dién theo
moOt chiéu, ngan dong chiéu

nguwoc la

Short circuit

P O ® /t 0
—s
I (limited by circuit)

(a)

/Open circuit
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Piot ban dan — Ly twéng

\ing dan

- dién ap qua diot bang 0V,
» dong dién bang «,

e dién tré thuan Rg = V{/I,
« di6t coi nhw bi ngan mach

Viing khéng dan
- toan bo dién ap dat vao diot,
- dong dién bang 0A,
e dién tré& nguoc Ry = Vi/lg,
« di6t coi nhw hé& mach




Piot ban dan — Thuwec té
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Piot ban dan — Thuwec té

Silicon

Germanium

“PIV (= 1000V) 16n hon

PIV (~ 400V) nho hon

Chiu dugc dong 16n hon

Chiu dugc dong kém hon

Khoang nhiét do hoat
dong rong (dén 200°C)

Khoang nhi¢t do hoat dong
hep (nho hon 100°C)

Dién ap phan cuc thuan
16n hon (0.7V)

Dién ap phan cuc thuan nho
hon (0.3V)

*PIV - gia tri dinh cua dién ap nguoc



Piot ban dan — Thuwec té
|5(MA),

IS(Si):lonf

(V)

(

i

(S1)

1.(Ge)

(Ge)

0.3(Ge)  0.7(Si)

| .=reverse saturation current
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Piot ban dan — Thuwc te




Piot ban dan — Do th
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(b) Reverse-bias test




Piot ban dan — Do thir

(rance J acoc Jorrserll vowo |

RESET onen
i)

2.2 >t
LBy

OPEN

(a) Forward- and reverse-bias tests
for an open diode give same
indication. Some meters will
display “OL.”

RESET Q/P0

)
220 P+
Mo 2mAS
13

v=

SHORTED

(b) Forward- and reverse-bias tests for
a shorted diode give same 0V
reading. If the diode is resistive.
the reading is less than 2.6 V.




Mach chinh Iwu ntra chu ky
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Mach chinh lwu ca chu ky

e Vo
D viélﬂ PG

Y Ban

b 0
M#E | ANEVAN
31

e V>0 =>D1 déng, D2 ngat
e V<0 =>D1 ngat, D2 dong



Mach chinh lwu cau

e V>0 =>D2, D4 dong; D1, D3 ngat
e V<0 =>D2, D4 ngat; D1, D3 dong




Két hop véi tu

Ly
2
vi I:t:] lVL
[z
g >
ol +
o T"'FI_

e V>0 =>D1 dong, D2 ngat
e V<0 =>D1 ngat, D2 dong

e Tu C c6 tac dung lam gidm st nhap nhay cua tin
hiéu ra



Mach cat

XYY
T
0000
[ XX )
o0
o

L

VgV

e NOoi tiép hodc song song

o Noitiép:
o V>V =>Don=>Vz=V-V
o V<V => D off => V=0




Mach cat

+1&vw
AD A,
VAN AN
D/\Tr:-. /\ t Vi(t) bt ol o s K ;/‘x_

-lév \/T \ ) J_r_T_V=4v ] 0 Tz - &

e Song song két hop v&i ngudn ngoai
o V>4V =>Doff =>V, =V,
o VAV =>Don=>V,=4V



Mach ghim

\ 4 +V
D RS

Tr

'I._"

e Dich m&c thanh phan mot chiéu (DC)

L )

T2 T

gy b

e Bat budc st dung tu dién két hop véi diot




e Nura chu ky dwong: D, on, D, off, V=V,
e Nwra chu ky am: D, off, D, on, V=V +V-;=2V,,
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Piot Zener
+ O,l, )

- 0 Al

II’J.- vy > .
| —— ——w = [0 pA =1 Vo
',r’f- S g i x
If .25 mA = oy
———————————————————— dep= 12,0 mA
S =BS(L=Z i '
F o 1 :'l- 1

Phan cuwc thuan: giong

diot thong thwong

Phan cwc nguoc:

e Lam viéc trong vung danh
thung, tai PIV hay V.

e V,=const

Ung dung: ludn 1am viéc

& ché dd phan cuc

nguwoc dé tao dién ap

tham chiéu

V,=1,8V 200V



Piot Zener

o I=(Vi,-V,)IR; || =V,IR;
I:)zzlz*vz<|:)zmax

e V. =const, R, thay dbi:
RLmax> RL>RLmin

RLmax:Vz/(I R'Izmax)
RLmin:RVz/ (Vi'vz)

e V., thay ddi, R, = const:
Vimax> Vi> Viin
Vimax:RIRmax+Vz
Vimin = V,(R+R)/R,



Bai tap

e Chuong 2: 1, 5, 6, 10, 11, 15, 21, 23, 24, 27,
30,34, 37,42,47, 49, 52



Chwong 3: Mach khuéch dai
tin hiéu nhé swr dung BJT

Nhac lai kién thirc co’ ban — chuong 3.4
e Mach khuéch dai tin hiéu nhé

Cac phwong phap phan tich , ,
Dung so do twong dwong: kiéu tham s6 hon hep, kiéu
mo h‘mh I'c - chuwong 7
DUng do thi - chwong 7

Pac diém ky thuat

Cac yéu t6 anh hwdng dén hoat dong

On dinh hoat déng



Nhac lai kién thirc co’ ban

e Cau truc va hoat déng
e Cac cach mac mach
e Dinh thién cho bd khuéch dai lam viéc & ché
do tuyén tinh
Bang dong bazo ¢ dinh
Bang phan ap
Bang hoi tiép dién ap



Cau truc va hoat déng

=—0.150 in.—}

0.001 in.

-—0.150 in.—

0.001 in

B

(b)

e Emito va colecto la
ban dan cung loai, con
bazo 1a ban dan khac
loai

e L&p bazo nam gitra,
va méng hon rat nhiéu
SO V&I emito va
colecto



Cau truc va hoat dong

+ Majority carriers

Iy
—p £

Depletion regions

+ Minority carriers

e Tiép giap BE phan cwc thuan:

(e) duoc tiém tir mién E vao
mién B, tao thanh dong I

Tiép giap BC phan cwc nguoc:
hau hét cac (¢) vurot qua mién
B dé sang mién C, tao thanh
dong I

Mét sb (e) tai hop véi 16 trong
trong mién B, tao thanh dong
IB



Cau truc va hoat déng

e MUi tén dat tai tiép
# K ! = giap BE, voi huong tu
8, < B ban dan loai P sang
ban dan loai N
|’ |'= o Miitan chi chidu
dong dién
i ik pnp: E->B
npn. B->E



XX
o000
TIL
X
oo
Tham so ky thuat

o lg=lc+lg o l-=alg+ o

o Ic=Plg o |-= alg (bd qua lggg Vi rat nho)

e B= 100 200 (c6théIon hon) e a= 0.9 0.998.

iy =

3+1




Cach mac mach

e C0 3 cach mac mach (hodc goi Ia cau hinh)
e CB (chung bazo)
e CE (chung emitto)
e CC (chung colecto)

e Cau hinh dwoc phan biét bédi cwe nao dwoc ndi

vé&i dau vao va dau ra

CB E C
CE B C
CC B E




Pac tuyén
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e Dac tuyén vao va ra kiéu mac chung B (CB)



Pac tuyén
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e Dac tuyén vao va ra kiéu mac chung E (CE)



Sw khuéech dai trong BJT

1v +| | —
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Phan cwc cho BJT

e Dé co thé khuéch dai tin hiéu, BJT can dwoc
“dat” & vung tich cwe (vung cat va vung bao
hoa dwgc dung trong ché do chuyén mach)

- tiép gidp BE phan cwc thuan, tiép giap BC phan
CWC NQUO'C

e Phan cuc: thiét 1ap dién ap, dong dién mét
chiéu theo yéu cau
« NPN: Vg < Vg < Ve
. PNP: Vg > Vg > V¢



Phan cwc cho BJT

e Chu y: cac tham so ky thuat va moi lién hé
Vee=0,6 0,7V (Si); 0,2 0,3(Ge)

le=lctlg lc=Blg Ic= alg




Mach phan cwc

bang dong bazo co dinh

-—

AJ
a1
=
!
AJ
O

——AN——

+
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— AN ——

Ig + _VCE

VBE

Pon gidn nhung khéng 6n dinh

Vong BE:
Vee — IsRg = Uge =0
= 1g=(Vee-Uge)/Rs
l5=B*Ig
Vong CE :

= Uce = Vee - IcRc



Mach phan cuwc
bang bo phan ap

Dong va ap khéng phu thuéc 3

Thevenin:

Egs=R,V /(R +R))

= Tg’o’ng dwong mach phan cuc
bang dong bazo

Tinh toan xap xi:

Néu B*Rg = 10R, -> 1, =1,

= Vg=Ry*Vec/(R1TRy)

L Ve=VaUpe =>I = I.=V/Re
= Uce=Veerle(RetRE)



M‘ach phan cwe
bang dién ap hoi tiep

+Vee

Iél
o Re

RB pe

P |
—AA l I.

——

= liRE

Do 6n dinh tuong déi tét

Vong BE:
Veel'cRe-1gRe-Ugg-lgRe=0
l5= (Vee-Uge/(RetB(Rc*RE))
voi I'e= |-

Vong CE:

Uce=Veerlc(RetRE)



Mach khuéch dai tin hiéu nhé

e Tin hiéu nho:
Khdéng co gIO’I han chinh xac, phu thugc twong quan gilra
tin hiéu vao va tham sé linh klen
\ung lam viéc dwoc coi la tuyén tinh
e Khuéch dai xoay chiéu:
I:)in>F)out
e MO hinh BJT:

M6 hinh la 1 mach dién t& miéu ta xap xi hoat déng cla
thiét bj trong vung lam viéc dang xét

Khuech dai BJT tin hiéu nhé dworc coi la tuyén tinh cho
hau hét cac rng dung



Cac phwong phap phan tich

e Mach KB dung BJT dworc coi la tuyén tinh
=> c6 thé st dung nguyén ly xép chong

e Phan tich dwa trén cac so do twong dwong:
So dd twong dwong tham sd hén hop H
So do twong dwong tham s6 dan nap Y
So do twong dwong mé hinh r,

e Phan tich bang do thi




Cac phwong p’hép phan tich
Tham so vat ly cua BJT

1) By= 1S, | Ue=const

Xap xi theo ty 1& dong 1 chiéu: B=1/I,
2) o=l | U,=const

3) [I.= U/l | U=const

dién tro emitter dwoc coi nhw la dién trd dong cua
diot, r, = 0.026/1(Q), trong do I la dong DC

4)  I.= Uyl | I.=const
dién tré collector rat I&n, khoang vai MQ
5 I,=0



Cac phwong phap phan tich

So d6 twong dwong hon hop H

e (CoOng thirc mang 4 cuc:
U,=hy, 1, +h,U,

| =hy, 1, +h,,U,

e Giatri cac tham so dwoc xac
dinh tai mcf):t diém lam viéc)danh
dinh (c6 thé khong phai diem Q
thwc té)

e Chisbe (hoacb, c) cho cac cau
tric CE (hodc CB, CC)

Mang 4 cuc




Cac phwong phap phan tich

So do twong dwong hon hop H

Tham so EC BC CC
h,, (h) 1kQ 200 1kQ
hy, (h) 2,5x10-4 3x10-4 =1
h,, (h) 50 10,08 50
h,, (h) 25UAIV 0.5uAN 25uAIV

1/h,, 40kQ 2MQ 40kQ




Cac phwong phap phan tich

So do twong dwong dan nap Y

Cong thtrc mang 4 cuc:
Iv:ylluv'i_ylzur
| =Y21Uy+Y2,U,
Chi sb e (hoac b, c) cho

cac cau truc CE (hoac CB,
CC)

Bang khoang gia tri tham
khao trong sach

U, Mang 4 cuc U,




Cac phu’crng phap phan tich
So do twong dwong mo hinh r,

M hinh hoa BJT bang mét didt va ngudn dong diéu
khién dwoc, dwa vao cau trdc mang 4 cuc
Trong do:

v Dau vao: tiép giap BE (phan cuc thuan) lam viéc
nhw 1 diot

v Paura: nguon dong diéu khién dwoc, véi dong
diéu khién 1a dong vao, mé ta lién hé I, = Bl, ho&c
|.=al..

Cac loai: CE, CC, CB



So dé twong dwong mé hinh r,

Cau hinh CB

e Chung B gilra dau vao
».. - va dau ra

o

o Dau vao: r, la dién tro
xoay chiéu cua 1 diot:

o r.=26mV/lc
. ; e Cach ly gitva dau vao
fo— e x A
’ ‘ va dau ra
A | ek e DAu ra: dong diéu
khién |, 1.=al,




So dé twong dwong mé hinhr,

cau hinh CB

[.=al,

_><_]Io

[0 S ——
+
BIT *
common-base .
v Z-i transistor z(::og g Ry Vo
: amplifier
P
1) Zi=r, (nQ-50 Q)
2) Z, =l = (nMQ)  v&i Z, la do doc cia dwong dac

tuyén ra. Z, = « néu dwdng ndy nam ngang

3 A,=aR//r,=R/r,

twong doi Ion, U, & U. dong pha



000
0000
0000
. o000
So do twong dwong mo hinh r, oo
Cau hinh CE

‘ e Chung E gilra vao va ra

S % e Dau vao: 1 diot twong
“ dwong, v&ir, = dién tro
xoay chiéu cua diot

e Dau ra: ngudn dong diéu
khién 1.=BI,




So dé twong dwong mé hinh r,

Cau hinh CE

{ =1,

3
. l Q¢

I .

o Z =U.J,=Blr/l,=Pr,

Khoang n100Q - nKQ

o L =r,=®

(khéng dwgc dwa vao trong
moO hinhr,)

Xac diph ttr phan tich dac
tuyénra: r,=40-50KQ

¢ Av =" RL/re (ro= oo)

e A=IJ/l,=P

So d6 ¢6 Z,, Z, trung binh; A,,
A lon



So dé twong dwong mé hinh r,

Cau hinh CC

e So do gidng cau hinh CE

e Tham khao sach Electronic Devices and Circuit theory



So sanh mo hinh twong dwong

M6 hinh tham sé H

MO hinh r,

Cé dinh. Khdng bién dbi theo
diém lam viéc

Co bién dbi theo diém lam
VIEC

Co xét dén tin hiéu hoi tiép

Bé qua tin hiéu hoi tiép

Co xét dén dién tré ra

Bo qua dién tro ra




Phan tich mot so so do

Cau hinh CB

X}&)él
Lo

Rc
=N/
X

1)

2)

3)

4)

Zi = Re”re

Tré khang vao twong
doi nho

ZO = I:QC

Tré khang ra I&n

A, = aR r, = R/r,
Twong ddi Ién

U, & U, cung pha
A=-a=-1



Phan tich mot s6 so do -4
o

cau hinh CE phan cwc ¢o6 dinh




Phan tich mot s6 so’ do

cau hinh CE phan cwc co dinh

1) Z =R,||Br. néuR, = 10pr,, Z. = Br,
) Z,=R.]r, néur,=10R, Z,=R
3) A= - (Relrg)re = - R/Te

(B khdng xuat hién tuy nhién van can dé xac dinh

re)
U, & U, Iéch pha 180°

4) A= BRyry 1 [(re+R)(Ryt+Pre)] =3
(I 14 ngudn dong. |, 1a dong collector)

C



Phan tich mot s6 so do

cau hinh CE phan ap

D:§+ D: - ge_@
o] j ‘
I\ 1

| 1
+




Phan tich mot s6 so do

cau hinh CE phan ap

1) Zi = Rq||R,|[Bre = R|| Bre
»  Z =RJlr, (Ifr.=10R,, Z, = R)
3) Av =" (Rc”ro)/re ~ - Rc/re
Giong nhw da co trong cau hinh CE phan cwc cd
dinh
4) A= BRI /[(retRe)(R'+ Br)]
=~ BR'/(R+ Br,) néur, = 10R,
=3 néu R’ = 10 Br,



Phan tich mét s6 so do E:'
cau hinh CE hoi tiep

1) Z =rJ(1/B+R /Ry
¢ 2) Zy=RJIR;
2 l’ﬁ \ CF@ 3) A, =-Rr,
(- mfl 4) A= BR{(R+ BR,)
L ~ R/R,
Y R néu BR, >> R,
% 9§ o Khi r #~ can thémr,
T o<F trong cong thurc



i . [
Phan tich mot s6 so do oo

Cau hinh CC phan cwec co6 dinh

S¢ dung dang so do
cho cau hinh CE

DX>—e

C2
|/
D> o
I\ & § @wb 1
T _
I |
D>

)
o

L1

Re
l +
Rb




Phan tich mot s6 so do

Cau hinh CC phan cwc co dinh

) Z,=Ry || [Bre+(B+1)Re] = Ry || B(re*+Re)

Tro khang vao cao

2) Z,=R||re=r, VI R >>r,

Tré khang ra nho

3) A, =RJ(R 1) =1

DPién ap ra cung pha va nhé hon dién ap vao 1 chut
=> “mach lap emiter”

9 A= - BRY[Rp+ Bre+Re)]

U'ng dung: phdi hop tré khang.
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Cac phwong phap phan tich E:.
Phwong phap do thi
JR—— T

Pac tuyén vao ra transistor BJT mac CE



Cac phwong phap phan tich

Phwong phap do thi

Piém lam viéc Q va duwdng tai:
e Diém lam viéc Q: diém lam viéc co dinh trén dwong
dac tuyén, duoc xac dinh bang phan cuc

e Duwdng tai: hinh vé cla tat ca gia tri phdi hop co thé
cual-. and V¢

e 2 loai duwdng tai:
Pwéng tai tinh (ché d6 1 chidu): Ve = Vee-loRe
Puworng tai dong (ché dé xc): v, = Vee-i(RAR,)

Doc hon so v&i dwérng tai tinh => anh hwéng dén dién
ap ra



Cac phwong phap phan tich o0

Phwong phap do thi




Cac phwong phap phan tich

Phwong phap do thi

R3 >R2>R|

Fk

Vi tri Q khi: R;, Vg, |, 1an lwot
thay dé




Cac phwong phap phan tich . E:.
Phwong phap do thi
o A A

Instantansots load lines

|
Slone = ——
ope R

i,

ARAAR

in2

Time

i)

0

) "

pr

Time




Cac phwong phap phan tich . E:.
Phwong phap do thi

e Tin hiéu vao: thay doi
dong vao Al, bang thay
doi Av,,

e Tin hiéu ra: thay doi Av,,,
Al

o Ai — IO/II — AIC/AIb

o A,=VJ/v,=Av_J/Av,,

o Z, = V[, =Av_J/Ai.

out



Cac phwong phap phan tich

Phwong phap do thi

Anh hwéng cuda vi tri diém Q (diéu kién 1 chiéu) dén
cUa tin hiéu xoay chiéu ra

e Diém Q gan vung cat (cutoff): BJT sé roi vao ving
cat du khi gia tri vao rat bé, dan téi cat phan dwong
dién ap ra

e Diém Q gan vung bao hoa (saturation): BJT roi vao
ving bdo hoa dé dang, dan t&i cat phan am dién ap
ra

e Tin hiéu vao qua I&n gay ra cat ca phan am va
dwong dién ap ra



Pac diem ky thuat

e TEéN: 2N+s0, vi du 2N4123, 2N2218...

e Thdng sb co ban:

Toi da: Uce, Uchb, Ueb, Ic, Pdis, T

Pac tinh dién:

» OFF chars.: dién ap danh thung cua CE, CB, EB,

Iccutofﬁ Iecutoff

> ON chars.: DC B, U e(say: Upesay

> Tin hiéu nhd:current-gain — bandwidth product (B*f),
small-signal [3



Anh hwéng cua cac yéu to
ky thuat dén hoat ddng thiét bi

e Anh hwdng clia cau truc BJT:
Vat liéu ché tao: Ge, Si
Muc do pha tap
Kich thwde BJT...

oAn
oAn
oAn
oAn

N

N
N
N

hwdng cla tan so lam viéc
nwdng cua thdi gian str dung
wéng clia do 6n dinh nguon

nwong cua nhiét do




Cac anh hwéng khac

e Anh huwéng cla tan so lam viéc
Xét trong phan dap rng tan so

e Anh hwéng cla théi gian st dung

e Anh huwdng ctia dd 6n dinh nguon
Gay meéo tin hiéu ra

e Anh hwéng cla cau truc BJT:
Vat liéu ché tao: Ge, Si — V,,, B,nhiét do...
Mwrc db pha tap — ap, dong, 3,nhiét do...
Kich thwéc BJT - dong



Anh hwéng cua nhiét do

Nhiét d6 anh hwédng nhiéu dén céc tham sob thiét bi
Khi nhiét d6 tang:
Hé sb B tang
Dong do |, tang
- Dién ap V,, giam
=> gay ra sw khéng 6n dinh ciia mach do sw dich
chuyén cla diém lam viéc Q
- chat Iwong tin hiéu ra giam
Poi v&i BJT ché tao tir Si, B chiu anh hwdng nhiéu cla
nhiét do



Hé s6 6n dinh

v S(l.,)=AlJ/Al,, —anh hwdng nhiéu dén
BJT dung Germani

v S(U,.)=Al /AU, — anh hwéng it
v S(B)= Al/AB — anh hwéng nhiéu dén
BJT dung Silic

Tong anh hwéng dén dong |,
Alc:S(lco)* Alcbo+ S(Ube)*AUbe-l_ S(B)*AB




On dinh hoat dong BJT

e Hoi tiép am dién ap hoadc dong dién
e LAm mat - bang quat hoac nuwéc

e On dinh nguén cung cap

e Chon BJT thich hop




->
S

On d nh bang hoi tiep am dié

&)
o

& <
i LT I

On dinh ché dé mot chiéu bang dién tré Re
(héi tiép am dién ap)
= (Vec—Uge)/(Rg+BRg) & Ic = Blg



On dinh bang hoi tiép am dién ap

o Z,= Ry//B(r+Ry)

o /. =R,

o A, =-Rc/(retRe)

o A =PBRg/[Rg+B(re+Re)]

Tré khang vao tang nhwng hé sb khuéch dai dién ap
giam
=> si? dung tu dé ngan mach Rg & ché do xoay chiéu



CE dung tu ngan mach R.

b

So do

C1




Bai tap

e Chuwong 3: 3, 5, 11, 14, 21, 28, 30, 33

e Chwong4:5,6,7,10,11, 14, 19, 26, 28, 32,
33

e Chwong 7: 06, 8, 10, 23

e Chwong8:1,4,7,11, 14, 15, 16, 19, 28




Chwong 4: Mach khuéch dai
tin hiéu nhé sw dung FET

e Gioi thiéu chung
e Phan loai
JFET

MOSFET kénh c6 san (Depletion MOS)
MOSFET kénh cam &ng (Enhancement MOS)

e Cach phan cuc
e Mach khuéch dai tin hiéu nhé
e So dob twong dwong va tham sd xoay chiéu



Gi¢i thieu chung

e Tr& khang vao rat Ién, nMQ-n100MQ

e Duoc diéu khién bang dién ap (khac véi BJT)

e Tiéu ton it cdng suat

e Hé sb tap @m nhd, phu hop véi ngudn tin hiéu nhé
e It bj anh hwdng bdi nhiét dod

e Phu hop v&i vai trd khéa déng mé céng suat nho

e Kich thuéc nhd, cong nghé ché tao phu hop voi
viéc st dung dé thiét ké IC



Phan loai

e JFET-Junction Field Effect Transistor
Kénh N
Kénh P

e MOSFET-Metal Oxide Semiconductor FET
Kénh c6 san (Depletion MOS) :
Kénh N va P

Kénh cam ng (Enhancement MOS):
Kénh N va P



JFET

e CAu tric

e Hoat dong

e Dic tuyén

e S0 sanh voi BJT

e Vi du, bang tham so ky thuat




JFET - CAu truc

Drain (D)
g)hnr:lai((::ts n-channel
— / Source
g
Gate [ §
Ga(t}e G) |__ 2 r

Depletion
region

Depletion
region

Source (S)



JFET — Hoat dong

A I, I
I ! Saturation level
DSS | V=0V
GS —
Increasing resistance due

to narrowing channel

n-channel resistance

Depletion

‘]D
D +

n-channel

region &

o Vss=0, V>0 téng dan, I tang dan

£ Voo




JFET — Hoat dong

" Saturation level
VGS = O V

Increasing resistance due
to narrowing channel

n-channel resistance

o Vis=0, Vps : Vp, Ip = Ipss
e V dién ap that kénh (pinch-off)

Pinch-off

+

Vps = Vp
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JFET — Hoat dong :
] n
Ip
D +
A1 (mA) Locus of pinch-off values
- S ——
Ohmic | Saturation Region
Region |
Vps=0V
o5 B LT T | GS
7 }/ |
6 / . Vps > 0V
| N
rl
5 i ;
A )1‘____ | . VG$= -1V
|r | |
1
3 I7 | |
2 i Vog=-2V
“ UL | | | [ ad 3
| ¢ | | Ves=—3V
/ ' -7 _ - -
=T J ™ 1 . Vos=-4V=1, S l’s
0 ' 5 10 15 20 25 Vbs (V)
- \.*'P{f{:r Vs =0V) o

o V5s<0,Vys> 0, gia tri mirc bdo hoa cla I, cling gidam dan
® Ves=Vplp=0



JFET - Pac tuyén :

A I (mA) | Locus of pinch-off values
Ohmic | Saturation Region
Region |
;8 //,-f Vos=0V ——
T f"'
6 i
[ f
5 1
4 V = —1 V
4 A--—f G
L)
3 l'ff |
2 m Vog=-2V
“ULA: il
] . ¢ VGS - —3 W
- 1| 1 1 1 VGS =—4V=1
0| 5 10 15 20 25 Vos (V)

{for 'I"'I ,=0V)

N-channel, I5s5 = 8MA, V= - 4V P-channel, I5gs = 6mMA, V= 6V



JFET - Ki hiéu

2N2844
CASE 22-03, STYLE 12
g TO-18 (TO-206AA)
I + 3 Drain
D (Case)
GO——-Pl | V
2
+ | - Gate
VGS _ 1 Source
- JFETs
GENERAL PURPOSE

(a) P-CHANNEL



2N5457
CASE 29-04, STYLE 5
TO-92 (TO-226AA)
MAXIMUM RATINGS 1 Desin
Rating Symbol Value Unit
Drain-Source Voltage Vs 25 Ve 3
Drain-Gae Voltage Vig 3 | vae Qo
Reverse Gate-Source Voltage Vasg -2 Ve 1 3 2 Source
Gate Current Ig 10 mAde
Total Device Dissipation @ T, = 25°C Py 310 mW JFETs
Derate sbove 25°C 282 mW/C GENERAL PURPOSE
Junction Temperature Range T 128 C N-CHANNEL—DEPLETION
Storage Channel Temperature Range Tog 65104150 | °C
Refer to 2N4220 for graphs.
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)
| Characteristic | Symbot [ Mo | Ty | Max | wnit
OFF CHARACTERISTICS
Gate-Source Breakdown Voltage Viswass 25 Vde
(g = =10 gAdc, Vpg=0)
Gate Reverse Current o nAde
(Vs = =15 Vde, Vs =0) - o -1.0
(Vs = =15 Vdc, Vg =0, T, = 100°C) - 2 200
Gate Source Cutoff Voltage Vosiom Vde
(Vps = 15 Vdc, Ip = 10 nA) 2N5457 -0.5 - =60
Gate Source Voltage Vas Vde
(Vps # 15 Vdc, Iy » 100 pAdc) IN5457 25 :
ON CHARACTERISTICS
Zero-Gase-Voltage Drain Current® Ipss mAde
(Vps= 15 Ve, Vg =0) 2NS457 1.0 0 50
SMALL-SIGNAL CHARACTERISTICS
Forward Transfer Admittance Common Source® ¥l gmhos
(Vps = 15 Vdc, Vgs =0, 1= 1L.OKHz) INS457 1000 - 5000
Qutput Admittance Common Source® 1¥od pmhos
(Vps = 15 Vde, Vgs =0, 1= 1L.OKHz) - 10 50
Input Capacitance Cu pF
(Vs = 15 Vde, Vgs =0, 1= 1.0 MHz) - 45 7.0
Revense Transfer Capacitance Co pF
(Vps= 15 Vi, Vgg =0,f= 1.0 MHz) 1.5 30

*Pulie Tesr Pelse Width 5 630 mo; Daty Cyche S 10%
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®
Datasheet-2N5457
Rating Symbol Value | Unit
Drain-Source voltage Vs 25 Vdc
Drain-Gate voltage Ve 25 Vdc
Reverse G-S voltage Viasr -25 Vdc
Gate current I 10 nAdc
Device dissipation 25°C Py 310 mw
Derate above 25°C 2.82 mwW/°C
Junction temp range T, 125 0C
Storage channel temp range T -60to |°C

+150
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Datasheet-2N5457-characteristics -
Characteristic Symbol [Min |Typ |Max |Unit
VG- breakdown Vierigss |29 Vdc
| yate reverse(vgs=-15, vds=0) lgss -1.0 | nAdc
VG-S cutoff VGS(oﬂ‘) -0.5 -1.0 Vdc
ID-zero gate volage IDSS 1.0 3.0 5.0 mAdC
Ci, Cice 4.5 7.0 pPF
Creverse transfer CI’SS 15 30 pF




MOSFET

e Cau tric

e Hoat dong

e Dic tuyén

Chu y: rat can than khi st dung so vei JFET vi
|&p oxit ban dan cua MOS dé bi danh thung
do tinh dién



MOSFET - Cau truc

(Drain)
Si0 n-channel
n
Metal contacts /
(Gate)\ Substrate
G /| p SS
n Substrate
n
N
e \ n-doped
regions

(Source)

N-channel depletion DMOS

000
000
o0
o
Si0,
D n-doped
/ region
7 / no-channel
n
Metallic
contacts
p_type Substrate
G substrate N
n
\\
\ n-doped
S region

N-channel enhancement EMOS



MOSFET — Hoat dong

Electrons sitracted o posilise gale

Orngloced ee=cham nel
]

I p Region depletsd of p-type

p - _ = / ¢ carricrs (haoles)
R e f r
/ f F
| in 2
» ¢
n I
+ N o ny
t o
1| + i
‘o =04 ¥ f - +
e ss B O f == 55
Goy— “Ill r — = Voo (i Al =+ o oo ==
N lt P i ] - A—
1'6 h ——n
< _ g
0§ = n _'q: -:Il_r| \
/ 5,
\ x__-k 5,
~ e
e - (,". = ‘,\ = ','.;-; I.'.' = JlI':'I\'\""-u.\._ S,
! ! | s . |
L lnculming layer Huolex repelied
- = by positive gake

N-channel DMOS N-channel EMOS
Vgs=0,Vps>0 Vgs>0,Vps>0



DMOS - Dac tuyén truyén dat

AL, (mA) Al
_______ Vie=+1V
Depletion 10.9 Gs=%
mode Enhancement
mode
—————— Ves =0V
Ves=-1V
| o 5= e I pss

— 2

I I

Vos=Yp =-3V
2

-4V

=S5V

il < il —2\(1 0
Vp % 0.3,

/ T/DS

Vos=Vp==6V

Twong tw nhw ctia JFET, dac tuyén truyen dat |, = f(Vse) tuan

theo phuwong trinh Shockley: | = lpss(1 - Vgs/Vp)?

nhwng c6 thé hoat déng & ving Ve > 0, |5 >0
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EMOS - Dac tuyen truyen dat .
1 B
Al,(mA) Al (mA)
10 - Ves=+8V
9
8 —
‘7_ V(;S=+7V
6 |-
4_
2=
I"' VGS=+4V
| } V(;S=+3V‘
of 1 15 20 25 Vs
Vos =¥z =2N

e Phuwong trinh dac tuyén truyén dat:
Iy = k(Vgs — V)2 voi dién ap m& V; > 0 (kénh N)
® Vos<Vylp=0



MOSFET - Déc tuyén truyén dat | :

L/}, (mA) \ [, (mA)

()7

w A o0
|

'S

AN

N

(a) (b) (c)

P-channel depletion



MOSFET - Déc tuyén truyén dat | :

(a)

[,(mA) [,(mA)

48 =6V
-1
-6
-5
Vs=-5V
-4
i b
-2 Vg =-4V
-l f >
v(iS'_3V
| 1| | 1 X
654321 [0 y. f
VI, GS VGS=v- 2V DS
(b) (c)

P-channel enhancement



MOSFET - Ki hiéu

n-channel p-channel
oD
oD
G JE;—wﬁ
G s o
;=
oS ©S
oD oD

oQ
e
BEZ)

DMOS

n-channel

;f
G <SS

1,

¥

EMOS



EMOS
2N4351

2N4351
CASE 20-03, STYLE 2
TO-72 (TO-206AF)
MAXIMUM RATINGS .
3 Druin
Rating Symbol Value Unit
Drain-Source Voltage Vos 25 Ve .J 4
Drain-Gate Voltage Vi 30 Ve 2 | -
Gate-Source Voltage* Vas 30 Vdc Gete
Drain Current Io 30 mAdc ! :
Total Device Dissipation @ Ty, = 25°C 00 Y 4 o
Derate sbove 25°C » 17 | mwre MOSFET
Junction Temperature Range T 175 © SWITCHING
Storage Temperature Range T“ 6510 +175 C N-CHANNEL ~ ENHANCEMENT

* Trasslent poeentials of £ 75 Volt will not came pase-oxide failere
ELECTRICAL CHARACTERISTICS (T, » 25°C unless otherwise noted. )

| Characteristic | symbot | Min | Max | unit |
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage V sripsx 25 Ve
(Ip = 10 pA, Vs = 0)
Zero-Gate-Voltage Drain Current T
(Vg = 10V, Vg =0) To=25°C 10 | nAdc
Ta=150°C 10 | pAde
Gate Reverse Current lass - 210 pAdc
(Vgs = %15 Vde, Vg =0)
ON CHARACTERISTICS
(Vps = 10V.Ip = 10pA)
Dramn-Soarce On- V. Virsion) - 1.0 v
(Ip =2.0mA, Vgs = 10V)
On-State Drain Current Tpen) 0 - mAde
(Vs =10V, Vg =10 V)
SMALL-SIGNAL CHARACTERISTICS
Forward Transfer Admittance 1yl 1000 - pmbo
(Vps =10V, 15 =20mA, 1 = LOKHz)
Input Capacitance Cis - 50 pF
(VM =0V, Vm =0, = 140 kHz)
Reverse Transfer Capacitance Cw - 1.3 pF
(Vg = 0, Vgg =0, f = 140 kHz)
Drain-Substrate Capacitance Camb) - 5.0 pF
(Vixsum = 10V, [ = 180kHz)
Drain-Source Resistance [ Fway - 300 ohms
(Vgs = 10V, I, =0, 1= 1.0 kHz)
SWITCHING CHARACTERISTICS
Tum-On Delay (Fig. 5) Lt - 45 ns
Rise Time (Fig. 6) Ip =20 mAde, Vo = 10 Vde, . * o =
TumOff Delay (Fig. 7| vo8 = 10 Vde)
| Tumn O Delay (Fig- 1) | (See Figure 9: Times Circuit Determined) - - L =
Fall Time (Fig. 8) 1 - 100 ns
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Datasheet-2N4351-EMOS
Characteristic Symbol |Min |[Max |Unit
Vbs breakdown Vierpsx |29 Vdc
ID-zero gate volage, IDSS 10 nAdc
Vds=10V,Vgs=0, 25C — 150C 10 HAdc
Igate reverse(Vgs=+-15, Vds=0) IGSS +-10 nAdc
VDS on Voltage VDS(on) 1.0 \%
Cin(vds=10V,Id=2mA f=140kHz) Ciss 5.0 pF
Cbs(vdsub=10V f=140KHz) Crss 5.0 pF
RDS(Vgs:10V,Id:O,f:1KHz) Rds(on) 300 ohms




VMOS

Source terminals
externally connected

n+ (substrate)

&\
I Wider channel
+

D
e VMOS — Vertical MOSFET ,tang dién tich bé mat
e Co thé hoat déng & dong I&n hon vi cd bé mat tda nhiét
e Tbc dd chuyén mach tot hon



B
Q

| —o°
Q

[

SiO,
N N\ N N
n+ i 00 B p+ n+ | o n+ P+
When "on" When "on"
& J N\ J P
Y Y
p-channel MOSFET n-channel MOSFET

n-type substrate

e CMOS=Complementary MOSFET

e pMOS va nMOS trén cung mét dé, hoat dong & ché do
chuyén mach ON/OFF

e Gidm kich thwéc va cdng suat tiéu thu, tang tdc dé chuyén
mach

e Hau nhw chi dung trong IC



So sanh FET-BJT

BJT

FET

~Biéu khién bang dong =>
tieu hao cong suat

~Dong ra va dong vao quan
hé tuyén tinh

>Hé s khuéch dai tot hon

»>Chiu anh hwdng cua nhiét
do

>Diéu khién bang ap => it
tiéu hao cdng suat

»Dong ra va dién ap vao
quan hé khong tuyén tinh
>Tré khang vao rat Ion, hé
sb tap Am nhd, phu hop
nguodn tin hiéu nhé

>1t bi &nh hwéng cda nhiét
do




N

ong

IG=OA, ID = IS
|—TD

Vr

G: I:jl ID(on)

Gs(on)

Ip=k( gs— Vs m)?
¥ = ID(on)

3
(Vsony = Vas (tny)




Phan cuc

> Phan cuc co dinh (Fixed bias)

> Tw phan cuwc (Self bias)

» Phan cwc phan ap (Voltage divider bias)
> Phan cuc hoi tiép (Feedback bias)




Phan cuc

Méi lién hé gitra dong dién va dién ap khi dat FET & ché do
khuéch dai

\V&i tt ca cac loai FET:

lc = OA

b =ls
V&i JFET va DMOS:

Ib = lpss(1 = Vgs/Vp)?
V&i EMOS:

Ip = k(Vgs — V1)

Quan hé gilra dong dién ra va dién ap vao la quan hé phi tuyén
=> hay st¢ dung phwong phap dé thi



Phan cuc

> Phan cwc cd dinh (Fixed bias): JFET
> Tw phan cuc (Self bias): JFET, DMOS

» Phan cwc phan ap (Voltage divider bias):
JFET, DMOS, EMOS

> Phan cuc hoi tiép (Feedback bias): EMOS



Phan cwc co dinh

Goi la phan cuc ¢b dinh s = OA
Vi dién ap Vgs dwoc cb Ve=0
dinh b&i ngudn 1c Vg Vgs = Vg = - Vge

b= |Dss(1'VGs/Vp)2
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~ y4 = o0
Phan cwc co dinh :
A I, (mA)
Ib = Ipss(1-Vgs/Vp)? v Ipss
~ v X A cViICE
Xay dwng dac tuyén truyén N
dat theo bang gia tri sau: Network~y /=
Q-point |
VGS ID (solution) >4 | ID)
1 70
0 IDSS
0.3V, lpss/2 -
Vp OmA v Vesy = —Voe 0 Vs
Phwong trinh duwdng tai Giao diém cla dac tuyén
Vs = - Vg truyén dat va dwdng tai la diém

lam viéc tinh



Anh hwéng nhiét do :

A I, (mA)
Trong thuc té, dong ro Iggs tang | -
lén theo nhiét do nén khong thé Device |
hoan toan bo qua Network /new Q-point
Diém lam viéc tinh dich chuyén |
Q-point N
VGS - VGG + IGSS*RG (solution) **: IDQ
| >
v Vesy = Vo 0 Vos



Anh hwéng nhiét do

tai 25 C va tang 1én gap (1’0| néu nhlet
do tang 10°C. Vg tai nhiét dé 125°C?

Giai.
Tai 25°C, lggs Rg=10° 10%=1mV, cé

thé bd qua khi so v&i V= -1V (chinh
Xac Vgg= -999mV.

Néu nhiét dé tang 1én 125°C, dong lses

tang Ién 210 |an ( =103)
loss = 103 1nA=1pA
loss Rg= 1V

Vs = OV VA Iy = lpes

000
0000
o000
XX
[ X
o
I, (mA)
|
. DSS
Device
\
Network )
~ new Q-point
Q-point
(solution R
. ) )i Do
l >
Vp 0 Vis

V(;SQ = —Vs6

DPiém lam viéc Q dich chuyén
di rat nhiéu so voi thiét ké ban

dau & nhiét d phong



Tw phan cuc

Vop

ID*

D I oV,

Vio H g———bl:
+

VGS

- %

Cé diém gi khac so v&i phan cwe cd dinh? Tai sao goi 1a tw
phan cyc? Vai tro cua Rg?

Pién tr& R; dwoc coi nhw ngan mach? Cé thé bo R;?



Tw phan cwc

Mach vong dau vao:

=0 =>V;=0V

Vies = - IsRs

b = IDSS(l'YGS/Vp)Z ’

Giai hé trén dé xac dinh diém
lam viéc Q

Hoac x?c dinh theo phuwong
phap doé thi nhw hinh bén

Xem xét s phu thubéc nhiét do?




Phan cwc kiéu phan ap

* °Vop Vbp Vop
R1 R, R,
< 0

>
; R, R, R, & Vs O
§ Rs :F CS ’
+ + 4 ! .

Dong I = 0, dién &p vao Vg dieu khién dong ra |,
St dung phd bién, cho cac loai FET




Phan cwc kiéu phan ap

Vi = VppRyY/(R1+Ry)
Phwong trinh dwdng tai
Vs = Ve-IpRs (1)

Gia tri R thay dbi lam dwdng tai
va diém lam viéc dich chuyén

o

Ves=Vg—IpRs

MGi quan hé bén trong cla FET
I = lpss(1-Ves/Vp)?. (2)

Giai hé phuwong trinh trén (1,2)
hoac xé}c dinh theo phwong
phap doé thi nhw hinh bén




Ovo

000
000
L X
> [
Phan cwc kieu phan ap

Vs = Vpp* 10MQ/(110MQ+10MQ) i

Phwong trinh dwdng tai: S0

VGS = VG - Is*7500 (1) §110MQ <

Quan hé dong ap véi DMOS: Vee ] | Vo=-3V

Ip = Ipss(1-Vas/Vp)? (2) ;,IOMQ

Giai hé (1,2) hodc xac dinh theo

phwong phap dd thi

Lwu y, Vg €O thé dwong



Phan cwc kiéu

V&i DMOS: I = Ipgs(1-Vie/Vp)? Vs €6 thé duong



0 Vos(m)

Véi EMOS:
Ip=K(Vgs-V1)?
k=l Don/(VGSon'VT)Z



Phan cwc kiéu ph

Q>

-

Q
©

V&i EMOS:
Ib = k(Vgs-V7)?
voi k = IDon/(VGSon'VT)2

V& dac tuyén truyén dat cua
EMOS




Phan cuc k

Mach vao:

> Vs = Vp

0

g =



Phan cwe kidu hdi tiép HE

Mach vao:

Ig=0=>Vg =V,

Phwong trinh dwdng tai:

Vs = Vs = Vpp - Rplp (1)

Pac tuyén truyén dat cla
EMOS _

Ib=K(Vgs - V1)? , (2)
k:IDon/(VGSon'VT)Z

VGs(m)

C6 thé str dung cho JFET?

Giai hé (1,2) hoic xac dinh
theo d6 thi



Vi du

20V

8 kQ

5%06

Xac dinh diém lam viéc Q (I, Vgs)

1 MQ

A

VGSQ

18V

— VS=1.7V

0.51kQ



-0 20V

2.2kQ
910 kQ

%
G 4 Vp =-35V

J

§110MQ

1

VGSQ

110 kQ
§ él.l kQ

Xac dinh diém lam viéc Q (I, Vgs)

:

-

10MQ

5

000
0000
o000
XX
| X )
[ ]
IISV
él.SkQ
I
[} )
IDSS=6mA
‘/p=—3v



Vi du

016V

Vb
82 kQ 91 kQ

Vp = -6V

NN

1 MQ Ve

: B =180

§24m — —
' ' 150 §1.2m




000
0000
0000
o000
¥ 4 o0
Vi du :
Thiét ké:
Tinh gia tri cac dién tr& voi diém =2.5 mA
lam viéc Q c6 I = 2.5mA
V=12V
IDSS=6 mA




Mach tin hiéu nho sty dung FET

khang vao cyc Ién (n100- -
n1000 MQ)

Tré khang ra ry Vo ¥ Ve r

Cuwc G va S hé mach vi tro
Go———0 ‘ oD

Nguén dong duoc diéu l

khién b&i dién ap voi hé s6  so -

diéu khién g,, mé ta quan hé BEp—
dong ra phu thudc vao dién

ap vao

0§

d,, - h6 dan truyén dat



Ho dan truyen dat

Om = Alp / AVgg = d(Ip(Vgs))

— dao ham cua phwong

Y nghia hinh hoc: d6 déc
dac tuyén truyén dat, ]
thwong xac dinh tai diém

Al

1 ~ A A 8m =
trinh dac tuyén truyén dat AVs

(= Slope at Q-point)

lam viéc Q




Ho dan truyen dat

Véi JFET va DMOS, dac tuyén truyén dat tuan theo phwong

trinh Shockley
0 _ 2lbss 1_&
‘VP‘ Vp

Khi Vg = O:




Cau hinh chung cwc nguon - CS

Dién ap vao dwa dén chan
G, dién ap ra lay tai chan D
(chan S néi dat)

Phan cwc kiéu cd dinh
Chu y khi phan tich:
v Ngan mach cac tu ndi

v Ngan mach nguén mét
chiéu

LE

gl
———

+VDD




Cau hinh chung cwc nguon - CS

G D
O 9 O
+ + ‘ 1
— -
540 2
V,‘ Zi RG Vgs‘ ‘ gmvgs Ta R[) 4 V,
— — S =
O L 4 O
Zi=Rg
Z, = 14lIRg = Rp néury > 10R,

A\/ - 'gm(rD//RD) = ngD néu M4 > 1ORD

Quan hé pha: dién ap ra va dién ap vao ngwoc pha nhau



000
0000
0000
o000

Cau hinh chung cwc nguon - CS

Dién ap vao dwa dén chan K

G, dién ap ra lay tai chan D

(chan S néi dat) Rp
2,

Phan cwc kiéu phan ap §R' v,

G
Chu y khi phan tich: ‘ I I: A

v Ngan mach céac tu ndi

, \ ’\l 7 R Ry == Cg
v Ngan mach nguén mot i I
chiéu = = . = =




Cau hinh chung cwc nguon - CS

D
Vi O O \'“
- \ ~
ZI. Z()
R] R2 ‘ gm gs Ta RD
Z.=R,IR,
Z, = r4IR; =R, néur, > 10R,

A\/ - 'gm(rD//RD) = ngD néu M4 > 1ORD

Quan hé pha: dién ap ra va dién ap vao ngwoc pha nhau



Cau hinh chung cwc nguon - CS

Khong cé tu Cg (unbypassed Ry) Voo

0

Vi O

Somgame?
——




Cau hinh chung cwc nguon - CS

@ D
O . 4 . J . 2 . 4 O
+ + | LA +
7> ; Enl -—

: Ves 7
S g "
¢ R - Rp 0

Ry

I()

o T = &
Zi=Rg Z, = Rp/[1+9,Rs+H(Rp+Rs)/1y]

Ay = -9nRp/[1+0RsH(Rp+Rs)/1p]

Quan hé pha: dién ap ra va dién ap vao nguwoc pha nhau



000
0000
0000
o000
, o
Cau hinh chung cwc mang - CD
Dién ap vao dua dén chan G, oV,
dién ap ra lay tai chan S
> D
Phan cwc kiéu tw phan cuwc C
. » phan cL . .
Chu y khi phan tich: i I:
; , S
v Ngan mach cac tu noi i oV

v Ngan mach nguén mét
chiéu




000
0000
o000
o000
, oo
Cau hinh chung cwc mang - CD
[()
V; 0 S [ f -~ 5
— ar Vgs - v a—
Z; Z
l,)
Zi — RG - - - -
Z, = rygIR/I(1/g,,) = Re/l(1/g,,) néu ry, > 10Rg

A\/ - 'gm(rd//RS)/[1+gm(rd//RS)] ~ ngS/[1+ngS)] néu lq = 1ORS
=1 néug,Rs>>1

Quan hé pha: dién ap ra va dién ap vao cung pha nhau



Cau hinh chung cwec ctra - CG

Pién ap vao dwa dén chan fll g |C12
S,dién dpralaytaichanD [ 1 RN It

A « R ~ —_— -
Phan cwc kiéu tw phan cuwc Z. Rp 7z,

V; R > G
Chu y khi phan tich: Z'
, . = T Yoo
v Ngan mach cactundi o

o |

v Ngan mach nguén mét
chiéu



Cau hinh chung cwec ctra - CG

C; G,
W ¢ S D b 4y
o 11 - It N
+ = +
Z Z, r. Z
v, Ry Ves D }
- wi ”
—_

Z.= RJI(ry+Rp)/(1+g,,ry)] =~ R¢//(1/g,,) néur,>10R,
Z,=r4IR, =R, néu ry >10R,
A, = [OmRpt (Rp/rg)l/[1+ Rp/rg] = gmRp néu ry >10Rp

Quan hé pha: dién ap ra va dién ap vao cung pha nhau



So do twong dwong DMOS
Go oG oD
oD + ‘
Uy = o e $n
oS _‘
So o\

Twong tw nhw cua JFET

Lwuy, vOI DMO’S:
v Vg €6 thé duwong voi loai kénh N va am voéi loai kénh P
v g, €O thé Ion hon g,



So do twong dwong EMOS

D
—
G ||> pMOS
— G D
S o0——o0 T e}
L
> ; gnVes Q7d
Vgs
D —é o)
S

— J
G I J< nMOS
8m = |):’/fs |

—

S PN
S Yos

Twong tw voi JFET va DMOS

Lwu y:
v Vg lubn duwong vai loai kénh N va luén &m véi loai kénh P
Y Om = 2k(Vgs — V1)



EMOS mac chung cuc nguon

Dién ap vao dwa dén chan G,
dién ap ra lay tai chan D, chan S
noi dat

Phan cwc kiéu hoi tiép
Chu y khi phan tich:

v Ngan mach céac tu ndi C,

v Ngan mach nguén mét
chiéu —

¢

Vop
Rp
C,
I
|V
SD
<
- 7
<
—
oS




EMOS mac chung cuc nguon

Rp
—AAN—
o
I, J;
Go .D oV
+ | Z/ v l“
EmYgs * Fd RD
Vi O\ N
il ;




000
000
L X
[
EMOS mac chung cwc nguon
Zi= (Retrg//Rp)/[1+9,(re//Rp)]
=~ R/(1+9,,Rp) néu ry >10R,, R>>r /IR,
Z,= RN /IR, =R, néu ry >10R,, Re>>ry/IR,
A, =g, Re/ry/IR, =~ g.Rp néu ry >10R,, Re>>ry/IR,

Quan hé pha: dién ap ra va dién ap vao ngwoc pha nhau



Tong ket

Fixed-bias +Vop
[JEET or D-MOSFET] %

Rp &
v,

C

Self-bias +Vop

bypassed Ry
[JFET or D-MOSFET]

Self-bias
Unbypassed Ry
[JFET or D-MOSFET]

% l oV
Cl ( >
Yo ) 4?0
—
Z, ; Rg

Voltage-divider bias +Vbp

[JFET or D-MOSFET]
( °V,
<

. = v —



Tong két

Source-follower
[JFET or D-MOSFET] +Vpp

e

0

Common-gate +Vpp
[JFET or D-MOSFET]
R
£ 0, "P@ ¢
Vio_" ' - H OVO
Z ks %

000
0000
o000
XX
| X )
[ ]
Drain-Feedback bias +Vop
E-MOSFET %
Ry )
;—I it oV,
€; | -
Vl & )I o ) :ﬂ' Z()
# —
Z; -
Voltage-divider bias +Vbp
E-MOSFET
Rh c,
e .DJ —v,
C G s
= ’
i R2 RS



UWng dung

v' St dung trong mach khuéch dai vi sai vi tréd khang vao cuc
I&n (1012Q) va dong mot chiéu vao cwe nho (30 pA).

v Puoc két hop voi BJT dé ché tao khuéch dai thuat todn
BIFET vi nhirng wu diém cua FET dwoc trng dung cho tang dau
vao. (clng co nhirng loai opamp toan FET)

v S dung nhw dién tr& diéu khién bdi dién ap (dat FET hoat
doéng trong vung Ohm)



Bai tap

e Chuwong 5: 3, 5, 6, 9, 26, 34, 37
e Chwong6:1,6,12,17,19, 21, 23

e Chuvong 9:1,5,12,17, 19, 23, 27, 32, 33,
37, 38, 43, 44




Anh hwéng ciia nguon va tai

e Gidi thiéu

e Mang hai ctra (two-port system)
e Tr& khang nguon

e Tr& khang tai

e TOng hop

e Vidu




Anh hwéng ciia nguon va tai

Hé sb khuéch dai cila mach bién dbi khi coé thém
nguodn va tai:

A% =V, !V, —hé s khuéch dai khong tai
At = Vg, / V,, — hé s6 khuéch dai co tai
A,S = Vg, | Vs — hé s khuéch dai c6 tai va

nguon

C6 2 cach phan tich anh hwéng nguon tai
So do twong dwong
Mo hinh mang 2 cira



Mang hai ctra (two-port system)

I; 1,

—»- <—

o— — 0
+ — -— +
Z: Z
V., l AUNLAiNL ¢ v,
P :|_:

Thévenin

D3 xac dinh cac tham so xoay chiéu & diéu kién khdng c6 tre
nguon va tro tai

Zin’ Zout’ AVO’ Aio

Khi d6, dién ap ra tai cra ra hé mach la:

Vo =A/L*V,



Mang hai ctra (two-port system)

I I l 0
e et
O O

+ +| R,
7 R Ny AV e v,

M6 t& mang hai clra bang cac linh kién twong dwong,
van dam bao bd tham so xoay chiéu (Z,,, Z,. A% A°)



Mang hai ctra (two-port system)

o I
|
s

Dién ap ra trén dién tré R
, A : AL *Vi* [RU(R+R,)]
Hé s6 khuéch dai dién ap
At =AL " [R/(R+R,)]
Khuéch dai dién ap nhd hon khi khdng xét tai
R, cang lon, At cang gan A,°




coes
a I 4 ]
Anh hwong cua tré khang tai 822
A M o0
— Mo ta bang do thi :
-
- ac load line n
Q"O\: > 1
—L-point B
I, _— dc load line I,
e
Phuwong trinh dwdng tai tinh: O Ve, AO,;.»\—/,R; Vec Vo
= 1 Verg* I, Ri

Vce = Vee — I*Rc z

Phwong trinh dwdng tai déng:

Vee = Vee — I*RC/RL >



Anh hwéng cua tré khang tai

Ver le
leg+ Ry =
1 _~ac load line
k. Iy,
R, nho, R.//R, nhé => &
dwdng tai ddng doc => vy s |
N 7 > R; 'CC ) 5

dién ap ra nho 7y g I,
(phu hop voi phén tich giai 7 A
CU’a) /(Q _— dc load line :

y Vr"'(,- i ~ "\—/ Rl\ {

3_. 't, + 1 R,

e
e




Anh hwéng cla tré khang nguon

+ O

(o)

=

A =AL* R /(R+Rg)

A — hé sb khuéch dai dién ap khéng nguon, khong tai

Pé hé sb khuéch dai dién ap 1&n, tré khang nguon cang nhé

cang tot



A'y=A%[R/(R+R) ][R /(R+Rg) ]

Khi thiét ke mach khuéch dai, nén chti y dé mach c6 thé lam
viéc v&i dai rong gia tri cua tré khang ngudn va tai



Anh hwéng cta tré khang ngudn va tai

Mach str dung BJT

I Vee

+0

Ol




Anh hwéng cta tré khang ngudn va tai

Mach str dung BJT

T Vee

l/
—_— | —_—
RS C +
+ ‘ 1
"y & B

IS




Anh hwéng cia tré khang ngudn va tai

Mach str dung BJT

Tro khang vao:  Z; = fr,

Tr& khang ra: Z,=R

Hé s6 khuéch dai dién ap
AL =-RJr,

=> A, = - (R/IRIT,




Anh hwéng cia tré khang ngudn va tai

Mach str dung FET

e FET: vicac cwc G and D, S dwgc cach ly
» R, khdng &nh hwéng dén tré khang vao Z.
o R, khéng anh hwéng dén tré khang ra Z,




coes
Anh hwéng cia tré khang ngudn va tai EE:.
Mach st dung FET :
Vbp
Rp
I G
R b
o -—
+ Rie ¢, T Z, R
Vs ’\J — V. RG i
— J- Z/’ RS — CS



Anh hwéng cia tré khang ngudn va tai

Mach str dung FET

e Tro khang vao: Z = RG
e Trokhangra: Z,=Rj
o Hé sb khuéch dai dién ap

AL =-Rp/r,
=> A, = - (R/IRp)lre



Tong ket

Vee




e Tang sau la tai cla tang trwdc

e Tang trwdc la ngudn cua tang sau

e Hé sb khuéch dai dién ap tong
AT=Ay,*A,* ...

e Hé sb khuéch dai dong dién tong
A=A T2 TR




Bai tap

Chuong 10: 1, 2, 4, 5, 10,15, 17




Anh hwéng cia tré khang ngudn va tai

Mach str dung FET

e FET: vicac cwc G and D, S dwogc cach ly
o R, khdng &nh hwéng dén tré khang vao Z.
o R, khéng anh hwéng dén tré khang ra Z,

o Bai tap:
e Chapter 10: 1, 2, 4, 5, 10,15, 17




Hoi tiép

e Gidi thiéu

e Phan loai

e Kiéu dién ap ndi tiép

e Kiéu dién ap song song

e Kiéu dong dién ndi tiép

e Kiéu dong dién song song




e Dwa mot phan dién
ap ra vé dau vao

() —— 4 o o HOI tiép am va hoi tiép
dwong

e Hoi tiép dwong: mach

po— tao dao dong

e Hoitiép am: 6n dinh
hoat ddng cua mach

Feedback amplifier



Gioi thieu

e T4c ddng clia hoi tiép am
Giam hé sb khuéch dai
Thay dbi tré khang vao ra
On dinh hé s6 khuéch dai
On dinh hoat ddng
Mé& réng dai tan hoat dong
Giam nhiéu




Phan loai

e Dwa trén cach dwa tin hiéu & dau vao (noi
tiép/song song) va cach lay tin hiéu & dau ra
(dién ap/dong dién)

Kiéu dién ap noi tiép

Kiéu dién ap song song

Kiéu dong dién ndi tiép

Kiéu dong dién song song




A=V IV,

B:Vf/ Vo
A=AI(1+BA)
Zi=Zi(1+BA)
Zo=Lol(1+BA)



Amplifier

R, N\, av,
l

Feedback network

4
- el
Vf B vn ﬂ Vo Vn

(Y X
o000
o000
eoo
o0
o
R, ¢
R
V
A=7:) A—-ﬁ— A
v. (7 V. 1+BA
p=ir
VO



Kieu dién ap noi tiep

i

o A=A/(1+BA)

o B=V/V,=R,/(R+R,)
o Z.=Z(1+BA)

o Z,=Z,/(1+BA)



Kieu dién ap song song

A=V, /I

B: If/ Vo

A=V IV =A/(1+BA)
Zi=Z{(1+BA)
Zo=Lol(1+BA)



Kieu dién ap song song

A=A/(1+BA)
B=I/V =-1/R’
Z=Zi/(1+BA)
Zo=L(1+BA)




Kieu dong dién noi tiép

Basic amplif
prifer i o A: I O/ Vi

: o ® B:Vf/ ly

% o3 . AFLNEALBA
o Z.~Z(1+BA)
Feedback network o Zy=Z,(1+BA)

+
+
Vrp #)f!.?

31”-0 EEEIHU



Kieu dong dién noi tiép

+Vee

Sl 4

A= IV,
B=V/I,=R.
A=I /N =AI(1+BA)
Zi—Z,(1+BA)
Zof:Zo(l'l'BA)



Kieu dong dién song song

|
L1
|

I =PI, l

2

A=1 /.

B: If/I 0

A=1 /I .=AI(1+BA)
Zi=Z{(1+BA)



Kieu dong dién song song 3
I A=l I
RC2 BZIfIIeZZRE/(re+RE+ Rf)

< <

iy

A=l I =AI(1+BA)

= =2

\
s




o00
o000
000
He so0 khuech dai vol hoi tiep | ¢
TABLE 17.1 Summary of Gain, Feedback, and Gain with Feedback from Fig. 17.2
Voltage-Series  Voltage-Shunt  Current-Series Current
Shunt
Gain without feedback A ‘e L L L
ain without feedbac v ] 7 ]
/ I Vs I
Feedback b E E !—“ ,-'_“
V it I




Tré& khang véi hoi tiép

TABLE 17.2 Effect of Feedback Connection on Input and Qutput Impedance

Voltage-Series Current-Series Voltage-Shunt Current-Shunt

7. 7 (1+ BA Z (1+ BA Z" -
(Increased) (increased) (decreased) (decreased)
7 - Z (1+ BA a Z, (1+ A
af I+Bf"l rJ( B] l+l}i’fl r:( BJ

(decreased) (increased) (decreased) (increased)




Biang thdng véi hoi tiep

Gain
A
A

"’1:; /
0.7074;,
e
0.707A,,

iy h L hr Freciuency
- B >




Bai tap

e Chapter18:1, 2, 3,4,5




Mach

® Ghe
® Gheé
® Gheé
® Mac
® Mac
® Mac

ghép

n gilra cac tang khuéch dai
0 Cascode

0 Darlington

N nguon dong

n dong guong

n khuéch dai vi sai




Ghép gilra cac tang khuéch

dai

o
OO0 0 o

hép truc tiép
hep dung tu
nép dung bién ap
nép dung dién tré

nép dién quang




Ghép gitra cac tang khuéch dai

Ghép truc tiép

® Truc ti€ép ghép gilta dau ra
tang trudc va dau vao tang

+Ver=+1 sau
2 2v .
Roy 0 8l e Uu
Bp L T 7 j v Pon gian
1p A~ ” o
1 198 I % m) Khong mat nang luong
|| Bo=100/5i A .
A Reo Khdng méo
B=40i5i = Be =2t Bang théng rong
1.1
pun ®* Nhuoac:

Phai chi y anh hudng DC
gilra cac tang
® Hay su dung trong IC



Ghép gitlra cac tang khuéch dai

Ghép dung tu
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® Dung tu ghép dau ra tang trudc va dau vao tang sau




Ghép gilta cac tang khuéch dai

Ghep dung tu

—
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Ghép gitra cac tang khuéch dai

Ghép dung tu

® Dung tu ghép dau ra tang trudc va dau vao tang sau
* Uu:
Céach ly DC céc tang
Dung tu 1&n tranh méo
® Nhugc:
Cong kénh
Han ché tan so thap
® S dung trong mach riéng lé
® Tu tuy thuOc vao tan so cua tin hiéu. VD: v&i &m tan tu noi tang
cO tri sO tU 1uF dén 10 pF. Tu C_ thuong chon tir 25uF dén 50
UF



Ghép gitra cac tang khuéch dai

Ghép bién ap

Dung nhiéu truéce kia
Cach ly vao ra

Dé phoi hgp trd khang
DAi tan lam viéc hep
Khdng tich hop duoc
Cong kénh

pat

=>it dung




Ghép gitlra cac tang khuéch dai

® Ghép dung dién trd - thudng dung cung C
Tang trd khang vao
Giam tin hiéu vao
Tao muc dich dién ap
Phu thubc tan so6 (khi dung ctuing C)
® Ghép dién quang
Dung cho ngubn dién ap cao




Ghép Cascode

Vee

® Hai transistor mac chung
E va chung B dugc noi
truc tiép

® Pac biét dugc sur dung
nhiéu trong cac Ung
dung & tan so cao, vi
du: mach khuéch dal
dal rong, mach khuéch
dai chon loc tan s6 cao



Ghép Cascode

® Tang EC vdi hé s6 khuéch dai dién ap am nho va tré khang
vao 18n dé dién dung Miller dau vao nho

® Phol hop tréd khang & clra ra tang EC va clra vao tang BC

® Cach ly tot giCra dau vao va dau ra: tang BC c6 tong trg vao
nho, tong trd ra I6n c6 tac dung dé ngan cach anh hudng cla
ngd ra dén ngd vao nhat la & tan so cao, dac biét hiéu qua vél
mach chon loc tan s6 cao
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Ghép Cascode
Vo= 1BV
I ® Mach ghép Cascode
thuc té:
E 1 — _ — = A
. A =L = dén dung
ipin | Miller @ dau vao nho
" { o ¥os , A -
C, C=5uF A,210n => he soO khuéch
I t 0 dai téng 16n
1k
o', Vas (B, = 3= 200)
5.6 k2 : o :
i ¢,
(" =5 pF
.F-c”lﬁ.1
4.7 kil | II.E == 20 F

w



Ghép Darlington

C ¢ ® Hai transistor cung
loai, hoat ddng nhu
mOt transistor

Q[ QD
0 ® Hé sb khuéch dai
dong dién tong rat
fofy
E E

® TOng trd vao rat 16n



Ghep Darlington

o +Vee

r
oV,

il
=z
™
—

Phan cuc trans Darlington va so do
tuong duong mach lap emitter
(hay st dung trong mach cong
suat)
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Gheép Darlington
+¥ee (+18 V) Type 2N999
N-P-N Darlington-Connected
- 4 Silicon Transistor Package

Parameter Test Conditions Min. Max.

Ry § Ve Io =100 mA 1.8V
13 ML)
; heg (Bp) I =10 mA 4000
Cy - Ic =100 mA 7000 70,000
) i By = 8000
0.5 pF I"] | : Vap = 1.6V
® T6 hgp vao mot package
{I{ i (hinh vé)
g ® Hoac xay dung tu 2
§-*‘5““ transistor roirac (chay: T,
+* cong suat nhd, T, cong suat

IGn, 1. max la gidi han cua T,



Ghép Darlington - tng dung |

| ® Nhay cam véi dong rat
N nho -> ¢o6 thé lam mach

b

iouich soroes Ehe “touch-switch”

Pl

® Mac kiéu CC cho
khuéch dai cong suat
véi yéu cau phoi hop
tré khang vdi tai co tong
trd nho




Ghép Darlington bu

9 ® Tuong tu ghép darlington

® Hali transistor khac loai, hoat
déng giong nhu moét BJT loai
pnp

® Hé sO khuéch dong dién tong
rat I6n




Mach nguon dong

B6 phan cap dong dién,
mac song song VOi
dién tréd R, duoc goi la

1@ =R Nebathrctt N -
ndi tré clia nguodn

Ngubn dong dién ly tudng
khi R = o, va cung cap
mot dong dién la hang
sO

() Meubn Iy trdng




Mach nguon dong

I ® Dong cung cap 6n dinh
" I . va dién trd nguon rat 16n
{> Tnss ® Surdung BJT, hoac FET,
hodc két hop

Wisloff)

e A s
e |, I.ladong dién khdng
i doi dugc cap cho mach,
= ndi trd nguodn la dién trd
RS g Ez ra clia mach
A




Mach dong guong
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o
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® Cung cap 1 hoac nhiéu
dong bang 1 dong xac dinh
khac. Chu y khong nhan ra

I qua nhiéu dong

® S(rdung chu yéu trong IC

e Yéu cau: Q,, Q, hoan toan
giong nhau

¢ I=1=V_-V_/R

iz



Mach khuéch dai vi sai

IW ® Mach doi xu‘ng theo du’dng
thang du’ng cac phan tu’

el Rz tuong Ung gidng nhau vé
moi dac tinh

® Q1 gibng hét Q2, mac kiéu

o+ _ EC hoac CC

| QL Q2 W . ]

i " e 2dauvao v, vav,, co thé

st dung 1 hoac phoi hop

e e 2daurav,vav,, st dung

1 hoac phoi hop

I"f-:-ut

+_




Mach khuéch dai vi sai

® P3u vao can bang, dau ra can bang
Vin= Vi~ Vo, Vo = Va =V

0

® P3u vao can bang, dau ra khéng can bang
Vin = Vl- V2 ’ Vout = Va

® P3u vao khéng can bang, dau ra can bang
Vin=Vi s Vo = Va— VY

® Pau vao khong can bang, dau ra khdng can bang
Vin=Vi s Vou = Vy



Mach khuéch dai vi sai

- hé sé khuéch dai vi sai va hé sé triét tiéu déng pha

Ché dd phan cuc 1chiéu: V,, =V, =>1_, =1, =1/2 =>V_, = V,,

Néu Vin = Vl - V2 => VBl+Vin va VBZ_Vin => icl > icZ
=> Vour = Vo1 = Voo >0
0 khuéch dai dién ap vi sai

Néu Vin = Vl = V2 => VBl-i_vin Va VBZ+Vin => icl = ic2
=2 Vot = Vo1 " Vo = 0
O triét tiéu dién ap dong pha



Mach khuéch dai vi sai

- hé sé khuéch dal vi sai va hé sé triét tiéu déng
pha

Phan tich bang so d6 tuong duang xoay chiéu:

V,=V;,V,=0; Vv, ,=V, : A=RS2r,

Vi, =V -V, sV, = V.-V, A=RAT, (differential mode)
V.=V, =V, ; V=V, P A, = BRJ(Br.+ 2(B+1)R;) (common mode)
Nhan xét :

Tin hiéu vao nguoc pha: khuéch dai lén

Tin hiéu vao cuing pha:  khuéch dai nhé

kha néng chong nhiéu tot

Ti s6 nén déng pha (CMRR-Common mode rejection ratio)
= Hé sO KD vi sai/Hé s6 Kb dong pha

CMRR cang I6n chat lugng mach cang tot

VGi KB ngd ra khéng can bang, T,, T, van c6 tac dung trlr cac tin hiéu nhiéu
déng pha hay anh hudng clia nhiét do tac dung Ién hai transistor



Mach khuéch dai vi sai

- ndng cao tinh chéng nhiéu

® C6 ngudn dong 6n dinh
vGi noi tré rat 16n

-> 0n dinh nhiét va gidm
hé s6 Kb dong pha

-> tang kha nang chong
nhiéu

Ngubn dong ciing co thé
la mach dong guong

Figure 1-8 — Simple Current Source




Mach khuéch dai vi sai

- ndng cao

tinh chéng nhieu

+V

® SU dung “active loads” -

@ Current mirror maCh d(\)ng gucjng

0 thiét lap dong collector
nhu nhau trén cad hai
Q transistor

' out

0 tang hé s6 khuéch dai

% VI sal



Mach khuéch dai vi sai

- van dé dién ap tréi

®* Ng/nhan: dac tinh ky thuat cua hai transistor
khéng hoan toan gidbng nhau

e Khac phuc: Dung dién tré R. khong doi
xtng (bién trd)



Mach ghép

® BT chuong 12: 1, 6, 11, 12, 15, 19, 21, 24, 26, 30




Khuéch dai céng suat

® Gidi thiéu
® Link kién cdng suat va dac tinh
® Cac ché d6 hoat dong cla tang KBCS

Kién truc tang KBCS
Khuéch dai cong suat ghép bién ap, AC &

DC

® Nhiéu trong KBCS



Gigi thiéu

® Tang KBCS muc dich dé hoat déng tai, vdi
dong qua tai Ién dén vai ampre => khong
phai la KD cong suat thap (tin hiéu nho) nhu
da tim hi€u trong cac chuong trudc

®* Hudng dén hé thdng am thanh trong nha
(VD: dai, am ly)
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0000
o000
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m /= = A o0
Gioi thieu :
| |
input
selector —
’ treble
halance 1o other
‘ volume channel
cd | i}
disc o]
i PN
lape -t S L
radio— ==:"=! EF s I:]:|
1
mig l -
filters onfofi
INPUTS PREAMPLIFIER POWER LOUD-

AMPLIFIER SPEAKER

Hé thong am thanh Hi-fi (High fidelity): khuéch dai tin hiéu am
thanh t&r nhiéu nguon khac nhau (dia CD, radio, micro) dua ra
mot loa (mono) hodc 2 hay nhiéu hon (stereo)



Gigi thiéu

® Pau vao: nhiéu muec dién ap vao va tré khang khac
nhau
VD:microphone — 0,5mV va 600Q

dia CD — 2V va 100Q

® P3au ra: ¢ nhiéu loai loa v4i mic cong suat rat
khac nhau (tUr vai W dén vai tram W). Trd khang loa
cling c6 nhiéu muc khac nhau, trong doé cac gia tri
4, 8 va 16Q tuong doi pho bién



Gigi thieu

® Tang tién khuéch dai (preamplifier): khuéch dai tin
hiéu vao dat mdc nhu nhau véi dap Ung tan so
phang trong khoadng am tan (20Hz dén 20kHz).
Ngoai ra, c6 thém bd khuéch dai c6 chon loc
(equalizer) d€ tang/gidm phan tan thap (bass),
phan tan cao (treble)

® Tang khuéch dai cong suat (power amplifier):
khuéch dai dién ap va dong dién véi dap Ung tan
sO phang trong ving am tan



Gigi thiéu

® Yéu cau vditang KBCS:

1. Cung cap cbng suat dén loa ¢ tai xac dinh
trudc

2. Hé sO Kb dién ap 6n dinh, khéng bi anh
hudng bdi tai

3. Nhiéu thap

Tiéu chi (2) va (3): nén s dung indicate that
overall negative feedback should be used.
The

® closed-loop gain will then be determined by



Linh kién céng suat & dac tinh

°* Dibt

® BJT cbng suat

® MOSFET cong suat

® Thyristor (SCR-silicon controled rectifier)
® |nsulated-Gate Bipolar Transistor (IGBT)
® Gate Turn-Off Thyristors

® MOS-Controlled Thyristor (MCT)



Linh kién céng suat & dac tinh

® Pidt cong suat: khd nang chiu dong thuan Ién (n100
A)

® BJT cbng suat : P=nW — n*100 KW, f = 10KHz, npn
=> Transistor Darlington cong suat: dong bazo nhé

® MOSFET c6ng suat : diéu khién bang dién ap vao
(chuyén mach)



Linh kién cdng suat & dac tinh| :

65 W at 25°C Caze Temperature

6A Continnonsz Collector Current
10A Pealk Collector Current

100V Collector-Emitter Voltage
Lzolated transistor package availlable
on request

+  Custom zelection: possible

® BJT cong
suat: P=nW —
5 n*100 KW, f =
TO-220 10KHz, npn

o F ¥

® Transistor
PN2222A MMBT2222A PZT2222A Darlington
&4 O A
% [ : C cong suat:
] e dong bazo
TO-92 Eﬂﬁ' B 50T-223 B N h 6

NPN General Purpose Amplifier

= This device s for use as 3 medum povesr ampFier and switch
requinng colecior currends up 1o S00mA.

= Sourced from process 18



Tan nhiét trong transistor
cong suat

® Cong suat I&n nhat phu thuoc:
Cong suat tiéu hao: P =V .l

Nhiét d6 cla 16p tiép giap (Si:150-200°, Ge: 100-
110°)

® Pyry=Poro(T1-TO)(hé s6 suy giam)
=> SUr dung tan nhiét dé tang céng suat cuc dai

® S{r dung khdng khi (<60W) hodc chat Idng
(>100W)



Cong suat, dién ap va dong dién

Tin hiéu dang sin:
u=V,_sin(wt)
| = |_sin(wt)

Cong suat trén tai:

P=V_ | /2=V ?2R

Tinh theo dién ap dinh-dinh v, ;  Hinhve U, 1 qua dien
tro R

P=V_ 28



Ché do hoat dong cua KPCS

® Ché d6 A — dong dién chay lién tuc trong
mach => tranh tinh khong tuyen tinh do
mach chuyén dbi ché db on va off

® Ché d6 B — rat pho bién (ché do AB)

® Ché do C — linh kién dan trong khoadng dudi
50% thoi gian, thuong dung trong mach radio
két hgp v&i mach cong hudng LC



Ché do hoat dong cua KBCS

® Ché db D — chuyen mach glu’a muc cao (on trong
khoang thoi glan ngan) va muec thap (off trong khoang
dal) lién tuc vaéi tan soO siéu am, hiéu suat bién doi
nang lugng rat cao

® Ché dd E — dién 4p hoac dong dién qua transistor
nho => cong suat tieu hao thap, su dung trong vo
tuyén

® Ché do G — lgi dung dac tinh cla tin hi€u c6 mot vai
gia tri dinh 16n nhung gié tri trung binh khong 16n, dé
chuyén mach mudc nguén s dung thich hgp => gidm
tieu hao nang lugong



000
; 0000
Ché dd hoat dong -
~ N o0
-Che do A :
v, ® Cong suat ra nho (vai
} watt)
Power supply ) A o o
level ® Tin hieu ra bien doi
Full 360° output swing trong 360°
i ® PiEm lam viéc Q thich
level qo’p
® Hiéu suat thap (<50%
oV et khi c6 hoac <25% khi
khong c6 ghép bién ap)



Ché do hoat dong

-Ché do A

Vee
Load
R, Ic J, R c/
Ci LIE- Power
transistor

0000
o000
XX )
| X )
o
ki

V

£c dc load line

Re /’

Q-point
Jr‘fc;! IBQ
\_I e
0 VCEQ Vee Ver



Ché do hoat dong

-Ché do A

Output
current swing

0 I Ve

™ Output
voltage swing

Output
current swing

™. Output
voltage swing



Ché do hoat dong
- Ché do A - Hieu suat

® Cong suat vao:
La cong suat mot chiéu: P,(dc)=V e,

® Cong suat ra: la cong suat xoay chiéu
I:)o(a'C):\/CE(rms)IC(rms):I ? R :V ? / Rc

c (rms)” “c c (rms)

P,(aC)=Vgplcw)2=17 R 2=V 2 /R,

¢ (p) ¢ (p)

P (ac)=V lco.0 18=12, o R/B=V 2, ,/8R

CE(p-p) " C(p-p) c (p-p) c (p-p) Y
e Hiéu suat: n=P(ac)/P,(dc)*100%
® Hiéu suat cuc dai:
nN=P, /P, =(V_28R)/(V.2/2R )*100%=25%



Ché dd A - ghép bién ap 2
+VC11: N, N;: N,
. ég §R_,_ gk | WY
RE; I v, — v, R,
1 B |

o V,/V,=N,/N,
e 1/1,=N,/N,



Ché do A - ghép bién ap

ki (A)

05 4 load line de load lins

045 5, 12 mA

041 ( . 10 mA

________ Al . m
035 --
Collector § mA i <
current signal 03 fﬂ_ﬂf‘ peraling point
o~ 6mA
I
¢ 02 4 mA

0.15 , 2 mA
i ,

0.l ! BN

o [ =0mA
0.05 | N
| | | [ 1 l %
0 h] 10 15 0 25 Ve (V)
- ﬂ vff _—
Ve £p" Vep =12V
e Collector voliage
{.:-"‘""F variation
| T —

® SH vong day cla bién
ap sé xac dinh duong
tai tinh

® Trd khang cudn cam:
ly thuyét: 0 ohm

thuc té: vai ohm

® P(aC)=(Vcemax
(lemaxlcmin)/8

e P(dc)=V,_l

=> Hiéu suat dai cuc dai
la 50%

CEmm)

cc Cqg



X X )

; 0000

Ché dd hoat dong -
~ N o0
-Che do B :

® Tin hiéu ra bién ddi trong

s 180°
® Phan cuc 1c xap xi mic 0V

Class B Q-point ¢ G‘\hép dé)y'kéOZ két h0p~2
is fixed at OV 180° output té\ng tl{dng (0] nhau, mOi

Class B _~~ swing tang dan trong mot nra chu

dc bias ky

level Lx A p Ny

A, ~: ® Nhieu xuyén muc rat Ion

| ® Hiéu suat <78.5%



. R o000
Ché do hoat dong ool
~ N o0
-Che do B :
+Vee +Yee
} }
Olzle-hi:l.ll: One-half

® v
° Pi(dC):Vccldc:Vcc(Z/T[)I(p)
e P (ac)=V . A(rms)/R=V*{p)/(2R))
e n=P_(ac)/P,dc)= (/4)*(V (p)/V.)*100%<
1t/4*100%=78.5%



Ché dd B - Mach day-kéo :

&y
- +V(*,:"
R,
R,
NN\ *
- LN A

T | Ar——
Biasing network -

Qs

% A b, .

N B
Phase-splitting Push-pull circuit

input transformer connection

Push-pull output Load
transformer



Ché do B - Mach doi xting bu

Biased off by

input signal ~~__ )
+
A R, -
v, —1 s AAAS Y
— +
' = Ve,
Biased on by
input signal
Biased on by
input signal \
-+
- Vccl
: +
= Ve,
Biased off by P -
input signal




Ché dd B - Mach doi xtrng bu | ::
Aoy,

Crossover

/ distortion

s




Ché do B - Mach doi xing bu | :

e .
R, é 100 ©@ it npn transistors are better
suited for high-power
+ % R, output stage.
= Ve, =20V -
Rp=1%Q ) [\

. 3
W ARE Rp=10Q

+
——s V‘-"-’z =20V Input | k.‘RZ
- <
-
R, 10H) €2 /\
l%___ . —
ac loa 2
eI 5 (= 3

Complementary-symmetry Quasi-complementary push-
push-pull circuit pull circuit



Ché do hoat dong

- Ché do AB

® Tuong tu mach day-kéo ché d6 B
® MOi transistor dan trong khodng hon ntra chu ky
® D& gidm nhiéu xuyén muc



Ché do hoat dong

-Ché dé C

Phan cuc dé dan it hon nra
chu ky, chi dan ca chu ky tai
tan s6 cong hudng

Su dung trong mach cong
hudng, trong thdng tin vo
tuyén

Hiéu suat 16n — typically 75-
80%

Thuong trong mach yéu cau
cong suat khéng quéa cao



Ché do hoat dong

-Ché do D

® SU dung véi tin hiéu xung — on trong khoang
thoi gian ngan, va off trong khoang thoi gian
dai

® SUr dung trong mach sO, hoac tivi

® Hiéu suat rat cao — thudng trén 90%



Ché do hoat dong

- S0 sanh
A AB B C D
Chu ky hoat | 3600 180°-360° | 180° <180° |Pulse
dong
Hiéu suat <25% 25(50%) |<78.5% |75-80% |Typ
<50% -78.5% >90%




Kién tric tang KBCS

Loai 3 tang:

é Bl ® Tang “Transconductance”: dién
. . > ap vao, dong dién ra
g * Tang “transimpedance”: dong
4@_.@2 diénlvao, dién ap ra, tang
: : khuéch dai dién ap
First stage, } Second i Third stage, X X ]
gg?a; m‘ig; o ® Tang ra: tang dém, hé sb

khuéch dai dién ap bang 1



Kién triac tang KPCS e

Loai 2 tang

V+
, ® Tang “transconductance”
. _ ® Tang 2: két hgp tang
— khuéch dai dién ap va dém
(%}- : ra
K .
First stage, i Second stage,
input H voltage
subtractor ' amplifier

& gain ' & output



KBCS ghép bién ap :

> e
R,
R, o
2 iR
C(
T NN,
-\r— " —
Biasing network -
I)( 0>
‘_Y—/ 8 v ) \ - A b v
Phase-splitting Push-pull circuit Push-pull output Load
input transformer connection transformer

S0 dung bién ap & dau vao va ra:
Nang, cOng k€énh, dat tién va
khéng tuyén tinh




KBCS ghép AC & DC :

+Vee
f }
One-half . Or.m-hia.lf
111111 ‘ circuit
/\\/ H Load /\\/ H‘T
i ‘ One-half Load

circuit



KBDCS ghép AC & DC

Ghép DC: Ghép AC:

> Hai ngubn cung > MOt nguOn cung cap
cap doi xUng

> Tin hi€u ra khéng > Pién &p ra cb
c6 thanh phan mot thanh phan mlt
chiéu chiéu (khodng % mUlc

ngudn cung cap)
> Can tu 16n mac nobi
> Khéng can tU ra ti€ép vdi dau ra
ngan thanh phan
mOt chiéu



KBDCS ghep AC & DC - So sanh

Ghép DC:

> Khéng can tu 16n
(dat tién)

> Tranh duQc nhiéu
sinh ra do tu

> No turn-on thump
in principle

Ghép AC:

> Khéng bl tréi
thanh phan mlt
chiéu trong tin
hiéu ra

> Khoéng can mach
bdo vé chOng 10i
mOt chiéu

> Easily prevent
turn-on thump



Nhieu

®* Nguyén nhan: cac linh kién khéng hoan toan
tuyén tinh

® Ghep xuyén

® Use Fourier analysis

Harmonics
Fundamental frequency

® Harmonic distortion
%n™ harmonic distortion=%D _=|A |/|A,|*100



Bai tap

® Chapter 16: 1, 3,4, 5, 12, 16, 18, 23




Gigi thiéu

® Tang cuoi, cung cap cong suat ra tai
Dai cong suat: 1W - 100W

® Tham s quan trong:

Khd nang chju cong suat

Hiéu suat

Nhiéu
Tan nhiét

® Khong hoat dong & ché do tuyén tinh

® Ché d6 hoat dong: A, B, AB, C, D
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