CtaTunyeckue pene

° aﬂeKTpOHHble dHaJ10I'n AN1IEKTPOMEXaHUNHECKUX

 [lpumeHeHne nonynpoBOAHNKOBOW 3NEMEHTHOU
ba3bl

* YNyJLleHbl XapakTEPUCTUKN

« CyLecTBEHHO CHM)KEHO NOTPebneHne aHeprum
OT UICTOYHMKA curHana



CTpYyKTypHasi cxema CTaTU4eCKOro perne
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CTpyKkTypHasa cxema >~ @
N3MepuTEnbHbIX OpraHoB Z7_
N UX Knaccugumkauyms

BocnpuHumarowas 1 - BxogHas 4actb V1O, koTopas
NPUHUMAET NocTynarLwmne ot nameputenbHblx TT u TH
3almuaemMoro oobeKTa curHarsbl 1 NpeBpaLlaeT Ux B BENUYNHDI,
npurogHble Ans UCNonNb30BaHUA B JaHHOW KOHCTPYKUWUK pene;
lMpeobpa3syrowas 2 (bopmMmupyoLLas), Kotopas, NonyymB
CUrHanbl OT BOCNPUHUMaALOLLIEN YacTu, NpeobpasyeT nx B
CpaBHMBaeMble BEMNYUHDI;

CpaeHusarowasi 3, Kotopasi Npon3BoanNT CpaBHEHNE
chopMmpoBaHHbIX BENUYMNH MO aDCOSIIOTHOMY 3HAYEHUIO UNU
drase ¢ 3agaHHON BENUYUHON NN MeXay cobown 1 o
pe3ynbTaTy cCpaBHEHUS BblOAET CUrHaM o cpabaTbiBaHUN UNU
HeOEeNnCTBUU pene;

UcnonHumenbHas 4, koTopasi yCUNMBAET BbIXOOQHOW CUMHAI U
BO30EMNCTBYET Ha YNpaBNseMyto Lenb.



The Operational Amplifier

* 1 Operational Amplifier Terminals
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2 Terminal Voltages and Currents
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... N Common node

All voltages are considered as a voltage rise from the common node.

VCC positive voltage supply =VCC negative voltage supply
vn voltage between inverting terminal and common node

vp voltage between noninverting terminal and common node
vo voltage between output terminal and common node

in current into the inverting terminal

ip current into the noninverting terminal

io current into the output terminal

ic+ current into the positive power supply terminal

ic— current into the positive power supply terminal



i Positive saturation
V((V N [ ] [ ]
_ Linear region Cha ra Cte rIStICS
I I
(=Vec/A)/| Vec/A) (0= ) Where A
is the gain
Negative \:zlm‘;zliun_v(v(v_ :
—Vee, Av, —v,) < Ve

v, = A(vp — vn), —Vee = A(vp — v,,_) < +Vee
+Vcc, A(Up = Un) > +VCC

Input voltage constraint for an ideal op-amp

L v, = v,
when in its linear range 2
Negative feedback: output signal fed back into the inverted output.
Input current constraint for an ideal op-amp , - -
KCL around the op-amp i, = i, = 0 K &
o s
L, + Lyl badg & i==10 - VA — Vee
; - g Vee = |, B
Ly — —(lc++lc—) +T
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oy and vp =vn if in linear range
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| a) Va=1V and vb=0V
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3. The Inverting-Amplifier Circuit
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vn_va_l_vn_vb UVp — V¢ Unp — Vg
R, R, R, R;

4. The summing-

Assuming an ideal op amp

Amplifier
% =—(R—fv +&v +&v)
(9] Ra a Rb b RC C
R, =Ry =R.=R, Ry
Up = __(va TV + vc)
R
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5. The Noninverting-Amplifier Circuit
The voltage source is applied to the positive terminal of the op amp
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6. The Difference-Amplifier Circuit
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Op-Amp Buffer

n V.

out

Vout = Vin
Isolates loading effects




Op-Amp Differentiator




Op-Amp Integrator
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Integrating a square wave will result in a triangle waveform
and integrating a sine wave will result in a Cosine waveform.
It is shown in the figures shown below
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Applications of Op-Amps

Filters Low pass filter
Types: -
-Low pass filter  H(s) = it
*High pass filter SR; + Ry, C
Band pass filter
«Cascading (2 or more filters R
2
connected together) "W
Low pass filter transfer R, * Voo
function -
@ +
Low pass filter 1 + ce

OIS . e
Cutoff frequency [ @, R,C




Applications of Op-Amps

e Electrocardiogram (EKG) Amplification

— Need to measure difference in voltage from lead 1
and lead 2

— 50 Hz interference from electrical equipment

().2 0.4 0.6 () &
Time. s




Applications of Op-Amps

ad 2 -
Lead 2 v Equivalent
circuit for
= lead 2
lLead 1

Vi e Equn\:al%‘m
circuilt for
= lead 1

Simple EKG circuit

Uses differential amplifier to cancel
common mode signal and amplify

EKG a;lpliﬁer

differential mode signal




PID Controller — System Block Diagram

P
lﬂc\v Output Vou
+ ERROR | ﬁ;
v Process
D
Vsensor Sensor
Goal is to have VSET = VOUT
‘Remember that VERROR = VSET — VSENSOR
*Output Process uses V... from the PID

controller to adjust V_ . such that it is ~V -



Applications

PID Controller — PID Controller Circuit Diagram
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Strain Gauge

Half-Bridge Arrangement

strain gauge

p———

(stressed) R+ AR

Op amp used to amplify
output from strain gauge

Vref R -

: AN X
_ e
[

strain gauge
(stressed)

R - AR

Using KCL at the inverting and

non-inverting terminals of the op
amp we find that [

e~V =2AR(R,/R%




[lonynpoBOAHMKOBLIE perne Toka cepun
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CTpYKTypHasi CXxema CTaTU4eCKOro pene
Pene coctOmt8cnenytoLmx ocHoBHbIX GrokoB:

1. BI1 BxogHon npeobpasoBaTesb
2. YO ¥Yzen popmmpoBaHus

3. CC cxema cpaBHEHMUS

4. BY BbixogHaa yacTb



1. BI1 BxogHon npeobpasoBaTernb
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[Tpmep npocTeniuero npeobpasoBarens
TOKa C BbINpAMUTENEM

* COOEPXUT U3MepUTerbHbIM NpeobpasoBaTenb, Ha BXOA
KOTOPOro nogaeTca curHan ot TpaHCcopMaTOpPOB TOKa
3amiaemMoro oobekTa

* 3allnThbl peJie OT BbICOKOYAaCTOTHbIX HaBO4OK



2. YO Y3en goopmMunpoBaHus

* TunoBble 3BEHbA YD N UX XapaKTEPUCTUKN:

A

a) [loemopumerb HarpsxeHus —d
KoadppuumeHT ycnuneHua )

ax

MOBTOPUTENS HAMpPSKEHUS 7 “si“"‘
KU = UBbIX/UBX =1 = =

« [1ns cxeMbl XapakTepPHO BbICOKOE BXOAHOE
COMPOTUBNEHMNE U Marloe BbIXOJHOE.

« [loBTOpPUTENbL HANPsSXKEHUS OObIYHO BKIHOYAOT MeXay
MCTOYHMKOM CUrHana n Harpy3kom C LIenbio NCKMNIOYUTb
BIMUSAHWE HArpy3Kkn Ha BbIXOOHOE HanpPsiXXeHNe NCTOYHUKA.



6) lHeepmupyrowuu ycusnumersibs

Rz

A

D
4+ L 1
- I

KU=-R2/R1

2

* AHBEPTUPYHOLLMIA YCUNUTENb NPUMEHSIETCA B OCHOBHOM B
Tex crny4vasx, korga Hy>XeH yCUnuTerb, K KOTOPOMY He
npeabsaBnATCA TPeboBaHNA BbICOKONO BXOAHOIO
COMPOTUBIIEHUS, N KOTAA HY>KHO NPOMHBEPTUPOBATb UMK
NMPOCYMMMPOBATb HECKONbKO BXOAHbBIX CUrHaroB.



B) HeuHsepmupyrowuti ycunumersib

BxogHow curHan nogaeTtcd Ha A
HEVWHBEPTUPYHIOLLMIA BXO4 = >
R3

o—

onepaumnoHHOrIo YCUIMNTENA —

UBx

Ha nHBepTupyowmmn Bxoa 1T
nogaeTcs YacTb BbIXOOHOMO —
Hanps>keHns ¢ NOMOLLbIO
oTpuLaTernbHOW obpaTHON CBA3U

N pPe3INCTUBHOIO AernTerns

R2

KU=1+R2/R1



) Yeunumenb-oepaHudyumerib

VI vz
Bt
2

R

ABa BCTPEYHO
BKITHOYEHHbIX
CTabmnnuUTpoHo

=

[Tpn nogbemMe BbIXOQHOro HanpsXxeHus donee
UCT + 0,7 B conpoTtnBneHne obpaTHOM CBA3N

LLYHTUPYETCS N POCT BbIXOAHOTO HaNpPsXXeHns
npekpaLlaeTcs.



) Cxembl cymmamopos

1

Y1 a—{"1
R2 ROC
Uz
A
R3
U3 b
R4 l

* BbixogHoe HanpsxeHune anga aTou
CxeMbI

Ug, s =-(U, /R +U /R +U /R )R



AMIumyoOHoO-4acmomHble xapakmepucmuKu
aKmueHbIX gousibmpos

4
®HY \ oBY




3. [lpumep 8bInorHeHuUs
KomMmriapamopa ooHornorisipHbIX cu2Harnose
A

Egpersz: il oy

Jax2
I LIBsIX

« Ha nepBbI BXO4 nNogaeTcs naMepseMbl CUrHan, Ha
BTOPOW - ONOPHLIN. ECnn namepaemoe HanpaxeHmne
MeHbLLIEe OMOPHOro, TO Ha BbIXO4e CXeMbl AePXKNTCA
MaKCMMarbHOE BbIXOQHOE HanpsaXXeHne, coenagarollee
MO 3HAKY C ONMOpHbLIM. Kak TONbKO namepaemMoe
HanpsaXXeHne NPeBLICUT ONMOPHOE NONMAPHOCTbL BbIXOAHOIO
CUrHana MeHsaeTCca Ha NPOTUBOMNONOXHYI0. [noabl
3awuLLaoT BXo4bl onepaunoHHOro yCUnmTena ot
NOBbILLEHHbIX 3HAYEHNN Pa3HOCTU CpaBHUBAEMbIX

A
1 ] /7 I N S~an il 201 11 A A



Tpueeep LLImuma u e2o nepedamoyHas

xapakmepucmuka

* Tpurrep LUmnTTa NnpeacrasnsieT cobon komnapartop ¢
O4HUM 3a3eMS1IeHHbIM BXOOO0M, 3a4aHHbIM OMOPHbLIM
HanpPs>KeEHNEM U NONOXNTENbHON 06paTHOM CBA3bLIO
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4. Cxema ebIXOOHOU Yacmu cmamu4yecKo2o
pere

* Ha oauH 13 KoHUoB 0O6MOTKM pene K1 nogaetca "nntoc”
onepaTtuBHOro Toka 220 B, a gpyron noaknio4vaeTcs K
KOnneKkTopy TpaH3ncrtopa VT1. TpaH3uCcTop ynpaBndeTcs
CUrHasrom OT CXEMbl CpaBHEHUA

+220 B




5. Cxema rnniumaHus perie om cemu
1OCMOSIHHO20 oriepamueHo20 mokKa 2208

« [ns nutaHnsa NnonynpoBOAHUKOBbLIX 3IEMEHTOB HA CXEMY
pere AormKHO ObITb NogaHo HanpsXxeHne +15B.
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[MTpomexyTo4yHbIN TPaHchopMmaTop
TOKa

« TpaHcopmaTop ToKa, NpegHa3Ha4YeHHbIU ANnS
BKITHOYEHNS BO BTOPUYHYHIO Lie€MNb OCHOBHOIO
TpaHcopmaTopa Toka and nonyvyeHus Tpedyemoro
KoadhdpumumeHTa TpaHcopmaunm nnm pasgeneHunsd
ANeKTpUYecKnx Leneu

 (PYHKUMOHAaNbHbIE 3fIeMEeHTbl BOCNpPUHMMaIOLLEeNn
yactu NO.
B kayecTBe QOyHKLUMOHANbHbIX 3N1€MEHTOB 3TOM YacTu

Mcnonb3ylTcAa NpeobpasoBaTeny Toka, HanpsXKeHns 1
BbINPSAMUTENN.



npeobpa3soBaTern ToKa, HanpPsXXeHns u
BbINPAMUTENN.

* [IpoMeXyTo4YHble TpaHCOpMaTOPbl TOKa NPUMEHSAIOTCSA: a)
Ons co3naHnsa BTOPUYHbLIX TOKOB, MPOMNOpLMOHaribHbIX
nepBUYHbIM TOKaM, Unn B) aAna co3gaHnsa BTOPUYHbIX
HanNpPs>XXeHUn, NPonopLMNOHanbHbIX NEPBUYHBIM TOKaM.
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* [IpomexxymoyHble mpaHcghopmamopbkl MoKa. XapakTepucTuk
a



'pmp

 [pomexxymoyHbilti mpaHcpeakmop (IMTP)

e npeactaBnseT coboun TpaHcdopmaTop ¢ BO3AYLLHbIM
3a30pOM B MarHMUTOMPOBOAE.
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* [Ipomexxymo4Hbkiu mpaHcghopmamop HanpsixkeHus NTH
— 0ObI4YHO NOHWXAKOLLMW BXOQHOE HaNpsiKeHne



Cornacywwumn TpaHcdopmartop

— TpaHcdopmaTop, NPUMEHAEMbIN ANA CcOrnacoBaHUSA
CONPOTUBNEHNA PA3NNYHbIX YacTeWU (KackaaoBs)
SNEKTPOHHbIX CXEM.
OKBMBArIEHTHOE CONPOTUBIIEHNE TpaHCcopmaTopa C
NoAKMKYEeHHOW Harpy3kou (o nepemMeHHOMY TOKY)
MOXHO BbIpa3snTb POPMYIIOn:

R =K’xR,
K— KOadULMEHT TpaHchopmaunm
R, — ConpoTueneHne Harpysku



TpaHcpeakmop

« —3T0 TpaHcdopMaTOop C 3a30POM, COMNPOTUBIIEHNE BETBY

HaMarHM4mBaHmM4A KOTOPOIro Ha NopAaaokK
MEeHbLUE CONPOTUBIIEHUA

Harpysku. NosTomy HanpskeHne Ha BTOPUYHOM 0OMOTKe

TpaHcpeakTopa brnm3ko K Npon3BOAHON TOKa B NEePBUYHOM
obMOTKeE.

TpaHcpeakTop ocnabnsaeT annepuoandeckyto COCTaBMSAOLLYIO,

HO YBEJIMYMNBAET CoAepKaHUE BbICLUUX TAPMOHUK TOKA.



