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Amplifiers principles,
frequency effects
&
some other parameters

Jerzy S. Witkowski
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Response of an AC amp

Ay [V/V]

voltage amplification - gain

| — — f- [Hz)
fir 1 of, 0161 ' f frequency
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Low/Mid/High frequency

A VY]

| Midband

[ — — f- [Hz]
fil 1 1of, 0.1f," | f, frequency

Below Midband Above Midband
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Low/wmid/High frequency

A VY]

f - [Hz]
frequency
L10f, 0.1, I f,
Midband Above Midband
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Low/mid/High frequency

A [VIV]

Aumi

f-[Hz]
frequency
[ f‘i L 10f, 0_"2; A Above Midband
Below Midband Midband A = A
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Low/Mid/High frequency

Avig A

Vimid

"D | T iene

Assumption:
One dominant capacitor is producing lower cutoff frequency
One dominant capacitor is producing high cutoff frequency

-”first order poles”
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DC amplifier

A VY]

AImid

0707 g™ [~ N

f - [Hz]
frequency

0.1f,'

Bandwith

A

High frequecies
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DC amplifier

~ A'Vmid

()

AVmuI

- (1 v chzs)

Assumption:

One dominant capacitor determines the upper cutoff frequency
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Decibel power gain

review of logarithms

x=10" = y=log,,(x) =log(x)

log(1) =1log(10°) =0
log(10) =1

log(100) =2
log(1000) =3

log(ab) =1log(a) +1log(b)

log(§> =log(a) ~log(b)

log(1)=0
log(0.1) =-1
log(0.01) =2
1og(0.001) = -3
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Decibel power gain - A4z,

Ap s =10log| —2= | =10log(A,)
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Decibel power gain

- important numbers

=10*10 100 20
=10'22 40 +16
=102 20 +13
10 10 +10 =
=212 4 +6
2 2 +3 =
1/2 0.5 -3 =
=(1/2)* (172) 0.25 -6
=(1/10) 0.1 -10 a=
=(1/2)*(1/10) 0.05 -13
=(1/2)*(1/2)*(1/10) 0.025 -16
=(1/10)*(1/10) 0.01 -20
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Decibel power gain

- important numbers

Ay (factor) Apas)

10 10 +10

amplification 2 2 3
attenuation 1/2 0.5 -3
1/10 0.1 -10
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Decibel voltage gain

voltage gain:

voltage gain in dB:

Ap 4z =20log

U)ut —_
U(. =20log(A,)

mn
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Decibel voltage gain

- important numbers

=10*10 100 40
10 10 +20
=22 4 +12
2 2 +6
=1.41 \2 +3
=0.707 1/72 -3
1/2 0.5 -6
=(1/2) * (1/2) 0.25 -6
=(1/10) 0.1 -20
=(1/10)*(1/10) 0.01 -40
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Decibel voltage gain

- important numbers

A, (factor) Avas)
10 10 +20
2 2 +6
=1.41 \2 +3
=0.707 1/42 =3
1/2 0.5 -6
1/10 0.1 -20
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Response of an AC amp

Ap [W/W] A, [V/V]

Aln“d A/mvd Avad

L10f,  0.1f,] ' f, f-[HZ]
' frequency
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Response of an AC amp

Ap [dB] A [dB]

Avmid Aomi
Apmia Avmis mid Apmid

| I fil liof,  0.4f,0 ' f, f-[Hz]
' frequency

-3dB= power decreases twice and voltage V2 times
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Cutoff frequencies

Cutoff frequencies

Cutoff frequencies

-3dB= power decreases twice
and voltage decreasesv2=0.707 times




U
Ay :Uiom =A, [4,

in

A =A +A

V(dB) V1(dB) V2(dB)
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[dB] vs.[V/V]
an example

AV(dB) = AVl(dB) + AVZ(dB) =26+40=66dB

66dB = 6dB +20dB + 40dB
Pt
66dB — x2x10x100=2000[V /V]

Decibels above a REFERENCE

dBm, dBp, dBV.....

PldBm] = 1010g(fw1‘;/]j

m

_ Ulv]
UldBul= 2010g[1,uV j

UldBV]= 2010g(U1[VV]j




Some more dB

« dBi (isotropic antenna)
« dBc (carrir)
« dBA

dBm an exampl

Pow= 23dBm = 10dBm-+13dB
(200mW)

« cutoff frequecies ?

« dB for voltage and power gains
« dB vs. factors (3,6,10,20 dB)

o dBm, dBu, dBV ?
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Bode plots
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Bode plots

-logarithmic scales

A [dB] A [V/V]

voltage amplification - gain

Aumi

f - [Hz]
frequency

0.1 N 10 100

decades
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Bode plot

A [dB]

Almid
Ama |- R
A 348 |- N

— — - [Hz]
fil 1 1of, 0.1, ' f, \I frequency

20dB/decade -20dB/decade
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Bode plot - low f

A, [dB]
Avmid
Amig-3dB
}, . i H ' ' N f - [Hz]
20dB/decade ¥ i | f, | i 10f, 0.1f,; ' f, \ frequency

q \
/' v \
i ] \
fo fa -20dB/decade
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Bode plot

- 20dB/decade ?7?

=~ A
A ~ﬁ
= /)
( f
I
1+ T, 2 2
/da-udazz(JlogLifu::2m ( f“): :201«)gi“,+[‘ A

\am N7 M\]H(f’f e
! ldecade = % =10

Jorfy << h

a

2 2 2
Ay, ! decade =201og % LI ZOIOg% =20log(0.1) = +20[dB/ dec
" 7

b 1

A, [dB]
Avmid
Amig-3dB
b T T f- [Hz]
20dB/dec f1; i 10f, 0.1f,0  'f1 1 N frequency

y Lo \
y o \
| \
‘ fo o
-20dB/dec
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Bode plot
- 20dB/decade ???
= Avia
y(77)
Af)

Ay decade=20log

=201
A

' 1 =
ldecade A) 0.1
Jor fy >> 1

2 2
Ay ! decade =201log % =20 log% =201og(0.1) = ~20[dB/ dec]
c+

b 2 b
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Bode plot

+ simplified frequency response

A, [dB]

ZOdB/decade,I' i S frequency
R/ f, f, N
‘ ‘ \

f - [Hz]
-20dB/decade
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20dB/dec = 6dB/oct

r 2 .2 ,
Ay 45 | decade =20log % = ZOIOgL =201og(0.1) =-20[dB/ dec]
fi v f 1

- AR Ju = 1
/oct =20log . [“5—2% =20log~%+ =20log(<) = —6[dB/ oct
Ay ! 0C og sz +fe 0g 7 Og(z) I oct]

11
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1

ESNEETN] fi=100Hz ; f;=100kHz
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Bode plot

op amp example

Open Loop Frequency Response
10 T T
— Vg =+15V —
g g [\
z NN
< \
@70 N\ LF357
20dB ] N\
2 N~ LF156
3
g " LF155 ANA
2 NN
) NN
S NN
AN
-10
10 100 1k !(lk 100k 1M 10M
decade
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20dB/decade slope derivation

i o

| 1
wolUuo R 1 1 N D T
U R e 1 Yk 1%%%0 Y 1y
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Bode plots - phase
siplified plot

Avmia
Armig-38 -

20dB/decade ' '

- T T N f - [Hz]

’ 1 | N frequency
// ify f2 AN
' i \

00 4900 -t e
450 +450. :
-900
1350 450 -]
21800 =900 - R ——
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Bode plot -phase

- real plot
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Higher order Bode plots

simplified plot

A‘lmid B
Avmia-3dB ;

20dB/dec

40dB/dec
f- [Hz]

+180° frequency

+900 -
+450 -

-450
_900
-1800

T2
’2 Wroclaw University of Technology

Slope vs. phase

frequency
ﬂﬂ
M 4270 +180 +9 90 -180 -270
Tansfer g3 -2 -5 const ~1/s ~1/s2 ~1/s3
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rise time vs. bandwith

14



09= [1 —e'?'c] ===
) T, =t, —1, = RCIn(9) = 2.2RC
09= [1 —e K ] = - =109
RC
_ 1
= me
035 _
TR - - TF
f2 035=—_ 21
0% o0,)
Assumption:
One dominant capacitor is producing high cutoff frequency

[
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Simulink analysis - low pass filter

A(OHz)=-6dB

f,=5.134Hz
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Simulink analysis - l.p. result

AC Analysis
-6dB
-9dB
.
H
Frequency 01
w
m
0 L3 W o
Frequency 04)

15



Transient Analysis

_035_035 _
. ROOFT R 5134
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Simulink analysis - high pass filter

A(®Hz)=-6dB

f,=1.283Hz
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Simulink analysis - h.p. result

AC Analysis
-6dB
-9dB
,,,,,,,,
45degi
” TFrequency (Hz)

16
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A few examples

R1 o]
R2

I T R Y
5k1

100n 10k 105Hz -3.6dB
10k 100n 5k1 105Hz -9.5dB
10k 220n 5k1 50Hz -9.5dB
10k 100n 51k 26Hz -1.6dB
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A few examples

R1

R2 C

|

[ R w2 a0
1n

10k 5k1 105Hz -9.5dB
5k1 10k 1n 105Hz -3.6dB
5k1 10k 2n2 53Hz -3.6dB
k51 10k 1n 26Hz -0.4dB

C1 Uin

R1 Uout A RiCy > Ry
R2 Cc2

I Uout N RyC, < RyC,

Uout A RiCy = RyCy

v

17
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Bode plot - conclusions

« the absolute value and the phase of transfer
function are correlated (exceptions exists)

« for circuits with one dominant capacitor (first
order t. function) the gain rise/fall (low/high
frequency) 20dB/dec =6dB/oct

« for cutoff frequencies (-/+3dB below
maximum gain) the pase is +/- 45deg

» when the gain rise/fall 20dB/dec the phase is
+/-90deg

» compensated divider- perfect pulse response-
flat frequency response

Wroclaw University of Technology

Problems

(Amplifiers principles, Bode plots)

» What isdB ?

o dB (3,+6,+10,+20) vs. [V/V] and [W/W]
» What is dBu, dBm, dBV ?

» What is idea of Bode plots ?

» Draw Bode plot for low-/high- pass first
order filter.

» What is the idea of compensated divider ?

Power
amplification

18
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Voltage amplfication

unloaded amp

-~ e
Rout
Ui Rir Uou=Eout
Eou=UnAvo
-~ ——e

A, = A

vV Vo
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Voltage amplfication

loaded amp
e
Rout
Us Ra Uo R
Ecu=UinAvo
-
AV - Uout = Zout Uout = A RL
Vo
Uin i Eout RL + Rout
TIP:
This A, usually announced in advertisements
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Effective voltage amplification

-unmatched circuit

Re
Rout
U Rin Uout R
Eg
Eou=UinAvo
AV = Uoul = Eoul U(ml :AVO RL
Uin U[n Emu RL +Roul
def
A ; Uoul = Uin E(ml U(ml = Rin RL = }A
Veff Vo v
EG EG Uin Enut RG + Rin RL +R0ur
[N /N )
y Ay

19



U Rin Uout R
Eg
Eou=UinAvo
2 2
- Ui, p =Zou
in R out R
in L
2
A = P(ml - [Uouz j R[n - (A )2 Rm
P 4
Pm Uirl RL RL

[
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Voltage vs. power amplification

in dB case R,,;=0; R;,==
R, Rin=>  Rou=0

Rout
Rin
Eg
Eou=UinAvo

E
Ay =Fo = Vo | By pRa
F, \U, ) R, R,

Uout R

TIP:

Operational amplifier has infinite power gain
-input power is zero !!!!
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Power amplification

Re
Rout
U Rin Uout R
Eg
Eou=UinAvo
2 2
- U, P = %
in R out R
in L
2
A = Pouz - [U(WJ Rm - (A'V )2 R[n
p
Pirl Uirl RL RL

20



power amplification

in dB

U Rin Uout R

Eou=UinAvo

2
P, (U, VR JR,
A, =T :[Tlﬂwj D (Av)

Fus | = AVAR Ui R, R,
[ 2 2 v e o 2 4 o )

R,
AP(dB) = AV(dB) +1010g(R7mj

L

g
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Avaliable input/output power

--)(maximum) avilable power gain

Rout
Ui Riy Uout R
Es
Eou=UirAvo
E2

U2

2 Py =~

P =730 . 4R,
4R,

Available power gain= (Available output power)/(Available input power)

2

P (U ) Bo (4 ¥ Re (R, R\ R,
APﬂHwMMr P [ EG ] R (AVL’IT)/ R RG +R,” AVO R +RL R

inmax. out out out out

Rou.
Un Rin Vet R
Available power gain = Es
Ecu=UpAvo
_ Available output power
Available input power P El :Li P = E:‘W :U:‘W
mmax = e~ R, R, oumas = R, R,

o Pume (Eu ) Re (Vi) R
‘P-available P EG R U RL

inmax out in

R, R, R; =R,
A aitabia = Apcasy = Avasy +10 IOg(R ] = Ayap) +1010g(FG] =R
L L our — 1Y

21
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---- for matched circuits

- the most offten case Rg=R, =R, =R,=R

Ui R Uout

U 2 E2
2 2 P = =P = et
poVi_p _E =R = P =0
R 4R

Available power gain= Available output power)/(Available input power)

m{] i A A b

A '~available
ot = p Eg P, U o

(an 6B |

in

‘AP(dB) = AP(dB)—available = AV(dB) = AVejf

¥
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---- for matched circuits

another approach

- the most offten case R;=R, =R, =R =R

EwmUA

H - ,

E; 1
U= i [Avn EJ

_ Eza,
16R

T Aﬁ%:[%]z ‘AP[dB]zAV[dB]‘
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500hm system

P, =A,, =100dB; A,=10"0=10"; A, =10"" =100000|

23dB 36dB 41dB
R=50Q
Ee
500 500 500 500 500 50Q
Fuy = Ay =23B Py = Ay =36dB P = Ay = 41dB

ap = vap

A, =107 =200
A, =107 =14.1=4200

4, =10% = 3081
4, =107 =63.1

A, =10%0 =12589
A =10 =112

22
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dBm vs. dBp

B,
ImW

Py, =10log
P, 2
P, =1mW 00 o =%

U =\1mW [ROO 71°
”,my
\ImW [ROO 710 =20log lrlnlx//m_'_zmog IOK’"%’

%

U, =20log

By

U, =1010g(10°R)+ P, =80 +10log(10R)+ P,,,

U, =107+ Py,
for R=50Q
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Problems (power amplification)

voltage gain vs. effective voltage gain
Voltage vs. power amplification

in dB

available power gain ?

available power gain for matched systems
?

23



