@ NOisecom Application Note

Measuring Crest Factor

Yiu-Fai Kwan
Microwave Engineer, Noisecom

Abstract

This document provides Noise Com’s method of measuring crest factor of a noise
source using LeCroy Wavepro 7200 Oscilloscope.




Measuring Crest Factor

Crest Factor

The Crest Factor (CF) is defined as the ratio of the peak amplitude
of a waveform to its RMS value. It is a numerical value without
units.

1%
CF=20%*L ( )
*Log Vrms
CF is the Crest Factor
Vp is the peak voltage
Vrms is the RMS voltage

Statistical evaluation of related occurring events present always
certain kinds of distribution curves. Gaussian distribution, also
known as normal distribution, is the most common way events
take place. Most white noise sources provide Gaussian distribution
of their spectral power. The randomness of noise sources requires
a mathematical model that allows calculating the probability
density of events. Gaussian distribution right and left of the
mean probability is of equal size. Crest factor is also an important
quantity for noise sources. It allows calculating the likelihood of
unwanted events relative to the mean probability. Such renegade
events may cause an overload of an amplifier input, distortion of
a signal, or a bit error. Obviously, the fewer of those natural but
unwanted events happen, the better. High quality white Gaussian
noise sources offer crest factors of up to 18 dB, placing the prob-
ability of unwanted events far beyond reasonable measurement
capabilities.
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Procedure

The LeCroy Wavepro 7200 Oscilloscope is used for measuring crest
factor. This is a four channel oscilloscope, any one channel can be
used to perform the measurement. For the following instructions,
channel 3 was chosen.

1. Turn the touch screen on.
2. Pressthe “3" button under “VERTICAL".
3. Press the “C3" box on screen (on lower left hand corner).

4. Set "Trace on” with a check mark and set the following
parameters to:
Volt/div=1.00V
Offset = 0.00 V
Bandwidth = full
Coupling = DC50 ohm
Averaging = 1 sweep
Interpolation = Linear
Deskew =0
Probe Atten = divided by 1
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Figure 1 shows the Oscillscope display.

5. Next, press the “Timebase” box to
adjust the following

parameters:

Time/div = 5.00 us

-
MaX Sample Points — 500 kS Measure P1:masx(C3) P2Zrms(C3) P3(P1RZ) P4 - - PS-- - PEi- - - P7--- P&-- -
walue 115 224 my 51
Active Channel = 10GS/s mean 1.0588 v 22402 My 4727
min M3 my 221 my 41
max 148 230 my 66
sdev arimy 596 Y 255e-3
num 213.324e+3 2155324843 213.324e+3
status L v 4

Figure 1

Figure 2 shows the Oscillscope display.

6. Press “Math” under “Wavepilot “ on
the panel.

7. Onthe touch screen, press “F1"” and set

=
a Check mark to “Trace on". Measure P1:max(C3) PZrms(C3) P3(P1PZ) Pd- - PSi- - PE:- - - . PE-- -
value 117 225 my 5.2
mean 1.0589 % 22402 mY 4727
min A3 my 221 my 41
g 145 230 my 6.5
soley STAmy 596 pv 255e-3
num 213 463e+3 213 463e+3 213 463e+3
status v v v

Figure 2
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8. Set “Source 1" to “C3" and “Operator
1" to " Histogram” (see Figure 3).

9. Attheright side box on screen, press — —
"Histogram” tab. ; ) . ‘

s
Measwure P1imas(C3) P2rm=(C3) PE(P1P2) P4- - - Pgi- - - PE:- - - P?--- Pa:- - -
value 987 my 25 my 4.4
mesan 1.0585 Y 22394 my 4725
min 5 my 221 my 4.1
max 148Y 230 my 1]
sdev S71mY 592 v 255e-3
num 160.034e+3 160.034e+3 160.034e+3
status L v v

hist(C3)

o0m

Figure 3

10. Set “Buffer” value to max (2 billion) i h Utilt
and ” # Bins” to max (2.00e+3)
(see Figure 4).

11. Press “Clear Sweep” on the lower e
right corner panel. Now, the screen

=
should have two curves. One is the Measure P1:max(C3) PZrms(C3) P3(P1PZ) Pdi- - - PSi--- PE:- - - . PE-- -

) . value 1.02% 224 my 45

output and the other one is the his- mean 10888%  22384mY 4728

min 15 my 221 my 41

togram of the output. max 148 230mv 65

soley STAmy 592 pv 255e-3

rium 160444843 15044443 160 44de+3

12. Press “Measure” under “Wavepilot". plls = = =

hist(C3)

13. Set check mark on “Show Table” and
"Statistics”. 4

Buffer

14. Press “P1" tab and set “Source 1" ) il
to “C3". = under:

Figure 4
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15. Set “Measure” to “Maximum”

(see Figure 5).

16. Press "P2" and set “Source 1" to

“C3". t t t t t t t
Al
Measwre P1:mac(C3) P2rm=(C3) PE(P1P2) P4- - - Pgi- - - PE:- - - P?--- Pa:- - -
value 1.03 Y 23 my 46
mesan 1.0588 Y 22394 my 4725
min 15 my 221 my 4.1
max 1.48 Y 230 my 1]
sdev 571 mY 592 v 255e-3
num 160 638e+3 160 638e+3 160 638e+3
status v v

Figure 5

17. Set “Measure” to “RMS"

(see Figure 6).

18. Press “P3" and press “Math on

Parameters”.

Figure 6

s

T
Measwure P1:mas(C3) PZrm=(C3) PI(P1P2) P4 - - Pg--- PE:- - - P7--- P3:-- -
value 118 Y 224 my 5.3
mean 1.0588 % 22394 mY 4728
min 15 my 221 my 41
g 145 230 my 6.5
sdew sT1my 255e-3
num 160757 e+3 160757 e+3
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19. Choose the “Math Operator” to “Pn / al Timebase Trigger Di e Math
Pm" (see Figure 7).

20. Make sure the “ON" box of P1, P2, & —
P3 has a check mark. ; ‘

-
21. The max value of P3 is the crest fac- s GEL o Haas ESas £852 s §8aas
walue 1.02% 223 my 4

tor ratio, which is the max of P1 di- mean 10888V 22384y

. min 915 my 221 my

vided by the mean of P2. Take the log e 148y 230 mv

v . soey ST my 292 pv|

of the max value of P3 and multiplied o 16091543 160915643

4 4

by 20. That would be the crest factor i

hist(C3)
of the noise module in dB. In this

case, the crest factor is 16.39 dB.

Max(P1) ) B
Average(P2)

CF=20*L0g(

==

Trend ‘ Track

Figure 7
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