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* Signal Conditioning -1
|
o Goal

+ The output signal from the sensor of a measurement system has
generally to be processed in some way to make it suitable for the

next stage of the operation




* Signal Conditioning -2
|
o Process

+ Protection: To prevent damage to the next element
o EXx: Microprocessors - current & voltage limitations
+ Getting the signal into the right type of signal
o Ex: AC-DC conversion, AD-DA conversion
+ Amplification & Offset
o Ex: Wheatstone bridge (voltage amplification)
+ Noise elimination or reduction
o Ex: Filters

+ Signal manipulation

o Ex: Conditioner to linearize the signal
3 J

* Protection -1
|

o High current

+ Incorporating a series resistor in the input line to limit the current

+ Incorporating a fuse to break if the current does exceed a safe level

o High voltage & wrong polarity

+ Zener diode circuit

o Ex: for a 5V circuit

Input Output

Choose a 5.1V Zener diode

O & O

Photo
Transistor

A
Transistor
Opto-isolator
4

o Complete electrical isolation — opto-coupler




‘ Protection -2
|

o Combined

for alternating signal in the input

| PR

o—p—___ +—+¢

Input x

Output

'

~—_——

opto-coupler
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" Amplifier -1
!

o Definition

+ Describe a circuit which produces and increased version of its

input signal
a Three klndS Small Input Amplification Stage Larger Output
Signal T e g Signal
. e -
+ Voltage gain (4,) .QV I v. | canmy- 9,'% I AV
. o— —O
+ Current gain (4;) —

+ Power gain (4, = 4, X 4;)
+ Can be represented in dB
o A, =20log(A4,)

o A; = 20log(4;)

o Ap = 10log(A,)
6 s




"8 Amplifier -2
|
o Ildeal amplifier

+ Constant gain, independent of
o Input signal conditions
o Temperature

o Time

o Components
s BJT
+ MOSFET

+ Operational amplifier

o

* Complex (Electrical) Impedance -1
1

o Definition

+ The measure of the opposition that a circuit presents to

a current when a voltage is applied

+ Quantitatively, the impedance of a two-terminal circuit
element is the ratio of the complex representation of a
sinusoidal voltage between its terminals to the complex

representation of the current flowing through it

=R +jX = |Z|e) 282
v
I




* Complex (Electrical) Impedance -2
|

o Computation — circuit

- > >
— Z Z

I

Current i : the same

V1=121 VZZIZZ

V=V,+V,=1Z;+12, =1(Z, + Z,) = 1Z

+ Series and parallel laws applicable

+ NOT transfer function

X1 Xs X3
e e X3 X X3
G=—=——=0G
G =é G =é X1 X1X2 172

Z=27+27

G — G1G2

* Complex (Electrical) Impedance -3
1

o Passive components

+ Resistor
v =1IiR
|74
AVAAYAS Zp = - = R
+ Capacitor
dv
I =0C—
% |— dt
Zo = v_1
1 Cs
+ Inductor
di
7, ==1Ls




* The Operational Amplifier -1
|

o Definition

+ A DC-coupled high-gain electronic voltage amplifier with a

differential input and, usually, a single-ended output

+ Voltage gains ~100000

o Two Golden Rules  Inverine i s i
input node + Noninverting Output node
. , vy inputnode ; ——* p &
e i1=10,=0 5 =0 Uy
o = ’ °
¢ Vi =Dy —I_—

o Ex: OP741

° 4
Offet hull [ 1 | 741 Op. Amp. E| Not Connected [NC}
Inverting (=) | 2 peey [P ======< 3 V+ (Power)
Mon-lnverting (+]| 3 D—l—ﬂ Output

3 Orfset Null
11 . ‘

* The Operational Amplifier -2
|

o Inverting amplifier

+ Resistors
o v_=v, =0 R,
AN
Vin—V- Vin R, ip=0

o L=E———=— o—AAA =
Rl Rl + U)
. +
Yin U

ol & +1

. R,
o Vg =V_—Ryi = _R_lvi" =
|:> G—&——& N
Vin Rl

o Inverter, if Ry = R,

Vo

G=—=-1
|:> Vin




* The Operational Amplifier -3
|

o Inverting amplifier

+ Impedance — in Laplace domain Z,
Z
Voo (S VA f. 21 <
|:> G( ) Out( ) __2 — X -
Vin(s) Zy
Vin ,‘
o For general passive components o - o

Ex: resistors, capacitors, inductors

* The Operational Amplifier -4
|

+ Summing amplifier

Vout = VA ‘|‘ VB + Vc) . i
A A _
VA o | — 1 I
R ‘f“ .
o Ex: Offset the output Ve o114 X2
AC signal DC offset R Ic + 2
R1 = added 1o Ve o——7—
OVA%' AC signal %
Vnc o Vuc ij out
DC offset b O : 2 O
oy ov v _:L

o Ex: Weighted sum -> D-to-A converter
Logic 1" @—ANN—

Re= 20 AWV
Logic 1" @—A/\/\—
Digtal it

Inputs : - Weighted
(4-bi - - .
Logic 0" @—AAA—] =
A O
Ras= 8kQ2 = Anzlogue
Logic "1° o—f\/\/\(— Qutput
Ov
_é_

(Vo)
©

o
—
AN
‘I'i




‘ The Operational Amplifier -5
|

¢ (Non-inverted) summing amplifier

o Adding an inverter

R, I R, R
b : 1
Vi o—[ 1 [ —{
Rn L R
X
VB O I._I_’. = 2 I:I X
R I + —O
Ve o—[—1+—
I.'I.Il
O . -
e L -

R; R; R;
Vout - R_AVA + gVB'FR_CVC

o How to build a subtractor?

‘ The Operational Amplifier -6
|

+ Integrating amplifier

1
Vout(s) - = R_CS Vin(s)

AL

« Differentiating amplifier @ X

Vout (5) = —RCsVi, (S)




* The Operational Amplifier -7
|
o Non-inverting amplifier

Zy
¢ Vour =Vo+Zol =V + 2, > —
1 [T
— 2\v. — cv X -
=(1+ Zl) Viy = GV, ) +
Vot (S Z , ,
|:> G = Out( ) —1 +_2 Vi Z; Vot
Vin(s) Zl
O ® ; O
o Voltage follower
o IfZ, > 0and z; - x L o
= -1 Vi
O ; O

* The Operational Amplifier -8
|
o Differential amplifier

+ Impedance

_ _Za —
o Vi= =
Vi-V_
o Vour =V_ — 7 Z3
E> _ L1+ 2y Z4 v, — éV small input signal
out Z, Zs+Zy ° Zy gain l
Zy
o fZy=Z andZ, =2, =) V,, = — (V2 = V1) = GayypAV
1
o SetV.r= 23?24 v, offset

Zl l 22 ZZ 22
|:> V _ V. V. = V. V. 74
out — Zl ref Zl 1 — Zl( ref 1) ref




* The Operational Amplifier -9
|

o Empirically, common mode voltage may

affect the output
* Vour = GaifrAV + GenVew
+ Common mode rejection ratio (CMRR) =
Sdis (dB)
Gem

. Ex: 10000 -> 20log 10000 = 80 (dB)

* The Operational Amplifier -10
|

- H RE
o Ex: Thermalcouple (measurir ——
+ Advantages —
(
o Low cost _

o Accurate and repeatable

o Wide temperature range

o Reliable

chromel

: | Tn;(: _1‘r“'
|
Tronse L )
| . | :

| [}
B |
I

I

=4

o Easy to setup

alumel

+ Disadvantages

mmmmmmmm

+ _ CONSTANTAN ,f'\ +
THERMOCOUPLE @
- Small output voltage -

1-f=[ (S-(T) — §_(T)) dT R/

. . . Tiet ICE BATH

o Need electrical insulation Rerenence | REFERENCE

S, S.: Seebeck coefficients

Also need to know T, (cold junction compensation)

20 L ‘

o Time constant: a function of wire mass

UNKNOWN
TEMPERATURE




* The Operational Amplifier -11
|

o Instrumentation amplifier

+ High input impedance

+ High gain

+ Excellent CMRR
- >100 dB

21
* The Operational Amplifier -12
|
o Instrumentation amplifier
+ Ex:INA114
e ooy

R 1] o
Vi E I| Vi
3] o
V- IZ E‘ Ref

Common mode rejection,
G =1:90dB, G = 1000:110 dB

V+
7 ?(1 3)
_ Input impedance, differential
2| |Over-Voltage INA114 e
Vi © i Feedback common mode: 1077 Q in parallel
(4) Protection A A g
* ‘a"\-'!\\l'l * \-'".\/\-' 1= _{_IE)-(\ with 6 pF
25kQ 25k0 | .
1 | DIP Connected Input common mode range: £13.5\
! Internally
I
I

25kQ
[ e
e
'“i E M
25kQ

G4 50KQ Gain range | to 10,000

(15) Rs Gain error: 2% max.
5
s 3| [Overvorage —/\W! VW75, O Ref Output voltage: +13.7V (¥, = +15 V)
Vo5 25k 25k0)
41(7)
DiP—* i, > (S0IC)
V—

22




The Operational Amplifier -13

o Comparator

If Vpy > Vger then Vour = +Vee
If Vpy < Vgee then Vour = Vo

Vour
d  Saturation
+Vee s
Analogue - +Vee -
I
1 Vmin> Ves
I
Vin
I
Vi < Vees | — Normal Linear
I Region
Saturation -
+Ver i +Vec +Veo
*V* Vi Vi
R
/\ ég : Vs é k3 e
AR 2 RN
A time /\ A / time
Vier > Vour salication |:> Vne -1 I Vour saturation
?R Veur ?R \.I":]_.' ‘ ‘
Ov time Ov : time
= Vin< Vrer Vin > Virer - Vin< Vier Vin > Vree

Non-inverting comparator circuit

Inverting comparator circuit

HE R FEBRER— ME5S126 HimHEs 23
The Operational Amplifier -14
o Window comparator
+ Method 1 RS
—o

+ Method 2

WERGFIRATER— MES126 MomAs

VREF, HIGH

V&er, Low QO

- = — — saturation
H H ume

window window
Inverter

24




! The Operational Amplifier -15

o Comparator — reference voltage

+— FixedVoltage Divider Ve Variable Position
Reference Source

Reference Source

DC Battery
Reference Source

+Vee

Vet Vour
Veer | 2
|+ Vee
T Vaa
i‘- : Veer = Vear ‘

WERGRIEATER— MES126 MomAs

‘! The Operational Amplifier -16

o Comparator — voltage level detector

+ Fivelevels: 0.2V, 0.4V, 0.6V, 0.8V,

0660 Cose OLE® OCOS® OOBO
+ Five resistors LED,  LED,
+ Four reference voltages , ==

Comparator
x4

o 3-bit ADC

¢ 7 Ops + 8-t0-3 line digital decoder

+ Analog — 3-bit binary code (0-to-7)

B % I S E B — MES126 #yh B¢ Lﬂ




* The Operational Amplifier -17
|

o Comparator with hysteresis

section below

+ Original open-loop design /zoommonthis

o If the input signal varies rapidly: fine

o If the input signal varies slowly or

the noise exists: Oscillating

switching back and forth between

oN: ou dou b Gou  fo0u 120w
. Time (s)
the tWO SatU ratlon StateS Vout transitions to Logic Low when

Vin is above the threshold.

36 /
vin 5z r\. \Uf\v/\'\v/\v/\/\/\g};s/v\c.
20/
- l7’_| H N H
o+ T T T 3
4u 5u 6u Tu 9u 10u 11u

* The Operational Amplifier -18
|

o Comparator with hysteresis

+ Closed-loop design

Vin > 2.7V causes Vout
to transition to OV

2

v

= 5V vout_hyst
D
U2 TLV3z201
2.7v
3.0

2.8

'{ Ir ﬂu
Ll I
= ¥ Vu=2.7V
vin 265 M
= 2.4
) 2:.. . — V= 2.3V
Vin < 2.3V causes Vout "1 A

Rx 100k
Rh 576k

sV

Rh 576k

Ry 100k

to transition to 5V 2.0~
ov Vout_hyst xSV 50
—{ 8
Vin & 1
g ; — 2.3V 251 __|
& 3 2 Vout_hyst
g o
V. = 2.3V = z g 1
g L 1 0.0 e
& 0 8u 17u 25u 33u 42u 50u

Time (s)

28 L‘




* The Operational Amplifier -19
|
o Notes

+ Ops are optimized for linear operation, not in saturation mode

+ Dedicated voltage comparator: Allows for heavy saturation, due to
its very high gain, when the input signals differs by a relatively
small amount

+ Ex: LM311, LM339, LM393...

* The Operational Amplifier -20

|
o Transimpedance amplifier

+ A current to voltage converter

|:> Vout = _Rflin
= Vout
Lin

O
I




* Wheatstone Bridge -1

o Wheatstone bridge circuit

|
o Definition

+ A combination of four resistances

connected to give a null center value

n

|

+ Interfacing various transducers and Vs

“4

1
L}

sensors to the amplifier circuits

¢ Input vs. output =7?

+ R,:sensing T

¢ R;: “balance” the bridge

e (Ve-Va) QN

Rl_R3_
R, Ry,

* Wheatstone Bridge -2

o Lead compensation

+ If the sensing element is at the end of a long lead
o Original form: temperature change matters

o Three-lead form: “temperature compensation

- Line1: Ry = R3

Original form

Three-lead form
32 L




‘ Wheatstone Bridge -3
|

o Ex: Strain gauges

. A?R = Ge&, G = gauge factor .

Base Grid
Width | Width

. . 7
e G =~2,metal wire ; G = ~100, semiconductos /,4
se Gage Lead
. In In
Active tension compression
gauge
S @
ik
Dummy [l
gauge In In _
compression  tension
|= |= In In
| | tension T compression

One gauge Four gauge

33 ‘-‘

‘ Wheatstone Bridge -4
|

o Ex: Wheatstone bridge light detector

+ Bridge + OP comparator
+ LDR: Light dependent resistor
+ VR;: Balance the bridge circuit at the required light intensity

+ Ex: ORP12, R = 10MQ (dark) > 1000 (light)

+12V
y LDR ) D Jg 1
. 1 U Out
. ORP12 Rs \
10kQ
op-amp R Relay

5 741
) LN P Rs
A )
C Ve IS 1k 2N2222

VRs
gt LDR at Re R, g

nominal light
levels B Ov

34 h‘




‘ Wheatstone Bridge -5
|

o Ex: Wheatstone bridge air conditioner

+ Bridge + OP comparator
A
+ Thermistor (] . r

o Ex:10KQ at 25°C and 100Q at 100°C
o Temperature T; R, 1 ; V, T; OP ON; NPN saturated \

™ Filtering -1
!

o Definition

signal and permitting others to be transmitted

L.

+ The process of removing a certain band of frequencies from a
_\ Pass band

-
Pass band

Frequency I'requency

o Pass band

Signal
transmitted
Signal
transmitted

Y

Low-pass High-pass

fe
fo—f1

-

\

Pass band =
. - . < > < >
[ \ . = Pass bands
Frequency Frequency
pe—unslolth Band-pass Band-stop
S ST (notch filter)
36 b

Quality factor: Q =

Signal
transmitted
Signal
transmitted




™ Filtering -2
|
o Composition

+ Passive: using resistors, capacitors, and inductors

o Disadvantage: The current drawn by the output may change the
R, 1

frequency characteristics of the filter G(s) = ——=——
R{ 1+ R,Cs

+ Active: Using OP

G(s) =
+ Ex: alow-pass filter 2

1+ RCs

C

Input I Output

o Goal: High signal to noise ratio (SNR) (in dB)

= |

™ Filtering -3
|
o Frequency Response: The steady-state

response of the system to a sinusoidal input

A well-studied periodic signal readily
available in many instruments

input ——1 (Stable) linear system, T(s) —— output

r(t) = Asin(wt) y(t) = A|IT(jw)|sin(wt + ¢)

¢p=2T (jw)
m /7<\ Input vs. output
> Same frequency
|
ifferent amplitude & phase angle
W W Diff t litude & ph I

a How to obtain T(jw)? = T(j@)=T(s)ls=je ‘
38 b




! Filtering -4

o Ex: A RC circuit (low-pass filter)

A,
e=rl T ] R T
v Vi V) C=/—w
I C -
G(S) = Ve = Cs = ! \]/ < . i
VR+V, R1+é RCs+1 1(t)
: 1 1 1-j(*/wy) 1
G(jw) = = = 1 = RC, w,=—
(o) JoRO+L  j(®/o)+1  (@/,,)%+1 ‘ " Re
=1 j— /ay) a circle centered at (=, 0)
(w/wl) +1 (w/(’-’l) +1 x:j}
1 _ w
|G((1))| == ® (P((U) == tan2 1(_(,4)_1, 1) ,_h:fgulivcm
J G Trajectory in the 4th quadrant o S

=0 1 0 1 0 ot NN

Riw)

6l

W= wq 1 _l i —45° '\ —
> > \/E Positive @ :
w — 00 0 0 0 —90° I |
HERMIRIEEEEE— MES5126 Mmas =
! Filtering -5
1
T=RC

G(jw)=G(s)

1 1
GdB(a)) = 20log|G(a))| = ZOIOQ(W)Z

s=jw ~ RCs + 1ls=jw =ij+ 1

= —10log(1 + (w1)?) 0
1B

—15

1
w « ; GdB(w) = —10l09(1) =0

10

S jw). dB

201

-20

1

W= Ggp(w) = —10log(2) = —3.01dB

—50°

B w), degrees

1
w> = Gyp(w) = —20log(wT)

—

= —20log(r) — 20log(w) -io

0.1

d(w) = —tan" wt

WMERMRIEATER— MES126 MomAs

When w :%, Gap =0




* Peak Detection
|

o Two methods

+ In microprocessor (software), suitable for low-frequency signals

+ Incircuit, good for high-frequency signals

=R
VARV 2
1 FET Oparnp
FET Oparmp -
Z E1I
Pi
+ BAS45A,
—=ci ©
R Tn o lReset
Eok ]’

P

* Problems with Signals -1
|

o Ground loop

+ Occurring when two points of a circuit both intended to be at

ground reference potential have a potential between them

+ A major cause of noise, hum, and interference in audio, video, and

computer systems
f—= O
1: JE—— J:’)__
(rmu!.\dcd \\\\\ 1 f Giraund loog - } C mded
source _ ‘— B - !“Q.-\.'-l\l.ll:‘l'nt nt
«+ Solution: Electrical isolation ' [ ﬁi
b
o EXx: opto-coupler, transformer L__I¥ — ﬂ_\_




* Problems with Signals -2
|

o Electromagnetic interference

+ Resulting from time-varying electric and magnetic fields

+ EXx: motors, relay coils, fluorescent lamps...

+ Occurring as a result of mutual capacitance between neighboring

conductors

+ Solution: Electric shielding, Use of twisted pairs of wires for

A S
l Earthed shicld of cable
ment

system

interconnections

B e

system

* End

I
o Questions?




