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Skriftligt prov i ANALOG ELEKTRONIK

Dataingenjörslinjen 3, Elektroingenjörslinjen 3 
2006.01.10

Hjälpmedel: Miniräknare, formelsamling, Kursbok ”Bengt Molin”

Redovisa val av komponentvärden. Motivera lösningarna!!! 

1.
a)
Dimensionera ett GE-steg med transistorn BC 547B. Stegets emittermotstånd 
skall vara oavkopplat. Dimensionera för Ic=1mA, E=15V, URE=1V frekvensområde 50-
25000 Hz. Steget belastas med RL=5k(.

3p

b)
Dimensionera de två kopplingskondensatorerna för fu=35Hz 

Rg=0 (Generator resistansen)






3p

c)
Hur stor blir spänningsförstärkningen vid medelhöga frekvenseer?

2p
2.

En förstärkare kan beskrivas med nedanstående modell.
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a) Hur stor är A1 då (UT/IN( har en asymtotisk lutning av –20dB/dekad ovanför brytfrekvensen bestämd av R=10k( och C=16nF samt att polen f2 bestämd av 

R2=100( och C2=1.6nF skall ligga på nivån (UT/IN(=20dB.


Efter f2 är den asymtotiska lutningen –40dB/dekad fram till f3.
4p

b)
Bestäm fasvridningen för UT/IN då (UT/IN(=0dB

2p

c) Vid vilket värde på ( (i det motkopplade systemet)är systemet på gränsen 


till instabilt ?
2p

3.

a)
Beräkna brusspänningen på utgången i nedanstående förstärkare.
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Brusbandbredden är nedåt begränsat till 100Hz och uppåt av RC-länken på utgången av OP-förstärkaren. OP-förstärkaren är av typen 5534A. Antag konstant in= (0.4pA/(Hz) och en=(4.5nV/(Hz) inom den givna brusbandbredden.

6p

b)
Vilken av de ingående brusbidragen i ovanstående förstärkare bidrar till mest brus?










2p
4.

Härled ett uttryck för förstärkningen i bodes normalform för nedanstående koppling. 










4p

Skissera amplitudkurvan med angivande av uttryck för nivåer och brytfrekvens
4p

[image: image2]
5.

a) Nämn några olika sätt och fkn för att stabilisera amplituden hos en wienoscillator? 










3p

b) Vad menas med brusbandbredd?






2p

c) Vad krävs för att en ocillator skall självsvänga?




3p
Några Formler:

Stabilitet







Avkopplingskondensatorn
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Kopplingskondensatorn utgången




En filterlänk



Där Z1, Z2 kan bestå av olika kombinationer av ex R och C

Kombinationen Z1=R1//C1 och Z2=R2//C2 ger möjlighet

till valfri placering av reell pol och nollställe. 
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[image: image5.png]e Reduce high impedance positive inputs to the minimum
allowable value (e.g., replace 1 Meg biasing resistors with
47k ohm, etc.). ~

e Add small (< 100pF) capacitors across feedback resistors
to reduce amplifier gain at high frequencies (Figure 2.2.3).
Caution: this assumes the amplifier is unity-gain stable.
If not, addition of this capacitor will guarantee oscilla-
tions. (For amplifiers that are not unity-gain stable, place
a resistor in series with the ‘capacitor such that the gain
does not drop below where it is stable.} -

e Add a small capacitor (size is a function of source
resistance) at the positive input to reduce the impedance
to high frequencies and effectively shunt them to ground.,

2.3 NOISE

2.3.1 Introduction

The noise performance of IC amplifiers is determined by
four primary noise sources: thermal noise, shot noise, 1/f,
and popcorn noise. These four sources of noise are briefly
discussed. Their contribution to overall noise performance
is represented by equivalent input generators. In addition to
these equivalent input generators, the effects of feedback
and frequency compensation on noise are also examined.
The noise behavior of the differential amplifier is noted
since most op amps today use a differential pair. Finally
noise measurement techniques are presented.

2.3.2 Thermal Noise

Thermal noise is generated by any passive resistive element.
This noise is ““white,” meaning it has a constant spectral
density. Thermal noise can be represented by a mean-
square voltage generator eaz in series with a noiseless

resistor, where ;?- is given by Equation (2.3.1).

* er2 = 4k TRB (volts)2

where:” T = temperature in “K

R = resistor value in ohms

B = noise bandwidth in Hz

k = Boltzmann's constant {1.38 x 10-23W-sec/°K)
THe RMS value of Equation‘ (2.3.1) is plotted in Figure

2.3.1 for a, one Hz bandwidth. If the bandwidth is
i\r}c_reas_ed, the plot is still valid so long as eR is multiplied by
B. -
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FIGURE 2.3.1 Thermal Noise of Resistor

Actual resistor noise measurements may have more noise
than shown in Figure 2.3.1. This additional noise component

is known as excess noise. Excess noise has a 1/f spectral
response, and is proportional to the voltage drop across the
resistor. It is convenient to define a noise index when
referring to excess noise in resistors. .The noise index is the
RMS value in uV of noise in the resistpr per volt of DC drop

across the resistor in a decade of frequency. Noise index '

expressed in dB is:

, E
NI = 20 log [ —=
VDe

X 106) dB

where: Egx = resistor excess noise in uV per frequency

decade.
Vpc = DC voltage drop across the resistor.

Excess noise in carbon composition resistors corresponds to
a large noise index of +10dB to -20dB. - Carbon film
resistors have a noise index of -10dB to -25dB. Metal film
and wire wound resistors show the least amount of excess
noise, with a noise index figure of ~15dB to —40dB. Fora
complete discussion of excess noise see Reference 2.

2.3.3 Noise Bandwidth

Noise bandwidth is not the same as the common gmplifier
or transfer function -3dB bandwidth. Instead, noise band-
width has a “brick-wall” filter response. The maximum
power gain of a transfer function T(jew) multiplied by the
noise bandwidth must equal the total noise which passes
through the transfer function. Since the transfer function
power gain is related to the square of its voltage gain we
have: ' '

(TMAX2)B = f IT(jw)|2 dw (2.3.2)
0

TMAX = maximum value of T(jw)
T(jw) = transfer function voltage gain
B =

where:

noise bandwidth in Hz

For a single RC roll-off, the noise bandwidth B is
7/2 f.3gB, and for higher order maximally flat filters, see
Table 2.3.1. -

TABLE 2.3.1 Noise Bandwidth Filter Order

Filter Order Noise Bandwidth B
1 1.57f.3dB
2 1.11f.3dB
3 ' 1.05f_-3dB
4 - 1.025f.3dB
“Brick-wall’’ 1.00f.34B

2.3.4 Shot Noise

Shot noise is generated by charge crossing a potential
barrier. It is-the dominant noise mechanism in transistors
and op amps at medium and high frequencies. The mean

square value of shot noise is given by: '

I—s—z- = 2qipcB (a.mps)2 {(2.3.3)
where: g = charge of an electron in coulombs ' |
Ipc = direct current in amps

B =
Like thermal noise, shot noise has a constant spectral
density. '

noise bandwidth in Hz

- 2-3
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2.3.9 Effects of Practical Feedback on Noise

Voltage feedback is implehented by series-shunt feedback
as shown in Figure 2.3.6a. :

The noise generators can be moved outside the feedback
loop as shown in Figure 2.3.6b if the thermal noise’ of
R1liR2 is included in e_z_f. In addition, the noise generated
by in x (R1]IR2) must be added even though the (-} input
is a virtual ground, (see Appendix 6). The above effects can
be easily included if R1lIR2 is considered to be in series

~ with Rs.

e22 = en2+4k T (Rg + R1lIR2)

Example 2.3.1

Determine the total equivalent input noise per unit band-
width for the amplifier of Figure 2.3.6a operating at 1kHz
from a source resistance of 1k§2. Rq and Rp are 100 k2 and
1k respectively.

Solution:

Use data from Figure 2.3.1 and Figure 2.3.3.

1. Thermal noise from Rg + R1llR2 = 2k is 5.65nV/A/Hz.
2. Read e from Figure 2.3.3 at 1kHz; this value is

9.5nVA/Hz.

3. Read iy from Figure 2.3.3 at 1kHz; this value is

0.68pA/a/Hz. Muitiply this noise current by Rs+ R1lIR2
to obtain 1.36nV/A/Hz.

4. Square each term and enter into Equation (2.3.5).

Va2 +i52 (Rs + R1lIR2)2 nVA/HZ

eN =

eN = Ven2 + 4k T (Rg+ R1lIR2) +in2 (Rg + R1llR2)2
eN = v/(9.5)2 + (5.65)2 + (1.36)2

eNy = 11, 1nV/\/Hz

This is total RMS noise at the mput in one, Hertz band-
width at 1kHz. If total noise in a given bandwidth is
desired, one must integrate the noise over a bandwidth as
specified. This is most easily done in a noise measurement
set-up, but may be approximated as follows:

2-5
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1. If the frequency range of interest is in the flat band, i.e.,
between 1kHz and 10kHz in Figure 2.3.3, it is simply a
matter of multiplying en by the square root of the
noise bandwidth. Then, in the 1kHz- 10kHz band, total

no:se lS
eN = 11.1\/9000
= 1.05uV

2. If the frequency band of interest is not in the flat band
of Figure 2.3.3, one must break the band into sections,
calculating average noise in each section, squaring,

multiplying by section bandwidth, summing all sections, .

and finally taking square root of the sum as follows:

eN = VER2B + ¥ (6N2 + 2 Ry2); By (2.3.6)

where: i is the total number of sub-blocks

For details and examples of this type of calculation, see
application note AN-104, ““Noise Specs Confusing?*’

Current feedback is accomplished by shunt- shunt feedback
as shown in Figure 2.3.7a.

“{b) Intermediate Move of Noise Generators

A

Rg+Rz

NOISELESS -0
P

(c) Current Feedback with Noise Generators Moved Outside
Feedback Loop

FIGURE 2.3.7

en2 and in2 can be moved outside the feedback loop if the
noise generated by Rq1 and R are taken into account.

First, move the noise generators outside feedback R1. T
do this, represent the thermal noise generated by Rq as
noise current source (Figure 2.3.7b):

— 1

iR12 = 4k T —B

!

R1 Ry

so; €12 = &y

and: ﬁ2=ﬁ2+4kT-1—B
R1

Now move these noise generators outside Rs + R2 as shown
.in Figure 2.3.7¢ to obtain €22 and 752:
€22 = en2+4k T (Rg+ Ro) B (2.3.7)

52 =,;2+4kTRi13

(2.3.8)

e22 and i22 are the equivalent input generators with feed-
back applied. The total equivalent input.noise, eN, is the
sum of the noise produced with the input shorted, and the
noise produced with the input opened. With the input of
Figure 2.3.7c shorted, the input referred noise is €22. With
the input opened, the input referred noise is:

ioRN\2  _
Ay

The_total equivalent input noise is:

eN = V22 +i22 (Rg + Rp)2

Example 2.3.2

Determine the total equivalent input noise per unit band-
width for the amp of Figure 2.3.7a operating at 1kHz from
a 1k{2 source. Assume R1 is 100kS2 and Rg is 9kS2.
Solution _

Use data from Figures 2.3.1 and 2.3.3.

1. Thermal noise from Rg + R i is 12.7nVA/H

2. Read en from figure 2.3.3 at 1kHz; this value is
9. 5nV/\/ . Enter these values into Equation (2.3.7).

3. Determine the thermal noise current contributed by R1:

Y/ /1.61x10-20 _ ‘
IR1 = 4kTE1- B = '—"—luir = 0.401DA/\/HZ

4. Read i from Figure 2.3.3 at 1kHz this value is
0. 68pA/\/Hz Enter these values into Equation (2.3.7).

eN = \/;2+(RS+R2)2 (?,2+4kT-R1—15)+4kT(Rs+ R2) B

eN = +/(9.5)2 + (10k)2 (0.682 + 0.4012) + (12.7)2 nV//Hz
. eN = 17.7nVA/Hz

For the noise in the bandwidth from 1kHz to 10kHz,
eN = 17.7nV+4/9000 = 1.68uV. If the noise is not constant
with frequency, the method shown in Equation (2.3.6)
should be used.
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