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Section 1. Analog Bandwidth



All oscilloscopes are specified with an analog
bandwidth.

A Analog bandwidth is the frequency at which
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Example 1: A 3 GHz oscilloscope measures a 1 GHz sine wave.

1 GHz Input 1 GHz, 1V sinewave is 1 GHz, 1V sinewave is
1 1 input into oscilloscope measured by oscilloscope
707
VOUT _________________
Vi
Bode Plot FREQUENCY fo
Example 2: A 3 GHz oscilloscope measures a 3 GHz sine wave.
A 3 GHz input 3 GHz, 1V sinewave is
1 l input into oscilloscope
707
VOUT ————————————————— 1
Vin :

v

Bode Plot FREQUENCY fo



Scope Analog Bandwidth

Spectral View of Square Wave

Scope bandwidth at 1000x signal bandwidth
(Square Wave with 40% duty cycle)

Scope bandwidth at 3x signal bandwidth
(Square Wave with 40% duty cycle)

Harmonics are attenuated (filtered) by scope




Scope Analog Bandwidth

Affects Pulse Shape Characteristics

5th
3rd Harmonic
Fund Harmonic
Freq

Pulse Shape




Scope Analog Bandwidth

Affects Pulse Shape Characteristics

Fund 3rd 5th 7th 9th 11th harmonic
Freq

Square wave pulse shape

Fund 3rd 5th 7th  9th 11th harmonic Square wave pulse shape
Freq
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% Relationship Between Risetime and Bandwidth

VOLTS

-T/RC=LN ((V-V .,.)/V)

ouT

T=-RC*LN((V-Vg,7)/V)

V/\\ 7/
. VINO_/\/\/\/ * O Vour
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t, TIME ~ — ) TIME
V,, = STEP B
IN - _e-T/IRC
Primitive 1-Pole Oscilloscope Model Vour=V(1-¢€ )
Vour = V(1 - eTR9 To00,= - RC*LN((V-0.9V)/V)
Vour =V -VeTRC Too, =~ RC*LN(1-0.9) =-RC*LN(0.1)=2.3RC
V-V, =VeTRC Tlo%:- RC*LN((V-0.1V)/V)
L Re V-Vt T = RC*LN(1-0.1) =-RC*LN(0.9)=0.1RC
Y
Tice= T~ T1o0 = 2-2 (RC) = 2.2/2nf =0.35/f

Risetime = (0.35) / Bandwidth

(for a single-pole RC approximation)
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% Actual Osclilloscope Freguency Response

Modern oscilloscopes can no longer be
. . AC FREQUENCY RESPONSE OF THE RC
modeled as a simple one-pole RC filter LOWPASS FILTER
Vi ANN———0 Yy,
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%3 Modern Scope Bandwidth and Risetime

Frequency Response Comparison

=== Single Pole Response === Modern Scope
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Frequency (Hz)

-180 dB/decade stopband attenuation

Risetime = 0.45/Bandwidth
E.g.: 6 GHz scope bandwidth, 75 ps scope risetime
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§> Bandwidth and Sample Rate

Definition of Bandwidth: Bandwidth is the
maximum signal frequency that can be input
Into the scope with no more than -3dB
attenuation

Definition of Sample Rate: Sample rate Is the
speed at which the scope can digitize and
record the voltage level of an input signal




ADC Outputs Digitized Samples

Analog-to-Digital
Converter

A
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Analog Waveform Digitized Waveform
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g Effect of Sample Density on Ramp




Effect of Sample Density on Intermittent Events
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<§> Aliasing: Sampling Too Slowly

, , , , , , , , The highest frequency that can be
\ \ \ \ \ \ \ \ INPUT SIGNAL . L. .
! \/ present in a digitized waveform is one
' half the sample rate - this is the
theoretical digital bandwidth of the

waveform

ALIASED SIGNAL

Narrowband waveforms
such as sine waves should
X , X X < X X >, be sgmpled at 2x - 4x

T the signal frequency

S

SAMPLING CLOCK

>

If a signal is sampled at less than 2 times per cycle the

DSO interprets the data as having a lower frequency
4 Broadband signals like

which is called an alias. The frequency of the alias is
. . . 44 pulses should be sampled
the difference frequency between the input signal and at 10x the frequency
the sampling frequency or one of its harmonics. The of the waveform
aliased signal will also appear to be poorly triggered

and move horizontally
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g \Which measurement Is correct?

| VA
\ [ fo
\ / \ Clock Sampled The two waveforms look
p
\ | \ 250 MSis identical, but the measured
\\ / \\ / \\ frequencies are very different
) / Ry Clues identify aliased waveform:
Top waveform is not properly

aligned with the trigger
point
Frequency measured in top

IS T AR trace is approximately the
| \ \ - | frequency of the bottom
| | / \ ey S g trace less two times the
| \ / \ sampling frequency
\\,\ // i // \\f\ Note the sampling rate
/ S \J

eeeeeeeeeeeeeeeeeeee
527.9 MHz

Measured Frequency = 527.9

\ M?_|Z y :
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<§> Why Is Oversampling Important?

10

QO
=
prars Sample | Time/ | SR/BW Avg. sdev
(] Rate Pt Rise
.g_:) Time
Y— 1 ‘\\‘ 200 MS/s| 5ns 0.2 47ns| 1.3 ns
O NS
c 500 MS/s| 2 ns 0.5 2.3ns | 0.6ns
o BN
< \ 1GS/s | 1ns 1.0 |1.6ns|0.1ns
3 N
> N 2GS/s [0.5ns| 2.0 [1.27ns|0.03ns
O 01
© \\\ 5GS/s | 0.2 ns 5.0 1.16 ns|0.02 ns
= AN
(4]
o) AN 10 GS/s | 0.1 ns 10.0 1.15ns|0.02 ns
c \0\
e
7p]

0.01

0.1 1 10

Sample Rate / Bandwidth

* You must sample at greater than 5x the bandwidth to achieve good measurement accuracy
« Higher sampling rates return less reduction in uncertainty
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File

Tels

Edit  Mertical Horizfdcg  Trig  Display

Stopped Single Seq 1 Acs

_Ursars

Masks Math

16 Dec 04 10:43:00

Measure MyScope

Utilities

o

Pulse shape distortion results from undersampling
of this 500 MHz clock signal at 1.25 GS/s

Myl 2l Ok L2 Chz 2l O
Chd S0 0rmb

Ml 2.00hs 1.25GSks
A Ch1 w00

—_—=1

IT 4 Dp=hat
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& n: 1.0
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g Memory's Effect On Signal Integrity

Long memory record: Correctly sample all of the data

VARV Ve
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g Memory's Effect On Glitch Detection

Long memory record: Correctly sample all of the data

A
:
(m‘?‘ﬁ il il %&gll*

I




e
O
g Relationship Between Sample Rate and Memory Depth

(" Time/Div |
_> 4_

ample

>

Period)

\
}47 Capture Time AP{

Vertical range is 8 x [Volts/Div] ~ 256
binary codes for 8-bit ADC

Capture time = 10 x [Time/Div]

Sample Rate = 1 / Sample Period =
Memory Depth / Capture Time

Memory Depth = Sample Rate x Capture
Time

Digital Bandwidth (Nyquist frequency) =
Sample Rate / 2

Lowest Frequency that can be
characterized = 1 / Capture Time

Ratio of highest to lowest observable
frequency = Memory Depth / 2

Sample Rate = (Memory Depth) / (Capture Time)

(where Capture Time = 10 * Time/Div)
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§ Deep Memory Reduces Aliasing

Sample Rate = (Memory Depth) / (Capture Time)

B As the timebase is increased, the memory used must
Increase or the sampling rate must decrease

B If the combination of capture time and sampling rate would
require more than the maximum acquisition memory, then
the sampling rate will be reduced

B Deeper memory enables a longer capture time for a given
sampling rate

B Deeper memory enables a higher sample rate and digital
bandwidth for a given capture time

B A higher sampling rate reduces the risk of aliasing



See the big picture




File  Wertical Timehase Trigger Display Cursors  Measure Math  Analysis  Liilities Help F?:-

Zoom:1,000:1

CUMABUISL

Zoom:5,000:1

Zoom

tkbaeb i b b TSI ITATAR 1 PR AN POT

I'I'I’”! ”ll'll

Zoom:50,000:

Zoom.500:1 Zoom:250,000:

=

F1 zoom(C3) F4 zoom(F3)§FS zoom(F4) i ) O p=@Trigger  Stopped

2 zoom(F11§F3 zoomiF 2]

342002 75521 PM



Benefits of Long Memory:
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Detect Low Frequency Modulation

Le

File Weartical Timebase  Trigger Display Cursars Measure math Analysis I_ltilities Help FE:-

Input Waveform

F1
E Modulation
R
Fy
I
Spectrum of Modulation .I. <+— Frequency component of modulation

I

I
Measure P1:rize(C1) P2:fallc1) P3period(C1) Pa: freqic1) PSowvicthC1 ) PE:duty(S1 P TIEIICT P& npoint=0C1)
value FIp= 236 p= 2042 n= 4239 6 MH=z a8y p= 45 33 % -238 p= 200.000e+3
status ' ' " " " " " e
histo P R " -y PO N S

Timebhase 0.00 p= g Trigger

A1=979kHz

‘ \ F¥ zoomi( TIETrend)

E/A14/2003 B:42: 26 P
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g Relation Between Memory and Modulation Detection

5 ms time capture window at 100 Mpts

A

v

100 Mpts
With 100 Mpts sample memory, scope can detect modulation as low as 200 Hz
50 us time capture window at 1 Mpts
—> <«
1 Mpts
With 1 Mpts sample memory, scope can detect modulation as low as 20 kHz
12.5 us time capture window at 250 kpts
—>
250 kpts I

With 250 kpts sample memory, scope can detect modulation as low as 80 kHz



Benefits of Long Memory:

Deeper Memory Produces Better FFT Resolution

Capture Time
=50 us (1 Mpts)

Cannot tell anything
about modulation

Peaks cannot be

distinguished

9.080 MHz A= 6.040 MHZ
5.1 20 MHz /7%= 165.56 ns

B Deep memory increases
frequency resolution and

Improves signal to noise
ratio

B Note the refined detall in
the FFTs calculated from

20 Mpt records

Capture Time
=1 ms (20 Mpts)

Scalloped shape

indicates pulse

modulation

|
Peaks are clearly
g resolved

201
H1= 439082 MHz A= 6.025 MHZ
2= 505107 =




Benefits of Long Memory:
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Q e
q |dentify Jitter Source

File “Yertical Timebase  Trigger Display Cursors Measure math Analysis I_ltilities Help Fq;-

10 MHz clock signal with jitter

10 million sample points (5,000 waveform cycles) captured with a single trigger at a sample rate of 20 GS/s

FFT of Track shows 67 MHz modulation frequency
;WWW\N

Freduency
Measure P wvicithi(C1 ) P2 pkpki(C1) P33 pkpk(F2) P4:freqic1)  PSfreqi@ivw(F2) PE.(P45] PY cyclesC1) PSS cycle=s(F1)
value 56.092 n= S77 MY 11897 n=s 993596 MH=z B7 567710 kHz 145.002 S.000e+3 32
status ' ' ' ' ' ' ' '

Timebhase -6 p=llTrigger

trackiF1 1§ F3 FETCC1 I Fa FFT(FZ)

= G758 kHz AX=59310MH=z
¥2=9.95955 MHz 1/4x= 100.695 n=s
972003 101552 PM
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g Persistence Mode Does Not Detect This Modulation

File Wertical Tirnebase Trigger Display  Cursors  Measure  hath  Analysis  Utilities  Help F7:| Setup... File Wertical Tirnebase Trigger Display  Cursors  Measure  Math  Analysis  Ufiliies  He

s |Edge ostive i
£/1/2003 6:23:42 PM F2003 6:27.23 P

Modulation detected using deep memory record Modulation is invisible using persistence mode
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g Oscllloscope Display and Memory.

100 Mpts . 8"display .(1 footj. Imile | 126.26 display miles
acquisition 100 pts 12" 5280 feet acquisition

100 Mpts of memory is equivalent to 126
miles of oscilloscope display




