LY THUYET MACH DIEN 1

BACH KHOA

Chwong 7: Mang hai ctra tuyén tinh

l. Khai niém.
Il. M6 hinh toan hoc mang hai ctra - Phwong phap tinh b s6
lIl. Tinh chat mang 2 cira tuyén tinh twong hé.

IV. Ham truyén dat dong - ap. Téng tré vao mang hai ctra.
Van de hoéa hop nguon va tai bang mang hai cira.

V. Mang hai ctra phi hé.
VI. Khuéch dai thuat toan.
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Chwong 7: Mang hai ctra tuyén tinh

1.1. Dat van de.
» Cac chuong trwée da trinh bay:

< Phuwong phap xét mach tuyén tinh hé sd hang & ché dd xac lap diéu hoa:
v Phwong phap dong nhanh.
v Phwong phap dong vong.
v Phuwong phéap thé dinh.

< Phuwong phap xét mach tuyén tinh co kich thich chu ky khéng diéu hoa.
< Phwong phap mang mét ctra Kirchhoff tuyén tinh.

» Chuwong nay sé trinh bay so d6 cau tric méi, mé hinh mang hai cira Kirchhoff.

< Thé nao la mang 2 cira ?2??

% Tai sao ta phai xay dwng moé hinh mang 2 cwa ???
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Chwong 7: Mang hai ctra tuyén tinh

1.1. Dat van de.
> Thuc té c6 nhirng thiét bi dién (cd cau tric bén trong khac nhau)
lam nhiém vu nhan nang lurong / tin hiéu duwa vao moét citrka ngo va

truyén ra mot ctra ngd khéc.

> Hé théng do lwerng diéu khién tao b&i nhiéu khdi, méi khoi

R3
- R ?_SK% V
cO 2 cwra ngo, tac dong Ién tin hiéu ¢ cwa vao, dé cho mot |

tin hiéu khac & ctra ra. Viéc phan tich theo so d6 khdi dé %3 i
INPUT R4 y

dang nhin thay cau truc cua hé thdéng, hiéu dwoc chirc

Second Order 1@8-Hz high-pass filter
nang cua tirng khoi trong hé théng dé.

Vout

> Dé md ta quan hé cac qua trinh nang lwgng/tin hiéu trén hai

ctra ngd - st dung moé hinh mang hai cira.
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Chwong 7: Mang hai ctra tuyén tinh

1.1. Bat van de.

> Dinh nghia: M6 hinh mang hai ctra |a két cdu so d6 mach c6 hai ctra ngd dé
truyén dat, trao déi ndng luong / tin hiéu dién véi cac mach khéc. Néu qué trinh
ndng lwong trén céc clra duoc do bang cdp bién trang thai dong, ap u,(t), i.(t),

u,(t), i,(t) =2 mang hai ctra Kirchhoff.

. . - . i4(t) i(t)
> Theo tinh chét tuyén tinh, mdi bién trang thai c6 +—> T
, , uy(t) u (t)l

quan hé tuyén tinh v&i 2 bién trang thai khac: l 1 i

«» M®6 hinh toan hoc:

{fl(ul,ul,...ll,ll,...,uz,uz,...,12,12,...,t) =0

Jo (U Uy yedy Ty ey Uy g Uy g eyl s By s ) =0

< CO 06 hé phurong trinh tuyén tinh > (ng v&i 06 b0 s6 A, Z, Y. B, G, H
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1.2. Phan loai.

» Theo tinh chat ciia mé hinh todn hoc:
< Mang hai clra tuyén tinh.

M I.’ Il,(
‘ -

» Theo cau tric ctia mang hai cira:
< Mang hai clra d6i xirng.

< Mang hai clra khdng déi xirng.
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Chwong 7: Mang hai ctra tuyén tinh

» Theo tinh chat twong hé:
< Mang hai clra twong ho.

< Mang hai ctra phi ho.

» Theo nang lwong:
< Mang hai cra c6 ngudn.

< Mang hai ctra khéng nguon.




Chwong 7: Mang hai ctra tuyén tinh

BACH KHOA

1.2. Phan loai.
» Cach xac dinh mang 2 clra cd nguén / khéng ngudn:
% Hd mach 2 cura (i, = i, = 0) — do dién ap hé mach:
v'Néu u,, = u,, = 0 — mang 2 clra khéng nguon

v'Néu u,, # 0 ho&c u,, # 0 — mang 2 clra c6 nguon

< Ngan mach 2 cira (uy = u, = 0) — do dong dién ngan mach:
v'Néu i, = i,g = 0 — mang 2 ctra khéng nguoén
v'Néu i,y # 0 hodc i, # 0 — mang 2 ctra cd nguon

io(t) i2(t)

i,()=0 i(t) =0 / ;‘ _>._. \

lum(t) Uzo(t)l () = 0 Ut) =0 1

\ /
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Chwong 7: Mang hai ctra tuyén tinh

1.2. Phan loai.

> Thuc té cé nhiéu loai mang hai ctra khac nhau:
< Mang hai ctra phi tuyén cé ngudn / khédng nguon.
< Mang hai ctra tuyén tinh cd nguén / khéng ngudn.
< Mang hai clra tuyén tinh twong hé.

< Mang hai clra tuyén tinh phi hé.

o
% ...

> Chwong nay chi viec mé tad & phan tich mang hai ctra tuyén tinh, khéng

nguén, cé hé s6 hang & ché dé xac Iap diéu hoa.

— S dung phwong phap sé phtrc.
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LY THUYET MACH DIEN 1

Chwong 7: Mang hai ctra tuyén tinh

I. Khai niém.
Il. M hinh toan hoc mang hai ctra - Phwong phap tinh bé so.
I.1. Hé phwong trinh trang thai dang A.
I.2. Hé phwong trinh trang thai dang B.
I.3. Hé phwong trinh trang thai dang Z.
Il.4. Hé phwong trinh trang thai dang Y.
I.5. Hé phwong trinh trang thai dang H.
I1.6. Hé phwong trinh trang thai dang G.
I.7. Ma tran cita hé cac mang hai cura.
1.8. Cac phwong phap tinh b s6 dic trwng.
lll. Tinh chat mang 2 clra tuyén tinh twong hoé.

IV. Ham truyén dat dong - ap. Téng tr& vao mang hai ctra. Van dé hoa hop
nguodn va tai bang mang hai ctra.
V. Mang hai ctra phi ho.
VI. Khuéch dai thuat toan.
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Chwong 7: Mang hai ctra tuyén tinh

BACH KHOA

II.1. Hé phwong trinh trang thai dang A.

> Xét mang hai clra Kirchhoff & ché dé xac lap diéu hoa:

> Theo tinh chat tuyén tinh, méi bién trang thai cé quan hé tuyén tinh v&i 2 bién

trang thai khac . .
. ~ X , ‘i~ 0 .0 1>1 %]2—0
% Xeét quan hé tuyén tinh gitva (U1,11)va (U, 1») . .
(o . . . lUl A Uzl
U1=A11.U2+A12.[2+U10 -

| I=A4,.Ux+ A,. 12+ 1o

/

< Do mang 2 clra khdng nguodn, néu l}l =l}2 —oval=0,=0>U,=1,=0

> Vay phwong trinh trang thai dang A clia mang 2 ctra tuyén tinh khédng nguén la:

-

Ui =4, U+ A,.I»

J\

A

. . . Dang ma tran: | _' :[An Alzj. U,
Lll = Azl.U2+A22.]2 I o A22 ;s
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BACH KHOA

II.1. Hé phwong trinh trang thai dang A.

> Bo6sbd A dac treng cho quan hé dong - ap gilra ctra 1 va cira

2 (déc trung cho sw truyén dat).

Ur=4,.Us+A,.I

L =A4,.Us+A,.I

» Cac mang 2 clra 6 cau truc khac nhau nhwng co ciing bd so A; > trong duong

nhau vé truyén dat ndng long va tin hiéu.

> Y nghia cla bd s6 A (cong thire dinh nghia):

< H& mach cira 2: 12 =0

oUi U, Do db bién thién dién ap

4y =——=-"— trén clva 1 theo kich thich
oU, U: aptréncira 2.
: : Do dd bién thién dong
01 I, . , ,
A, =——=—1[57] trén cra 1 theo Kkich

oU, U, thich ap trén ctra 2.
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<% Ngdn mach ctra 2: U2 =0

y y Po dé bién thién dién
A, = 8(.]1 — l.jl [QQ] ap trén ctra 1 theo
ol, I, kich thich dong trén
clra 2.
oI, I, Do do bién thién dong
A, =——=+ trén clra 1 theo Kkich
0ol, [, thichdong trén clra 2.

10




BACH KHOA

I.1. Hé phwong trinh trang thai dang A.

» B0 sO A; duoc tinh trong diéu kién dac biét clia mang 2 cira (hd mach & ngan
mach clra 2) > khong phu thudc vao cac phan tir ngoai > bo so A; dac trung &
thé hién tinh truyén dat gitra 2 ctra.

» Céch xac dinh thong so A;:

s Lap phwong trinh mach:
v T so d& mach = 1ap phwong trinh mach theo cac phwong phap

v/ Rut gon vé quan hé gitra (U1, 11) va (U2, 12)

* Dung céng thurc dinh nghia:
v Do dong, ap trén 2 clra trong diéu kién ngan mach & hé mach cira 2.
v Dung cdng thirc dinh nghia tinh gia tri A;.
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I.1. Hé phwong trinh trang thai dang A.

. . I, Z Z., ]
Vi du: Tinh bd s6 A cia mang 2 clra c6 so db hinh T. >
Ve ~ . In
h1:L hwong trinh mach . ;
Cac ap phwong ac \Ul 7 Uz\
(.JII}I.Zd1+}n.Zn ° ° ° o (].+[. Z
° ° ° U2 :[n'Zn_[z‘Zd2 % [I’l: 2 k)
]l:]n+12 Zn
. Ust12.Z,, * | Ustlh Z . : :
Ui =Z,| — 22 L1 |+— 22 =z, U1=(1+%).Uz+(zd1+Zd2+Zf“Z'Z”’2].12
—> < ! " " "
’ ; }_1 (.] 1 Zdz }
Z :
. / YA
B s6 A clla mach hinh T: 1+7ﬂ Zd1+Zd2+%
A, = " "
1 d2
— 1+
Z Z
12
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II.1. Hé phwong trinh trang thai dang A.
Vi du: Tinh bd s A clia mang 2 ctra ¢6 so dd hinh T.

Cdch 2: Tinh bd sb A theo cdng thirc dinh nghta.

» Homachcra2: [, =0
T (Zo+Z)]
A11:U1:( < n) 1=1—|—

@ ]1 1
° . 21 7 e
U, 7.0 Z, U, Z

> Ngan mach cra2: U, =0

YA
. (Zdl i n*~d2
1

Chwong 7: Mang hai ctra tuyén tinh ¢

A1
zZ.+7, ) 2y Zyy+ 20y 2,4 20 2,

BAI HOC

A
/.
/

BACH KHOA

I Za Zy, 1>
—>— e 1>
. Il’l °
U, Z, U,

U= A4,.Us+A4,.I»

\[1 = Azl.Uz-I- A22.I2

U
A12 ~— Y .
I Z”.[l Z,
Z +7Z,
Zdl'ZdZ

A12 — Zdl + Zdz +

n
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II.1. Hé phwong trinh trang thai dang A.

. . L Za Zy; I,
Vi du: Tinh bé sO A cia mang 2 ctra c6 so do hinh T. > I 1>
Z Z.Z U Z, U,
1+Z;‘” Zd1+Zd2+—dIZ = \ 1 | \
= .z, 0y = 4 Ut Ay
Zn Zn }1 :AZI'(.]2+A22'}2
YA VA VA YA / /
detA:A“.Azz—Alz.A21=l+ d12d2_|_ dl  Zd2 d12d2_ dl _ Zd2 _q
Cht y: Mang 2 ctra tuyén tinh twong hé €= detA==%1
1 1 1 \ I 2
—— ——
lUl A Uzl lUl A Uzl
detA=1 detA=-1
14
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I.2. Hé phwong trinh trang thai dang B. .

] ° . . . 11
> Xét quan hé tuyén tinh gitva (U2, 12) va (U, 1) T
> Ta cé hé phwong trinh trang thai dang B cua lUl

mang 2 ctra tuyén tinh khéng nguén:

-

k[2 =B, .U+ B,,.1 1>
> Nhwvaytaco: B=A" det B==+1

» Quan hé gitra cac thong so6 B; va A;;
4,=8B,, A, =—-B
A, = =B, 4, = B,
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U,=B,,.Ui+B,.I Dangmatran: | U: _(Bu Blzj
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Il.3. Hé phwong trinh trang thai dang Z. 1 [
[ ) [ J b i 1 2
> Xét quan hé tuyén tinh gitra (U,,U,) va (/1,12) L .
» Ta co hé phwong trinh trang thai dang Z cua lUl Z Uzl
mang 2 ctra tuyén tinh khéng nguon:
U =7, 1+Z,.1 Dang ma tran: | 7, (ZH lej I
] = :
° ° ° ° Z Z °
U.=2,.11+72,,.1 Us S W !
> Y nghia bd sb Z (cong thire dinh nghia):
7 — Ui Tongtrovaocral  , _ Us Téng tré twong hd
ol khi ctra 2 hé mach g khi h& mach ctra 2
M=o M=o
Ui Tdng tré twong ho U 2 B AN
Z, = [Q] o9 - 7 X2 O Tong tro vao cura 2
12 7. khi h& mach ctra 1 2~ . [Q] khi ctra 1 hé mach
? n=0 ]2 }120
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Chwong 7: Mang hai ctra tuyén tinh

Il.3. Hé phwong trinh trang thai dang Z. }1 }2
—_— ———e
> Céch xéc dinh thong s6 Z;; l{]l ya Uzl

s Lap phwong trinh mach:
v T so d& mach = 1ap phwong trinh mach theo cac phwong phap

v/ Rut gon vé dang quan hé gitra ((.]l,l.]Z) va (I1,1>)

s Dung céng thurc dinh nghia:
v Do dong, ap trén 2 clra trong céc diéu kién hd mach clra 1 & clra 2.

v Dung cdng thirc dinh nghia tinh gia tri Z;.
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I1.3. Hé phwong trinh trang thai dang Z.

Vi du: Tinh bd sé Z ciia mang 2 clra c6 so do hinh T. o =

° Il’l ° )
Cach 1: Lap phwong trinh mach UI\ ? z, \ I \UZ

< Chon dong dién vong c6 chiéu nhw hinh vé.

s Lap phwong trinh mach theo phwong phap dong vong.

-
[ ]

|Ur=Zy+2) 00+ 7,12 Mat khac co: |h=10 _ JUi=@Z,+2)1+Z, 1,

(.]2=Zn.}v1+(Zd2+Zn).}v2 [>=1n U.=Z2,11+(Z,,+Z,).1>

n

VA L, t+72Z

n

Ma trdn Z cia mach hinh T: ~ (Zdl +7Z, / ]
T j—
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Chwong 7: Mang hai ctra tuyén tinh

Il.3. Hé phwong trinh trang thai dang Z. 1oz, z. 1,
Vi du: Tinh bd sé Z ciia mang 2 clra c6 so do hinh T. > ; L=<
Céch 2: Dung coéng thire dinh nghia. U, z: \UZ
% H& machcva1: [1 =0 y
U, [.] (.]1=Z .}1+Z .}2
Zp=~"—=1, ZZZZo_2:Zd2+Zn ] . ! . ’ .
1> . I kUz =Z,.h+7Z,.1>
% H&¥machcwra2:/, =0
* * Z, +7Z Z
B (]1 B U2 Z _ dl n n
Ly ="=~2y%Z, L,y =——=L1L, ! ( Z L, +2Z
1 I
Chi y: Mang 2 ctra tuyén tinh twong hé:
I g I I

— —>

l(.h Ly, =—2y Uzl

G ——— — Gl

le = Z21 U,

G —
T
—_

—

|
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Il.4. Hé phwong trinh trang thai dang Y.
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> Xét quan hé tuyén tinh glwa(ll,lz)va (U1,U>) [ L
» Khi do ta co hé phqug trinh trang tha‘l dang Y lUl Y Uzl
cla mang 2 ctra tuyén tinh khéng nguon: —_— —
L=Y . .U+Y, U, Dang ma tran: | j, (Y, Y| U .
° ° ° o - Y Y o Y — Z
_ I 20 2/ |\
I,=Y, .Ui+Y,.U, 2 2
> Y nghia bd sb Y (céng thire dinh nghia):
y =4 (si] Tongdanvaoctral y _ 1o [Si] Tong dan twong hd
! U khi clba 2 ngan mach 2L . khi ngan mach ctra 2
! l./2=0 Ul o
Uy=0
Y, = i [S7] Tong dan twong hd Y,, = {2 [Si] Ténq dan vao clra 2
’ khi ngan mach ctra 1 , khi ctra 1 ngan mach
% U1=0 % U1=0

20



Chwong 7: Mang hai ctra tuyén tinh

Il.4. Hé phwong trinh trang thai dang Y. }1 }2
» Cach xac dinh thé Y.
ach xac dinh thong so Y lUl Y Uzl

s Lap phwong trinh mach:
v T so d& mach = 1ap phwong trinh mach theo cach phwong phéap

v/ Rat gon vé dang quan hé gitra (11,1,) va (l.h,(./z)

s Dung céng thurc dinh nghia:
v' Do dong, ap trén 2 ctra trong céc diéu kién ngan mach ctra 1 & clra 2.
v Dung cdng thirc dinh nghia tinh cac gia tri Y;,

> Chu y: Mang 2 ctra tuyén tinh twong hé:

1 1> I I
—_— —_—

ll}l Y, ==Y, Uzl 11}1 Y, =Y, l.]zl

G—— f— G—— p—
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I.4. Hé phwong trinh trang thai dang Y.
Vi du: Tinh bd s Y clia mang 2 clra c6 so do hinh 1

Cach 1: Lap phwong trinh mach

< Lap phwong trinh mach theo phwong phap thé dinh.

. . . Mat khacco:(« (o . .

L=, +Y).0,~Y,.0, Ur=9, L=, +Y).Ui-Y,.U,
° ° b ° ° _) <. ° L4
L==Y,.0,+{,,+Y,).0, Uz =0, L2 ==Y, Ui+ (¥, +1,).U:

Cach 2: Dung cbng thure dinh nghia.

< Ngan machctra 1: U, =0 < Ngan mach clra 2: (.]2 =0

; i
v,-_y Y, =4=Y,+%,
U, U
b 1>
Y, =—=Y,+Y, Yy=2-=-1,
U, Ui
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I.5. Hé phwong trinh trang thai dang H.

, ° ° L L 11
> Xét quan hé tuyén tinh gitra (U:1,12) va (11,U>) I_>_
U
» Khi do ta cé hé phwong trinh trang thai dang H cua :

mang 2 ctra tuyén tinh khéng nguén:

-
[ ]

\]2=H21.]1+H22.U2 I

» Chuay: Mang 2 ctra tuyén tinh tvong ho:

Hy,=-H

21
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U =H,L+H,U Dang matran: | U, (H“ H,
< _
H21 H22

23




I.6. Hé phwong trinh trang thai dang G. . .
> Xét quan hé tuyén tinh gitva(/1,U2) va (Ui,12) lUl G Uzl
» Khi do ta co hé phuong trinh trang thai dang G M —
clla mang 2 ct¥a tuyén tinh khéng nguon: G=H"
< 1 =G11.U1+G12.[2 Dang ma tran: 1 :(GH Gu] U,
\Uz =G,,.Ui+ Gy, .12 U SETRSS 1>

» Chuay: Mang 2 ctra tuyén tinh tuong hé:

G12 = _GZI
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BACH KHOA

Il.7. Ma tran cua hé cac mang hai cura.
a. Mang hai ctra ndi xau chuédi (cascade connection).

A A, A, -— A= 14,

|

Vi du: Tinh bé sé A cia mang 2 ctra hinh Tr.

I I
I I
I I
—>— 1> I I
.]1 Zd I N (.] 1 7 (.] : :
\Ul . :(0 1dj' . o
1 I : :
: : :
1 }2
- - 1 0
. U, U,
Ul Zn1 U2 - L 1 )
1 an 1
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BAI O
A
7
Vi

Chwong 7: Mang hai ctra tuyén tinh 4

BACH KHOA

I.7. Ma tran cua hé cac mang hai cura.
b. Mang hai ctra ghép noi tiép.

» Cac mang 2 clra ghép ndi tiép néu co cung dong dién trén céc cira.

—_ >
bz |
\ A el l Z:ZI+ZZ l

zZ, |} |

Pra—

c. Mang hai ctra ghép song song.

> Cac mang 2 clra ghép ghép song song néu cé cung dién ap trén cac cira.

~

~
7

I Y, "]

Y,
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BACH KHOA

Il.7. Ma tran cua hé cac mang hai cura.

d. Mang hai ctra ghép néi tiép - song song.

Y

Y

H, | . L
Y N — l H :Hl +H2 l
v H2
e. Mang hai ctra ghép song song - noi tiép.
| || G '
— —
J A —_— ] G=G, +G, |
G2 v
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1.8. Cac phwong phap tinh b s6 dic trwng.

» Dung cong thurc dinh nghia.
» Lap phwong trinh mach

> T bd sb nay tinh ra bd sd khac.

> Phuwong phap tdng hop toan hoc.

Vi du: Tinh cac bd sb clia so’ d6 hinh bén.

> Tinh b6 Z
Lap phwong trinh dong vong

(R+R + joL).Ii+(R+ joM).I. =U

(R+joM).Ii+(R+R, + joL,).I> =U,
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I M
RZ R
L3 ¢
Ui le
(1)
(2)
R+R + joL, R+ joM

R+ joM

R+R, + jolL,

BACH KHOA
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11.8. Cac phwong phap tinh bd so dac trwng.

Vi du: Tinh cac bd sb clia so’ d6 hinh bén. L /_M\A I
> Tinh b A. L Rl R,
‘ ‘ -1 . 7 1z, L 3 EL
T phwong trinh (2): > 11 =—.U,——2.1, —> 1 2
Zz1 Zz1 Zzz ° ’
Azz :_Z— U, Rl U,
Thay vao phwong trinh (1): 2
(.]1 =7, L.(}z—@.é +le.1.2 _Zu (}2+ Z,+ 2112 ,f2 : Y
ZZI ZZI ZQ] 221 ) ° .
Ui =4,Us+ A,.I>
( Z . . .
4y =—" L=A4,.Us+ A,.I>
21
) Z,,.2,, i 7 L2y,
4,=2,- Z, e Z,, 12 Z,,
‘ L Z
Z2l Z21
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1.8. Cac phwong phap tinh b s6 dic trwng.

Vi du: Tinh cac bd sb clia so’ d6 hinh bén.

> Tinh bé H. H, ——Zn
. . : | A Zy,
T phwong trinh (2):— [, =—.U,——2.11 — 3
Zy, 22 H _L
22 T Z
Thay vao phwong trinh (1): -
0=z 1+22 (Uz Z,.. Ilj [Z“ Za Z”j I+ 0,
ZZ2 Z22 22
( Z,Z
H,=Z,-———+
) ZZ2
— 7 7 _le'ZZI Z)
Hy,=—= Yz, Z
| 222 H — 22 22
_4y L
Z22 Z22
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U =H, L+H,U:

\]2 =H,.+H,.U:
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Chwong 7: Mang hai ctra tuyén tinh

l. Khai niém.
Il. M hinh toan hoc mang hai ctra - Phwong phap tinh bé s6
lIl. Tinh chat mang 2 cira tuyén tinh twong hé.

IV. Ham truyen dat dong - p. Tong tré vao mang hai ctra. Van
dé hoa hop nguon - tai bang mang hai cura.

V. Mang hai ctra phi hé.

VI. Khuéch dai thuat toan.
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Chwong 7: Mang hai ctra tuyén tinh

lIl. Tinh chat mang 2 cira tuyén tinh twong hé.

> Mang 2 ctra la tuyén tinh twong hd khi va chi khi:
det 4 =+1 le :izzl H12 :_H21
det B ==+1 Y,=1Y, G, =-G,

> B sb clia mang 2 ctra tuyén tinh twong hé ludn cé 1 rang budc = mach chi co
3 thdng s6 ddc 1ap tuyén tinh — So’ do6 twong dwong cia mang 2 civa tuyén
tinh twong hé gém 3 phan tir mac theo so’ dé6 hinh T (1)

. . So d6 hinh
1 1>
> . ———
. tuyén tinh *
lUl twong hé Uzl
I ——1+—
Zd1 Zd2 )
Z Sodo hinh T

32
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Chwong 7: Mang hai ctra tuyén tinh

lIl. Tinh chat mang 2 cira tuyén tinh twong hé.
> Mang 2 ctra do6i xirng 1a mang 2 clra khi thay déi chiéu truyén dat trén cac clra,
tinh chat va phwong trinh truyén dat van khéng thay doi.

—
@i 1| @Y

4

-

G A Z G
H (B, Y, H

-

) 2 gz — 1

)

Mang 2 cira doi xirng

|

——l

.~
o1 AZ G A = iAzz Zn - Zzz
t (B, Y, H) _ _
/,— B - iBzz Yll _ Y22
detH=1
det G=1

> Mang 2 ctra tuyén tinh twong hé & doi xirng = chi cé 2 théng sé6 déc lap
tuyén tinh - So' d6 gém 02 phan tu

2017 — Ly thuyét mach dién 1 - Nguyén Vigt Son 3



LY THUYET MACH DIEN 1

Chwong 7: Mang hai ctra tuyén tinh

l. Khai niém.
Il. M6 hinh toan hoc mang hai ctra - Phwong phap tinh bé so.
lll. Tinh chat mang 2 ctra tuyén tinh twong hé.

IV. Ham truyén dat dong ap. Tong tré& vao mang hai ctra. Van
dé hoa hop nguodn va tai bang mang hai ctra.

IV.1. Ham truyén dat déng ap.

IV.2. Tong tré vao mang hai cira.

IV.3. Tong tré vao ngan mach va hé mach

IV.4. Van dé hoa hop nguon va tai bang mang hai cira.

V. Mang hai ctra phi hé.
VI. Khuéch dai thuat toan.
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Chwong 7: Mang hai ctra tuyén tinh

IV.1. Ham truyen dat dong - ap.

> Dbi véi cac hé thdng truyén tin, do lwdng, diéu khién, chi quan tam:
< Trang thai dong, ap trén méi clra ~ tinh & xét ham

truyén dat

< Truyén dat nang lwong gitra cac clra

> Xét mang 2 clra tuyén tinh, khdng nguon:

/

< Ctra 1 nbi ngudn

N Truyén tin hi¢u, nang
" lwong tir nguon deén tai

/

% Cclra 2 nbi tai

‘ ) L U , I
< Ham truyén dat dién ap: K, :,—2 <+ Ham truyén dat dong dién: K, = ,2
Ui I
\ A A £ SZ
» Ham truyén dat cong suat: K, = —
S
35
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Chwong 7: Mang hai ctra tuyén tinh

BACH KHOA

IV.2. Tong tré vao ctia mang 2 cira.

> Qua trinh nang lwong/tin hiéu dwa vao mot clra va truyén dén tai cé md hinh

twong tw khi xét md hinh mang mét clra trao ddi ndng lwong/tin hiéu vai tai.

» Qua trinh trén clra dac trung boi

;
cap dong — ap = dac trwng bédi mét <//§>
ham Z, (hoac Y,).

< Mang 2 clra truyén dat nhw hinh vé dwoc mé ta béi ham téng tré vao.

7 :Ul :A11U+A12 12 (.]ZZZI.}z 7 _A11-Z;+A12

vl ° > vl

1 A,,. U2+A22 [2 A,.Z, + A,

> Mang 2 cira thuc hién phép bién doi tong tré Z, 2 Z,,,.
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————————————————————

< Xét mang 2 clra truyén dat tlr clra 2 dén Z, > qua trinh nang lwong, tin hiéu

& clra 2 dac trwng bédi ham téng tré vao clra 2.

U, -U; _A22°U1+A12°]1 U, Z—Zt.h: 7 _A22.Zt+A12

Z — — — v =
I L, A U+A,.I A2t Ay

= Mang 2 cira thurc hién phép bién doi tong tré Z, 2 Z,,.
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Chwong 7: Mang hai ctra tuyén tinh

BACH KHOA

IV.3. Tong tré vao ngan mach va hé mach.
> Xét tai ngan mach (hé mach) = trén clra 2 chi con mét tin hiéu (dién ap hoac

dong dién) > téng tré vao la nhirng ham dac trwng riéng clia mang 2 ctra.

il Il A ZG S A Z G T 15
1 H ’ /‘ \ H ’ /\
CD Ul (B, Y, H) UZL, \JUI (B, Y, H) lUZCDQ\)
L ] ]
% Xét clra 2 hé mach: 1> =0 < Xét cra 1 ho mach: [; =0
P A, U,+A,.1 _ A, Z, - -A,.U+A4,.I _ A,
1ho ° ° 0 ® ® A
A, .U+ A,.1> Ay —A, Ui+ 4,,.11 2!
< Xét clra 2 ngén mach: U , = 0 < Xét clra 1 ngan mach: U; =0
7 - 4,.U,+ 4,1, _ 4, 7 —A4, .U+ 4,11 _ 4,
ng ° ° A 2ng ° °
A21-U2+ A22-[2 22 _A21-U1+A11-11 AH
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Chwong 7: Mang hai ctra tuyén tinh

BACH KHOA

IV.3. Tong tré vao ngan mach va hé mach.

> Cac ham Zp.4, Z4pg: Zone» Zang dac treng cho mang 2 ctra cho phep tinh gia tri

cac bo sb.
Vi du: Ta co thé tinh bd s6 A tlr cac gia tri clia Zy,5, Z1ng, Zong theo cong thirc sau.
YA
All = o AIZ = AII'Z2ng
Z2ng'(Zlh0 B Zlng)

A A

Ay =— Ay =—+
Zlho Zl”g

> Thuc té cac cong thirc nay thwdng dwoc st dung khi thwe hién cac phép do gia
tri tbng tré vao trén clra trong cac diéu kién ngan mach va hd mach dbi voi
mang 2 ctra khi chwa biét so do.

2017 — Ly thuyét mach dién I - Nguyén Viét Son 39



IV.4. Van dé hoa hop nguon va tai bang mang 2 civa.

> Diéu kién dé truyén coéng suét Ién nhat tir ngudn dén tai: | Z =7

> Thyc 18, Z,, va Z, khong théa man diéu | "\ |

BACH KHOA

[N Y A e > 2 Zn ——~— _{_
kiEn hoa hop > can noi mang 2 cua dé 5!
b.,( d;.t,? £ e(t) Zvl : AU Z,
ién doi tong tro. '
’ : NG
» Chon mang 2 ctra thuan khang ctra
<% C6 thdng sb: 7 = All‘Zt +A12 _%
vl g
AL, + A,
E2
< Cobng suat cwc dai: | P = —=
4.R
ng
40
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Chwong 7: Mang hai ctra tuyén tinh

l. Khai niém.
Il. M6 hinh toan hoc ciia mang hai ctra - Phwong phap tinh bé so.
lll. Tinh chat mang 2 cira tuyén tinh twong ho.

IV. Ham truyén dat dong - ap. Tong tré vao mang hai ctra. Van
dé héa hop nguon va tai bang mang hai cira.

V. Mang hai ctra phi ho.

VI. Khuéch dai thuat toan.
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V. Mang hai ctra phi hé

> Mang hai ctra phi hé 1a mang hai ctra ma quan hé giira cac bién dong, ap trén

cac clra khéng c6 quan hé twong ho voi nhau.
> Cac bd sb c6 4 tham sb doc l1ap tuyén tinh — so d6 twong dwong cé 4 phan t.

> Sodb 2 tré khdng + 2 ngudn bi diéu khién.

i4(t) i5(t)
&t bd 7 u, =2, +2,1, Zys Z22
s Xét bb Z: , , u,(t) u,(t)
u, = ZZl'll +Zzz°lz 1 \ <t> <1> ) \ i

€= Z,.i, €,= 221-'13
1c gt

& X6t b3 Y- =Y+, ] t
)= Y12.u2 = Y21.u1
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Chwong 7: Mang hai ctra tuyén tinh

V. Mang hai ctra phi ho
> Sodb 2 tré khdng + 2 ngudn bi diéu khién.

. N oy 1z
Xét bé H = H“'ll +H12°u2 Hyq
o Xé O . u(t) . .
I, = H, .0+ Hy.u, 1 e1<f> <\\/ J2 szl 2(t)
.= Hqp.u, j,= Haq .,
i1(t) ip(t)
. . > =
v uein | B=Gu +GL | -
<% Xét bo G: {u G oy 4G uy(t) G“I%I j1<\\¢> <1>e2 u,(t)
2 21°% 2l
= G12-i2 e;= Gyq.U;

43
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Chwong 7: Mang hai ctra tuyén tinh

V. Mang hai ctra phi ho
> So db 3 tré khdng + 1 ngudn bi diéu khién.
<% Xét bo Z:

n

{ul =Z,i+Z,i, Z,=7Z,+7,6 | =24+ 24,1,

So @ hinh T
- tinh dwoc 2,4, Z4,, Z,, theo cong thurc:
Z,=2, Ly =Ly =2y
Ly =2y—2y, Ly=2y—2Z 0

i(t) i(t)
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BACH KHOA

V. Mang hai ctra phi hoé
> So'dd 3 tré khdng + 1 nguén bi diéu khién.
< XétbdY:

P
<

{il =Y +Yu, Y, =Y,+7, {l} =Yyu, + 1y,

L, =Y, u +Y,.u, b = Y,u + Yz%.u2 +Y u,

‘Y
So do hinh

- tinh Y4, Y5, va Y, theo cong thirc: _
i4(t) '2l(t)

Y, ==, Y=Yyt \ [ . j(®)
leil Y., \‘Jz(t)

Y, =Y, +Y, Y, =Y, -Y, O

nl 11 12

J(@) =Y, u,(t) ’
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Chwong 7: Mang hai ctra tuyén tinh
l. Khai niém.
Il. M6 hinh toan hoc ciia mang hai ctra - Phwong phap tinh b so.
lll. Tinh chat mang 2 cira tuyén tinh twong ho.

IV. Ham truyén dat dong - ap. Tong tré vao mang hai ctra. Van
dé hoa hop nguon va tai bang mang hai cura.

V. Mang hai ctra phi hé.
VI. Khuéch dai thuat toan.

2017 — Ly thuydt mach dign 1 - Nguyén Viét Son 46




VI. Khuéch dai thuat toan
1. Khai niém

Chwong 7: Mang hai ctra tuyén tinh

» Khuéch dai thuat toan (Operational Amplifier — OP AMP) Ia mét phan ti& phire

hop cua mach dién, co 2 ctra ngb, cho phép thuc hién cac phép toan: cdng, trtr,

nhan, chia, vi phan, tich phan

> Cac chan tin hiéu cia OP AMP:
<% Pau vao dao (2)
< Pau vao khéng dao (3)
< Dau ra (6) OFFSET NULL

INVERTING INPUT

< Ngudn cung cép (4, 7)

NON-INVERTING INPUT

V=

2017 — Ly thuyét mach dién 1 - Nguyén Vigt Son

TOP VIEW

QUTPUT

OFFSET NULL
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VI. Khuéch dai thuat toan
2. Sor do6 twong dwong.

> R:: Dién tro vao.
> Nguon ap bi diéu khién A.V,
> Ry: Dién tré ra

» Dbiénapra: Vo =A.(V,-V,)

BACH KHOA

A: hé s6 khuéch dai vong hé (open loop gain)

L
¥, A

Théng so Gia tri thuc Gia tri ly twong y _
i i v Positive saturation
H¢ so khuéch dai vong hé, 4 105-108 00 ccr
Pién tré vao, R, 106-1013Q o0 () 0 £
Dién tré ra, R, 10-100 Q 00 — 1 =Vee
Negative saturation
Ngu("in cung cz“'lp, V.. 5-24V --

2017 — Ly thuyét mach dién I - Nguyén Viét Son
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BACH KHOA

VI. Khuéch dai thuat toan

3. Khuéch dai thuat toan ly twéng.

> OP AMP ly twédng: o h2g
~ X X . N 2 * Iz =Q Vd :
< Hé s6 khuéch dai vong hé A = y — *
. 1 V,=V Vo
*%* RO = 0 - 2_ 1 -
0:0 Ri = jﬁ?

» Tinh chat co ban ciia OP AMP ly twéng:
< Dong dién tai clra vao bang 0: i, =i, =0

< Dién ap vi sai gira 2 clra vao bang 0: V, = V,
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VI. Khuéch dai thuat toan
3. Khuéch dai thuat toan ly twéng.

BACH KHOA

> Vi du: Cho OP AMP ly twdng. Tinh hé s khuéch dai dién ap V/Vs. Tinh dong

dién iynéu Vg = 1V
> Vi OP AMP la ly twdng, ta co

/

< i, =0-> R, mac noi tiép voi R,

v, 220 5
._ 7
l1 _-094 -
Vv, lo

C} V 741
S
— 1 A"\]}z e 0

" 40kQ )
et il
R +R, 9
V V
> Vaytaco:V,=—2—>-"2=9
2 Y
) V., =9V
> Ap dung luat K1 tai nat 0: i, = i + % 2 SN 0
R +R, 20.10 i, =0,65mA

2017 — Ly thuyét mach dién I - Nguyén Viét Son
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VI. Khuéch dai thuat toan =
Rl V,
4. Khuéch dai dao. | : 7
L V, 4 +
> Ap dung luat K1 tai nt 1: Ov % v
l‘1:l.2—)‘/;_‘/1:‘/1_‘/0 _)Ez_&_)%:_&v; —

R R, R R R __R,
» Do OP AMP ly twdng: V, =V, " R
> Chi y:

. . R .

+» Hé sb6 khuéch dai AV = _Fz phu thudc vao dién tré ndi ngoai OP AMP.
1

< Ddc diém nhan dang mach KB do:

+ +
o ‘ . %m
< Tin hiéu dwa vao chan dao V, %o
) R -

\/

< Phan héi 4m

< Mach Kb dao thwérng dung trong bd bién dbi dong - ap.
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Chwong 7: Mang hai ctra tuyén tinh

BACH KHOA

VI. Khuéch dai thuat toan
4. Khuéch dai dao

Vi du: Tinh dién ap Vg, va dong dién chay qua dién tré R, va R, néuv,= 0,5V

» Ap dung cong thirc cia mach khuéch dai dao

R2
R 25 MV
‘/O :——2.‘/1 :——,0,5:—1,25‘/ R1 20K0
R, 1 —ww—i2 7
10kQ S
» Dong dién chay qua dién tré& R, ) - v,
, V. -0 0,5

AR 10.10° =

» Dong dién chay qua dién tro R,
_V,-0_ -1.25
R, 25.10°

=-50uA

lR2
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VI. Khuéch dai thuat toan
4. Khuéch dai dao

Vi du: Tinh gia tri dién ap V,

> Ap dung luat K1 tai nat 3:
6=V, _Vi=Vo 6=V, ViV,
R, R, 4 10

> Vi khuéch dai thuat toan ly twéng, tacé V, =V, =4V

6-4 4-V,
4 10

%

-V, =-1V
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VI. Khuéch dai thuat toan j
5. Khuéch dai khéng dao

> Khuéch dai thuat toan khéng dao la mach khuéch dai

cung cap hé sb khuéch dai dwong:

< Tin hiéu dién ap vao V, dwoc cap tai chan khéng =
dao cua OP AMP.

R/

< Mach c6 phan hoi am.

0-V, _Vi-V

I, =1, —
1 =5
R

V,=V, =V,
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VI. Khuéch dai thuat toan
5. Khuéch dai khéng dao

> Chuy:
< Néu R, =0 hoac R, = = > hé so khuéch dai bang 1 | 1
s Mach lap dién ap (voltage follower, hoac unity gain amplifier) -
> Tinh chat: .
7
% Trd khang vao I&n A:D Second
First stage stage
< Dung ndi tAng dé cach ly 2 phan

> o Mach lap dién ap dung dé cach ly gitra 2
cua mach dién (buffer). tAng ctia mach dién

/

< Giadm thiéu sy anh hwéng gitvra 2 tAng khac nhau cla mach dién, tranh sw

anh hwédng qua lai gitra cac tang.
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VI. Khuéch dai thuat toan
5. Khuéch dai khéng dao

Vidu: Tinh dién ap V,

> Ap dung tinh chat tuyén tinh: V, =V, +V,,

/

% V,,la dién ap do nguodn 6V tao ra

/

< V,,la dién ap do nguodn 4V tao ra
> Tinh V,,: Ta c6 mach khuéch dai dao V,, = —%6 = 1
1
, . < . . R, 10
» Tinh V,,: Ta c6 mach khuéch dai khéng daoV,, =| 1+—= |4 = 1+I 4 =14V

> Tong hop nghiem: V, =V, +V,, =-1V

56
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VI. Khuéch dai thuat toan
5. Khuéch dai khéng dao

Vidu: Tinh dién ap V,

2017 — Ly thuyét mach dién 1 - Nguyén Vigt Son
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VI. Khuéch dai thuat toan
5. Khuéch dai khéng dao

— e = o ———

Vi du: Tinh i, Vv,, v, i. So sanh voi

trirong hop ngudn va tai noi truc tiép.

> Ap dung tinh chat OP AMP i twéng:

e o o o o e e

voltage source

» Mach lap dién ap khong tiéu ton cong suat cla

nguon vg

> Mach lap dién ap truyén tin hiéu, cong suat tw

ngudn dén tai nhwng khong gay ton hao (dong

|
|
|
1
I
I
I
I
|
|
I

dién trén tai dwoc cap béi OP AMP).  t---------
» Cach ly ngubn va tai
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Chwong 7: Mang hai ctra tuyén tinh

VI. Khuéch dai thuat toan
6. Mach céng dién ap

> Mach cdng dién ap la mach OP AMP trong dé dién ép dau ra Ia tdng cia céc gia

tri dién &p dau vao theo céc gia tri trong so.

» Mach cdng dién ap la mot mach khuéch dai ddo v&i

. LN R0, >
nhiéu dau vao . )

V, rl25l 1O

) o ] "= a ol E

> Ap dung luat K1 tai nut 0 ta co: Vv, rlsl’ 7‘; \’;

0

S v-v, v-vVv. V.-V V.-V ]

i=i+i,+ij, >—<*+—%=-1_<¢4 2 ¢4 3 a . -
R, R R, R, =

> Vi khuéch dai thuat toan ly twéng V, = 0

1 3

R R R
»VO=—(;"VI+—”V2+—J‘V3]

59
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VI. Khuéch dai thuat toan R15KQ) RT 10KQ

6. Mach cong dién ap C v .

Vi dy: Tinh gia tri V, va i, 7 §5KQ bt ; ‘%
J 1V 2kQ 2Vo

» Ap dung céng thirc tinh ctia mach cdng dién ap L

> Ap dung luat K1 tai ctra ra cia OP AMP, ta co:

VoV, VooV, 8 -8

I = =—4,8mA
10 2 10 2
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VI. Khuéch dai thuat toan
7. Mach khuéch dai vi sai

> Mach khuéch dai vi sai la mach OP AMP cho phép khuéch dai dién ap vi sai gitra

hai dau vao va triét tiéu céc tin hiéu dong pha giira ching.

> Ap dung luat K1 tai nat a:
V-V V-V
1 a _ _a 0 _)‘/0 — &
Rl RZ Rl
> Ap dung luat K1 tai nat b
-V, _ VY
R, R, R, +R,
> Vi OP AMP litwéng V, =V,

R R R
Vo = —+1 : 2__2
R R, +R, R

1 1

R,

2017 — Ly thuyét mach dién 1 - Nguyén Vigt Son
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R
-2,
Rl
4 )
R\ R,
Vo=R VZ_FVI
1 1+ 1
\_ J
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Chwong 7: Mang hai ctra tuyén tinh

VI. Khuéch dai thuat toan

7. Mach khuéch dai vi sai

. R .

> Néu R—l = R—3 va V, =V,>V, =0 (triét tiéu cac tin hiéu vao dong pha)
2

4

R
» Khi dé ta co: —)VOZF2

1

> NéuR,=R, vaR,=R,

(V,-V)

V,=V,—V, (bo trir dién ap)

» Nhan xét:

O/

<% Mach khuéch dai vi sai ¢6 thé st dung dé thiét ké mach trtr dién ap

<% Mach khuéch dai vi sai thuwong duwoc ding trong cac mach khuéch dai do

lrong (Instrumentation Amplifier (1A))
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Chwong 7: Mang hai ctra tuyén tinh

VI. Khuéch dai thuat toan

7. Mach khuéch dai vi sai

Vi du: Thiét ké mach OP AMP v¢&i 2 dau vaoV, and V, trong dé V, = -5V, + 3V,
> Céch 1: Strdung 1 OP AMP

% Bién ddi:V, = -5V, +3V, = 5(3‘/2 —VIJ

» 1+%
% Mat khac: V, = —2 -
K, 1+ 5%
5 3
— ==—>2=1+—2>|R =R L
+_
R, R, =R, =20kQ
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BACH KHOA

VI. Khuéch dai thuat toan

7. Mach khuéch dai vi sai
Vi du: Thiét ké mach OP AMP v¢&i 2 dau vaoV, and V, trong dé V, = -5V, + 3V,
> Céch 2: Str dung 02 OP AMP = khuéch dai ddo + mach cdng dién ap.

3R1
ANV

< Mach cong ap: V, =-V -5V,
Rl 3
* Mach khuéch dai déo:V, = -3V, : 4 Vs

Két hop 2 mach khuéch dai: V, = 3V, - 5V,

>

J
0.0

Lwa chon thong so thiét ké: R, = 10kQ;
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4

Vi OP AMP la ly twdng, dong dién j chi

chay qua 3 dién tré

VI. Khuéch dai thuat toan
7. Mach khuéch dai vi sai

%1 _‘/02 :l(2R3 +R4)

Mat khac: 1 = ——=
R

Do do:

Ta c6 cbng thire:

I =

bV =Y 5V, =,

4

ViV

a

Vi du: Tinh dién ap V, cua mach khuéch dai do lwong

R
Vo=—=

1

1+2
R R
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BACH KHOA

VI. Khuéch dai thuat toan
7. Mach khuéch dai vi sai

Vi du: Tinh gia tri i, trong mach khuéch dai do lwong
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Chwong 7: Mang hai ctra tuyén tinh

VI. Khuéch dai thuat toan ey ©
8. Mach tich phan :
+ RI 3
. SW i Y
» Mach tich phan la mach OP AMP c6 dau ra quan hé tich Ir QD )
phén vai tin hiéu vao. ) .

> Ap dung luat K1 tai nat 3: GND

vy, I
lR:lC_)E_lR_lC__CE —)vo(t)—vo(O)——R—C_([vl.(t)dt

1 t
{vo(t) = ! vl.(t)dt}

< Mach tich phan thwong co dién tré phan hoi dé giam hé sé khuéch dai mot

» Nhan xét.

chiéu va tranh trang thai bdo hoa (saturation)

/

< Mach tich phan hoat ddng trong ving tuyén tinh, tranh trang thai bdo hoa
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VI. Khuéch dai thuat toan
8. Mach vi phan

> Mach vi phén la mach OP AMP trong d6 dau ra ctia mach khuéch dai ti 1é tuyén

tinh v&i sw bién thién cua tin hiéu vao.

IR, R

i R . R . i — VVv
» Ap dung luat K1 tai dinh a: _I-__>C_||_a 3 |+
Ve .. dv. V; 4 v
_ _ _ C 1 - 0

lR:lC(_)_E_

> Nhan xét dt

/

< Nhin chung, dau ra ctia mach vi phan la khéng 6n dinh do né bién thién ti 1&
v&i do bién thién cua tin hién vao.

/

s Do sw khéng 6n dinh, mach vi phan it dwoc tng dung trong thuc té.
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VI. Khuéch dai thuat toan
8. Mach vi phan

Vi du: Tinh dién ap ra cua mach vi phan.

> Ap dung céng thirc cia mach vi phan::
RC =5.10°.0,2.10° =107

» Trong khoang 0 <t <4ms hoac 4 <t < 8ms, dién ap
ra co dang
{ 2t 0<t<2ms,4<t<6bms

; =

8—2t 2<t<4ms,6<t<8ms

dv, —2mV 0<t<2ms,4<t<6bms
_)VOZ_ E:

2mV  2<t<4ms,6 <t <8ms

2017 — Ly thuyét mach dién I - Nguyén Viét Son
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VI. Khuéch dai thuat toan 4 e

9. N6i xau chudi (noi tang) cac OP AMP 3 \ l.
1 +

I

Vidu: Tim V, va i, trong mach dién Q R R3 10kQ lo
20mv] b e v,

< Mach dién gém 2 tang khuéch dai 23k0 $Re

O Xét tai dau ra cua tang 1 -

V = [1+ﬁjzo = 100mV

2

; ; R
Q Xet tai dau ra cua tang 2:V,, = £1+R—3JVG =350mV

4

/

% Gia tri dong dién i,
. _VO—Vb Vv, _(350—100).10_3

AN
/7

l l
R, ’ 10.10°

=25uA
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BACH KHOA

I R2 6kQ :
, . : A I
Vidu: Tim V, : RI 3 i :
L V=1V o - |1/ Rs 5KQ C |
| 4 al, R7TIOKQ
I A p— ! WA I
e e e e e e e - e o e = = == I I
""""""" R4 8KQ ! : N
AA I — |
: 4 Vo i
I I
|
|
I
I

R/

< Mach dién gébm 2 mach KD dao A va B va mach céng ap C

R
V, == 2V, =3 Vi =y, =4y
R, R,

< Ap dung céng thirc cia mach céng ap

V, = —(ﬁva +5v,,) - {2.(—3) +3(—4)} =8.333V
R, “ R 3

5 6
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BACH KHOA

VI. Khuéch dai thuat toan
9. Noi xau chudi (noi tang) cac OP AMP

Vi dy: Tim V, néu V, = 2V, V, = 1,5V

RS 80KQ
3 NN
_E@ 4 ’ 71 .
— ! v,
R2 50kQ SOk
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Chwong 7: Mang hai ctra tuyén tinh

VI. Khuéch dai thuat toan
10. Ung dung

» OP AMP dwoc st dung rat nhiéu trong thuc té:

% B6 dao, bd cbng, bd tree, mach tich phan, mach vi phan, mach logarit.

< Mach khuéch dai do lrong, mach hiéu chinh (calibration)

< B0 bién dbi sb - twong tw (Digital — analog converter), bo bién doi ap- dong,
mach bién do6i dong — ap.

s May tinh twong tw

¢ BO loc, bd chinh Iwu, bé djch pha, ...

s B0 so sanh, b6 dao dong
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Chwong 7: Mang hai ctra tuyén tinh

BACH KHOA

VI. Khuéch dai thuat toan
10. Ung dung

» Mach DAC cé chirc ndng bién dbi tin hiéu sb sang tin hiéu twong tw

> Mach DAC c6 thé tao bing cac st dung mach & —

i o—— Four-bit Analog
1 —
mpu DAC output

trong sO nhj phan (binary weighted ladder): D |
, DAC 4 bits
< Cac bit nhi phan dwgc danh trong s6 theo vitri,
< Trong sO nhi phan quyét dinh bai gia tri R/R, %m %R2 %Rg, %m o
Rf Rf Rf Rf :
-V, ==V +—=V,+=V. +—V, MSB LSB !
R R, R, R, 4 Vo

s V1, ... V4 la cac dién ap nhi phan (0, 1) (binary _ o
. ] Binary weighted ladder type
code) - dau ra cua DAC c6 quan hé ti |1é tuyén
tinh v&i cac gia tri dau vao

, = 74
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Chwong 7: Mang hai ctra tuyén tinh

VI. Khuéch dai thuat toan

Vi VvV, V3 'V,

10. ng dung Rf 10kQ
. ) L . Rl LR2 LR3 R4 YW
Vi du: Tinh dién ap dau ra cua mach DAC. %10%20%40%80K
3
V,V,V,;V, Bl Gia tri P -V, MSB LSB . 7
0000 0 0 Vo
0001 1 0.125 =
0010 2 0.25 R, R, R, f
0011 3 0.375 -V, ==V +—=V, +—=V, +—=V,
0100 4 0.5 R, 2 3 4
0101 5 0.625 Vo =V, +0,5V, +0,25V; +0,125V,
0110 6 0.75
0111 7 0.875  » M@i bit c6 gia tri twong rng 0.125V = khéng
— . 1L thé biéu dién gia tri dién ap trong khoang (1V,
1001 9 1.125 ,
1.125V) (DAC resolution).
1111 15 1.875
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VI. Khuéch dai thuat toan
10. Ung dung

> Khuéch dai do lworng (IA) dwoe st dung nhiéu trong cac mach khuéch dai cach

ly, mach do nhiét d6, mach thu thap di¥ lieu (data acquisition systems).

> Quan hé dién ap: v, T T :
Inverted input ; 7. B B :
2R Gain set ———3 !
Vo= 1+— |(V, -V}) | A ; |
R R | VWV 7 LOutput
G G 1 va« 4 1 v
1 v I Vo
Gain set L1 3 |
ain se
I 7 J,M,_.Jw,j I
Non-inverted input :‘T;[;>‘ 1 :
R V2 |_____________________'______l
» bDac diém:
< Khuéch dai tin hiéu vi sai dau vao nhd ——
(At HA i ‘A A > P N f,:_
s Triét tiéu tin hieu dong pha ¢ dau vao —
So dé nguyén ly
76
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Chwong 7: Mang hai ctra tuyén tinh

VI. Khuéch dai thuat toan
10. Ung dung

o [ Inl lllll ."‘
|| wl“'.:"-' Vi I"'Il‘lLlﬂ r..l
I"'Il.I|..l"l‘ll.plll".l.l"" 'ﬁl"' ‘
[l
il |'\"._|I ".-'I Il..'ﬁlu.nl A 1
S - |||||||| ”l“J
VW Lt

Small differential signals riding on larger Instrumentation amplifier Amplified differential signal,
common—mode signals No common-mode signal

> Tinh chét cia IA:

R/

< Hé s khuéch dai dién ap c6 thé thay doi bang dién tré ngoai R

/

< Dién tré vao rét I6n va khéng bi thay déi khi thay déi hé s6 khuéch dai.
< Dién ap ra V, chi phu thuéc vao thanh phan dién ap vi sai gitra 2 tin hiéu
vao V,, V,, khéng phu thuéc vao thanh phan dién ap dong pha gitra ching.
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V1. Khuéch dai thuat toan
10. ng dung

Ex: A precision Intrumentation amplifier

Product highlight:

Input noise is less than 4 nV/VHz at 1 kHz.

Pin programmable gains of 1, 100, 200, 500 and
1000 provided on the chip. Using a single
external resistor for other gains.

The offset voltage, offset voltage drift, gain
accuracy and gain temperature coefficients are
guaranteed for all pretrimmed gains.

Provides totally independent input and output
offset for high precision applications.

A sense terminal is provided to enable the user
to minimize the errors induced through long
leads. A reference terminal is also provided to
permit level shifting at the output.
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FUNCTIONAL BLOCK DIAGRAM

+INPUT (2

225,310} AD624
g 4445711

10k
——{10) SENSE

20kit | 10k{l
) Bl
20k{l 10k} 9) OuTPUT
. ;
10k12
+
5001
AP, =

6) REF

FEATURES

Low Noise: 0.2 pV p-p 0.1 Hz to 10 Hz

Low Gain TC:5 ppm max (G = 1)

Low Nonlinearity: 0.001% max (G = 1 to 200)
High CMRR: 130 dB min (G = 500 to 1000}

Low Input Offset Voltage: 25 pV, max

Low Input Offset Voltage Drift: 0.25 pV/°C max
Gain Bandwidth Product: 25 MHz

Pin Programmable Gains of 1, 100, 200, 500, 1000
No External Components Required

Internally Compensated

Price (100 - 499)
$4.82

Price (1000)

$4.09 78



V1. Khuéch dai thuat toan
10. ng dung

Chwong 7: Mang hai ctra tuyén tinh

Ex: LT167 — Single resistor gain, programmable, precision intrumentation amplifier

FEATURES

TOP VIEW
St

8] Rg

-IN [2 7] +Vs
+IN 3 6] ouTPUT
Vg [4] 5 | REF

N8 PACKAGE S8 PACKAGE
8-LEAD PDIP  B-LEAD PLASTIC SO

Tipax = 150°C, 85 = 130°C/W (NB)
Timax = 150°C, 84 = 190°C/W (58)

APPLICATIONS

Bridge Amplifiers

Strain Gauge Amplifiers
Thermocouple Amplifiers

Differential to Single-Ended Converters
Medical Instrumentation

Price (1-99) Price (1000)
$6.45 $5.55
2017 — Ly thuyét mach dién 1 - Nguyén Vigt Son

Single Gain Set Resistor: G =110 10,000
Gain Error: G =10, 0.08% Max

Input Offset Voltage Drift: 0.3uV/°C Max
Meets IEC 1000-4-2 Level 4 ESD Tests with
Two External 5k Resistors

Gain Nonlinearity: G = 10, 10ppm Max
Input Offset Voltage: G = 10, 60pV Max
Input Bias Current: 350pA Max

PSRR at G = 1: 105dB Min

CMRR at G = 1: 90dB Min

Supply Current: 1.3mA Max

Wide Supply Range: £2.3V to £18V

1kHz Voltage Noise: 7.5nV/y/Hz

0.1Hz to 10Hz Noise: 0.28pVp-p

Available in 8-Pin PDIP and SO Packages

Datasheet: http://cds.linear.com/docs/Datasheet/1167fc.pdf
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