Chapter 3 )
Decibel e

If you cannot measure it, you cannot improve it.

—Lord Kelvin

3.1 Gain and Loss [dB]

Let’s have a look at the amplifier or attenuation network in Fig.3.1. The power,
voltage, and current gain of this network can be expressed in [dB] as [2]:
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Voltage gain in [dB] = 20 - log,, + 10 - logyg (3.2)
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Current gain in [dB] = 20 - log;, + 10 - logyg (3.3)
Iin Rin

In case R;, and Rj,,q are equal (typically 50 €2), then the following term is equal to
Zero:
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Now we can write the following for power/voltage/current gain:

mn

. . P()M[
Power gain in [dB] = 10 - log, P 3.4
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Fig. 3.1 An arbitrary amplifier or attenuation network
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Voltage gain in [dB] = 20 - log; 3.5)
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Current gain in [dB] = 20 - log;, 7 (3.6)
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Points to remember when it comes to gain and loss calculations in decibel:

Absolute vs. relative. Decibels are always ratios of numbers, never an absolute
quantity, even if they are named absolute levels.

Amplification. If P,,, is bigger than P;,, the gain value in [dB] is positive. This
means that in case of an amplification, the power gain in [dB] is positive.
Attenuation. If P,,; is smaller than P;,, the gain value in [dB] is negative. This
means that in case of an attenuation (loss), the power gain in [dB] is negative.
Gain = —Loss. Power loss is indicated by a negative decibel power gain. For
example, if an interconnection shows a loss of 1dB, the power gain of that
interconnection is —1 dB.

Cutoff frequency f .. At the cutoff frequency, the output power (P,,;) is half the
input power (P;,), and the power/voltage/current gains are all —3 dB.

1
Power gain in [dB] at f, = 10 - log; (§> = —3dB

1
Voltage gain in [dB] at f. = 20 - log;, (E) = —3dB

1
Current gain in [dB] at f. = 20 - log,, (E) = —3dB

Ratio to [dB]. Table 3.2 presents some common ratio to [dB] value conversions.
For example, if power increases by factor 2, the power/voltage/current gain
increases by 3 dB.
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Unit Type Unit Reference Value |Typical Usage

dBm Power 1mw Wireless and RF applications
dBw Power 1w Wireless and RF applications
dBuv Voltage 1uv Conducted emission

dBuA Current 1 A Conducted emission
dBuV/m |[Electric Field Strength 1 pV/m Radiated emission

dBuA/m |Magnetic Field Strength |1 pA/m Radiated emission

Fig. 3.2 Commonly used absolute decibel levels in EMC

3.2 Absolute Levels [dBm, dBpV, dBpA]

The most common absolute power, voltage, and current levels in EMC are [dBm],
[dBwV], and [dBpA] (Fig. 3.2). They are calculated like this [2]:

P
Absolute power level in [dBm] = 10 - log; <1 W) (3.7
m
Vv
Absolute voltage level in [dBV] = 20 - log; <W> (3.8)
u
. 1
Absolute current level in [dBpA] = 20 - log; (ﬁ) 3.9)
il

More information about physical quantities and their units (also in decibel) can
be found in the Appendix D. The same concept of absolute levels can also be applied
to electrical fields £ [V/m], magnetic fields H [A/m], or radiated power density S
[W/m?]:

Electric field strengnth in [dBuV/m] = 20 - log, (W) (3.10)
pV/m
Magnetic field strength in [dBpA/m] = 20 - log; <W) (3.11)
HA/m
Radiated power density in [dBmW/mz] =10 - log;q (W) (3.12)
mW/m

Points to remember when it comes to calculations with absolute power levels in
decibel:
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Zero values.

def

— 0dBm =1mW
— 0dBuV = 1uVv
— 0dBpA = 1pA

0dBuV/m = 1 pV/m
— 0dBpuA/m = 1 pA/m

Negative values. A negative [dBm]-value means that the power is smaller than
1 mW. A negative [dBLV]-value means that the voltage is smaller than 1 uV. A
negative [dBpAJ-value means that the current is smaller than 1 pA.

Positive values. A [dBm]-value bigger than 0 means that the power is higher
than 1 mW. A [dBnV]-value bigger than 0 means that the voltage is higher than
1uV. A [dBpA]-value bigger than 0 means that the current is higher than 1 pA.
Gain and loss. Gain values in [dB] G;p can just be added to the absolute power
levels in order to get the output power. The linear calculation with input power
P;,, linear gain G, and output power P,,; can be written as:

Pour = Pip - G

In decibel, the output power P,,; 45 is the sum of the input power P;, 4p and the
gain G4p:

Pout.ap = 10 - 1Oglo (Pour) =10 - 10g10 (Pin) +10- 1Ogl() (G) = Pinap + Gus

Let’s assume a signal with P;,; 4p, = 0dBm at the input of an amplifier with
gain G4p = 20dB. The output power is:

Pout.aBm = Pin.apm + Gap = 0dBm 4 20dB = 20dBm

Never sum up absolute levels. Do never sum up absolute decibel levels, because
adding decibels means multiplying the linear values and therefore:

def

0dBm +0dBm £ 1 mW - I mW = 1 mW? =2

What does power squared mean? Thus, never add up absolute decibel levels.
Sum of absolute levels and decibel. It is allowed and useful to sum up [dBm]-,
[dBuV]-, or [dBpA]-values with gain G values in [dB]:

Pout 1in = Pin lin - Glin = Pout,dBm = Pin,dpm + GdB = —3dBm +20dB = 17dBm

Vout.tin = Vin,tin - Viin = Vour.dv = Vin.apv + Gag = —3dBV +20dB = 17dBV
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* Subtraction of two absolute levels. Subtracting two absolute [dBm]-, [dBV]-,
or [dBpA]-values is equivalent to computing the ratio of their linear values:

Powrtin 100mW .
outdin _ N 100 & Py asm — Pnasm = 20dBm — 0dBm = 20dB
Pin,lin 1 mW

Vourdin 10V .
—ounlin _ =10 ¥ Vouapv — Vinapy = 20dBV — 0dBV = 20dB

Vin,lin v

3.3 Summary

The Tables 3.1, 3.2, 3.3 and 3.4 present conversions between different absolute
decibel levels, linear rations to relative decibel values and vice versa.

Table 3.1 Conversion between [dBV], [dBlLA], and [dBm] for systems with system
impedance Zp = 50 [1]

[dB] Unit Conversion for 500-Systems - [dBm] to [dBuV] to [dBuV]

dBm dBuV dBuA
[dBm=dBuV-107] [dBpV=dBm+107] [dBpA=dBm.+73]
[dBm=dBuA-73] [dBpV=dB A+34] [dBuA=dB V-34]

50 157 123

40 147 113

30 137 103

20 127 93

10 17 83

0 107 73

10 97 63

20 87 53

30 77 43

40 67 33

50 57 23

60 47 13

70 37 3

80 27 7

90 17 17

100 7 27
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Table 3.2 Conversion from (linear) ratios to [dB] values and vice versa

Unit Convertion - Voltage/Current/Power Ratio [1] to [dB]

Voltage Ratio

Voltage Ratio

Current Ratio | POWer Ratio [[@B1f [~ "0 2" | Power Ratio | [dB]
1 1 0 1 1 0
1.02 1.04 017 0.98 0.96 -0.17
1.04 1.08 0.34 0.96 0.92 -0.34
1.07 1.14 0.59 0.93 0.87 -0.59
110 1.21 0.83 0.91 083  |-083
115 132 121 0.87 076 |-1.21
1.20 1.44 1.58 0.83 0.69 -1.58
1.30 1.69 2.28 077 0.59 -2.28
1.41 2 3.01 0.7 0.50 -3.01
1.50 2.25 3.52 0.67 0.44 -3.52
1.60 2.56 4.08 0.63 039  |-4.08
173 3 477 0.58 033  |-4.77
1.80 3.24 5.11 0.56 031 |-5.11
1.90 3.61 5.58 0.53 0.28 -5.58
2 4 6.02 0.50 0.25 -6.02
2.20 4.84 6.85 0.45 0.21 -6.85
2.40 5.76 7.60 0.42 017 |-7.60
2.50 6.25 7.96 0.40 016  |-7.96
2.60 6.76 8.30 0.38 015  |-830
2.80 7.84 8.94 0.36 013 |-894
3 9 9.54 0.33 0.11 —-9.54
3.25 106 10.2 0.31 0.095 -10.2
3.50 12.3 10.9 0.29 0.082 |-10.9
3.75 1441 115 0.27 0.071 -11.5
4 16 12.0 0.25 0.063 -12.0
4.50 20.3 131 0.22 0.049 =131
5 25 140 0.20 0.040  |-14.0
5.50 303 14.8 0.18 0.033 |-14.8
6 36 156 017 0.028 |-156
6.50 42.3 16.3 015 0.024 -16.3
7 49 16.9 0.14 0.020 -16.9
7.50 56.3 175 013 0.018 -17.5
8 64 18.1 0.13 0016  |-18.1
9 81 19.1 0.11 0012 [-19.1
10 100 20 0.10 0010 | -20
30 500 295 0.03 T11E-03 |-29.5
100 1.00E+04 40 0.01 1.00E-04 —-40
300 9.00E+04 49.5 0.003 1.11E-05 |[-495
1000 1.00E+06 | 60 0.001 1.00E-06 | —60
3000 9.00E+06 |69.5 0.0003 111607 |-695
1.00.E404 1.00E+08 | 80 1.00E-04 1.00E-08 | -80
3.00.E+04 9.00E+08 |89.5 3.33E-05 1.11E-09 |-89.5
1.00.E+05 1.00E+10 100 1.00E-05 1.00E-10 —-100
1.00.E+06 1.00E+12 120 1.00E-06 1.00E-12 -120
1.00.E+07 1.00E+14 140 1.00E-07 1.00E-14 —-140
1.00.E408 1.00E+16 | 160 1.00E-08 1.00E-16  |—160
1.00.E409 1.00E+18 | 180 1.00E-08 1.00E-18 |-180
1.00.E+10 1.00E+20 | 200 1.00E-10 1.00E-20 |-200
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Table 3.3 Conversion between voltages in [V] and [dBuwV], between currents in [A]
and [dBpA], and between power in [dBm] and [mW] for different system impedances

Zy [1]

[dB] Unit Conversion - [V], [dBV], [dBpV], [A], [dBA], [dBpA], [dBm]

To Calculation Remark
v V] = m([d?o”)
v V] = m{”““:ffum)
dBV  [[dBV] = 20 log,,(V)
dBV  |[dBV] = [dBpV] — 120
dBuV  |[dBpV] = 20 log,o(V) + 120
dBuV  |[dBpV] = [dBm] + 10 log,(Z) + 90 Z = system impedance
dBpV  |[dBuV] = [dBm] + 107 500 system impedance
dBuV  |[dBpV] = [dBpA] + 20 log,(Z) Z = system impedance
dBpV  |[dBuV] = [dBpA] + 34 500 system impedance
A g = 1005
A Ay = 105
dBA  [[dBA] = 20 log,o(A)
dBA [dBA] = [dBpA] — 120
dBpA  |[dBpA] = 20 log,,(A) + 120
dBpA  |[dBpA] = [dBm] — 10 log,,(Z) + 90 Z = system impedance
dBpA |[dBpA] = [dBm] + 73 500 system impedance
dBuA  |[dBpA] = [dBpV] — 20 log,,(2) Z = system impedance
dBpA  |[dBpA] = [dBuV] — 34 500 system impedance
dBm  [[dBm] = [dBpV] — 10 log,,(Z) — 90 Z = system impedance
dBm  [[dBm] = [dBpV] — 107 500 system impedance
dBm  [[dBm] = [dBpA] + 10 log,,(Z) — 90 Z = system impedance
dBm  |[dBm] = [dBpA] — 73 500 system impedance
W g = 1007
mwW [mW] = 10(( d?‘l’"n)
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Table 3.4 Conversion between field strengths [V/m], [A/m], [dBuV/m], [dBpA/m],
[dBpT], and [ T] for free-space (far-field) where Zg = 377 2 [1]

[dB] Unit Conversion - Field Strength (free-space, 3770)

To Calculation Remark
Vim [y /g = 10(E2mLot20)
Vim [V/m] = /[W/mZ] - 377 Free space, £ = 3770
A/m [A/m] = % Free space, Z = 3770
dBpV/m  |[dBuV,/m] = 20 log,,([V/m]) + 120
dBuV/m |[dBpV/m] = [dBm/m?| + 10 log,,(Z) + 90 Z = system impedance
dBuV/m |[dBuV/m] = [dBm/m?| + 1158 Free space, Z = 3770
dBpV/im |[dBuV/m] = [dBpA/m] + 20 log,,(Z) Z = system impedance
dBuV/m  |[dBuV/m] = [dBpA/m] + 51,5 Free space, £ = 3770
dBuA/m  |[dBpA/m] = [dBpV/m] — 20 log,,(Z) Z = system impedance
dBpuA/m |[dBpA/m] = [dBuV/m] — 51,5 Free space, 2 = 3770
dBuA/m  |[dBpA/m] = [dBpT] — 2 Free space, £ = 3770
dBmW/m® [[dBm/m?] = [dBpV/m] — 10 log,(Z) — 90 Z = system impedance
dBmW/m® |[dBm/m?] = [dBuV/m] — 1158 Free space, Z = 3770
dBpT  |[dBpT| = [dBpA/m] + 2 Free space, £ = 3770
uT [uT] = [A/m] - 1,25 Free space, £ = 3770
References

1. Michael F. Violette J. L. Norman Violette Donald R. J. White. Electromagnetic Compatibility
Handbook. Van Norstrand Reinhold Company, 1987.

2. Henry W. Ott. Electromagnetic Compatibility Engineering. John Wiley & Sons Inc., Sept. 11,
2009.



References 31
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adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.
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