BO GIAO DUC VAO PAO TAO ﬂv KHOA PIEN - PIEN TU
PH Sw Pham K§ Thuit TP.HCM @ B§ M6n Co Sé K¥ Thuit Pién

)
/4

Chwong 7: MACH KHUECH
PAI TIN HIEU NHO
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7.2 MACH KHUECH PAI DUNG BJT
7.2.1. Mang hai cira theo tham sé H
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7.2.1. Mang hai cira theo tham s6 H
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CONDITION

; Input impedance (resistance)

h, Voltage feedback ratio
hy Forward current gain

h, Output admittance (conductance)

Output shorted
Input open
Output shorted

Input open




1.2.2.

MO hinh twong dwong cia BJT cho mach CE, CC

va CB

MO0 hinh twong dwong cia BJT cho mach CE, CC
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MO0 hinh twong dwong cua BJT cho mach CE, CC

dig(pA)
Vep=0V
| Veg=10v
Veg=20V
3~ _— Vg = 8.4 V (constant)
L — -
Q-point ___
o = Aiy=10 pA
10 |-
hjg — &v‘be — av‘bg ~ }6’ P’T 0 . nfa nF?‘ f:s "ope (V)
ﬁfb VCEQ — () 615 IEQ —| |— Ay, =0015V
e a1 _ 26mV
tai nhiét dd phong t =25°C h, = f——
/ £0

V, 26mV

> hm:ﬂre

) I Izp




7.2.2. M0 hinh twong dwong ciia BJT cho mach CE, CC
va CB
MO0 hinh twong dwong ciia BJT cho mach CE, CC

- fR{I-I-AJ 1"‘,:!. =0V
Vep= 10V
| v =20V

Av,.=20V

s

{-point
15 — 2t

fg = 15 pA (constant)

10—
&FE’E avbﬂ
e
Av |1 B0

ce

ce
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0 0.6 LU | I 0.8 Ve (V)
—| | — Au,, = 0008 V




7.2.2. M0 hinh twong dwong cua BJT cho mach CE, CC
va CB
MO0 hinh twong dwong ciia BJT cho mach CE, CC

i (MA)

_ /+60 A
B +30 uA

f',,// i

- Veg=84V (constan)

_/ +30 HA
Qi

3h Ip,=+20pA
] =Sy
81:? ~ ﬁ Aic | Iy, =+10pA
afb ;
Iﬁ':UuA
0 5 B4V)10 15 2 V)
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7.2.2. M0 hinh twong dwong cua BJT cho mach CE, CC
va CB
MO0 hinh twong dwong ciia BJT cho mach CE, CC

ce

'I,'_

Aip (mA)
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/+5{}m
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Tom lai voi CC va

MV/lgq
26mV/ g
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MO hinh twong dwong ctiia BJT cho mach CB
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7.3 MACH KHUECH DAI DUNG BJT
7.3.1. Mach CE S
a. Khong tai

X , . - R
So do twong duwong tin hiéu nhé ‘H o
4 'Iir.l
* Tu— ngan mach s
! = ngan m3 T -
= \/cc — mass b z,
=  BJT — mo0 hinh twong oo
dwong ’
M h‘ﬁ-‘ﬂ“ﬁ" S
i %"’* @E
o
+
Z;
_h..
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7.3.1. Mach CE
a. Khong tai

Vo va Vi
ngwgc pha

° : = Téong tré ra: L = R
Tong tro vao: Zr‘ RB H hfe g o C

, . I h I, R s R
Hé s&'khuéch dgi dien dp: 4, = —2 =122 ¢ J t /o C
Iff I.b ;?fé! ol ie
, , I Z R
Hé s6 khuéchdaidong: 4 =-—“%=—-4, ——= hfe B
If RC RB + hre
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7.3.1. Mach CE
a. Khong tai

Vomax(p - p) = Max SWing (Vce(p - p)) — 2xmin(vCEQ’ ICQXRAC)

_ \Y v
ey = leg + == 25 (Rue = Re)
AC AC
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7.3.1. Mach CE




7.3.1. Mach CE

Tong tro vao:

Zf: R_E || hfﬂ

Heé so khuech dai dien dp:

Hé s6 khuéch dai dong:

Vo
V.

A\/:_

Tong tré ra: VA o

(Re /IR )Nl
hie.i,

V.

AV=—i—f——\%L——AV

Z.
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7.3.1. Mach CE
b. C6 tdi R Vee

Vomax(p - p) = Max SWing (Vce(p - p)) — 2xmin(vCEQ’ ICQXRAC)

_ V v
oy = leg + RCEQ B F\SEZ(RAC = Re I R)
AC AC
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7.3.2. Mach CC
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7.3.2. Mach CC

Tong tré vao Z;:
v,
Zf — f: :RE ||Z-5
Z.{; — hjé!' + (hfe T I)RE . { §RH
Tong tré ra Z,:
Zg:VG =R hm :RE”FE T
I,|v,=0 L+h,
Do lgi dien ap:
A = Vg . RE(l-I- hj‘e)‘rb _ (1+th)R ;i.
7 K h_,—efb_l_RE(l_l_hfe)I h +(1+hﬁ)R '_..
Do lgi dong: /
I j" I R VYo va Vi
4="0-"0 _(14p,) e
; v p R i 7, Cung piha
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7.3.3. Mach CB
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7.3.3. Mach CB

Vi
G‘ i ]
Tong tro vao Z;:
V.
_ I — -
Z,=—==R || h; =R ||,
I.u"
Do loi dien ap:
p V . p 4 B VG B — I?jbIERC B ﬁlﬁrRC _;:R‘é.
- ¥V — - - _”.t’.
I/rr' }?fbfe h.i"f:' Fe
4 = 1, _ hfbfe _ Rg =
B& fgi {I{'}I?g: " II- RE + hf& I RE + Fg -
R, -
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Tom tat

Nguoc pha
CC Nho ~1 >1 Cung pha

CB Nho >1

R

1 Cung pha
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7.4MACH KHUECH PAI TIN HIEU DUNG FET

do xuyen dan gy,

rq dién tré mang nguon
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Mo hinh twong dwong cho JFET va D-MOSFET
b .

< D
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d
Vs
doé xuyén dan g, o8
A, 0o, : Ves < I,
g?ﬂ - AV o av _gma( o V _gma I Al
gs g3 P DSS
Al 1 | Ipss
Sm= ﬁi_;”ﬁ {: SIOP'O at Q—p@lﬂt]
o la do xuyendan ciua JFET tai V =0 0-poin
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Fom
Ve Vas
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Mo hinh twong dwong cho JFET va D-MOSFET
D

D
B e
|
d
Vs
of
|
- /5 (mA)
yﬂﬂ
r, nam trong khoang 30 +100KQ Vgs=0V

y_. dien dan ngo ra.
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Mo hinh twong dwong cho E-MOSFET
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CA4c chi tiéu ciia mach khuéch dai ding FET

Tong tré vio Z;:

Vi
Zf — = Io VO
Iir'
q ] Ay .V, R,
Tongtrora Z,:
V
Z,=—"2
jﬂ Z0
A e gen o 14
Do lgi dien ap. 4, =2
Vi
4, = Vs = < 4
V. Z+R T
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MACH KHUECH PAI DUNG
JFET




7.4.1. Mach CS

XC{#”EZ X{ﬂ?l]‘g
1, :
J /
'l L
Vr' " JI ; I : : ‘ . . - - ""fu
* gmvg.-:
‘,{(;

S
T R bypassed Py -
by X,
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7.4.1. Mach CS

Xc, ~0Q Xc,~0Q
ff _G i D " :
; gmvg.-.'
Rﬁg Rp
|
AY Reb ed
¢t _—Rsbypasse __— 7DD
il by Xc
Do lgidp: A =-g R,
LY o e 5% Z f— E f— R
Dién tro ngo vao: i G
If
Vv
. 7 v — 0O _
Dién trongora Z,= =R,
I,|v,=0
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7.4.2. Mach CD

+Vpp

VI'G
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7.4.2. Mach CD “° \ . [ ol
VH, . | * | g::;vgs
Rf}'g - .' \l | - : :
I o oV,
R‘%
potgiap: 4 =Yo_ Sle) g, (R)
Iff Vgs + nggs (RE) 1 + gm (RS’ )
| v
Dién tré ngo vao: £, = = = R,
o 2 e V ]-
Dién trongora z, :_ﬂ‘v_:ﬂ =R, |—

o gm




7.4.3. Mach CG
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7.4.3. Mach CG

Dé loi dp:

Dién tro ngo vao:

Dién tro ngo ra
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(~

Tom tat

Nguoc pha
CD Nho ~1 Cung pha

CG Nho >1 Cung pha
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7.5 Pdp rng tan so

Xét dnh hwong ciia tin so

L
27fC

XC =

f nho:

X, tang -> cac tu hd mach va
khong sinh ra dién dung ky
sinh.

f 1on:

™y

[ty
—

X, giam ->C4C tu ngan mach
va sinh ra dién dung ky sinh.




Xét dnh hwéng ciia tin so

A

Ui

] —
0707 -

| | | | -
10 f 100 LEL) 10,000 100,000 Jri{ | MHz 10MHz  fjog s

Pap (g tan so 1a 14 gian do Bode mé ta su phu thudc
cta ham truyén AVAI ctia bd khuéch dai... BW=f,-f_

38



Xét dnh hwéng ciia tin so

Cong suat tin hiéu tai ving tan so6 trung binh:

P . ’\/02‘ . "A‘\/midvi‘2
Omid Ro o Ro

cOng suat tin hiéu tai ving tan so cat;

()

2

=0.5

I:)OH,L -
)

|A\/midVi

|2

0]
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7.5.1. Mach loc thdng cao va thong thap
7.5.1.1 Mach loc thOng cao

* Pinh nghia:
La mac"h I,orc lay tin hiéu ¢
vung tdn so cao.

< Hé s6 khuéch dai:

Y R
. xe—_1 V:VC-):R—jX
Tu: _27Z'fC [ C
1
A, = f
1 s 1
. _ _ 1-j-—*t
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7.5.1.1 Mach loc thong cao

A, = L f
1— j|—L
J f
= A A o _ 1
Bien do cua Ay A= 2
(1)
f
Pha: go:arctg%
A, tinh theo dB:
1 £\
A | s, = 20 log 5 — =10 Iogm[1+(Tj ]
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Gian d6 Bode va dap wng pha ciia mach loc théng cao
Are fy

V|dB = 20 log ,, 1 - = —10 log 10[1+( j } — arcta —
R s

|A

< Khif=f,:

A, =-3dB ¢ =45°

< Khi f>>f,:
(vd: f = 10f,)

A, =0dB ¢=0°

< Khi f<<f,:
(vd: f = 0.1f))

A =-20l0g,, >

A, =-20dB ¢ — 90°
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7.5.1.2 Mach lgc théng thap

* Pinh nghia:
La mac"h I,orc Id’)’/ tin hieu o
vung tan so thap.

< Hé s6 khuéch dai:

1 V 1
N XC - = —O _
i 274C A V, 1+ j27RC
1
1 Ay =
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7.5.1.2 Mach loc thong thap Al L
V 1+j]1c
Al=— |
Bién do cua Ay: - Jl 0
A,
Pha goz—arctgfi

2

A,, tinh theo dB:

\/“ (%2)2 = —10 log ,, {1{

A, | ., = 20 log 4

(dB)

f

2

3
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Gian d6 Bode va dap wng pha ciia mach loc thong thap

2

2
1 f f
2

()

< Khif=f,;

A, =-3dB ¢ =—45°

< Khi f>>f,:
(Vd: f = 10f,)

A, =-20dB ¢ =-90°

< Khi f<<f,:
(Vd: f = 0.1f,)

A =-20l0g,, >

A\, =0dB q)—)OO
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7.5.2. Phan tich mach KD ¢ ving tin sé trung
binh

g So do twong dwong tin hiéu nhé
b Rc

.-'—""—\-\.

|

é? i“""’ ¢ ReTea Z(%{T[m bie (iD ho
T l S RN ;

i J—_ — E l “ i i thfe. Ib ZO-

Vo Vo Vi _hfe(Re/R) 2
V. V. V. hie Z. +R,

Av, =

Z,= Ry /IRyl Z, = Re

Vi Vo
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7.5.3. Phan tich mach KP é vung tan so thap

Vce
0
P

R
2
4 -

a7



7.5.3. Phan tich mach KP é vung tan so thap

Anh hwong cua tu Cq:
Lwu y: Khi xét anh hurdng cua tu nao thi phai bé qua anh hwéng
cua cac tu con lai.

NRIR) 7

h Z +R

e

nRIR) 7

he Zi + RS - JXCS
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7.5.3. Phan tich mach Kb ¢ vung tan s thap
Gidn do Bode cia anh huong tu Cg:

fies ru-w-fre
_mml{l 1 =ﬂdB
5 2y 3f 5fy 10 f, /
..-—-'I"""—'———-_F : f (log scale)

H_m‘“-gm flf

Nhin xét: dién 4p ngd vao mach khuéch dai giam di 70,7% hay
3dB tai tan so nay, do do dién ap ngo ra ciing giam di 3dB.
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7.5.3. Phan tich mach KP ¢ vung tan soé thap
Anh hwong ciia tu C:

< Luu y: Khi Xét anh huwong cua tu nao thi phai bo qua anh huong cua Cac
fu con lai.

50



7.5.3. Phan tich mach KD & ving tan so thap
Gidn dé Bode ciia dnh huéng tu Ce:

Av. rscale) f Figure
I S LCc low-[re
f ."IU ¥z 2 f 2 3 5A 10 f,
0t —— -
| ..--"'"L'-- " ! Silog scale)
] . _..J'" '..I
: ' Actual frequency response
=
_12 " —6 dBJjoctave or —20 dB/fdecade

Nhdn xét: dién 4p ngd vao mach khuéch dai giam di 70,7% hay
3dB tai tan so nay, do do dién ap ngd ra ciing giam di 3dB.
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7.5.3. Phan tich mach KP ¢ vUng tan soé thap
Anh hwong cua tu C¢:

< Luu y: Khi xét anh huong cua tu nao thi phdi bo qua anh huong
cua Cac tu con lai.
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7.5.3. Phan tich mach KP é vung tan so thap

Gidn do Bode ciia dnh hwéng tu C:

AVS rscale) f Figure
Lce low-Tre
I AVSmid (dB) . =20 log,, | =0 dB
I )
fiflo e 2 f 2f, 35, 10 f,
o —— - -
I _,..--'L’"- a ! Filog scale)
=3 g
: ' Actual frequency response
g

—6 dB/octave or —20 dBfdecade

oy v =20 logyg filf

Nhdn xét: dién 4p ngd vao mach khuéch dai giam di 70,7% hay
3dB tai tan so nay, do do dién ap ngd ra ciing giam di 3dB.
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7.5.3. Phan tich mach Kb ¢ vung tan so thap ,
Gidn do Bode ( ddp irng tin s0) dnh hwéng ciia 3 tu & tin so thdp

} A,
Ymid | (dB) Piiseniiin Bode plot
1 i
{.] — ———

0.1 ' fllog
“3F scale)
-6 Midband

level

i eve
-12 -

-15—

= ]H oy

-1 |- |

—6 dB/octave | 4

g |
27 |
=30 = ~12 dB/Joctave ~~

fL=max[f cs;fLccificel
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7.5.3. Phan tich mach Kb ¢ vung tan so thap
Mach khuéch dai dung FET

Xét mach sau

L 1
| -
™ o
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7.5.3. Phan tich mach KP é vung tan so thap

Mach khuéch dai dung FET

Xét anh hudng cua tu Cg:

AN

Ry,

\
-

Co

.....

|

Jie = 27(R

SIgr

+R)C,.

Xét anh hudng cua tu Cg:

System —~
R,
1
R, =R|—
P
=
2mR, Cy
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7.5.3. Phan tich mach Kb ¢ vung tan so thap

Mach khuéch dai dung FET
Xét anh hudng cua tu Ce:

Jie =

) —
T —

R, =R, ||,

1

27(R, + R, )C,.

f, =

Max [fLS;fLC;fLE]

S7
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6 vung t

7.5.4. Phan tich mach KD

ANN it

58

Cao




7.5.4. Phan tich mach KP & ving tan s6 cao
Dung BJT

MO hinh hybrid — 7 ciia BJT
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7.5.4. Phan tich mach KP & ving tan s6 cao
C i :(1_A\/)C C }

M b Dung BJT C —C, +C. +C,
Ci =Cu +C. +Cy c. :[1_ 1 ]Cbc \

\Y

Cli = C“.r + be + CH} Cﬂ = Cwﬂ"‘ Cﬁ_‘ + C-"ﬂ

Trong do:

Cuwir Cwp: dién dung cua day dan ngd vao va ngd ra ctia mach khuéch
da1, thuong cac dién dung nay rat bé co thé bo qua.

Cyy Va Cyy, dién dung do anh hudng cua hig¢u ing Miller ¢ ngd vao va
ngo ra
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Anh hwéng ciia tu C::

“» Luu y: Khi xét anh huong cua tu nao thi phdi bo qua anh huong cua cac
fu con lai.

61



Tén sé cat cao:

Tan so cat cao ngod vao: 1

Cui =@1—-A))C,

Tan so cat cao ngd ra:

fo=min[f; ] o2



o
'd‘""miﬂ dB
fi va f T, 1B
1 L10 YL 100 g 1 kHz 10 kHz 100 kHz 1 MHz /f 10 MHz 100 MHz
" 4 i | ' ’ } - i ¥ ;’“H i >
| T f(log scale)
_S — B“.‘
-6 dB/octave
-0 =
-15 -
.i- +20 dB/decade

_ap — —12 dB/ocrave
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Dung FET

xet mach sau

oV,
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So dé mach twong dwong ¢ tin s6 cao
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Dung FET

Ap dung thevenin ta c6

R'Il'.1=R'~'=H| Re; H'['|1T,=R:;”HL| Fa
e = AN AN

+ —m

En, § — Eny,, —

- +

(a) (b)
1 1

= Jio = A .

Ry = Rse‘g | Rg Ry, =R, |[R, ||,
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Thank You !



