Chuong 4 - Khuéch dai mét chiéu va KDTT

Chuong 4
KHUECH PAIMOT CHIEU VA KHUECH PAI THUAT TOAN

5.1. KHAI NIEM VE KHUECH PAI TiN HIEU BIEN THIEN CHAM

Céc dang mach khuéch dai ghép RC, bi€n 4p ma ta da khdo sit & cdc chuong trudc dudc ng
dung trong cdc mach khuéch dai tin hiéu xoay chiéu, tin s6 thap ciing trén 1 Hz. Trong thyc t& con
c6 nhitng tin hiéu tAn s6 dudi 1Hz, goi 1a tin hiéu bi€n thién cham, nhu: tin hiéu cdm bién tir sy bién
thién nhiét 9, bi€n thién d6 4m, bi€n thién muc chi't 16ng, bi€n thién cudng dd dnh sing, phin ng
hod dién, dong dién sinh hoc ... Cdc tin hiéu bi€n thién chAm c6 thé xem nhu tin hiéu mot chiéu
(DO).

Bo6 khué&ch dai tin hiéu bién thién chAm néi chung c¢é nhitng dic di€m sau:

- Tin hiéu c6 tan sd thdp nhat, xem nhu tin hiéu DC.

- C6 ngd vao ddi xitng (cdc ngudn phat tin hiéu bi€n thién chién chim thudng cé dang doi
xtrng — Hinh 5.1.1)

- Heé so khué&ch dai ri't cao (ngudn phdt tin hiéu bi&n thién chim thudng c6 bién do rat bé, tr
vai uV dén vai chuc pV)

- Khd nidng chdng nhiéu tot.

- Ap phén cyc ngd vao va ngd ra bing khong d€ d& chuin héa (khi chua c6 tin hiéu, dién 4p
tinh biang zéro)

- Phan cuc phai rdt 8n dinh, khong bi trdi theo nhiét d6 (n€u khong s& giy sai s6 § ngd ra).
Pay la diéu kién ri't quan trong cia mach khuéch dai DC.

Vi nhitng dic di€m trén, nhit1a vé phuong dién tin s0, 0 rang 12 khuéch dai ghép RC va ghép

.
R Qe
e T [ e
_ (b) = ©
(a) -

Hinh 5.1.1 a,b C4c cdm bi€n nhiét tao tin hiéu d6i xing. (c) M6 hinh mach dién
ngudn tin hiéu ddi xing
bi€n 4p khong dap ng dugc véi tin hieu DC. Ta c6 thé diing mach khuéch dai ghép tryc ti€p, nhung
ciing bi han ché& s6 taing khué&ch dai, vi tinh todn phan cuc khd phic tap. Hon nifa, khd ning 6n dinh
phin cuc va chdng niéu s& kém khi s§ tang khué&ch dai cang ting, hoic khdng c6 ngd vao ddi xing.

Trong chuong nay, ta s& khdo st hai dang khué&ch dai DC (khué&ch dai vi sai va khuéch dai thuit
to4an) hoan toan dap tng dudgc cic dic di€m trén.
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Chuong 4 - Khuéch dai mét chiéu va KDTT

5.2. KHUECH PAI VI SAI
5.2.1. Dang mach co ban va hoat dong

Khuéch dai vi sai 12 mot khuéch dai
DC d6i xing, c6 hai ngd vao va hai ngd
ra. Hinh 5.2.1. m6 td dang manh cuia nd.
Ngo vao c6 thé chon bat ddi xitng: Vi,
Viz (so véi dat) hay doi xing: V; = Vj; —
Vio.

Tuong tu, ngd ra c6 thé chon ddi
xttng: Voi, Voo (so v6i dat), hay doi
xting: Vo = Vo1 — Voo Hai cuc E ctia hai
BJT ghép chung v6i nhau va dugc phan
cyc bdi ngudn dong Iy = const. Pién trd
ndi cda ngudn dong xem nhu ra't 16n, Rg
— 0. Ngudn 4m — Vgg nhiim tao diém
c6 dién th€ mot chiéu bing khong cho
ngd vao hoic ngd ra theo y&u cau chung
cta khuéch dai DC.

Ta c6:

VCC
te o+
Vo1 + + Vo2
Vi1 Vi
(\J/% %
-VEE

Hinh 5.2.1. Dang mach khué&ch dai vi sai co bdn

Igr + Igp = Ik (5.2.1)
o) trang thi tinh: Vi; = Vi = 0, Q; vd Q, hoan toan ddi xitng:

Igi=1Ig = %) Ik (522)

Vi I < < Ic nén bd qua dong Ig:

Ici =12

~ ik (5.2.3)

e Tin hiéu vao bd khuéch dai vi sai dugc phin loai thanh hai dang (hinh 5.2.2)

(D) Vie

VicZ

Viem

()

N/

C) Vid Ix

Viem

G

N\ i

-VEE
(a)

Hinh 5.2.2. Tin hi€u vao vi sai va tin hi€u vao céch chung

(@) Bleu thi tong quat, (b) Tach rieng wng foal tin Nicu cho Mol Ngo vao
Bai giang Ky thudt dién ti¢
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Chuong 4 - Khuéch dai mét chiéu va KDTT

- Tin hiéu vao sai (Differential input signal): 1a cdc hiéu ngudc pha G hai ngd vao. Py la tin hiéu
c6 ich cAn khuéch dai:
_ _ M
id, = Vid, — 2
- Tin hiéu vao cach chung (common mode signal) con goi: tin hiéu vao déng pha trén hai ngd vao.
Chiing thudng 13 cdc nhiéu, Vi du dién 4p troi theo nhiét do, lugng bi€n dong clia ngudn cung cip

V.V...
Vici = Vieo = Viem (5-2-5)
Nhu viy, 6 ngd vao ta c6:
Vii = Vigi + Vie1 = %+ Viem (5-2-6)
Vi
Vi =Viea + Vi =- 71+ Viem (5-2-7)

V6i tin hiéu vi sai, néu ta ¢6 bi€n thién dién 4p ngd vao 1a A Vg va A Vg = -A Vig;, din dén
dong Icy ting mot lugng Al va dong Icp gidm mdt lugng A le,. Do Ix = const nén Alcy = Ale, tin
hiéu dugc khu€ch dai & ngd ra.

Do tin hiéu c4dch chung, do hai tin hiéu vao va ddng pha:
AVic1 = AVi2
nén dong I¢y, Ic; ciing bién thién cling pha:
Alcy = Al
Nhung do dong dién tdng Ix = const nén cdc lugng nay phai triét tiéu:
Alci =Alez=0
nghia 12 tin hiéu dong pha khdng dugc khuéch dai & ngd ra.
Tir trén, ta th'y mach khué&ch dai vi sai c6 tdc dung chdng nhiu dong pha ri' tot, phan cuc rit
dn dinh, khong bi trdi theo bi€n thién nhiét @6 va ngudn cung cap.
Ngudn dong Ix cang 6n dinh, Rk cang 16n thi kha ning chdng nhidu va 6n dinh phin cuc cla
mach cang cao hay dung BJT, nhu ta s& thd'y & phin sau.
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Chuong 4 - Khuéch dai mét chiéu va KDTT

5.2.2. Ch€& do DC ctia mach khué&ch dai vi sai
So @ mach phan cuc thuin thuc t&€ cho dd khuéch dai vi sai nhu hinh 5.2.3a, trong d6 Rg d6ng

Viem
G
\_

(D Vi

<

icM )
hai

vE&

®

cua
-VEE mach
(a) (b) hoin
toan
doi
xung
, ta cin tin todn phin cuc cho mot v€. Do dong qua Rg la 2Ig, nén khi dua vé mot v€, Rg dudc thay
biang 2Rg nhu hinh 5.2.3 b).

Hinh 5.2.2. Tin hi€u vao vi sai va tin hi€¢u vao cidch chung
(a) Biéu thi tdng qudt: (b) Tach riéng tirng loai tin hiéu cho mdi ngd vao

T hinh 5.2.3b, vi€t phuong trinh cho hai vong kin BE va CE ta dudc:

Bglpg + Veq + 2Rg (B+ 1) Isg — VEE =0 (5.2.8)
- VCC + ICQRC + VCEQ + 2RE (ICQ + IBQ) - VEE =0 (529)
va: Ico = Blag (5.2.10)

Tl c4dc phuong trinh trén, ta suy ra tri s6 dong va 4p & trang thdi tinh. Ngugc lai, khi da bi€t cic
dién dp va dong & trang thdi tinh, cdc hé thiic nay gidp ta xdc dinh gid tri cac dién trd phin cuc.
Ching han tir (5.2.9) suy ra:

VCC + VEE - VEQ

Rc + 2Rg = (5.2.11)

Ieo
Ta c6 thé chon trudc Re theo diéu kién hé s6 khuéch dai, hoic chon trudc Rg theo y&u ciu
chdng nhiéu hay chon theo yéu ciu cu thé vé gi4 tri dién d4p phin cyc ngd vao ngd ra, tir d6 suy ra
cdc gia tri con lai.
Tuong tu, tir (5.2.8), ta tinh dugc Rg:
VEE - VBEQ - 2RE (B + 1)IBQ

Lo
(VEE - VBEQ)B
Ieo
e Vidu 5.1. Mach khuéch dai vi sai nhu hinh 5.2.3 a c6 dang thong s6
Vee =+ 12V, -Vgg =-12V, Re =2K, Rg = 5K, Rg = 50K, Q; = Q> (Si)
C6 B=100; Vpeg = 0,6 V. Tinh cdc gia tri dong, dp trén cdc cuc B,C,E clia mach>>

Rp =

Hay Rp = —2R,(B+]) (5.2.12)
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Chuong 4 - Khuéch dai mét chiéu va KDTT

Giai
Tu (5.2.8) suy ra:
Vee = Ve 12-0,6 B
R, +2R,(B+1)  50+2.5100+1)
Ico = Blo = 100 x 0,01 = 1 mA
IEQ = ICQ + IBQ =1+ 0,01 = 1,01 mA
Tw (5.2.9) suy ra:
VCEQ = VCC + VEE - ICQRC — 2RE (ICQ + IBQ)
=12+12-1x2-2x5x1,01 =119V
VEQ = ZREIEQ — VEE =2x5x 1,01 —-12= —1,9 A
VCQ = VCEQ + VEQ= 11,9-1,9=10V
VBQ = VBEQ + VEQ = 0,6 — 1,9 =- 1,3V

e Vidu 5.2. Cho mach khué&ch dai vi sai nhu hinh 5.2.3.a.
Vee =12V, -Vgg=-12'V, BIT c6 B= 100 yéu ciu phan cuc mach véi cdc thong sd sau: Icg=1mA,
Veeg =4V, Veeg=0,6 V, Vco=0V.
Tinh R¢, Rg, Rg >

Igg = 0,01 mA.

Giai
Tir yéu cau phan cuc Veg =0V, ta tim dugc R
Vee = Ve 12-0
IC
Tu (5.2.11) suy ra:

=12K

Q

Rp=—
i 2 1

2 I

Tu (5.2.12) suy ra:
_ (Ve — VBEQ) x 3
IC

1[ Voo + Vi =Verg _ } 1[12“2_4}—41(
. Zrli-a)

cQ

12-0,6

Rp —2R.(B+1) = x 100 — 2x 4100 + 1) = 339K

Q
5.2.3. Ché& dp AC cia mach khué&'ch dai vi sai

1) Hé s6 khué&ch dai Ta hiy kh3o sdt lai sd d@6 hinh 5.2.3 a. xét tin hiéu vi sai & ngd vao cuc B,

Vi, = 7“1 vacuc Brla Vv, = _7“1 . Trén cyc E; va E, lan lugt c6 cdc dién dp V,, va V,, .Do

Vg, = Vg, nén dp AC trén E; va E, bi triét tiéu. Nhu vay, vé mit AC, ¢6 th€ xem E;, E; nhu di€ém
da't (d4't xoay chiéu) ddi vdi tin hiéu vi sai. Tir d6 c¢6 cdc mach tuong duong nhu hinh 5.2.4 a.

Ly luan tuong ty d6i vdi tin hiéu cich chung, dién 4p tin hiéu tdng trén E; va E; 12 2 Vicwm, khi
tin hi¢u vao By, Ba lan lugtla V,, =V, = V.

1

Trong trudng hdp nay Rg van xuat hién trong so dd tuong duong nhu dién trd hdi ti€p 4m, va khi
phdn 4nh vé mot v& mach, n6 sé& tuong duong vdi gia tri 2RE.
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Chuong 4 - Khuéch dai mét chiéu va KDTT

Hinh 5.2.4 b 13 so d6 tuong duong ddi vdi tin 1hiéu cdch chung, trong @6 Rg dugc phan 4dnh tir
mach cuc E v& mach cuc B va c6 gid tri tuong duong Rg (hg + 1). Tir hinh 5.2.4a tinh dudc hé s&
khuéch dai doi véi tin hiéu vi sai:

VOld

1hy

1
Avia= v —— B (R./1/hy) = B (5.2.13a)
id iE iE
V, lh 1 h R
Ayg= 224 =__E(R./1/h,, )~ ——E-C 5.2.13b
2d \]id 2 hiE ( ‘ OE) 2 hiE ( )
Nhu vay:
Ayig=-Avad = Ayg =- 1hyRc (5.2.13¢)
2 hiE
Ta th\?a'y hé sf)’ khué&ch B, C,
dai cta tang khuéch dai vi + o+ * +
sai bing v6i hé s6 khuéch v 1
dai cla ting khuéch dai don Vi =—2% Shie N @ §h_ SRc Vod
EC, hé¢ s5 % 1a do tin hi¢u v . > |g e * ]
vao ting khudch dai vi sai - LT 1g — -
chi bing phan nita bién do V, felb 1 )
so v6i tin hiéu vao tang Visg =55 Shie @ gh_oe SRe Vo
khuéch dai dén EC.
- + ot
i @ ©
hie
+° Wy *+
1
Viie = Viem (hie+1)Re § @h ‘ gh— § Rc Vo
felb oe
- . 1 -
B — hf ib —
Vi = Vi ¢ 1
M (et DR Z &) - ERe Vg
+ ” +
- M Py
hie

Tt hinh 5.2.14 b, ta co:

(b)

Hinh 5.2.4. So dd tuong duong tham s& h clia mach khuyé&ch dai vi sai
hinh 5.2.3.a d6i v6i tin hiéu vi sai (a) va doi vdi tin hiéu cdch chung (b)

(RC/NJ
hOE

Avlc = AVZC = VOIC - VOZC = fE (5214)
ViCM ViCM hiE + 2(th + 1)]E{E
Thyc €, hg >> 1 va (hy +1) Rg > > hig, L S SRe nén
OE
131
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Chuong 4 - Khuéch dai mét chiéu va KDTT

IR
Avem = Avic = Ay  ———5 (5.2.15)
2R,
Nhu viy dién dp & ngo ra:
V.
Vor = Ava X TId +Aem Viem
Vid
Vo2 =- Ay x > +Avem Viem (5.2.16)

2) Ti s6 nén tin hi¢u cdach chung (CMRR: Common — Mode Rejection Ratio)

D€ d4nh gid mic d6 triét nhiéu tin hiéu cach chung hay nhiéu déng pha, ngudi ta dua ra thong
s6 CMRR dudc dinh nghia nhu sau:

CMRR =20 1g A (dB) (5.2.17)
vCM
Tt (5.2.13) va (5.2.15) suy ra:
CMRR =~ 201ghﬂ;lLRE = 201g(ngE) (5.2.18)

iE
Ti s6 CMRR cang cao, mach c6 tinh triét nhiéu déng pha cang tdt
3) Tong tré vao, tong tré ra
- T hinh 5.2.4 a, nhin tir gitta hai cyc By va B, , ta c6:
Téng s6 vao si sai:
Ria = 2hig (5.2.19)
Tuong tu, tir hinh 5.2.4 b, sau khi quy vé mdt vé&, sé& suy ra:
Téng s6 vao cach chung:

Ro= (R.//1/h )~ R, (5.2.20)

Con tdng trd ra gitta mdt trong hai cuc collec va dat:

Ro= (R.//1/h.; )~ R, (5.2.21)

e Vidu 5.3: Tir c4c thong s6 & vi du 5.2. va cho hg =B, L — oo tinh:

oE
a) hé so khué&ch dai vi sai Ayq va hé s6 khuéch dai cdch chung A,cy >
b) T6ng sd vao vi sai Rig, tf;ng trd vao cach chung Ricwm, tf;ng tré ra >
c) Tisd CMRR >
Giai
a) Trudc tién, ta tim hig:
25hy  25x100

hig =18+ (th +1)I‘E ~ thI'E = I (mA) = 1
cQ

=2,5K
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Chuong 4 - Khuéch dai mét chiéu va KDTT

Ao LhaRe 1 100x12_ o
2 h, 2" 25
IR 1 12
Avem ¥ ———C = Ly 2 _ 15
MTTHR 274

b) Rid = 2hiE =2X 2,5 =5K

RiCM = hiE +2 (B+ 1) RE = 2,5 K+ 2 x101 x 4K = 810,5K

Ro=Rc=12K
—-240

¢) CMRR =20 1g -2t~ 201g =240 _ 444
A ~1.5

vCM

hay c6 thé tinh theo (5.2.18)

CMRR = 201ghf§ﬁ = 20kg

iE
4) Nguon dong diung BJT

Tu (5.2.18) ta thdy néu Rg cang
10n, ty s6 CMRR cang cao va kha ning
chong nhiéu cang t6t. Tuy nhién, néu
ting Rg qud 16n thi khéng ddm bdo
dugc diéu kién phan cuc cho mach. bé
thda man phan cuc DC va dong thdi
ting CMRR, ta thay Rg bing ngudn
dung Qs cung laoi5 ban din véi Q; va
Q2 (h.5.2.5)

Vé mit DC, ta phan cuc sao cho
Vces + Vro bing v6i dp ha trén Rg &
hinh 5.2.3 a. V& mit AC, dién trd tuong
duong giita hai cuc C-E ctia Q3 c6 gia
tri khd 16n (bing L vd vao cd vai

oE
trim K Q) do d6 ting CMRR rat cao.
Vz + VD — VBES
RZ
néu chon diode cung loai bdn din véi
Q3:Vp=Vggsthi:

IC3 =~ IE3 =

VZ
Iz = —==const
2

100x4

=44 dB
VCC
RC RC
Q Q>
RB RB
= N . =
% W—7"
R, =
D
R2§ Dz
)
-VEE

Hinh 5.2.5. Diing Q; 1am ngudn dong thay cho Rg

(5.2.22)

5.2.4. Ciac @ng dung khic ctia khu€ch dai vi sai

Ngoai ting dung khué&ch dai tinh hiéu DC ngd vao ddi xtiing, do dic tinh 6n dinh phan cuc va
chong nhiéu t6t, mach khuéch dai vi sai con dudc dung réng rdi trong khuéch dai AC, ngd vao bat
doi xitng nhu: khuéch dai ddo pha (h. 5.2.6a), khuéch dai ddng pha (h. 5.2.6b), khuéch dai c6 hoi

ti€p (hinh 5.2.6 ¢)
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VCC
Rc R
C Ve
+.—| I o \J L -
Vi Rg Rp Cs ¥
1 L T
(a)
-VEE
+VCC

Rc%
*+
o L 1 Q QL 1 Vo

1 2
Vi RB RB ::+ CB _i_
L L "
- - RE
VEE (b)
+VCC
Céc ting .y
Kb
R . ti€p theo Vo
Vi : = = >
_ o " i
i 1 Ry '
(©)

-VEE

Hinh 2.5.6. Cac tng dung khéic cia khuéch dai vi sai (a) Khuéch dai ddo pha
(b) Khuéch dai dong pha (c) Khuéch dai c6 hoi ti€p
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Chuong 4 - Khuéch dai mét chiéu va KDTT

5.3. KHUECH PAI THUAT TOAN VA UNG DUNG
5.3.1 Giéi thiéu chung vé bo khué&ch dai thuit toan:

Khué&ch dai thut todn (KDTT), con goi 1a OPAMP (viét tit tit Operational Amplifier), 1a mot
khu€ch dai DC c6 hé khuéch dai Ay rit cdo va thudng dugc ché tao dudi dang tich hop (IC:
Integrated Circuit). Cdc dang vd ngoai va sd d6 chan chifc ning clia né minh hoa trén h. 5.3.1.

KPTT von dugc ding dé€ thyc hién cic thuit todn trong may tinh tuong tu cho nén cé tén goi
nhu vdy. Ngay nay, KPTT dudc tng dung trong rdt nhi€u lanh vuc khic nhau, véi tAm tin s6 rat
rong tr DC dé€n hang GHz .

CAu tric ¢ ban cia mot bd KPTT nhu hinh 5.3.2. Ngo vao 1a tang khuéch dai vi sai; ti€p theo
12 tAng khuéch dai trung gian (c6 thé 12 ting dém hoic khuéch dai vi sai), tang dich mitc DC d€ dit
mitc phan cyc DC & ngd ra; cudi ciing 13 ting dém dé€ khuéch dai dong va c6 trd khang ra thip, tao
tin hiéu ba't d6i xitng & ngd ra. Cac ting khué&ch dai déu ghép truc ti€p v6i nhau.

Vi >
' Kb KD trung Dich mitc bém ngd

vi sai gian DC ra L Vo

Hinh 5.3.2. Sd @b kh&i cia mot bd khuéch dai thuit todn

Hinh 5.3.3 gidi thiéu vé chi ti€t ciia mdt bo khué&ch dai thuit todn. Cip transistor Q; va Q, tao
thanh mot khuéch dai vi sai § ngd vao. Tin hiéu ra ti cuc C clia Q; va Q, dudc dwa dén cuc B clia
Qs va Qq. Cip transistor nay tao thanh mach khué€ch dai vi sai thit hai. Tin hiéu ra 14y tif trén cuc C
Q4, dua vao cuc B Qs. Qs va Qg tao thanh mach ghép Darlington dé dich mic DC, ting hé s6 khué€ch
dai dong va véi ki€u mic C chung dé c6 trd khdng ra thap. Tin hiu ra 14y trén Ry, dién trd phan cuc
E cia Qs Q7 1a nguén dong cho cap vi sai Q; va Q,. Ry, Rg, Dy va Rs tao thanh mach phan cuc va dn
dinh nhiét cao Q. Tuong ty, mach phan cyc va dn dinh nhiét cho Qs gdm Ryg, Rg, D, va Ry
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* 1 O +VCC
5

RiIZ TR K
r —
Vi+ + ) — o+t
. Vo
Vi
: NI =

y ¢
D, R, D, i}{ 0 § R
4
Rs % R¢ = Rg % Ry —=
. - . o -VEE

Hinh 5.3.3. Mach cu thé cia mot bo KPTT

1_7

bién dp ra V, cing diu (hoic ciing pha) vé6i dién dp vao trén dién cyc B Q,. Vi vy hai ngd vao
nay theo thit tw goi 12 ngd vao khong dao (hoic ngd vao thuin, ky hiéu :diu +) va ngd vao ddo (ky
hiéu: diu -)
5.3.2. Diic tinh va cdc thong so cia mot bo KPTT Iy tuéng:

hinh 5.3.4. a minh hoa ky hiéu cia mdt bd KDTT thong dung. Ta thi'y c6 hai ngd vao (ngd vao
ddo c6 dién d4p V., ngd vao khdng ddo c6 dién dp V,") mdt ngd ra (c6 dién dp V,), va ngudn clp
dién * Vcc. Trang thai ngd ra khong c6 mach hdi ti€p vé ngd vao nhu & h. 5.3.4 a goi 1a trang th4i
vong hé. Hé so6 khuéch dai dién d4p cia KDTT trong trang thdi d6, ky hiéu A,,, dudc goi 1a hé s6
khué&ch dai vong hd (Opened — loop gain).

+Vcc Vo 4
+Ve Biao hoa duong
N
e I X »
. S —— HSKD vong hd
Vi - v -V R
0
] +V AV, =V —v;
-Vce J:; Vee
(a) (b)

Hinh 5.3.4. Ky hiéu va dic tinh truyén dat dién 4p vong hé cia mot bdo KPTT (a)
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Chuong 4 - Khuéch dai mét chiéu va KDTT

Ta c6 dap tng tin hi€u ra V, theo cac cdch dua tin hi€u vao nhu sau:
e Dua tin hi€u vao ngd vao ddo: Vo=-A,, V,
e Dua tin hiéu vao ngd vao khong ddo: Vo =A,, V. (5.3.1)
e Dua tin hiéu vao déng thdi c3 hai ngd (goi 12 tin hiéu vao vi sai)

Vo =Aw (VA+ - Vi’) =A, AV, . o} trang thdi tinh, V."'= V. =0, suyra V,=0.

1

Hinh 5.3.4 b minh hoa diic tuyén truyén dat dién 4p vong hé ciia KDTT. Theo dic tuyén nay, cé
3 vung lam viéc:
e Vung khuéch dai: Vo= Ay, A
AV;= V- V” nim trong khodng + Vg
e Vung bdo hoa duong: Vo =+ Vee , AVi> Vg
e Viungdaohoadm: V,=-Vcc , AVi<-Vg
+ Vs 1a cdc mifc ngudng cua dién dp vao, giéi han pham vi ma quan hé V, (AVi) con 1a tuyén tinh.

Céc KDTT thudng c¢6 Vs khodng tif vai chuc pV dén vai trim pV

Trong thyc t€ , ngudi ta it stt dung KDTT & trang thai vong hd vi tuy A,, rit 16n nhung tAm dién
dp vao bi gidi han qud bé (trong khodng
+Vs) Chi cin tréi nhiét, hoic ngudn AVO
khong 6n dinh, hodc nhiéu bién @6 rat bé
ciing di tao dugc A V; vudt ra ngodi tam +Vce
+ Vs lam ngd ra bao hoa duong hodc bao Avo——1»
hoda 4m. Mach khu&ch dai vong hé V¢ -V,
thudng chi/ st dung trong ch& dc:) xung. +Vs +V
Trong ché d§ khuéch dai tuyén tinh, e
ngudi ta phai dung hdi ti€p 4m dé tao ra “Vce
sy 1am viéc 6n dinh cho khuéch, dong
thGi ving lam viéc cda tin hiéu vao
tuong Gng s€ dugc md réng hon. (hinh o
5.3.5). trang thdi KDTT c6 thém mach Hinh 5.3.5. Béc tinh b KDTT khi ¢6 hoi ti€p 4m

T 4

héi ti€p Am nhu vdy dugc goi 1a trang
thdi vong kin

Mot bdo KDTT ly tudng c6 céc thong s6 cd bin nhu sau:

e Hé s6 khuéch dai vong hd: Ayo —> oo (thuc t€ Ayo > 10.000)

. T6ng trG vao R; — o (loai BITR; > 1 MQ, loai FET R; > 10° Q)

e Téng trd ra Ro =0 (thudng Ro < 1 Q)

e Dong phan cuc ngd vao: I, = 0 (thuc t€ I, tif vai chuc nA dén hang trim nA)

Pé€ don gidn trong viéc 1ap cdc cong thifc tinh todn & phan sau, ta xem bo KDTT la 1y tudng.
Céc cong thifc tinh chi 1a gin ding nhung két qlia khd chinh x4c, thudng dugc 4p dung trong thuc t€.

5.3.3. Cac mach ing dung co ban cia KPTT
1) khuéch dai ddio (ddo pha)
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Tin hiéu ra ddo pha vdéi tin hi€u vao (h. 5.3.6) R>
DoR; >, I; 0 nén V,"=V, ~ 0. R W
1
Tir d6, dong qua R;: Wy - | .+
1= l — _& Vi > Vo
o 1 - I
- hé s6 khuéch dai: = =
R A ~ . 2
Ay = % _ _R_2 (532) Hinh 5.3.6. Tang khuéch dai ddo pha
1

e ~ 2, N
- Tong s0 trd vao:
Vi

Zi= xR, (5.3.3)
e Vidu 5.4: Mach khué&ch dai ddo pha c6 cdc thong s6 nhu hinh 5.3.7a
Tinh: R
a) Pién 4p ngd ra khi KDTT Ia ty tudng. 100K
b) Tdng trd vio. R,
c) Dién 4dp ngd rakhi KPTT c6 Ayo = 20.000. Tu '\1/\6\’1( ) L« +
d6 suy ra sai s6 & két qud a). Vi > Vo
2. ! 0.2V == N
Giai = ks
o= AvV;j = =
W v _Vg 100 Hinh 5.3.7a
A= 2o g
R, 10
V,=-10x0,2=-2V
b) Zi=R;=10K Ry
c¢) Theo cong thitc (4.4.7)vé hé s6 khuéch dai cia I, R,
e — <
mach sd hoi tiép. vi T MW >—_.+
1-B.Ayq = 1
Avo : hé s6 khuéch dai vong hd (Avo dong théi Hinh 5.3.7b =

v6i ky hiéu Ay & chuong 4. G day thém chi s§ “0” dé
nhan manh ¥ nghia dong hd (chua c6 hdi ti€p))

B: hé s6 hdi ti€p:

A.¢: hé s6 khuéch dai c6 hoi ti€p

O day 1a hoi ti€p am (mach khué&ch dai ddo pha) nén ta thd'y ddu + tru6c BAvo va thém diu —
trudce bi€u thifc Ay

Avf =- Avo

1+ BfAVO

Trong mach trén, hdi ti€p thudc dang hdi ti€p Am dién 4p song song. Ta cé thé xdc dinh hé s6
hoi ti€p B dya vao hinh 5.3.7 b
AV;=V;-1|R;
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— VO
R,
Vo =Avyo AVi=Ayo (V, -LR))
Thay thé tri I; vao va sao vai bi€n dbi sé co.
Avf — AVO

R
R, A

2

L =1, =

<

2 A 2, R 2.2 A R1
So véi cong thirc tOng quat J trén, suy ra = e
2

Tur d6 ta tinh dugc:

Ay=- 1200.000 — 9.995
1+-—-x20.000
100

Vo=AVi=-9,995x0,2 =-1,999V
Sai s0 dién d4p ngd ra ctia KPTT Iy tudng so véi thuc t€:
e =2-1999=0,001 V=1ImV

€% = 0.001 x100 = 0,05%

2. Khuéch dai khong ddo (dong pha)

Tin hiéu ra dong pha véi tin hiéu vao

- Hé s6 khuéch dai: /\/\R/\Z_
R
Do ndi trg R = 00, I; 0 nén dong qua Ry, R, s W\l, > I
12 biing nhau = Vie__|. —°V+
Vi__ Vo 2
Rl Rl + R2 _;_
Mit khdc, coi V; = V" =V,. Tt d6 rit ra: Hinh 5.3.8. Tang khuéch dai khong ddo
Av= Yo _Ri+R, Ry (5.3.4)
\]i Rl R]
- T6ng trd vao: P€ tinh Z; v& lai mach nhu h. 5.3.9 .
Vi = Agl + Bvo’l Vi _l >
Vi B: 1 = AVi >4_. +
R, +R, A,
R» Vo
AV;=1R. Ry BVo —l—
Ri: Tng trd sd bo KDTT i =
=  Hinh5.3.9

Thay vao bi€u thic V;
Vi=LLi R+ Mli R;
A
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V. A
Zi=—=R|1+—2 (5.3.5)
Ii AV

Viy mach nay c6 tdng s6 rat 16n.
3. Mach dém (mach theo dién dap — voltage follower)

- Hé s6 khuéch dai: V6i mach dién 4p (hinh
5.3.10), ta c6 hoi ti€p Am dién 4p 100%:V, =

Vi. Do dé: ) .+
V, + *
Ay = 70 =1 (5-3-6) vi Vo
o ! ; 1
- Tong trd vao: Tu (5.3.5) ta suy ra € .

Z;=R; (1+Avo) (5-3-7) Hinh 5.3.10. Tang khuéch dai theo dién 4p
4. Mach cong ddo ddu

Dung phuong phap x&p chdng, 1an ludt tinh V,;, Vo2, Vo3 theo cdc kich thich ngd vao doc lap 1,
Ib, I do Vo1, Voo, Vo3 tao ra nhu khuéch dai ddo dau.
R

—_ 2 I
Vo1 =- R \'A Vi ARy R,
! 1 I=I IWI\I
V02 = _&VH Viz. —27,\1}\/{,2 _j B l+_2+ ’
R, : ¥ | v
3 1 +
Vir=-m2 v, v L
R13
Tur d6: Hinh 5.3.11. Mach cong ddo diu
Vo=Vo1+ Ve + Vo3 =-
R R R
( Ly 42V + ZJ (5.3.8)
Rll Rl2 R13
Néu chon Ry; =R =R 3=R; thi:
R
Vo=-—2(V, +V, +V,) (5.3.9)
Rl
Céc cong thiic (5.3.8) va (5.3.9) c6 thé dudec md rong d&€n n ngd vao tly y.
5. Mach cong khong ddo diu R
. 1 R
Tuong tv nhu mach khuéch dai khong ddo, V; la W WA
x€p chdng hai tin hiéu Vj; va V. =
R ) —.VO
Gia stt Vi, = 0, ta tim dugc dién dp ra V,; tuong Vile M .
ung vdi Vi Vip Ri2
Vv, = 1+£ o R v, Hinh 5.3.12. Mach cdng khdng ddo dau
Rl Rll + RlZ

Tuong tu, khi Vj; = 0 ta tim dudgc V, tuong @ng vGi Vip:
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Voo = 1+& X L VVz
1{l R11+R12

Vé.y khi c6 ca Vi, Vip va glé thiét Ri1 =Ry thi:

R, | V,+V,
Vo=Vo1+ Ve = 1+ [gj (5.3.10a)
R, 2
Néu cé Ri1 =R, =R; =R, thi:
Vo=Vo1+Ve=Vii + Vi (5.3.10b)

Cong thic (5.3.10) c¢6 thé dugc md rong d&€n n ngd vao tiy y.
6. Mach khuéch dai vi sai (mach tri)

) Rj3 R4
Theo hinh 5.3.13, V;i; 4p ngd vao dao, Vi, Vi —WW\—t ANV
ap vao ngd vao khong ddo, Ap dung phucng
phdp x&p chdng cho tirng kich thich ngd vao, Vo « ,\1},{, . .V,
ngin mach ngd vao con lai, ta dugc: 2 R
R 2
Vor = ‘_4Vi1
3 _
v ( R, j{l R, JV Hinh 5.3.13. Mach khué&ch dai vi sai (mach trir)
0= | | I+ == Vi)
R, +R, 3
R R R
Vo=V + Vo= | —— [ 1+ |V,, ——V, (5.3.11)
R, +R, R, R,
Néu ta chon R; =R, = R3 = Ry thi:
Vo=Vio— Vi (5.3.12)

e Vidu 5.5. Mach do nhiét @6 dung KPTT nhu hinh 5.3.14.
1. 12 mot cAm bi€n nhiét thay d8i gid tri dién trd theo
nhiét do: Ry = R, + ARy, v6i Ry dién trd & nhiét do R, Rr=Ro+ARs
To, ARr: bién thién dién tr§ theo nhiét dd, ARy = W———W
aT (T: °C, a = const). Chitng minh ring dién 4p ngd

ra 12 mot ham tuyén tinh theo T . /\l,ave . Vo
Gidi T
E=const R
Theo (5.3.11), ta cé: l i 0
R R R = 3.
voo [ Re Vi Re)p_Rag Hinh 5.3.14
R, +R, R, R,
Né&u chon R; =R, =R3 =R,, ta dudc:
1 R, +AR R, +AR
VO:—(1+ 0 TJE— 0 TE
(0] (0]
AR
v LOR,
2 R,
Thay ARt = aT vao bi€u thic trén:
141
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Chuong 4 - Khuéch dai mét chiéu va KDTT

1 T
Vo=-—a—E =KT
O
Véi
K= —lai = const
2 R,

Vay dién 4p ngd ra Vo ti 1& tuyén tinh véi nhiét do.

5.3.4. Cac iing dung tao ham cua KPTT

1) Mach tich phéin
Coi dién thé tai di€ém A xap xi bing khong. Do @6 dién 4p dit1én hai ddutu Cla — V, . tir d6:
. dv,
1=-C
dt C
V~ 11
mat khac:i= — v R
) A
1¢. i .
Suy ra: Vo =-—|1dt
y sl T
1 =
Hay V,=- R_C_[Vidt (5.3.13) Hinh 5.3.15. Mach tich phan
2) Mach vi phin
, . . R
Do dién thé di€m A x4p xi bing khdong nén W
N\ Vi C i
i=C — he 1 - Vo
Mitkhac: i= —&
R =
Suy ra: Vo =-RC avi (5.3.14) Hinh 5.3.16. Mach vi phan
dT A vi(V)
e Vidu 5.6. mach vi phan nhu hinh 5.3.16 ¢c6 R = 10
K, C = 0,001pF. V; ¢6 dang séng nhu hinh 5.3.17.a. +10 Lo
Vé dang séng ngd ra V, (t) > >
12 3\ 4/5 tms)
Giai 10
Ta chi cin xét trong mot chu ky T = 4 ms.
o 0<t<2ms:V;=10(t-1) (ttinh theo don vi ms) -
=10*(t- 1) (t tinh theo don vi s) 0 1AVO( )
_ dav, 4 9 4_ )
V,=-RC T 10°x 107 x 10"=0,1 V (ms)
o 2ms <t<4ms:V;=-10 (t-3)(t:ms)
=-10%(t-3) (t:s) -0.1 —
Vo =-Rec %:-10% 10°x (-10*) = 40,1V Hinh 5.3.17

Dang s6ng V, (t) nhu hinh 5.3.17b.
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3) Mach tao ham mii

Ta biét ring dong dién qua diot phin cuc thuin xdc dinh bdi (2.3.12)

V \Y
Ip=1Is exp( D J—l ~ [gexp—2 D ANV
mep; mep; "y (n
Ip: Dong thudn qua D /4D4_.V0

Vp: Ap rdi trén D tif hinh 5.3.18, ta c6:

)]

[ =1 Vi | I V. =
TIDFASEXP | ) T s X Hinh 5.3.18. Mach tao ham mii
P P
Mit khic I =- Yo
R

V.

Do d6: Vo = -RIs exp (—‘] = Aexp(BV)) (5.3.15)
Pr

4) Mach tao ham loga:

Vi

I=— | D >
: ‘—“‘%__.
— Vo I

Mitkhac I=1Is exp (
mor =

Hinh 5.3.19. Mach tao ham loga

Do dé:
I
Vo =-m@;In| —
IS
V.
Vo =- mo. In——
Pr RI,

=-m@, InV, + me; In(RI)
hay Vo=AInV;+B (5.3.16)
5.3.5. Hién tugng troi di€m 0
1) Dién dp léch khong (offset voltage)

VéGi 1 bd KPTT 1y tudng, khi tin hiéu vao vi sai AV, =V," -V, =0, thi dién dp ra V, = 0.
Nhung trong thuc t&, do cdc linh kién bén trong mach khong hoan toan ddi xitng, nhat 1a & mach
khu&ch dai vi sai ngd vao nén ngd ra vén xuat hién mot dién 4p nhd khdc khdng, goi 1a dién dp léch
khong ngo ra (output offset voltage).

D€ diéu hinh dién 4p ngd ra bing khong trd lai, ta phdi dit mot dién 4p nhd giita hai ngd vao
AV, =V, #0.

Vio g0i 12 dién 4p 1énh ngd vao (input offset voltage). Trong thuc t€ cdc IC KDTT thudng c6 hai
chan dua ra (ki hiéu 1a null hoic offset) cho 5.3.20 a. Hoic ta c¢6 th€ mic thém mach chinh khong
bén ngoai gdbm mdt bi€n trd VR (diu giita hai ngudn + Vcc) va dién trd R dua dé€n mot ngd vao
nhu hinh 5.3.20 b). R phai c6 gia tri rit 16n hén R; @€ tranh phan dong qua R.
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2) Dong dién phdn cuc ngo vao va dong

dién lech khon VR offset
o i NULL g—a -vee
Véi KPTT ly tudng, dién tr§ vao Rg R

— o0, nén dong ngd vao bang khong. Trong +/>
KDTT thyc t&, & ngd vao ddo va khong ddo NULL

c6 dong phan cuc tuong Ung la I, va I

kha nhd (hang trim nA) goi 13 dong phan vee (a)

cuc ngd vao (input bias current).

Do hai v€ khdong hoan toan ddi xitng, R R,
cic dong nay khong bing nhau va lugng VR offset %—'\M MV

chénh léch gilta ching goi 12 dong chénh vi Ry

1éch ngd vao (input offset current), ky hiéu ‘—’W\'—‘:|>__Vp
(o]
Lo -vcC

Xét mach hinh 5.3.22 a, gid st tdng tr§ =

, b
raKPTT R, rat nhd so v4i R,. , L () L L
Dong phan cyc tai ngd dio (diém A) gay ra Hinh 5.3.20. Chinh di€m khong & ngd ra doi véi IC

dien the tai didm A 1 c6 chan offset (a) Lip mach chinh bén ngoai (b)
_ _ RR
Va=1, (Rl //Rz): Ly R, 11-1;2
Suy ra dong qua R; va R; 1a:
n=a-_R =
R, R,+R,
I, = L = R, L,
R, R, +R,

I, tao dién dp ngd ra Vo qua mach khuéch dai  Hinh 5.3.21. Dong phan cyc ngd vao KPTT
dédo:

R R
Vor=-—2x(R I, )= —2—T
ol R, ( 11) R, + R, ib
I, tao di€n 4p ngd ra V,:
R, xR, _
Vo2 =-Raolp =- R12+ Rlz L
Dién ngd ra tao bdi I, 1a tong cla hai gid tri trén:
R R,xR
Vo=Vo1+ Vg =- i [ -——L1, =-R, [ 5.3.17
o ol 02 R, +R, ib R, +R, ib 2 dip ( )

Dién 4p ngd ra tao bdi I, (va do d6 dién th€ V,) da gy ra sy léch khong & ngd ra. DE bu dién dp
léch khdng nay ta Igi dung phan dién dp ra do dong phan cyc I, gdy nén. That vay khi mic thém
dién tr§ R3 & ngd vao khong ddo dong phin cyc vao I, tao ra trén R3; mot dién dp 1a Vg = R31; .
Chinh dién 4p nay se lam léch ngd ra theo chiéu ngudc lai. Chon Rj sao cho V4 = Vg, ta s& bu dudc
dp 1&ch khong & ngd ra. Gia st I, = I}, tir (5.3.18) dé dang chon dudc:
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R,R
Ry= —L2 (5.3.19)
R, +R,
. . \ R,
Trong thyc t&, I}, # I, nén du thém dién trg MW
Rs, ngd ra vin con dién 4p léch khong do dong R, 1, YE
chénh lgch ngd vao T = [I;, ~T|. Lic d6, dién W L%

ap léch khong ngd ra sé la:
Vo| =TioRz (5.3.20) =

(a)

e Vidu 5.7: Vi mach KBTT LM741C c6 R,

céc thong s6 nhu sau: Wy
- Dong dién phan cuc ngd vao ligmax = 500 R I

A IR
- Dong dién che6ch 1€ch ngd vao Liomax = = I -

200 nA Ry
a) Mach dugc mic nhu hinh 5.3.22 a véi Rs L ®

= 100 K, R; = 10 K. Tinh di€n ap I€ch
khong ngo ra do I, gdy nén.
b) Tinh gid tri R3 thé m vao nhu hinh 5.3.22b
dé bu 1éch khong do I,
c) Tinh gid tri di€n 4dp 1€ch khong ngd ra sau khi thém Rj.
Giai
a) |Vo|=Ra I, =100 x 10’ x 500 x 10” = 50 mV
R,xR,  100x10
R,+R, 100+10
¢) [Vo| =RaTio =100 x 10* x 200 x 10” =50 mV.

Hinh 5.3.22. (a) Ap léch khong ngd ra do Ty,
gay nén (b) Bu lai 4p 1€ch khong ngd ra

b) R3= =9091Q2

Sau khi thém Rj3 bu 1&éch khong do T, dién 1p 1€ch khdng ngo ra gidm tir 50 mV xu6ng con 20
mV.
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