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So d6 khoi cua mach tién khuyéch dai:

MACH TIEN KHUECH DATI
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Ro Re2 Voo
2 MIC Ap\——y—VCC A
3 AUDIO Cgl o
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BASS TREBLE
Coi nhu cac tyu Col,Co02,Co3 cb gia tri rat 16n (Hé mach mot chiéu va ngz“in mach xoay chiéu). Ta
chon Co1=C02=C03=0.1uF.
Gia sir cac tang co tro khang vao 1a rat 1on va tré khang ra twong d6i nho, ta 6 thé thiét ké cho timng
tang riéng biét.
Thiét ké cho ting 1:

1 PHONO o Yéu cau:
2 mic . i ' Wy VEC Cho tin hi¢u vao khoang 2-4 mV, thiét ké sao cho
» DI T oo tinhiéulay ra ¢ tu Co2 dam bao khoang 200mV.
=0 —d— Vce=50V;
= G Coi Z L LR véi w=27f (Fmin)
Qt = =" = :
% E A - i@ “ wCc, 10"
WA Néu 9hon Rp=1kQ, ta c6 thé chon Co=10+100pF.
s - He¢ s6 khuyéch dai cua cac BJT 1a hfe=B=50.
2 2™ T Thiét ke DC cho tang I
+ Ta thiét ké sao cho BJT Q2 dat max swing, gia tri
52
Ra —_ Rb 1
2 EETE Vepos ® EVCC. Chon I, ~0.75mA.
Ly — 2 Chon gia tri
Ca cb 1 15
:3\, VRezngCCzISVij:W:ZOkQ.
1 10
>V ®=Vee 10V =R, = ~15kQ
5 Sm

Ry =Rey +Ryy //(Ry + R, )~ Ry + Ry, v6i R, >> Ry, va
R, =R, //(R, +Ry, /I hibl)// Z,, < R, néu khong tinh anh hudéng cta BJT thir nhét va céc tré

cua no 1én mach.
Vi cach chon nhu trén thi dong dién DC cyc dai trén BJT tha hai( /., ) khong thé vuot ImA.
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w1 13V ta s€ 6 céc gia tri: Re1=80kQ, Rel=5kQ, R, ~ 1.5(megQ).

TR Néu chon Rfl qué 16n, BJT thtr nhit s& khong 6n dinh khi phan cuc
VEE (thuong Rf1<<BRel) nhung sé tang tré khang vao va thoa man diéu
Re2 kién Rf1>>Re2 ma ta néu tir dau. Va lai, gia tri Rel ta khong thé
chon qua 16n vi anh hudng dén mach AC (Rel cang 16n, hé )
ey khuéch dai cua t?mg 1 cang nho néu khong tang Rc2)
Gia tri Rel khé 16n cling gdy anh huong dén ché do DC ¢ BIT thir 2,
ta s€ giai lai bai toan DC cho mach vira thiét ké.

Néu lai chon Ve

Q1
Q2NHIEU

Rf1 3

AMM
Vi

g R 2o (I 20418mA (Ve <14V
tur do:
Iy, =0.772mA Vergs 223V
Bién ludn cho cdc gia tri vira tim: Ta thy rang khi 0 ché d6 DC,
mach c6 hoi tiép ap, sai 1éch dong. Voi gid tri Rf1 rat 16m so véi Re2,
¢ DC dong /., tap trung chu yéu qua Re2 va Rdc ciia BIT Q2 khong can xét téi Rf1. Cach chon

=
=0

Rc2, Re2 dé diém Q rit gan v6i diém Q maxswing nén séng ra dam bao s& khong bi méo dang khi
dugc khuéeh dai.

Céch chon céc gid tri Rel, Rcl 1a do BJT Q2 va mach AC quy dinh.Rel khong thé chon qua
16n nhung ciing khong duoc qua nho vi né anh hudng dén tré khang du vao cia tang 1. Re2 khong
thé chon qua nho vi né s& kho khuéch dai, nhung néu chon qua 16n s& dnh huong dén tro khang
dau ra. Voi cach chon Re2=15kQ, e rang phai c¢6 thém mot Transistor JFET dé ngan cach tang 1 va
tﬁng 2.

Thiét ké AC cho ting I:
Khod ¢ trwong hop 2: (Case 2) Mic: Mach AC hdi tiép.
So dd twong dwong tin hiéu nho:

hib1 Rp
Vin \3"\';\' Wy Vout
Ri1/hfe § a0k Ret g Re2< () hfeib2 Ret< hie2 < C)hre:m
5K > 15k Y, = 80k 24k
—:L =
-0
Néu dung Feedback, ta c6 so d6 sau:
hib1 Rp hib1 Rp
Vi Ay Wy A M
1n 88 88
VL
Rft/hfe < 30k Rel < @w. Rel < Re2< () hfeib2
= < 5k > 5k < 15k
_— _L_
= =

Ta can tim thong s6 Rp dé mach khuéch dai 1én 50 lan:
Dung feedback:
Ta d€ dang tim dugc: ib2~-hfeib1~=-iel.
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= ~hfeib2| Re, //((Ry, // hibl)+ Rp) | ~ ~hfeiel(R., !/ Rp)
Va: 4| = —£1+@+@Jiel
V=0 Rp Ry
V1|V i [(RE1 /I Rp)+ hzbl]zel
:TzLL, _ hfeEIRC12 //}Ilipl)
VL Vi=0 1+ l i
Rp Ry
where A, o —hfe.i.el(RC2 // Rp) .
Vil (Ry, // Rp)+ hibl
= Avf :ﬁ = AV
v,o1-
Tu do, voi cac sb1 1éu da tim duogc, mach can khuéch dai 1én 50 lan nén: Avf= 50, ta tim duoc
Rp=386kQ.

Giai lai mach khong ding hi tiép v6i Rp vira tim trén, ta tim dugc Vout = 50Vin, ding véi gid tri
can tinh.
Khod ¢ trwong hop 1: (Case 1) Phono: Mach AC héi tiép phu thudc tin sd.
Do khi hoat dong & ché do Phono, bién do song vao phu thudc vao tan s6 dao dong trong mot
khoang rong (tir vai mV dén vai trim mV) nén ngudi ta dung tu dién dé gioi han lai tro hoi tiép.
O 50Hz: Coi nhu cac tu h mach (dw doan gia tri cac tu ¢& pico). D& dang c6: Ra+Rb=Rht1.
Dung cach giai h61 tiép nhu trén, voi Av=99, ta s& c6: Rht1=1.65(MegaQ).
Nhan xét thay rang khi dao dong trong dai théng tir 500Hz den 2200Hz, gi4 tri Av it thay d6i nén ta
nghi ngay dén trong dai thong nay, c¢6 1 tu da dat dén cuc tiéu cia minh, va ty kia thi chua dong gop
dang ké vao su thay d6i ciia mach. Va ciing do d6, c6 mot gié tri dién tré x4p xi Rht2 (f=500Hz),
goi d6 1a Ra, ta cho Ra=375Q, tir d6: Rb=1275kQ.
O 500 Hz: Coi nhu trd cta tu Ca rat 1on so voi trd Ra.

Ta c6: Zb=Rht2-Za~Rht2-Ra=378.5k-300k=78.5kQQ—Cb~4nF
O 2200Hz: Luc nay, tu Ca da dang ké so v6i Ra, chon ZCa~0.1Ra=37.5kQ.—Ca~1.9nF.

Nhan xét rang khi Ca cang nho, Cb cang 16n thi dai tin c6 Av=50 cang rong, nhung do han
ché cua tin hiéu vao, dai tan c6 bé rong trong khoang [500hz, 2200hz] nén ta c6 thé chon Ca=0.1nF,
Cb=5nF. Dang séng nhan duorc qua bd loc va tran51st0r dugc khuyéch dai 1én phu thudc vao tan sé:

100mV -

AP UNG THEO DAI TAN

(50.260,80.093m) (502.597,50.595m)
(2.2262K,47.231m)

30mV -

T TIN HIEU VAO LA IMILIVOLT
10mv : 1

Vi bg loc nay tl}i tin hiéu vao 9(’) thé dao dong guanh gia tri tr 2mVolt véi dai tan bé hon 500Hz,
4mVolt voi dai tan tr SO0Hz dén 2200Hz (dai tan chinh).
Khod ¢ truong hop 3(Case 3) tin hi¢u vao da dam bao 1a 200mVolt.
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Thiét ké cho tang 2: Treble va Bass cho bg tién khuyéch dai.

TREBLE AND Basg BODST (MID CUT)  preBnE AND BASS CUT (MID BOOST)

Co2 Co2
| o
- R1 = ¢§
R1 ? c5 -
co3 R4 \§N VRS co3
VR
Ro1 — - Ro1 —
nvaw u J\Ni’
VR2 VRS
c4 RE
R3 = C8 R3I 2 = b
= = =0 =0
BASS TREBLE BASS TREBLE

Ta gia st réng VR2 va VRS rét 16n so vdi trd clia cac tu C4, C5, R4,R6. Ta c6 thé léy:
VR2=VR5=100KQ, R4=R5=7.5kQ, C3=C4= 50nF, Ro=10kQ, R1 khong thé qua nho vi n6 anh
hudng dén tré khang dau vao.
Dé tim céc gia tri con lai ta v& cc so d6 tuong dwong cho mach BOOST va CUT:
-Xét Bass Boost & tan sd thap:
_AAN - AN " . Vout (<300Hz) c6 thé coi h mach cac tu
C5,C6, 6 thé tim dugc R1,R3 xép
— - xi 12kQ (Nho d6 1gi duge Av=0.9).
-Xét Treble boost & tan s6 cao, co
thé coi ng?in mach cac tu C4,C3,
tim dugce C3,C4 x4p xi 20nF (Nho
d6 lgi Av=0.9).
- Xét & tan s6 trung tam (1KHz) 1a
tan sd cit, néu thé cac gia tri vira tim
vao, ¢6 d0 chénh 1éch hoi 16n so v&i
yéu cau (Av=0.5).
— AAA—] " " . Vot  -Boithé, gia sir cac tu C3,C4 c6 trd
o o ' rat nho so véi VR2 1a khong hop ly,
ta giai lai chiing vdi gia st trd tuong
duong cua VR2//C3 va VR2//C4 1a
=l nhu nhau & cac tan sé 300Hz va
—— 3400Hz, ta tim dugc C3=C4~15nF.
Nho vao mach Boost va Treble, ta
tim dugc C5=C6~17.1nF.
-Kiém tra lai voi tan sb cat 1a 1kHz,
o ta s€ tim lai C3=C4~10nF.
Toém lai, cac gia tri ciia cac linh kién
& tan 2 1a: R1I=R3=12kQ,
VR2=VR5=100k(2, R4=R6=7.5kQ,
C3=C4=10nF, C5=C6=17nF. Ta s& c6 hinh biéu dién dap ing tan s6 cho mach trén:
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1.0V

MID CUT

(1.0000K,503.351m)

MID s

MID BOOST

0V T T T T T
100mHz 1.0Hz 10H=z 100H=z 1.0KHz 10KHz 100KH=z

Thiét ké cho ting 3:
Yéu cau:
Tin hi¢u vao khoang 100mV, thiét ké sao cho tin hiéu léy ra ¢ tu Co4 dam bao khoang 1V.
Vee=50V;
Coi Z, L < LR0 voi 0 =2xf (fmin).
" wC,
Néu chon Ro2=1kQ, ta c6 thé chon Co=10+100pF.
Heé sb khuyéch dai ciia cac BIT 1a hfe=p=50.
Thiét ké DC cho tang 3:

i . e 1
Ta thi€t ké sao cho BJT Q4 dat max swing, gid tri Vi, ~ 5 Vee -

Ro2 Voo Chon ]CQ4 ~TmA .
J\"\'a\f

Chon gia tri V, ziVCC =12V = R,, :%:1.7“2.

§ Red

§ Re3 c16 1 13
e Y Ve SIS Ry == s 1.8kQ

2] a4 . m
 Gawaey Tuong ty nhu ¢ tang 1, ta s& c6 céc gia tri Re3=7.5KQ,

—E B Re3=0.7kQ, Rf2=vai tram kQ. (Ta s& tim sau nh mach AC)
Mach tuong duong tin hi¢u nho cho tang 3 (Mach hoi tiep ap, sai
::\( 1éch dong)
o o
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Rf2 hied
Vin Wy IVW Vout
hied =
Red 1.7k hieibd Re hieib3
hfeRe3 - § C) 3§ X CD e § 1.8k C)nfeiM
L L
=4 =0
Néu sir dung hoi tiép, ta c6 cac so dd tuong duong sau:
Rf2 . Ri2
Vin WA i W hied VL
hie3 256
feibd W =1 7K hfeibd
Red g 1.7k (). @ Red g 1. G)
hfeRe3 Re3 () hfeib3
35k 7.5k
L i
o =)
Ta chi dung mach khong hoi tiép dé giai, s& c6 duoc:
. . V.
Vin=100mV, Vout=1Volt—1ib4=-1/90000(A) va ib3 = - —,ib4 = _Vow
(hfe+1) R,y + hie3 hfeR..,
Khi 7., = Vee =2V tas€ cod: hie3 = 1.4[1/&
(R, + Ry + Ry + 12 co3
hfe
Dung dinh ludt nut mach, ta s€ giai ra Rf2=145kQ. N6 thod man diéu kién ban dau ta datra
(Rf2>>Re4).
il

4 Trén, ta da tim cic ting riéng biét, nay ta ghép chiing lai thanh mach can thiét ké, v6i cac gia
tri da tim trén.

4 Dung nhu ta e ngai tir du, tré khang dau ra ctia ting 1 kha 16n so vdi tré khang dau vao cua

tang 2 (tang 1 ¢6 Zout=12kQ & truong hop Mic) con trd

P

sov _éu voD khang dau vao cua ting 2 tuong dbi nho (Do dé chon
T VR2=VR5=100k€2, Zin2<12kQ) vi thé, khi ghép 2 tang lai,
dong dién s€ chia dang k& vao tang 2, ta tim cach khac
3 :::g R“g 1.2 phuc bang cach ghép 1 transistor JFET gifta 2 tang nay. Ta
o dung JFET: Ipgs = 11 mA, V,=-2 V. Dung thém tr¢
. i co gid tri:Rp = 1.2kQ; R=1kQ, Rs1=5 MQ,
T S RG=470 kQ, va Vpp=50 V.
Tt mach bén, d€ dang cé:
e R 15=0tas€ co: Vg =4.296 V. Khi do: Vy=1Ip Rg, cudi
S I cung ta duge: V=V, -V, =4.296-10001, két hop véi
2
V. - 2.
1 IDZIDSS( V_j 1, =11t 1422610000 ¥

ra, ta s€ c6 2 nghiém 7, =5m4 va I, =8mA Gia tri nhd
hon ctia 7, s& dugc chip nhén, diéu d6 dugc giai thich nho vao dic tuyén cua JFET:
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Tw do: 1,=5md, va: v,,=1,R, +V,s +I1,R,(DCLL) nén: Vds=39V
Ta da tim céc diéu kién cho diém phan cuc tinh Q cua JFET.

Do loi dién ap: 4, = % , 10 tuy thudc vao dién ap vao va tré khang ra, ta gia st tré
IN

khang tai rat 16n so voi tré khang ciia cuc mang Rp. So d6 twong duong AC tin hiéu

nho:

Ta tim duogc d0 loi dién
ap Av=-1 (Tin hiéu ra
dao pha so vdi tin hi¢u
vao).

[
Vi Wout

Véi con JFET nay, ta da
; § giam dién tré ddu ra cua
tang 1’ so voi tang 2 .

5
Nho d, tin higu tang 1
khong bi gidm di khi dén

tang 2 nhung bi dao pha!

Tré khang dau vao cua
tang 3 da kha 16n so voi trg khang dau ra cia tang 2 nén ta khong can chu y téi céac
gia ti d6 nira!

Mach hoan chinh duoc thiét ké thém JFET va ta tim c4c tin hiéu nhan duogc qua bd
khuyéch dai nay.

THIET KE MACH TIEN KHUECH PAI Page 7



Bui Trung Hiéu-trunghieukh@yahoo.com
*PHONO-MID CUT

1ov

Vout

1.0V- : e S —

/ [ e _ \u"ouLl—phorio t.rang'i) ' \

» / Voultl' (Qua JFET) S -—

: W
’

100mV -  — - R sam——
) e ; e H - oy
) g b DMl ' = i =
1B i ‘N\. X,
i Y

10mV -
1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KH=z

L8IV(R20:2) ¢ V({C14:2) ¥ V(C5:1,C15:1) = V(C€9:2)
T swnn

*MIC-MID BOOST:

1.0V :

—it——= N out
Bec

P ~
/'/ \\\

o : N

; / Voutl ua JEET
! Youtl — - - — \\-\m :
H . S =

100mv — - VoutE

— el e ™

5 -
#
10mv b
L - ol 3 x
s
g

1.0my - : : : ‘

1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz
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*AUX-MID:

800mV -

fout

&00mvV

400mV -1

Vin

200mv

'\“ o L Z
¥ ; - a—1 s

e

oV S =  —n

1.0Hz ity o — IEJHA - lU(.I'Hz 1.0KHz I 10KH=z 100KH=z
Ta théy réng mach khuéch dai tot nhét (1am viéc MIC-MID) chi dugc 0.75Volt voi song vao la
4mV, diéu d6 duoc giai thich nho chi y thém téi cac tu ndi gitta ting, va cac trd khang dau vao
clia ting sau khong rat nho so véi trd khang ddu ra cua tang trude.
Nhung diéu d6 ciing d& hiéu vi mach con qua don gian!

Chu y: Lac lam bai nay, t6i chua hoc sy dap tng theo tan sd cua mach, boi vay, con thiéu sot,
néu ban tham khao, chu y tdi phén chuong 6,7 cua mach dién tr 2.

Phan néi tc”ing ciing ¢o sai sot, ban doc nén tham khdo thém cdc sdach khdc vé mach dién tir dé
hoan chinh néu muén lip mach loa.
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