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6.1 Requirements to Amplification

» defined transfer behaviour:

v'Linearity
v’ Amplification independent on aging, fluctuations, environment
influence and voltage supply

* high input sensitivity

 no influence on the measurand: - High input resistance
v'for voltage amplifier very high
v'for current amplifier very low

« stable output: = Low output resistance
* long life time
* low noise

* low energy consumption
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6.2 Structure of Amplifiers i
Equivalent Circuit and Transfer Characteristic %; cnry

FIEIEEL

Negative Input Bias Current
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Input Resistance
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Output Resistance

Positive Input Bias Current ' U,
+ UL Saturation

Important: R
Ouput circuit is galvanically independent Uy

on the input circuit lou
Saturation Y 3




6.2 Structure of Amplifiers

Amplification
Ug =Up-U, D U, =Vy-Ug
Vo open loop voltage gain Real 104 < V, < 107
(Differenzverstarkung) |deal *

V., common mode amplification ~ Ideal 0
(Gleichtaktverstarkung)

Total Amplification
Ua :Vo 'Ud +VCM 'UCM
VO
VCM

MS" Prof. Dr.-Ing. O. Kanoun
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6.2 Structure of Amplifiers
Principle of the Difference Amplifier

[-:11 Uay

u1l N

Uba‘l

Upe1=Uber T =l =) Uni= Upy

User> Upee T L1>> by B Upy>> Uno
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6.2 Structure of Amplifiers
Simple Amplifier

+
|
T1 '|'2 —a
NS L A
Difference Amplifier Output stage
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6.2 Structure of Amplifiers

Integrated Standard Operation Amplifier xx741 (Principle)

+t :l\
L=20pA ]} ~ Ip=300pA (4

Difference Amplifier

| L
i j’_ I 30pF

Ts
Current Mirror U l j
_ E

Second Amplification Stage
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6.2 Structure of Amplifiers
Integrated Standard Operation Amplifier xx741 (Principle)
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6.2 Structure of Amplifiers
Small Signal Equivalent Circuit of an Op-Amps(1)

Offset Voltage
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6.3 Real Behaviour of Amplifiers

Data Sheets

““AT}I‘L LlﬂJf-I'W OFFSETN1 [] 1 g [] NC
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS N-f2  7flVees
IN+[] 3 6 [] OUT
Vee- [ 4 5[] OFFSET N2
SLO3034B — NOVEMBER. 15370 — REVISED SEPTEMEBER. 2000
TEST uAT411, vAT4IM
PARAMETER CONDITIONS Tat T —— UNIT
- ———
25°C 1 )
K [#] Input offsel vollaye W =0 Full range c m
AV|Djacj) ©Offset voltage adjustrange Vo =0 25°C +15 my
= n
1o © Full range 500
li]=} Vg =1 nA
Full range 1200
y COMmOon-mode Input 25"C 112 113
IR v
voltage range Full range +12
R =10 kL2 23"C 12 14
y Maximum neak outpit R 2 10 kL2 Full range 112 y
"oM voltage swing R = 2 k@ 25°C +10 +13
R =2k Full range +10
o R, = 2 k& 25"C o0 2C0
AvD Large-signal _:I_If'erentla L Vimy
voltage amplification Vo =210V Full range 25
20°C 0.3 2 ML
Qutput resistance Vo =0 SeeNotes 25°C 5 €3
|i_|u Capaci ance 25°C 14 oF P. 6-10
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6.3 Real Behaviour of Amplifiers

Data Sheet OPA 365 [Texas Instruments]
2.2V, 50MHz, Low-Noise, Single-Supply Rail-to-Rail

Rail-To-Rail-inputs

—> Input voltages are amplified until the level of the supply voltage distortion-free

CMRR ommon-mode rejection Vic = Viermin 25°C 70 90 4B
- o Full range 70
: : sernsilivi 25°C 30 150
ksvs SL:p;.Iy v layge sensilivily Voo = +8 Vo +15 v VA
(AVI0/AVECC) Full range 150
s Shor-circuit output current 25°C 123 140 mA
| Suppty cuent Vg =0, Noload s RN
cC PEY o-5 Full range 33
o 25°C a0 85
Pp Total power dissipation Vo =0, Noload mw
Full range 100
operating characteristics, Voo =415V, Ta = 25°C
wATAT, uATAIM
FARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
tr Rise time V) - 20 mV, R -2 k&2, 0.3 VL=
Overshoct facior C| = 00 pF, See Figure 1 5%
, L V) =10V, R — 2 ki,
SR Slew rate at unity gain G| - 00 pF. 3ee Figure 1 0.5 Vius

MS" Prof. Dr.-Ing. O. Kanoun
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6.3 Real Behaviour of Amplifiers

uN

. . ] ou
Differential Input Resistance re = 0 B .
(Differenzeingangswiderstand) ;a(ip—i,\,) e ~1GQ...100TQ (ideal e)
] ou
Common Mode Input Resistance r,, = oM .

: : : L, ~1MQ...1TQ (ideal o
(Gleichtakteingangswiderstand) 28(1P+/N ) fom (ideal e)
Output Resistance U, .

fp =—— =
(Ausgangswiderstand ) ST - ra~20Q...100Q (ideal0)
MS" Prof. Dr.-Ing. O. Kanoun
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6.3 Real Behaviour of Amplifiers

Common Mode Input Resistances R;p Ag)p

(Gleichtakteingangswiderstande)

Input Bias Current (Eingangsruhestrome):

(typ. 1 nA...500 nA)
Iy=l- Iy Iy Offset Current (typ. 20 fA...20 nA)

I, =~ 50 A (FET); I, =1 1A (Bipolar)

l|g — Input Bias Current - nA

400 T T T

Vee+=15V
380 — Vee—=-15V
300
250
200 Y
150 \\
100 \\

\"'---.._

0
-60-40 -20 0 20 40 €0 80 100 120 140

Tp, — Free-Air Temperature - °C

l1o = Input Offset Current — nA
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g0
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\
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—
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6.3 Real Behaviour of Amplifiers

Differential Input Voltage (Differenz-Eingangsspannung):
Uy (typ. £ 3V.... £ 30 V)

Common Mode Input Voltage
(Gleichtakteingangsspannung):
Ucw (typ. £13V.. £16V )

Input voltage relative to ground

Output Voltage Swing (Ausgangsspannungshub):
Uamax (typ. 27 V.... 32 V)

Maximal value of the output voltage without
amplitude limitation

Rail-to-Rail
-> output voltage swing next the voltage supply V¢

Prof. Dr.-Ing. O. Kanoun
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6.3 Real Behaviour of Amplifiers

Input-Offset Voltage U, (Offset-Spannung): ,T\
(typ. 0,5 pV... 5 mV) ’p\T/
T

RCMN
Voltage between difference inputs, so that ;go
. o ~
the output voltage 0V is reached =)+ R

Udl
O

T P |,
hy \l/ I;IRCMP

maximal output voltage

Uu min

Prof. Dr.-Ing. O. Kanoun
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6.3 Real Behaviour of Amplifiers

Offset Voltage Drift (Offsetspannungsdrift):
(typ. 0,01 pV/°C ... 15 pV/°C)

J J
AU U0 At ﬁAUV + 950 4
v Uy ot
INPUT BIAS CURRENT vs TEMPERATURE
1000 —
Input Current Drift (Eingangsstromdrift): . [OPA 365, TI] —
(typ. 10 TA/C ... 1 PA/C) o
% 600 /i
P 2 500
a(lp’ln) 3 400 /
819 Uy=const.,U,=const. -0 f
200
100
0 e
50 - 5 50 75 100 125

Temperature (° C)

Different behaviour compared to pA 741 (see Page 13)

MS" Prof. Dr.-Ing. O. Kanoun
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6.3 Real Behaviour of Amplifiers

Vo

Transfer Function Uj(w)
G(w) = =
Corresponds to the complex amplification Up(w) (
f-| ~ 10 Hz
110
.ﬁL I TTE 11T
100 Vecc+ =15V
— \-... Vec-==-15V
= 90 1“" Vao=1+10V
= p—
T | "oz
£ 1 70 \'h i
Eﬂ- E \\"h
c m &0
o 2
@ = 50 >
=2 b
o E ’ A
35 * /
£ E - N
QL g 20 dB /| Decade I
[
q} 10 "l,.'.
ﬂ |
—10 {
1 10 100 1k 10k 100k 1M

MS" Prof. Dr.-Ing. O. Kanoun
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6.3 Real Behaviour of Amplifiers

Feedback (Closed Loop)

x, =k (x, - xg)z K (x, —kgxa)

Xe 1 K
Xg L K,
Advantages:

v

X a |
K 1
Xa:—'xe:
1+kkg

1T e
k,+kg

zixe flir kK — oo
kg

- Smaller amplification, but just dependent on k, if k' is sufficently high
—> Selection of stabile circuit elements
—> independence on changes of amplifier properties

« Band width (Frequenzbereich) becomes higher.

- Input resistance of voltage Amplifiers / and by Current Amplifiers \

» Output resistance \ by voltage output and and / by current output

MS" Prof. Dr.-Ing. O. Kanoun
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6.3 Real Behaviour of Amplifiers
Feedback (Closed Loop)

Amplification A L
Amplification V 4(f)
Kk ]
| : Ampilification of the
1+ k k < : system with feed
9 |
| back
k { : \
1 + k kg 1 flt ' ! ' f)-
g f-(1+Kk,)

MS" Prof. Dr.-Ing. O. Kanoun

-~ PEhulzdsuMigablessemcidrSensmtifechnology P.6-19



6.3 Real Behaviour of Amplifiers

Gain-Bandwidth-Product (Verstarkungs-Bandbreite-Produkt ): GBW
(typ. 0.8 MHz..3 MHz)

In the sector in which the ampilification is sinking with 20 dB/Dekade, the product of
frequency and corresponding amplification is constant.

Verstarkung [dB)

GBW = Vj - fyg

----- log (f/fgy)

MS" Prof. Dr.-Ing. O. Kanoun
N
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6.3 Real Behaviour of Amplifiers

Slew Rate (Maximale Anstiegssteilheit):
SWR (typ. 0.5 V/us...50 V/us)

SWR is the maximum possible chang
the output voltage pro Time Unit

SWR = (BU_AJ
ot max

Vg -Output Voltage - mV

MS" Prof. Dr.-Ing. O. Kanoun
N
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6.3 Real Behaviour of Amplifiers

100
2 Vece=15V
Common Mode Rejection Ratio s N Vee-=-18V 7]
(Gleichtaktunterdriickung ): CMRR 5 @ “*\ g
(typ. 80dB...120dB) g 10 N
Proportion of the open voltage gain to 2 e A
the common mode gain - \
B 50 \
% 40 \\
g a0 \,\
CMR:ZO-IQ(LJ:BO--JZOdB v 2
VCM % 10
1]
i 100 10K 1M 100M

f— Freguency — Hz

Supply Voltage Rejection (Betriebsspannungsunterdriickung ): SVR
(typ. -60dB..-100dB)
Proportion of the offset voltage change related to the changes of the voltage supply

Signal-Noise-Ratio: SNR

MS" Prof. Dr.-Ing. O. Kanoun
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6.3 Real Behaviour of Amplifiers
Families of Op-Amps

OPERATIONAL AMPLIFIERS

LOW INSUT CURRENT

3130 355
a0 356 OP-DE
3160 308 OPA-1D3

GENERAL PURPOSE

M1 X4 356 58
747 301 308 353
1458 3140 156 351

COMPARATOAS

311 307 Cwe-01
339 3140 360

LOW NGISE
QP-227 0OPA-103
OFA-100 OP-227
OPA-27 OP-27

LOW POWER
308 36 oP-21
372 1902 OF-720
324 LM10 OP-4200

LOwW DRIFT

308 387 3510
385 775 0OFA-103
356 3291 35N

'WIDE BANDWIDTH SINGLE DC SUPPLY
356 OPA-101 OF-01 LM10 2800 3300
3130 3E53 BUF-03 T4 3130 M4
353 3580 am k8 I¥ 340

HIGH WOLTAGE

MULTIPLE DEVICES

343 31680 747 339 347 302
Jaa 3584 1458 2900 353 '
3180 3580 | 324 3900 149 37

LIMITED/SPECIAL

IS53AM 200 318

346 1356

733 4250

INSTRUMENTATION
AMPLIFIERS
352 INA-10S  INA-1D1
363 382%6 FGA-100
321 AMP-01 3679

Chair for Measurement and Sensor Technology

M5" Prof. Dr.-Ing. O. Kanoun
g

P. 6-23



6.3 Real Behaviour of Amplifiers
ldeal Amplifier

,IS a useful Model for amplification circuits”

/

e [ S0 o— - - any l,, U, are possible

e
e Ug—0 Ue « very high difference

o U amplification
a

 High input resistance V 5

B. oo 2 + Common mode amplification

e

VG/ —0

low output resistance
R, —0

no cut-off frequency

MS" Prof. Dr.-Ing. O. Kanoun
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6.4 Correction of the Real Behavior

Frequency Behaviour
Open Loop Amplification

U
201g =2 | 700

°7 B

fq cut-off frequency

20 dB/ Decade

I 60 %_J—dﬁ -Punkt
) . .
40\ iIdeal behaviour
e fr -
20 . Ko
W, L1 | o f
7 70 10 Tk Wk W0k Hz T0M 1+ I+
;o g

MS" Prof. Dr.-Ing. O. Kanoun
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6.4 Correction of the Real Behavior
Frequency Behaviour

c. .— Frequency Behaviour
H Correction
. —_
_|..
Ue| 'd U
—— |
Differenzverstarker Darlingtonstufe K H
1054 = ~-
1044 \\\'
Cw=30pF'\ \Ck=3pF
103‘“‘ \\ *
102 \\\\
« Smaller band width AN \
« Slew-Rate reduction 10 ' AR
\ \
1 | J | | LNy |

| I T ™~ V R
1 10 100 1k 10k 100k MM 10M_£_.
y A

angepalte Frequenzgangkorrektur

Msr Prof. Dr.-Ing. O. Kanoun
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6.4 Correction of the Real Behavior

Frequency Behaviour Real amplifier
- Many amplification stages

)&)* k': ko
@ 1+'L 1+ f 1+ f
- ey

y Y

g. | unkorrigiert
\

N\
\
N\
A
3 A -
10M {
1JN‘ | H_Z
1 -{ o
o
@ korruguert/ |(P| z 180. :
; O rin=65° - Oscillation
-18 3 T T T T T e GRS RN S e e sSe= =—nes s e— - - —l T |_ —i'
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6.4 Correction of the Real Behavior
Frequency Behaviour

Verstarkung |dB)|

e Closed loop
4 - lower amplification
' - more band width
91 9 Vifg1 = V10 fg10
il ke i e = V100 fg100 =1
20 = h—---' ----------------------------
Y 1 A A e log (f/fy)

For every amplification level, a different compensation is necessary

A transimpedance amplifier is a special amplifier with very high band width and
a variable amplification

MS" Prof. Dr.-Ing. O. Kanoun
N
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6.4 Correction of the Real Behavior
Zero Point Error

How can we treat offset voltages and input bias currents?

Sohln

—O- O

—_ —|:I:D—l
RO

CD.‘
e

—

=]

Ry
®

Application of the superposition principle

Example: u/u amplifier

Y& Prof. Dr.-Ing. O. Kanoun
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6.4 Correction of the Real Behavior
Zero Point Error

Superposition Principle
« The reaction on every source of errror is considererd alone:

...... additionally available voltage sources are short-circuited
...... additionally available current sources are broken

* The results are added to each other

Y
o

R, Y%
O J@/ + R
Usg 1 IE o
U l<=> ° ) @Mu ‘+‘ ;__F:)
1 u,
N 1 I M
! / u R
T R .

&Y Prof. Dr.-Ing. O. Kanoun
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6.4 Correction of the Real Behavior
Zero Point Error

Influence of Off-Set Voltage

p

A, Uo
N )\
Z/ + R
U 1 ‘: o
T
R, u
3 T ’
1
;g/n Ug l - Ry 2
Uq = O, I,D = ln = O
Input Mesh: U, —Ug =0 U,(U,) = R1;R2 -Up
2

MS" Prof. Dr.-Ing. O. Kanoun
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6.4 Correction of the Real Behavior

Zero Point Error

Influence of Input Bias Current

b

UO
kS - I
- |

R
W — & s |

-
0 | i
| u R
Tr M
Influence of I, u,=0, U,=0, I,=0
R, +R
Input Mesh: I, flows over R, U,(1,) :—1R =R, -1,
2

Influence of [, U,=0, Uy,=0, [,=0

p

I, flows to the node between R,und R, U, =(I,+15)- R,

Input Mesh: U =0 [ =-I, U,(l.)=-R,-1

P. 6-32



6.4 Correction of the Real Behavior

Zero Point Error l/p
R LU
q ) \l/ ;__—3
° S
u o
Uq l<=> °
Ua
of "
N

Superposition principle

R +R R, R
UuUpn Uil ) = =5 z.(uq+uo+/qq./p AR /]

Compensation for R.=R, || R,

R+ R



6.4 Correction of the Real Behavior
Zero Point Error

Noninverting Amplifier

* Input bias currents flowing through the resistances at the input are acting like an off-set voltage
« If the resistances are equal to each other, no difference voltage is amplified

O ; L / J\J:%

/?7
I i
Rr+R
Rg
MS" Prof. Dr.-Ing. O. Kanoun
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6.4 Correction of the Real Behavior
Zero Point Error

Inverting Amplifier

U, (Uo) =(1+ij-uo
R

E
- The Offset voltage is not amplified!

A5
Ua(ln) = _RGln
lg .
"

bt o .
I, over Rp, has a similar influence to Uy

Iq e Rq [///1

R
’ 9 Uit :[1+;J-RDp/p—Rg/,,

q

_ RGRQ
RDP - Rq n RG [> Ua(lpﬂln) - RgIO

M T Prof. Dr.-Ing. O. Kanoun
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6.4 Correction of the Real Behavior
Noise

rauschfreier Reduction of the Signal-to-

Sté”‘er Noise- Ratio

Rausch- Rausch-
spannungsqucllic stromquclic
\-.\ :
o— - - —0
rl.'
Uy N Up
'T'R
o - 4B —0
Vierpol mit
rauschender Verstiirker Rauschquellen  rauschfrcicr Verstérker
Msr Prof. Dr.-Ing. O. Kanoun
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6.5 Instrumentation Amplifier (1)

... Is a precision amplifier
with difference input and
an output related to the ground

Subtraction
R,

>

U1 l —O0

? +

o— ] l Ya
uzé R, R, | .

R, _ K [> vk
R, R, R,

But a high input impedance is not easy to realise!

MS" Prof. Dr.-Ing. O. Kanoun

<~ GChair for Measurement and Sensor Technology

P. 6-37



6.5 Instrumentation Amplifier (2)

Impedance converter for amplification of difference voltages

For example for Bridges

V1
Oy
U]
L
e
a - L
. 1 RZ
,_Uzl- N | U = %(U )
A :

D Amplification changes only by changing two resistances!

77 Prof. Dr.-Ing. O. Kanoun
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6.5 Instrumentation Amplifier (3)

Impedance Converter

U=
R
V=l (R +R,)+U,
W =l R
T U=V-V
U, = Iy (R, +2R,)

MS" Prof. Dr.-Ing. O. Kanoun
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6.6 Applications of Inverting Amplifier

Multiplication

1 2 2
Uy - U :Z[(U1 +Up ) = (U - ) ]

u {U-;LII.]'?

T |
UI-{L r ? % X
L Ll

1

u 5

(Ug-ig)?

R | S
*-[:I‘ [
b—o—m--—
R -[u,- U5)

zﬁ | L I}

/4 1

4R

e. g. Thermal Transducer

MS" Prof. Dr.-Ing. O. Kanoun
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6.6 Applications of Inverting Amplifier

Division R
Ig g /— o
< [ 1o Xk luz
h R, | Uy
o— | \ 2 _?_
O
u1\ / lua
N
el
u, =k u,u,
g:Ug:kUaU2: 1:_i U :_&u_l
g
R, R, R |
u R, u

MS" Prof. Dr.-Ing. O. Kanoun
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i, =kg u,

Y

sl

I->U

6.6 Applications of Inverting Amplifier
Realisation of arithmetic operations by closed loop

(Generalization)

The amplification in the forward direction should be always the
inverse operation to the element in the feedback

Forward Amplification
divide

Feedback Amplification

Multiply

v

square root
integrate

» square

differenciate

v

logarithmize ———» exponentiate

P. 6-42



6.6 Applications of Inverting Amplifier
Charge Amplifier for Piezoelectric Sensors

| : o Q Charge
++++ _
Q=kF F Force
L ] O [AS]
1 k Transfer Faktor .
F=pA _:
[N]
F UqA
Electric polarized Crystals,
Fo+ Uy + e.g. SiO, (Quarz
> k s N o v o
t s [-' @ @ &
9= ACq M
F
. “1s P
Output voltage should be integrated!
D D D
5+ 5+

MS" Prof. Dr.-Ing. O. Kanoun 13
N
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6.6 Applications of Inverting Amplifier
Charge Amplifier

u(t) Charge Q(t) = Ji(t)dt

| oy 9Ot __ dua(t
10 | N ot ot

+ u 1
f l A = | ua(t)=-- QM)
hid bl

Problem: Input bias currents will be also integrated!

@ ——
—
—_
~
N
[l
|
|

MS" Prof. Dr.-Ing. O. Kanoun
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6.6 Applications of Inverting Amplifier
Regulator Circuits (1)

P-Regulator Simple Amplifier

|-Regulator Integration

Pl-Regulator
RQ Cg
] ||
e R ” u,= Rgu 1 ju dt
o] * R, ° RC,C

IS o
7

MS" Prof. Dr.-Ing. O. Kanoun
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6.6 Applications of Inverting Amplifier
Regulator Circuits (2)

PID- Regulator

b
R
u,=-— 9+Ce ue—RgCedue— L _[uedt
R, C, dt .Cy

MS" Prof. Dr.-Ing. O. Kanoun
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6.6 Applications of Inverting Amplifier

Time Domain

g(t): pulse response X,(t) = X, (1) * g(t)
h(t): Step response g(t) = %h(t)

Frequency Domain

Transfer Function G(p) _ ﬁ(g(t)) _ Xa p) _ f(Xa(t)) o'c‘);
J

G+ joo
h(t) = g(%j — i % . ePldt
p ) 2 p

Frequency Response (Fourier-Transformed)

F(jo) = j_"; g(t)- e dt = Fourier(g(t))
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6.6 Applications of Inverting Amplifier
Realisation of Defined Transfer Functions (1)

Short Circuit Kernel Impedance
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6.6 Applications of Inverting Amplifier

Realisation of Defined Transfer Functions (2)

Circuit Short Circuit Kernel Impedance
g R (
A+ .
R RC
o— -0 S
4
[:lj__] 1.1
r C gi 1l

R+R1
s 4+
C1+C2 RRI(C1+C2)

Clcz S(S+ 1 )
Rlcz

S=p
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6.6 Applications of Inverting Amplifier

Realisation of Defined Transfer Functions (3)

Low pass filter
e

PID-Regulator
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6.6 Applications of Inverting Amplifier

Realisation of Defined Transfer Functions (3)
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6.7 Active Filters

Filter: Circuit with a frequency dependent frequency response

10 —
1\‘ Low pass
Attenuation Band | log ®
[H o) : |
[ High pass
log ®
|H (m)l —
,fl' T, Band pass
log w

|H (m)l B 1V Notch

Passive Filter: R, L, C - Filter Dsperr lOG ®

Active Filter: Op-Amps, No Inductivities 53



6.7 Active Filters

Properties of real filters

Ripple in the pass band

Tiefpass

ldealtunkition

Realfunktion

Sperrbereich

-

Jo s Ripple in the attenuation band

1

V2

Cut-off frequency: decay of the modulus by (—-3dB)



6.7 Active Filters

Low pass- Filter 18t order

R
o] . 1
uel —C lua (p)_1+RCp

o, O

One negative Pol

Transfer Function of a Filter of order n

G(p) = /:\0 C. real Filter-Coefficients
1+ ch_pi N Order of the filter
=1

- n negative pols
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6.7 Active Filters

Low pass filter High pass filter
R C
In CI Out In RI | Out
@ o T o) (@ o— o
L R
o—{1 O
In R Out n Lg Out
) o o b) o— 0

1 R,
il —
R1 | R2 C, C,
o o—1 I—l-—l
In c, Out In R, Out
(e I O Oo— —O0
(c) R,=R, (c) c,=C,



6.7 Active Filters

Properties of different filter types

GauB (1):

Bessel (2):

Butterworth (3):

Tschebyscheff (4):

04+

flat amplitude characteristic

Optimal Transfer of square pulses for f < f
group delay time indipendent on , low ripple.

Amplitude characteristic optimized for f < f;, constant.

Filter with riple e = 0,5 dB

Group delay time
. __9do
¢ ot

Normed group delay time

()
—___ &
T, =——%t

2w ¥
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6.7 Active Filters

Amplitude characteristic of active Filter of 4! Order

IF/dB [ | : ! i
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T T Y i i |
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0/o,

Amplitudengange von Tiefpassen 4. Ordnung
1 Gauld (krit. Dampfq.), 2 Bessel, 3 Butterworth, 4 Tschebyscheff
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6.7 Active Filters

1 RC with critical damping

2 Bessel

3 Butterworth

4 Tschebyscheff with 3 dB ripples

Butterworth
- maximal constant
frequency response
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6.7 Active Filters

rqr
25 ¢

1 RC with critical damping

2 Bessel

3 Butterworth

4 Tschebyscheff with 3 dB ripples

Bessel 0* N -
- Group delay time
independent on frequency - 90° 1

in the pass Band
-180° +

-270° +

-360° 4
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N
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6.7 Active Filters

Active Filter 2@ Order Multiple feedback
i
G(S) = A - Rz[] T6
1+aS+a,S Ry R
' Ue i g
S = P _ JO -% ICZ
O)Q (DQ _
G(S) _ Rz/R1

1+ (1)901(/-'1’2 +R, + R;R3 ]S+ o;C,C,R,R,S’

1

Comparison of Coefficients> A = _i

R1
a = a)gC{R2 + R, + R;R3]

1

a, = w,C,C,R,R,
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6.7 Active Filters
Active Filter 2nd Order

A, *>
G(S) = > |
1+aS+a,S Rz[] L
R [ -
ot} }—o—|-
Ue 1 -0
1. +—>_* :
9 1 }_
R, Capacitance values are given
AO __E R Cz 432(1_’40)
2 C1 - a12

o _aC,—\aiC; -4CC,a,(1- A)
° 47f C,C,
a
R, = 2
> 47*f?C,C,R,
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6.7 Active Filters

General

Galn
Vout

Gain

24 | 4% + 4 [1-Gam )

Ls | Z3Zs Zj
Low pass High pass Band pass
Z,= open Z,=open Z,=open
Z3=1/S C1 ZS= R1 ZS=1/S C1
Z4= Rz Z4=1/S CZ Z4=1/S Cz
25=1/S Cz Z5= Rz Z5=R3// C3
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6.7 Active Filters

General

1. k=2.144
Tschebyscheff-
Filter (2dB)

2.k=1,686
Butterworth-
Filter

3. k=1.286
Bessel-Filter

4. k=1 kritische
Dampfung - - -
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6.7 Active Filters
Positive Feed Back Low Pass Amplifier 2" Order

Transfer function
G(S) — 1 S S Amplification is hold on a
Tao+a specific value
A=a

A = (Ug[C1 (R1 T Rz)'l' (1 - 05)/:1’102]
a, = w,C,C,R,R,

MS" Prof. Dr.-Ing. O. Kanoun
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6.7 Active Filters
Positive Feed Back Low Pass Amplifier 2" Order

Special case: -
.']
Fir R,=R,=R,=R und C,=C,=C -
1=N=Ng3 1=\V2 R Ry U
A=a foe—0
:(::;7 - Rs(a-1)
a =w,RC(1-a) U I 3 |
=
3
a, = (a) RC)Z v v
’ 2 4 =2
Critic Bessel- Butterworth- Tschebyscheft-Filter
Damping Filter Filter with 1 dB ripple
o 1,0 1,268 1,856 1,955

D a defines the filter typ
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6.7 Active Filters
Positive Feedback High Pass Filter

R
C 2 ¢,
o it - +
U,_.l ) 0
N R, (ot-1)Ry on
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6.7 Active Filters

Band Pass Filter with a Simple Positive Feed Back

j_ | CI ?R { (k-DR, le_UO
i

R1 0 T
, \

l 10 ] \ ~ 5

Efzo \ [~

E 7

4-30 L

1 [—qQ=1—q=10] ™ -

Resonance frequency fr = 5 7 O ; =
(EXtreme IOW dampi ng) ﬂ- Amplitudengang fiir Bandpassfilter 2. Ordnung 1:11; der Giite Q =1 und Q =10

920
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3 - k ._ 0 \\
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0

=

Amoplification at £, A =

. . f 1 -30 [—Q=1—q=10] T AN
Performance of rejection Q=-L = L
Af 33—k > —
- 0.1 1 o — 10

Phasengang fiir Bandpassfilter 2. Ordnung mit der Giite Q =1 und Q = 10



6.7 Active Filters
Aktives Doppel-T-Sperrfilter, Notch-Filter

c
I
L]
o—1 k. U.
Uel '—l,R, o
i {k‘ﬂRl luu
Ry
1 10 T TTTTTg T T 1171113
Resonance frequency fr = :
(unfinite barrier effect) 27 RC
Amplification Ay =k

Performance of rejection Q= fr =
Af  2(2-Kk)




