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2. C“h;{O Khue dal’



May tang am (Amplifier)
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A.KHUECH DAI CONG SUAT
(Khuéch dai tin hiéu I&n)
1.Phan loai theo cdng suat ngd ra
« Po<1W : cbng suat nhd
« Po tir 1 — 10 W : cdng suat trung binh
« Po >10 W : cdng suat I&n

I
Vin / 45

P, =V R,




2. Phan loai mach KBCS

= KDCS hang A: tin hiéu ra day du chu ky
tin hiéu vao.

= KDCS hang AB: tin hiéu ra |&n hon ban
Ky,nhwng nho hon chu ky tin hiéu vao.

= KDCS hang B : tin hiéu ra bang ban ky tin
hiéu vao.

= KDCS hang C: tin hiéu ra nho hon ban ky
tin hiéu vao.



Cac hang cua mach KDCS




Dang song ra KDCS hang A ,B,AB,C

() (d)

ic A
Ic,‘
ICQ ANt \N__
| | | | - /\ /\ y/ .
0 T N 3n dr Wt () T n 3n dn 0li
(a) (b)
ic A
I S WY S W
0 + AT A N
i 2n in 4 wt () n 2n In dr mt




Power Amplifier Classes

«C
«C
«C
«C
«C
«C
«C
«C

ass A: conduction angle 360
ass B: conduction angle 180
ass AB: conduction angle >180
ass C: conduction angle <180
ass F: an extension of class C
ass S:

ass E: switch mode

ass D: Digital power amplifier



2. Pudng cong cdng suat cwe dai

Ie(A)A
[o(A)
Maximum
0 current limit
Pr
second
0101 breakdown
Ve, sus
| |
0,01 >

(@ (b



Figure 11.13 Limitations of a
BJT amplifier

(1)

iBB (3)

| il fff.w_f_._»
VCE

VcE sat Cutoff Ve max

P Mmax




Do hoat déng & cdng suat I&én , dong I&n nén:
= PO loi dong thap
= Nhiét do I&n = phai giai nhiét
= Nhiét dd cang cao~> cdng suat cang thap
theo dwdng cdng suat suy giam:
,Ppo (W)

115
100

50




Po thi hee theo I (A)

1000

500

300

100° C

Common emitter

VCE=4V

25 Ny

[a—
&
o

—33

D
o

DC current gain hpp
Lh
Q

-
o

W L

0.01

0.03

01 03 1
Collector current I~ (A)

3 10 20



- D

Van dé giai nhiét cho Transistor céng suat

2 Black aluminum

Figure 10.1 Typ
sink for a power d

TO-5

Figure 10.4 Clip-on heat sinks are suitable for
power dissipations of a few watts.



Il. KDCS hang A

1.Tai R,

(b)

Time




« P& c6 cbng suat cuc dai > Diém Q phai la
giao diém gira duwong P va dwdng tai
tinh.

» Diém Q la trung diém cla dudng tai tinh->
deé co tuyén tinh, doi xwng.

Dmax




* Vego = Vool 2 = Y o
Cong suat ra:

opmax

R.L 2R.

Cdong suat cap boi nguf“)n(diéq: 2
V cCC J — V CC

PCC:VCCICQ:VCCL

Hiéu suat:




» Hiéu suat cwc dai khi vV, =V
( Vccl 2 \

_ 1 _
m ax L J ___0’25
4
V cc

7 % T 25% — 7 % = 25%

ax

=V, /2

opmax

S
|

- Pé tang hiéu suat I&n hon ta str dung cac
cach rap khac nhuw :

- KDCS hang A ghép tai v&i bién thé
- KDCS hang B



2. Tai ghép bién thé

dc load lme, slope = - L
/ ’
C(j —

I
A

i cor——————— ac load line, slope =— L;
Ry
i RE
Rp =G |"
|
| >
| Vee =2Vee Ve



» Do bién thé cé6 dién tré rat bé ~ 0 & ché do DC,
nén dwong tai tinh gan nhw thang dirng nén :

Vceo = Vec ' ’
 Nhwng & ché dé AC ,thi tong tr& tai déng la:

o as Y
R anJRL

(do céng thirc tong tré& cua bién theé :

. _ V1 _
R . — R L

| 1 | 2

:V2:>




- Diémtinh dieuhanh Q: ~/ _ . o

lCQ

« Céng suat ra:
2

:Vohd

P ohd

. Y 4 A R L
« Cong suat cap uiern.

PCC:VCCICQ:VCCL

Hiéu suat:




II.LKDCS day kéo hang B

» 1.Nguyén tac

* D& c6 hiéu suat cao hon , va dang séng
ra la hinh sin day du chu ky phai dung
Céch hoat dong luan phiéq cua 2 mach
khuéch dai hang B> Khuéch dai day kéo
hang B.

= Co nhiéu cach thuc hién ,nhung cach
théng dung nhat van la cach dung 2
transistor khac loai nhung cc:) dac tinh
giong nhau = Khuéch dai b6 phu hang B



« Khuéch dai bé phu hang B cap dién nguon
don —OTL ( Ouput Transformerless )

Cach hoat dong:

- Ban ky dwong: T " VEE
Q; (n) dan tu C_ 0l
nap day, Q, ngwng. N Iel ..
21, tr Q, qua C, 11— A
va tai vees — ‘
- Ban ky am Q, (p)dan, & .. { kL

Q, ngwng , tu C_ xa .
2 I, tw C, qua Q,
va tai.

Két qua : Dang séng ra tai cé day du chu ky.




 Pac tuyén:
Ic1




- Piém tinh Q:

lco =0 Veeo = Veer
« Congsuatra:

2 2 2
0

Vv

P ohd

R. 2R. 8R.
« Cong suat cap dién:

_ 1 Ve :/vccvzup\: (vop\
P L : Jiea ™| : JL . J VCCLERLJ
Hiéu suat:
77=P°=|( Vo /2R. \|=7[|(V°p\|:>f7 2120,7854
Pee WVeeVop/PRL) 2 v e/ meC oy

7 % T 78,54% — 7 % < 78,54% (V opmax ~ V cc/2)

max



-1/1V

f\j_

1.0 kH7

KDCS hang B ghép bién thé
 Dang mach

T1 Driver

(.

nl
é‘ 3l
C — l||» D|[{C
C L P)

11

N

T2 Power

RL



Khuéch dai bd phu hang B cap dién dbi xirng-
OCL( Ouput Capacitorless)

+ Vi
liCn
.
Vee \ Ii
2
¥ r L 2 < Vo
Ver | iLl'
> L r\fgp R,
fiew




» Moi transistor dworc phan cwe V> V. = Vo,

e Cach tinh twong tw trén véi hiéu suat cwce dai <
78,54% .

» Tuy nhién trong KBDCS b6 phy hang B cé nhwoc
diem la co6 bien dang xuyén tam.

Yo A Yo A

X

——————— e —— — — e —

AWA

tyY



Il. KBCS bd phu hang AB

= Pé trdnh bién dang xuyén tdm, phai phan cuc
trirdc cho cac transistor Ve, = 0,55V2KDCS
hang AB.

= Phan cuwec transistor cé nhiéu cach:
- Cau chia thé.

- C6 diod dé on dinh nhiét

- DUNg transistor 6n dinh nhiét

- DUng ngudn dong 6n dinh nhiét .

= KDCS hang AB ciling c6 cau hinh OTL va
OCL .



« Phan cwc bang cau chia thé:

+ WCC

““f Dzlj




Phan cwec bang 2 nguon doi xirng

V -+
;
i Bias l Crn
ip
> Q
s 77
i 4




Push-pull output stage

Vee
o O\
Vin 1F
fc2

« The push-pull stage of above usually used in low-
frequency power amplifier.

« The efficiency Is better than class A PA.



Phan cwc bang nguén 6n dong va Transistor
on dinh nhiét




T CD

* Mach Darlington Jrer #2e2
Cau hinh : . mm
MPH
NP1
Sl R
TEZ

i &

Cong tnwc aong aien: ol
= + = - = + =
lco ler lece ﬁ1IB1 ﬁlez ﬁllgl ﬂglEl

=By B Bt = BB BB D

1

p o=lo=p g+ +8 =7+ ,B
IBl

la tri sO rat I&n ( vai ngan lan ) so vé&i transistor don



« Mach Darlington ché tao san cé6 mach bao vé

bén trong:
Ij HEHZ 'ml HEN 3
PNEE 'Hx PP 3




MOSFET cdng suat - VMOSFET

Multiple source cells Silicon gate
Source Gate Source
FT7T7777) "’% / 7777770777
DN
Y Y
n* ( \/ n*

interconnected b
y Maltple
Channel

source cells

metallization

ii-drift region




Pac tuyén VMOSFET

10 10 Sﬂpépuls%:test l”
~ Vig=1'
2 g g —rsm i
: 2
:E’ );FS-S:FQ'— 36
o 6 -
|28 E
g 4 /// T RSN
'g 7 I;=125°C E TJ—ZS c\\/
5 2 D) i —55°C\Wl
= Vps=15V
Bﬁpspu]setest j/
0 2 4 6 8 10 0 1 2 3 4 5 6 1T

Drain current I, (A) Gate-to-source voltage (V)
(a) (b)



Limitations of integrated CMOS
Power Amplifier

Device Breakdown Voltage
— Low voltage swing
— Sub-yCMOS process has low oxide breakdown

Low current driving capabillities

— Larger device required for a given current
Larger Capacitances

— Tuning is more difficult

Substrate Coupling with the RF Blocks
— PA injects more currents into substrate

Lower Q passive elements



Mach khuéch dai cau- BTL( Bridge
Transformerless)

- Pé ting céng suat v&i cung diéu kién cap
dién nhw nhau.

* Dong dién qua tai: Rz
lo= 11t o m Al
=21, = i> ILl\L -
PO(BTL) = R ( 2||_1)2 — 4 Bd IL1+ILZ
=4R,,2 T | m ?

Lz ILE\L
= 4P, 0t ij>

Poet)= 4Poom) =



IC Khuéch dai cong suat
« LA4440 co6 2 KDCS trong cung mot IC cho
P, =7W khi V_.= 15V va R =4 ohm/kénh
- mach mono : Po(BTL) = 28W cho 1 kénh
- mach stereo: Po(BTL) x 2 = 28x2 = 56W ( 60W)
- khi quang cao ghi : POPM = 2Po(BTL)=120W
( POPM= Power Output Peak Music)
« HA 1392,/UPC 1270,
« LA 4508, TDA 2002 (8W)

. TDA 2020 ( 20W) | [:

. LM380 - LM386 ( 1-2 W)




Phan tich mach IC KBCS

Rip= R
RIE I A
-
V., Rz = 1ki2 Vv, V,-V/2
= AMM——0 =+ —
2
¥ Via

oV,



IC LM380 KDCS




« Sordo chan IC LM386

Gain1l__ |
-IN 2 |

+IN 33—

GND 4

LM386

8 Gain
/ Bypass

6 \Vcc
5 Out




« Mach khuéch dai céng suat dung IC

L M386
Woo
I +12W
+C1l
:ElliluF
|:| luF + e
_|.E *—11III1.1F Co
_|F5III1.1F
: Pl
e '.' 10k }—‘% cz |
1uF jil
—

« Av =200 (chan 1 va 8 chi ndéi C3 = 10uF)
« Av =50 ( chan 1va 8 néi v&i C3 va R2= 1kOhm)
« Av =20 chan 1 va 8 bé trong



Vi

)

OPAMP

0,1 sinwt

Cc

i

RT

-1

|_

Vcce

O
+15V
|
— -
VoA
:>» O 9 Vo
A O 9
RL
| 8
__I:QZ AN
-1
L —
- Vcc =
RF
-15Vv
99 k
N\ N/



=1/17

10 kH~Z

12V

—O

16k

1k

1k

\ I 2N2219A

H

1 o

__G

]
—ANANA———AAN— —O—ANAN ———ANAN—

16k

@ 2N2905A

l -12V

50



47K

| ey oo
1 -d T
%E‘F‘:? 1oon — £200uF - L )

7,

>

470K,

i 2 ,
15K

iy

e | 2K

12K
i

LH

11K

 EvE




B. Mach On ap DC(DC REGULATORS)
1. On ap Zener: Vo =V,

(-
i
+ : 1
w 4 |
-V
'{ »—
0 \Y
- /
\oltage
DD Y
~— egulat ~—
Unregulate
suPply %d
P - Y




2. On ap ndi tiép
La mach khiuéch dai theo -phéat(EF)
C Ly B

O

o
I

+0
—~—

O
¢
O |




» La mach khuéch dai theo phat (EF)

OViDC
R |
| b

B
+VgEs 9_ N
D AV, i1l

RL VODC




Taco: (Vg=Vi)
Vz =Vge1t Vope
Vooc =Vz=Vge (1)
va cac dong dién:

li=1> 15 (2) veoi: Ig=l /(hetl)
;=1 -1 (3)

I, = (Mipc = V2R, (4)

I = Vooc / Re (5)

Cong suat :

Pz=Vl; < Pzy (6)

Pp = Vceleo = (Vioc = Vopdle (V)

Pri= Ryly? (8)

Tong trérra :
Ry = (hig + 17) Ihge = (hpele + 1)Mee=re  (8)



3. On ap noi tiép hoi tiép

'& N
N n T - +
YEEL I;Jf Iz
Rl TELl|| - D=
) s Lha e
Tz = R BL
IEZ —
. fﬁ o ;
(I T
UEEE i na
TE $
=R
=] glve
o = J’ .




e Chng minh:

= = R3
Vo Vi Ve Vs~ Vi Ve,  — Vo
R:s R4
( )
Ry |
Vol 17— — |7 Vi Ve T
Rs R4
()
Vo VZ+VBE2 Ll—l__J (1)
R .
| :VI_VCZ | — IEl
1 ) B1
— :VO:
1.~ 1. les T 1, 15
R L
_ Vo V. _
| > ’ |C2 | 1 | 61



« Cong suat :

= 4
1l lco |

— . = 2
P; ViIz v Pgr Ril

Po, Voeealce Ver Vea lca Ve Vg

Ve, Vo Ve

~ I —
~/

Por Voeeder Vi Vo ler Vi Vo Iy

. Pé tang dong ra va cho tac dong tét hon :
- Q1 mac theo Transistor Darlington hoac
- Q2 thay bang Op.amp.



« Mach 6n ap néi tiep hoi tiep tong quat

- Nhé& str dung hoi tiep nén mach tw dong 6n
dinh dién thé rat tot

Tl TELl IL
< %’
+ Rl
O — AT
A o §
+




 Chirng minh:

VO_AVvF_Asz
A, = A _ AviAv > _
V
1T FA 1+FAV1AV2
F:VF: R 4
V o R. ' Rs
(ratR) (R,
V o L JVZ Ll
R 4 R 4
« Cong suat:
:VO
| L
R L




4.1C On &p

- Sordo, ky hiéu:

-C6 cau truc twong tw 6n ap noi tiep hoi tiep str dung
Op.amp.

-C6 thém cac mach han dong , chong qua tai, qua nhiét

yaus
Nén rat tot hon Vi :
Vo i Q1
mach r&i, va rat :
thong dung. .| M. diéu khién N
Mach gi¢i han dongd

va chdng qua nhiét
| Ve
i + R2
Vref

' ——.M.khuéchsai-....coc.....___.__ 1




« IC6nap3ngdra(3chanra)

IN OuT
. ICOnap
COM ’
Ho 78xx: Vo > 0. xX chi tri so dién thé ra

Vo

Ho 79xx: Vo <0

Ho 340xx : Vo >0

Ho 320xx: Vo <0

Ho LM 317 : Vo = +1,25V
Ho LM 337 : Vo =-1,25VL
Ho 323K: Vo=+5V, 3A



3-Terminal Voltage Regulator 1Cs

* The output voltage of the LM78LXX series 1s fixed.

M Voltage |.;,UT The maximum output current is 100 mA. The
regulator
| LM78XX series has the maximum output current of

"'Irh B | vﬂﬂ‘
_I_ T Gy GND T C. _]-
L 1A.

The XX designation indicates the output voltage of
the regulator. For example, an LM78L08 is an 8-V

regulator.

* The LM78LXX and LM78XX series offer output
voltages of 5,6,8.9,12,15,18 and 24 V.

¢ Similarly, the LM79LXX series has output voltages
of -5,-6,-8,-9,-12.-15,-18 and -24 V.

Equivalent circuit of LM V8L series voltage resulator

LE210 Lectore Motes 2002 Edition N



Loai Vo(V) | 1o(A) | %dieu thé | Truatthai donséng
7805 +5 0.7 0.4 62dB
/812 +12 0,7 0,25 540B
/815 +15 0,7 0,25 51adB
7905 -5 0,7 0,2 60dB
7912 -12 0,7 0,2 550B
7915 -15 0,7 0,3 52dB

LM340-5| +5V 1,5 10 mV 80dB
LM320-5| -5V 1,5 50 mV 80dB
LM31/T | +1,25 | 1,5 0,1 80dB
LM337 | -1,25 1,5 0,1 80dB
LM78G | 5-30 1 1 62dB

CP

DM A1 0

al 1C

N 1 C

) ~~\ /

“NAD




 Mach thwc hién:

LM7805
o > IM 0T P . —
v +
i 1 COM —
C1 CF |+ C3 o
7 - 20V
Yol 1uF 0. 1uF U +sw
L % o
S
LM7205
O . —INM OUTUT . » —in
i L COM )
Cl CF + L3 wo
-7 4+ - 30V
0. 1uF R I
* +
o & 2

1



Bd cap dién 6n ap doi x&rng
. Vi 7812 va 7912

+ 221z
Tr4 = . —ITEk 0QOTIT . —T +
+1&5— +=E7W + COM L CF o
C1 m— R T4
0. 1uF
- iy -
[ I
— —1
C= Cd =
a Hoo -
—~1E5-2EW —1l=W
I - T Lo - T

Wi T 2917 Vo



« Mach c6 dién thé ra én dinh diéu chinh dwoc

LM=17
+ O P —ITX 0OTTIT i P P —
+
IT1 +
COM 1=
Ure&r
i 1.z 1k
+ = — 4+37Y e adj;__ e
c1 | o J -z t1,25 — + 27,30
o_ 11.F c= |+ _'Ilf!-g]-x 1aF
10uF"~ [ I%lf
. - - - D




+ V@i LM337 , cach mac twong ty trén nhwng cé
Vo =-1,25V - 32V.

« S dung ca 2 IC trén ta c6 bd nguon ddi xirng .
* VoI ho 78xx va 79xx cuiing rap twong tw trén.

78xX 79XX

INn GND Out GND In Out



V&I LM317 va LM337 thir tw chan nhw sau:

Khi rap mach phai chu y dén vi tri chan cua
moi loai IC tranh nham lan Iam hw IC.

AJD Out In AJD In Out



Mach on ap c6 dong tai Ion
* VODC = Vreg
 Transistor cho dong tailén |, =5A > 1. ,=1A

IC =EL
Q1 —
I £
‘ o ity 2205 l TL -,
+ T ; —IMN OTTT " -
+
wihC L OI1 ‘
CZ
— —— 1uF
0O_=22uaF
— C
» - £T
—1

* Ri=Vpei/lies
= 0,6V/1A=0,6 ohm



Mach c6 dong tai I&n va mach bao vé

IL
",
- 7

ZNa055

+,:::, "

IC =1L
",

QZ
Bl
=

—5

ViDC

0. 35uF

2805 IL=54.
IN aUT . i)
+
COM
CZ

i



Bd 6n ap cé mach bao vé dong gap

e SO dé IL

Tl IE
IL

11
cNa055

[ ]
I
e Jli_.
r )
I3 -
Qz
- Lma4n- 3¢ IL -,

)
on

A

™o

Iref —
R P x
VOA + +—s———IN 00T » : ‘
. COM
il 0.330F CZ
-1 LuF ValC s o0
Vreg T
| -
[ | & i
|
| —

0 Isc |, max |



