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Oscilloscope Review

This Oscilloscope review compares the cleverscope CS328A with two popular stand-alone scopes (the Tek
TDS2012B and the Agilent MS6012A Megazoom MSO) and four PC hosted USB scopes (Pico 3206, Link
Instruments DSO-8502, Bitscope 310 and TiePie HS3-100). Some comparative information is also provided for the
PicoScope 5204. Note that the Agilent MSO6012A has replaced the 54622D, which had less memory and a slower
sample rate.

We compare the User Interface by showing screen shots of each instrument, and illustrating some important
points.

It is our opinion that the CS328A compares well with the Agilent Megazoom scope.
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Comparison with other oscilloscopes.

This comparison only looks at key differentiators. Items in bold are best values. Raw values only are shown

(some manufacturers use averaging, filtering or repetitive processing to improve the apparent value).

Item Tek TDS2012B Agilent Pico 3206 Link Instrument | Bitscope TiePie HS3-100 | cleverscope Note Feature Rank
MS06012A DS0-8502 USB 310 CS328A
Analog Input FSD 20 mV - 50V 20 mV - 50V +100 mV — £20V | 50 mV - 50V +513mV - +10.8V [ +100 mV — 80V 18 mV — 80V 1 Important
Overload Protection 300 Vrms 300 Vrms +50V +150V +100V 200V 300 Vrms Mandatory
Analog Channel bit 8 8 8 8 8 8 10 2 Important
resolution 12 at <50 MSPS optn: 12 or 14
Can do hardware trigger Yes (10 bit) Yes (10 bit) - - - - Yes (14 bit) Important
referenced averaging
Analog Input Offset +2V:>200mV +25V:->200mV None +5 divisions None None +3.5V > 200mV | 3 Important
then +50V then +100V then £80V
Number of digital channels 0 16 0 0 8 0 8 Important
External Trigger Yes Yes Yes — lose sig Yes No On extension Yes Important
gen connector
External trigger sampled, No No No No No No Yes Useful
stored and displayed?
Samples of storage, all 2.5k 2000k 500k 512K 64k 128k 4000k or 4 Mandatory
inputs recorded Optn:8000K optn: 8000K
Resolution on 2V offset 0.078 mV 0.078 mV 15.6 mV 15.6 mV 15.6 mV 15.6 mV 0.018 mV Important
signal 1mV at <50Msps
Tracking graph with No No No No No No Yes Important
independent time base
Dynamic Range (raw 48 dB 48 dB 48 dB 48 dB 48 dB 48 dB 60dBor72dB | 5 Important
unprocessed) 72 dB at <50Msps | or 84 dB
Sampling Rate, all channels 1000 2000 100 250 20 100 100 Important
being sampled, MSa/sec
Maximum time resolution 1ns 0.5ns 10ns 4ns 50ns 10ns 10ns 6 Important
Resolution at 20ms width 8 us 10 ns 40 ns 40 ns 320 ns 200 ns 10ns
Width at max sample rate 2.5us width 1 ms width 5 ms width 320 us width 640us width 1.3 ms width 20 ms
optn: 40ms
Self Calibration Yes Yes No No No No Yes Mandatory
Separate Earthed BNC for Yes Yes No ? ? No Yes Mandatory
user/PC safety
User Units No No Yes No No Yes Yes Useful
Glitch resolution 12ns ins None None 25 ns 1 channel None 10 ns Important
Peak Captured to eliminate Yes Yes No No No No Yes Mandatory
aliasing
Anti-alias filter Yes — 20 MHz Yes — 20 MHz No No No No Yes, 20 MHz Useful
Trigger delay Yes Yes No No Yes No Yes Useful
Period Trigger Yes Yes Yes Yes No No Yes Important
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Item Tek TDS2012B Agilent Pico 3206 Link Instrument | Bitscope TiePie HS3-100 cleverscope Note Feature Rank
MS06012A DS0-8502 USB 310 CS328A
Can count triggers No Yes No Yes No No Yes Useful
Dual Independent Triggers No No No No No No Yes 7 Important
Mixed signal triggering No Yes (no OR) No No State only Some Yes Important
USB rate 2.0 2.0 2.0 2.0 1.0 2.0 2.0 Useful
Signal Generator No No Yes — lose ext trig | No Yes — lose Chan B | Yes Yes Useful
Sig Gen Freq Range - - 100 Hz — 1 MHz - 100 Hz — 1 Mhz 0.01Hz — 2MHz 0.003Hz- 10 Useful
MHz
Sig Gen Voltage Range - - 1V fixed sine/tri - 0 - +4.5V 0- +12V p-p 0 — 45V p-p Useful
5V fixed square
Sig Gen Voltage Offset - - None - -5.6 — +9V 0- +12V +10mV — +4.5V Useful
Waveform type - - Sine, square, tri - Sine, square, Sine, square, tri, | Sine, square, Useful
triangle noise, DC, triangle
Arbitrary
Spectrum Analysis Yes Yes Yes Yes Yes Yes Yes Important
Averaging across successive | Yes Yes No Yes No Yes Yes 8 Mandatory
captures
Mathematical equations No No No No No 1/0’s Yes 9 Important
Math functions -A, -B, A-B, A+B -A, -B, A-B, -A, -B, A-B,A+B, | -A, -B +, -/, + - * [ sqrt, Important
A+B, A*B Integrate, log, sin, cos,
A*B, integrate, differentiate, tan...,
differentiate 1%t order LP filter, integration,
Gain/Offset, Sum differentiation
, filtering,
multiple
equations
User Interface 320 x 240 LCD 1024 x 768 LCD | Multiple MDI Multiple MDI One window Multiple separate Multiple Good UI
windows all windows all windows separate Mandatory
contained in one contained in one windows with
window window tracking
function.
Locate
anywhere on
desktop.
Copy and paste into other Yes Yes Yes Using Windows Alt | Using Windows Alt | Yes Yes Mandatory
document Print Screen Print Screen
Subjective view of ease of Easy Easy Hard Hard Hard Moderate Easy Mandatory
use
With Intl Power B310 - $575 Scope — $1,259 Important
Supply Probes - $146 Sig Gen - $299
Price USD $1,550 $6,774 $1,598 $988 Total $721 $1,731 Total - $1,558
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Disclaimer: These values are correct to the best of our knowledge on 3 April 2008. Cleverscope Ltd accepts no liability for
errors or omissions. If you have corrections, please send to support@cleverscope.com.

We have ranked features Mandatory for the following reasons:
1. If the feature involves safety.

2. If the feature significantly improves versatility in many situations.
3. If the feature provides information that is essential, and can‘t be acquired any other way.
4

If the feature assures correct performance of the instrument.

User Interface Features

Item Tek TDS2012 Agilent Pico 3206 Link Instrument | Bitscope TiePie HS3-100 cleverscope Note Feature Rank
MS06012A DS0-8502 USB 310 CS328A

Time and amplitude axis Yes Yes No No No No Yes 10 Important

determine capture

specification (wysiwyg)

Can examine last signal Yes Yes No No No No Yes 11 Very useful

while waiting for next

capture

Can change axis values Yes Yes No ? No ? Yes Important

while waiting for a trigger

Easy control of time axis Yes Yes Moderate No No No Yes Important

Axis labels are in standard No No No No No No Yes Useful

intervals (0, 10, 20, 30..)

Tracking cursor to show No No No Yes No No Yes 12 Important

current value

Place tracking markers No No No No No No Yes 13 Important

Can link windows so display | No No No No No No Yes 14 Important

point tracks cursor for all

displayed windows.

Fast return to trigger point, No No No No No No Yes Useful

0V amplitude point

Frequency axis can be log No No No No No No Yes Useful

Bode Plots No No No Yes No No Yes Useful

Expanding window size gives | No No No Yes No No Yes 15 Useful

more divisions

Able to save data to disk Yes Yes Yes Yes No Yes Yes Important

Able to log derived values No No No No No No Yes 16 Useful

(Freg, Rms etc) to disk

Able to select the Span and Yes Yes No No No No Yes 17 Useful

Bandwidth of the spectrum
display




cleve r@

plug & play instruments
oscilloscopes

Notes

1. Input Range. Some CS328A systems had a maximum input range of 40V; this has now been put back to 80V. None of the other PC
scopes were mains protected.

2. Bit resolution. The CS328A offers options to upgrade to 12 bits (CS712U) and 14 bits (CS714U) — both are dual channel 100 MSPS.

3. Hardware offset. Most PC scopes do not offer hardware signal offset. Here is an example of cleverscope use:

Scope Graph Scope Graph

Tracer:Chan A[M1:Chan A [M2:Chan A |Freq: InfHz Tracer:Chan A|M1:Chan A |M2:Chan A |Freq: InfHz
Amplitude:| 632.3 mV 1811mV  [1841mV  |delta: 0.000mV Amplitude:[741.6 mv 1841 mV 1841 mV  |delta: 0.000 mV
Time: 1124 us 0.000 us 0.000 us delta: 0.000 us Time: 3618 us 0.000 us 0.000 us delta: 0.000 us
# | 51 52| A== =] = L] #]| &] * z| 51| 52| A==k =| =] L] 2] &)
Divisions - A: 250.0mV  B: 100.0mV  Time: 250.0 us Divisions -~ A: 50.00mV  B:20.00mV  Time: 20.00 us
125+, 1,250
d g ]
1,150
1.100-
0,500
2 e
g 2l g gm0-| =l
Fit] Fit] Fit]
y 0500 1
1'25_\ I 1 1 1 I I I I 1 1 0750~y 1 i 1 1 i 1 i 1 1 1 1 1 1
L] -1250.0 -10000 -750.0 -500.0 2500 0.0  250.0 S00.0 7S0.0 10000 12500 | B 1165 1400 160.0 1B0.0 200.0 2200 240.0 260.0 2B0.0 300.0 320.0 300 3800 31D |
an| o Time (us) O Fi| =5 o LT T] Time {us) B Fit| = o

If there is no offset system then a full range FSD that covers the desired voltage range must be used.

Tracer:Chan A[M1:Chan A |M2:ChanA |Freq: 1962.1 Hz
Amplitude: 19932 mV  |22355mV 17533 mV  |delta: -482.2 mV
Time: 505.2us -T60.4 us -250.7 us delta: 509.7 us

Divisions- A: 100.0mV  B: 10.00mV  Time: 200.0 us

2837

250

2418 240

230 1
22

2.20-]
217
1
2053
1os2 < 150-

1811 180+

1589

1.489

1328 13-
2o 2159 s 18 0337 083 1338 135 233
ms

I I 1 1 1 1 1 1 1 1 1 1 1 I I I
S oIy L far T -16000 14000 -100.0 -10000 -8000 6000 -4000 2000 00 2000 4000 6000 8000 10000 12000 14000 16000
Time (us)

The zoom tool was used to define the area to
zoom on, for a triggering graph — in this case
the glitch at the top of the sine wave. The
ceverscope software automatically rescaled
and offset the sampler so the full bit
resolution was applied across the vertical
amplitude range shown. If the trigger level
used is found to be off screen, it is
automatically moved to be in the amplitude
range newly chosen.

Note that none of the other PC scopes offered
dynamic rescale if the trigger was not
present.

The graph on the left is a Picoscope 5204
displaying a 1kHz signal, centered at 2V, with
400 mV amplitude. This sort of signal is often
found in single supply analog systems. The
Picoscope has to switch to the +/-5V range to
display the signal. The cleverscope graph (on
the right) offsets the input range to achive 10
(or 12, or 14) bits across the chosen
amplitude range. Both graphs are displaying
the same amplitude range.

The difference is further exaggerated because
the Picoscope has only 8 bit resolution.

The standard copy and paste supplied by
each application was used to grab the graph.
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4. Memory. The cleverscope offers an upgrade (CS800) to achieve 8M samples for each channel. Note that the cleverscope hardware
system allows full zoom on one frame, with a minimum of two frames being used. (This is so we can be waiting for a trigger while
examining the last frame, something many of the PC scopes cannot do). The only other PC scope to offer larger memory is the
PicoScope 5203/4, with 32/128Mbyte of memory. However, the PicoScope 5204 only allows 65536 x zoom. As an example:

PicoScope 5204 - the graph below is displayed with 5ms/div. Using maximum zoom, we get the graph below, with 76ns/div.

0334

-200 180 -100 50 0o 50 100 150 200 50 5.8 8621 926.4 1008 1081 1187 1234 1310 1386 1462 1538
ms Pico Technolegy Lid v picateshcom ns  +4779ms Pico Technolegy Lid v picateshcom

With a cleverscope, we can zoom to the limits of the available memory.
For example the graph below is displayed with 5ms/div. =~ We zoom to 10ns/div:

|Trscer-Chan A[M1:Chan A [M2:Chan A |Freq: 1562.1 Hz Tracer.Chan A |M1.Chan A MZ:Chan A Freq: 16606660,
Amplitude:|14.82mV_ [18.14mV  [21.68 mV | delta: 39.92 mV
Time:  [41399ms  |0760ms | 0251 ms |delta 0510 ms

Amplitude | 1524.7 mV 147.8mV 14186 mV defta; 1270.8 mV
Time: 52024000ns  |5202330.0ns  |5202330.0ns  |defta: 60.00ns

Divisions - A: 200.0mV B2 10.00mV  Time: 5.000 ms
Divisions - A: 200.0mV  E: 10.00mV  Time: 10.00 ns

2,20 2,20

0.7 -0.2 ' ' ! ' ' '
e 1 1 ' ' I ' | ' ' I
280 -200 -150 -100 50 00 50 100 150 200 250 5202310.0 5202340.0 5202360.0 5202380.0 5202400.0 5202420.0 5202450.0

Time (ms) Time (ns)

Even though the Picoscope 5204 has
128Mbyte of memory, it cannot zoom more
than 65536 times. This limits the versatility of
the large memory array. Instead it would
appear that the intent is to offer lots of
frames for past history.

Note that the zoom is not done by changing
the time scale, rather the user uses the zoom
control - which is not intuitive to a standard
scope user.

Also notice that the same number of divisions
are displayed, no matter how wide the graph.
This makes it visually harder to look at
multicycle signals. Divisions are in 76.3ns/div
lots.

The Cleverscope can also partition it’s
memory into frames, but the zoom (which is
not done as a zoom at all — the user just
changes the time scale) can be to the limits of
memory. Here we have magnified the time
scale by x500,000. Divisions are in 10ns/div
lots.

Note that the tracer blob and markers can be
used to display the actual sample values for
each sample. This is not possible with the
Picoscope, or either of the bench scopes.

A point to note — the Picoscope displays time
offsets as Base time + graph scale offset:

The Cleverscope displays the actual time, in
the current division units:

020 .
5302310.0 S202340.0
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5. Dynamic range. The standard 10 bit digitizer offers 12 dB better dynamic range than the standard 8 bit converters used by most
scopes. If the optional CS712U (12 bit) or CS714U (14bit) digitizers are used, this margin improves by 24 and 36 dB respectively. See
the cleverscope CS328A Performance.pdf in the Resources page. The arm trigger event is digital input 3 (Ena*)
6. Time resolution. For many people high time resolution is very important — and so the Tektronix and Agilent scopes are superior in this = going low. This is trigger 1. Once trigger 1 is
regard. But with a 3ns rise time (based on 100 MHz bandwidth) variations in the analog value on a time scale smaller than this are not = received, we count trigger 2 (the completion

very meaningful. What is important, though, is for how long time resolution is maintained when increasing the time period displayed. trigger) and trigger on the 9" Trigger 2.
With the Tek’s 2500 sample buffer, sampling rate starts falling when exceeding just 250ns/div. By the time you get to 2.5us/div the _ . - ;
time resolution is no better than most PC scopes. The Agilent has a deeper memory buffer and so provides better time resolution The completion trigger is given by Trigger 2,

performance. Finally when looking at long time records the cleverscope CS328A with 8M samples of memory provides the highest time and itis the falling edge of digital input 1, the
resolution. The PicoScope 5204 would appear (with 32 or 128M of memory) to offer higher time resolution, but this is not the case, as clk signal:
maximum zoom is limited to x65536.

7. Dyal Indepgnder!t Trlgger§. Thg cIeversgop_e is the only scope here .to offer dual |ndependgnt trlggers. This means.that the arm ' TRIGGER : sk P Trigge... E]|E|g
trigger event is defined by a first trigger definition, and the complete trigger event can be defined with a completely different second ,I— PrErp————
trigger. Other units assume the complete trigger is the inverse of the arm trigger. Here is an example of independence being needed: Seurce Z:' Dia Trig rIagEr < Sotires

Level ) 1.02 () Trgger 1 invert=d
TracerChan A|NM:Chan A |M2:Chan & |Freq: 6134969 \ @Trigger2dd'liinn
Amplitude:| 20331 mV  |20382mV 21323 mV u:;: 84.69 mV Pre Trigger I -8U
Time: 0.020 us 15.62 us 17.25us delta: 1.620 us l," p
Filter T) Mane Trigger 2 definition
Divisions - A: 25.00 mV  B: 5.000mV  Time: 1.000 us .
clk 1 ”HH-”-”-H”H 1 oftfojtfoftfoftfofzfoft|ofzfoftjoftfoftjoftfoft|o|t|o|L|o]1]|O 1 }n; Pattern Mot Required . ,_
, ) ) ) ) e Source *{  DigTrig
pate e : : : : me AAAELELAL \
Enat o 87654321 = g, '

ExtTriy R REN REN RN SR SR R igil
” 99999999 || oo e

- x[xxxxlxx | | |a3EEEAEA

2.100-] 87654321

TRIGGER z  S== Trigger A A A
4 Period - Count 2 S2Tings doddd
Usage Count Trig 2 XX |xx|x|x|xu

: ] ! | | | \ | ! | ! | ! | | ! | : | \ ] | ] i ! | ! !
-74 -60 -850 -4.0 -3.0 -0 -0 0 10 0 30 40 50 &0 0 &0 30 10.0 1.0 1.0 130 .0 150 160 17.0 180 130 200
Time (us)

The example is an SPI DAC outputting an analog voltage change (the A channel) in response to an SPI message. The SPI system
shares the clock and data with other devices, but has one enable per device. We want to start triggering when the enable goes active
(low), but set the trigger position to the DAC word. Here we have a DAC address byte (8 bits) followed by the selected DAC word (16 Usage

bits). We want to trigger on the 9" clock pulse, as this is the DAC word, but only after an enable. This requires separate arm and %
completion triggers. In this example we used the counting triggers.

min<T 12 < max
Trig 1~2 = max
Count Trig 1

1 CountTrig 2

In other examples period could be used — for example to verify that after an over current is detected, that the power turn off signal
happens fast enough, or that following a gate drive turnoff, miller effect current flow is not above a maximum.
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Averaging. There are many situations where the noise on the signal obscures the signal, and the signal is of the same shape each
time a trigger occurs. In this situation averaging coherently with the trigger will maintain the signal, but average out the noise, resulting
in better signal to noise ratio, with no loss of bandwidth. Some of the PC oscilloscopes do not offer this option.

Maths equations. Many scopes offer simple arithmetic (+ - / *) to process the signal. This is useful, but greater power in deriving
information from the signal can be had providing arbitrary mathematical equations - and this is what cleverscope does. As an example,
a common problem is to estimate the battery life of some equipment that does not draw continuous power. Below is the time graph of
a transmitting device that activates twice per second. An 0.86 ohm resistor made a handy current probe. The current is thus Vi/0.86.
We can estimate the power when using a supply voltage of Vs as Power = Vs Vi/0.86. The total energy will be [Vs Vi/0.86. In many
situations filtering is also useful — here our measurement is polluted with some switch mode power supply noise. To eliminate this, we
used a 1KHz Bessel filter (linear phase) to reduce the noise.

The input signals (A is Vi, and B is Vs) — note the noise. This is the Maths Graph:

M1:Chan A
147.5 mV
-21.68 ms

Note that the Maths graph has reduced noise, because of the filter, and it is also using
custom units — displaying values in power and energy. The total energy used for a 500msec
period was 1.495Joule (or Ws) (the difference between Markers 1 and 2).

Say we have a 6AHr 9V battery, this has a capacity of about 6 x 9 x 3600 = 194.4 kJ. Thus
this battery could run the device for 194.4 k/1.495 = 130,033 cycles, or 65,016 seconds —
about 18 hours.
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Here is the filter definition used:

Maths define filter
Filter spedfication Filter 1 Freguency response
Topolog
:-,gBessel
=
Type Order
s !
rJLof\pass ,FJE -
Lower Fc Upper Fc %
-3 F 3
4 1.00k 410,00k &
J j ;
PE Ripple 5B Attenuation gt
i Fa
:;]n.uz de :jgn.uu de
If the type is lowpass or high pass, then
Loweer Fc sets the cutoff frequency.
The graph ranges scales to 2.5 Upper Fc
[ | [ cancel |

d8: Mag @ dB

1 1
10.0k 100.0k
Frequency [Hz]

Phase response

Phase [Dea.]

1
100.0k

1 1
1.0k 10.0k
Frequency [Hz]

10. WYSIWYG. The bench top scopes, and cleverscope, use the ‘What you see is what you get’ principle — adjust the time and amplitude

axis, and that is what is captured. For the amplitude axis, it helps to have scale and offset to achieve this. Once the signal is captured
(while waiting for the next trigger or not), the user can examine the signal — zooming time or amplitude. The cleverscope tracking
graph, which is linked to the main scope graph tracing cursor position makes this especially easy.

File Edit WViews

*, PicoScope 6 - [sig 1 khz sine 2MS.psdata]

Measurements  Tools Help

(] | x4

Fug| Ul | e | En'\sﬁ:liu

\

FHEE] | 2ms B

Capture
time base

Capture
Amplitude
range

[+] |oc [+] =/

~

Zoom time base —
used when changing
the time base after
capturing. Goes in
sequence 1, 2, 4, 8,
16, 32,.. 65536x (not
10, 20, 50, 100..)

However the other PC scopes have independent
control of the capture specification and the
display specification. This means in many cases
you have to adjust two setups to achieve what
you want. Further they do not allow adjustments
while waiting for a trigger — you have to stop
triggering, adjust, and then re-trigger. Some of
the PC scopes have distinctly non- friendly
methods of adjusting the time axis.

Further, the axis values are often in non-decimal
intervals.

Filtering is a useful tool when extracting
information from the signal. The Cleverscope
filtering system allows you define the filter
parametrically — either low pass, bandpass,
high pass or bandstop (notch).

Maths define filter

Filter specfication Filte
Topology
:Jf TR
Lowpass

The bandstop filter is useful for removing
mains borne noise for example.

Some other systems supply low pass filters,
but these are all single pole, simple
exponential (RC) filters.

On the Picoscope, and TiePie scopes it was
very hard to set the time axis to the range
wanted. (You can set the range directly with
the TiePie, but this requires opening a dialog
box, setting the values, and closing the dialog
box again). On the Picoscope it was
impossible to set the values to the desired
range, and with the desired intervals needed.
The Link Instruments software allows
changes to the time scale, but the axes are
not labelled.
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Cleverscope Comparison

11. Adjust view while waiting for trigger. In many situations, you set the scope triggering, and then look at the scope, adjusting the
view, before generating the next trigger event. The bench top scopes and cleverscope allow you to do this. Using the PC scopes, if the
scope was waiting for a trigger, you could not adjust. Instead you need to stop triggering, adjust the capture definition, and then start
retriggering. This seems hard.

12. Tracking cursor and graph. The cleverscope tracer shows the current point of interest. The tracking and maths graphs can track this
point. Further changes in the tracking or maths graphs tracers, are reflected in changes to the tracer in the other graphs.

As an example, a complete video picture is captured below. Here is the scope graph - which defines the capture spec:

Tracer:Chan A/M1:ChanA |M2:ChanA |Freq: 49.76 Hz
-132.2 mv -28.15 mVv -28.15 mv delta: 0.000 mV
Time: -10.00 ms -12.10 ms 7.995 ms delta: 20.10 ms
M Tracer values

Tracer

The tracking graph:

Tracer:Chan A |M1:Chan A

MZ:Chan A

Freq: Inf Hz

Amplitude |-39.17 mV 242 4 mV

*2.4 my

delta: 0.000 mV

Time: -10002.7 us 10.000 us

delta: 0.000 us

Move the
tracer to
the right

M1:Chan A |M2:ChanA |Freq: 49.76 Hz
-28.15 mv -28. 15 mv delta: 0.000 mV
Time: -12.10 ms 7.995 ms delta: 20.10 ms
Il Marker values
Marker 1 | | Marker 2 E5;
T T T T T i

The tracking graph moves, following the tracer:

wlgop |
B !
ISl |
MURATASRIRETEI IR R
S SRR | A 'I
Ly
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13. Tracking markers. The cleverscope application includes two markers, which track the underlying graph. This makes it easy to place Tracking markers are useful for immediate
markers on a peak, and on the baseline, and then adjust amplitude, for example, by adjusting the marker delta value. The markers are

1drR _ - ‘ ) display of two levels. As an example you can
highlighted in the previous point. None of the other scopes had tracking markers. place markers on the trough and peak of a
14. Linked displays. The linked scope and tracking displays are illustrated in point 12. waveform, and adjust the amplitude visually
15. Expanding window size. With the cleverscope division sizes are held constant, so you get more divisions as you widen the window. using the ’marker delta amplitude value. '
With some other units, changing the window size changes the width of the division. Here is the TiePie being expanded:
Y Tracer:Chan A|(M1:Chan A |M2:Chan A |Freq: 3076.2 Hz
& & 1 Amplitude:|-183.0 mV -185.0mV  |328.7 mV delta: 513.6 mV
. . . . Time: 545.0 us -100.1 us 2248 us delta: 325.1 us

Divisions - A: 2000 mV  B: 20.00mV  Time: 200.0 us

| 1 1 1 1 1 1
-500.0  -400.0 -200.0 0.0 2000 4000 &DD.O
"""" A Time (us)

940.72 s 416.43 s 107.86 ps 532.14 ps All the other scopes reviewed use non-
attached markers:

iy PicoScope 6

Fle Edit Vews Measurements Iools H

(saniadod|

E gnr:\-\s 1 1 2 2 3.0 3 4. 4
@ Q| |more [v] 1 | | |
The markers don't change if the amplitude is
changed.
940,72 ps -678.58 ps -416.43 ps -154.29 ps 107.86 ps 370,00 ps

632.14ps 894.29 ps
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16. Logging derived values. You can log any of the information values (including markers) to disk as a tab delimited text file. Below is an

example logging the frequency and amplitude of a signal.

| (&Y

AEE)

Signal Information

Hide Logging I

_ |cans [

rrndmerdioy e
gréS.D us 780 ns pulse jzn
e [9.0%  [50.0%
Information Source

Seope. | Marker

Motes:

The log file is overwritten when you Start Logging.

Values are only saved after an acquisition has
been made, independant of the update interval.

Update Interval .’.JD 1 secs
A

Mumber of values to save .’—JJPSEDCI

Mumber saved 1847
Log Channs! A7 Log Channel B7
Stop Logging /) Logging active

Chart

B

0 20

Samples displayed : ,I 1000

40 &0

80

100

S

Cleverscope can also log spectrum plot derived values. Here we log the fundamental frequency and the vector sum of the 2" and 3™
harmonic distortion amplitude levels:

Spectrum Information

|Function |ChanA  |Chang | L0dFunction?
T

[ | Rms

[ ] Fmax
D W

Fi

[]F

[ w3

[ ] Sinad

[ | THD
HDZ+3
[ Marker x
[] Markery

Motes:

The log file is overwritten when you Start Logging.
Values are only saved after an acquisition has
been made, independant of the update interval.

Update Interval .’.JD 1 secs
A

Mumber of values to save "J 3600

Mumber saved (371
| Log Channsl A7 Log Channel B7
Stop Logging /) Logging active

0 20

Samples displayed : ,I 1000
>

40 &0

80

100

IS

Several of the PC Scope offer raw value
logging. Cleverscope also offers derived value
logging, in which the values shown to the left
can be logged to disk as a tab delimited text
file.

It's important to note that the text file
includes a time stamp for every value, and
that values are only saved when a trigger
occurs. So the logging system can also be
used to save exceptions — such as Frequency
when a particular event occurred. (The
actual event data can also be saved
automatically using the Auto Save feature).

So cleverscope system can be set running,
looking for exceptions. Later (eg the next
day) you will have a log of the time at which
each exception occurred, the derived value
found (eg Frequency, fundamental amplitude,
duty cycle), and optionally a snapshot of the
actual event.
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17. Set frequency span and resolution. When examining spectra it is very useful to directly set the frequency range being viewed, and

the resolution used. Other PC scopes do not do this, relying instead on the time graph settings. None of the other PCiscopes, or the Tek allow

you set the Frequency Span and Resolution,
or display a log frequency axis. This is a
common method used by spectrum analysers
to select the spectrum you wish to see. With

BN Soectrum Graph = | | celeverscope you select frequency span and
. PEC P — resolution directly, and the software selects

Here is an example (Frequency Span is automatically limited by what the time graph captured):

Tracer:Chan A& |M1:Chan & |M2:Chan A |Time 0.000 s the correct sample set to achieve the desired
738dB  |-5274dB |delta: -49.00 dB bandwidth.
230.5Hz |22338.9 Hz |delta: 11108.4H
T 300kH: = With cleverscope you also have some other
X = 51 52| A 250k He =l #e| &o| dB| LeaF| Source: | Scope tools;
Divisions - A: 100 cpny - dB Fregs 1000 He e you can click the peak reference button,
Freguency Res 133Hz o and the software finds the visible highest
7 OMHz +i amplitude frequency, and makes that
2,.5MHz 0dB. All other signals are then shown
E.0MHz . . e : I ! ] | | referred to that value.
10MHz ¥ = f e You can use log frequency graph scaling,
17MHz I 1 ! i ) e o i i o | . which is especially useful for bode plots.
Z5MHz e  Suppose you need to set the amplitude
SOMHz T T T T e e e T  — o o e e 2 of a signal to particular value. Place a

marker on the fundamental frequency
component, and adjust the device under
test until the amplitude is correct.

e You can display the amplitude in units of
your choice — linear or log. For example
you could display motor current in amps,
showing harmonics, for a variable speed
AC drive. The signal information display
can help, as it displays many common
spectral variables (such as SINAD, THD,
harmonic frequency and level).

—~
=

I

=

1 1
10k 100k M 1M ng |

Freq (Hz} Fit| =
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User Interface Examples
In this section we show a screen shot of each application, and discuss the pros and cons of the user interface.

Tektronix TDS 2012 Pros:

Responsive knobs enable easy
adjustment of time base, horizontal
position, vertical gain and position.

The display is ‘what you see is what
you get’, and easy to set up.

Cons:

Axes are not labelled and so you have
to mentally calculate the amplitude
and time positions.

1 R L
1
’ 1 . It can be quite hard to get back to
- | |E . il Y A the trigger point after having zoomed
in while capturing.

It is not so easy to adjust the trigger
when the amplitude is zoomed right
in, with a DC offset.

&
. |
q
q
|
|
i
q
i
'I

There is no dual time-base view.

CH2 T 240
10477 1IMHz

Time consuming copy and paste to
windows apps.
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Agilent MSO6012A
0 o0/ B 2000/ B

i N ——ET R A b4 PSPPSR L1 10111, R 14

Freql : 870.00Hz

Source

+3 Select:
Ampl

Measure
Ampl

T

| Duty(D, : 30,400%

0.00s

Clear
Meas

5008/ Stop f H

| Ampl(2 ): 363.00mV
Thresholds
B o

1810 —

Pros:

Responsive knobs enable easy
adjustment of time base, horizontal
position, vertical gain and position.

The display is ‘what you see is what
you get’, and easy to set up.

There is a dual time base view.

Cons:

Axes are not labelled and so you have
to mentally calculate the amplitude
and time positions.

It can be quite hard to get back to
the trigger point after having zoomed
in while capturing.

It is not so easy to adjust the trigger
when the amplitude is zoomed right
in, with a DC offset.

Digital triggers are time consuming to
set up.

Time consuming copy and paste to
windows apps.

One window has to handle all the
graphs (standard, zoom and
spectrum)
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Cleverscope Comparison

Pico 3206

L CEICRSCOPRE D - J51E 1 KL SINE. LS. DS

File Edit Vews Measurements Tools Help

ﬂs'du | B 4 | 2 me/div

[v] | x4

=[] | |2ms

lof 1 _ h;

A | Auto [v] |oc [v] &§ | B |Auto

&) e -] &

Scope 1 |

1.349
0.949
0.545
0.149
-0.251
-0.651

-1.0815
-2.253
%1.0 Nl

-1.753 -1.253 -0.753 -0.253

0247 0.747 1.247 1.747 2.247

|' sa!:uadmd‘l

|

Spectrum 1 !

w513

dBu
-28.61
-39.11
-49.61
-50.11
-70.61
-g1.11

-85.0

0.0 1.0 20 30

] i |

-81.99
dBu

4.0 O 6.0 7.0

O s Bt~ )%

| lov B =

Bl | | s0%

Pros:

Axes are labelled - but labels can be
strange intervals.

Separate views for scope and
spectrum.

Copy and paste to windows apps.

Cons:

Very difficult to adjust the display to
see what you want. While waiting for
a trigger it is not possible to change
the graph position.

Can not easily adjust spectrum graph
(magnifying tool and zoom multiplier
work, but seems only option).

An MDI windows display has been
used, which wastes desk top space,
and limits full utilization of the
desktop.

Copy and paste results not
impressive.

Sampling appears to stop when
menus are exercised.

No linkage between overview and
zoomed window.

No history.

Separate capture and display setup
required.

WWW.C|€V€FSCOD€.C0m
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Link Instruments DSO - 2102M

AT

File View Channel Trigger Rate Timing State FFT XY Measure Memory Window Help

@@ el |s) !

w oele 7 DD DE 2| ww el

= |Offset

S0mv.
100m\v
200my
500mv

STOF’I

|4z -
ot
_ Settings |
_1x | Ac]
Joox| enof
|+ |Offset
- [ESE
S0mV
100m\V
200m\V
S00m\V.

=~ |Cura
|5
~|Cuk
v | TEEY
AR
FE0. 00

EI Ql 10M5a (100ns)

Timelscq 13101mS
Tirning[1]: 50uS Adiv

Trigger

| RN < | sewn |

Cursor & Window positions
—
1100 |48 = -5.0000us =l

Bl T
J Channel 2 :-:f Level Trigger
=l Lo

TRIGIN - © 7

[CusorB | [fGl000GENN <[ »] «f v|[aT-904000 +]
CusorB | [i0H0000s + | »| « | »||[6-T = 5.4000us ~l
Trigger | (IO ¢ ||« v||[cT-smzen0e o
[imng 1 ~| [ | [T < 7206000 P

4 r] ] [oT 2008000 o]

B0us vy (500 Sajdv]

10.00%

Cursor 1 4
‘a ‘_’@ Cursor 2 A [ |

> _sew |
LI _Refresh

Plot 2 a2

(S

N | N | T | S

- 1 - {154 Cursor 1 Cursor 2 Cursor 1 -2
IQIQ 11 ey |0.000 Hz |0.000 Hz |DDDDH2
Plat 1 ‘A‘I | |n0oooooogy | 0.00000000Y | 0.00000000Y
ﬂ' |0.00000000% |0.00000000y |0.00000000

(FreqiDiv=61.04KHz)

Pros:
Separate views for scope and
spectrum.

Easy adjustment of time axis.
Cons:

Adjustment of vertical position after
capture not possible.

Adjustment of spectrum display range
tedious. No dB. No tracer blob.

An MDI windows display has been
used, which wastes desk top space,
and limits full utilization of the
desktop.

Large amounts of screen used for
buttons.

Minimum range is 20 mV/div which is
quite limiting for low level signals.

Axes are not labelled and so you have
to mentally calculate the amplitude
and time positions (except spectrum).
No zoom window.

No history.

No graph drag.

No on-graph zooming tools.
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Bitscope 310 Pros:

Mixed signal scope

Cons:
Limited number of input ranges.

“# BitScope DSO 1.3

B TRIGGER ~uto| can| saur
FY

Delayed sweep not visually set — need
to set by typing a number.

Adjustment of spectrum display range
tedious.

Minimum range is 130 mV/div which
is quite limiting for low level signals.

| oFF |
| cha  cHB | tocic
RISE FALL | STATE

FAST | [ FILTER | ADJUST
=

Axes are not labelled and so you have
to mentally calculate the amplitude
and time positions (except spectrum).

=

Not easy to see if you can easily
explore the buffer contents.

No zoom window.

g No history.
BitScope
No graph drag.
.TE =400us TM=05S VM =0V TP=948us VP= 2.14.\! FP=109 kHz F5=5 MHz No on-graph Zooming too|s_
SAVE Separate capture and display setup
[ | ZOOM TIMEBASE N cua EXH M cas EEE I CAPTURE/ DISPLAY required.
=Y=
1 DIET  BNENIET PN e B e
— — — — ezt st || Slow update rate because of slow
Kl s HINEY v PNNENE] BREE = USBL.0 speed.

DELAY | | REPEAT| TRACE on | mv | oo |+ on | mv| poo||.|+ P

D50 1,3 06100105 BCOD0301 RE52HO10 sydney.bitscope.net 4.7 kBfs CONMNECTED




clever

plug & play instruments

TiePie HS3-100

TiePie Multi Channel

FEX
File Instruments Quick functions Help

o ST = B
5000 Samples Time out: 100 ms .4,

1 50 MHz @ 12 bits | (Ch1) 87 3

EEEGES S 1

]

L

chi ';\R. =) |_-1 v _v] jl

| == =1

-1 E@ Instruments

= e DI(1)

: 20,000
“E’?\. Chl i L g i L b
= aﬁh Function generators L. . || . Lo A | . | I . . Y | [—— .
5 : : :
% I.c;rces R AL -10.000
- JUE H i
|, FFT1{DI{1).Ch1)
|, FFT2(DI{1).Ch2)
I.Lu. FFT3( OIf1).Ch1) 0.00s 10.00ps 20.00ps 30.00ps 40.00ps S50.00ps 60.00ps 70.00ps 80.00ps 90.00ps 100.00ps
“h L S £
|, FFT4(DI{1).Ch2) ]

H E

= B R B
(! | S S 2

=5 Sinks

g LY Y R YR YTTCORTTCOETICCT
O I e i T R e ETY:

| R e

L B B 2 — ——

350.39 kHz 700.79 kHz 1.05 MHz L75MHz

Active Instrument: Demo instrument, Serial Mumber: 1

Pros:
Separate views for scope and
spectrum.

Separate windows that can be placed
anywhere on the desktop.

Responsive amplitude and position
control.

Axes are labelled.

Copy and paste into Windows.

Cons:

Setting up pre-trigger delay, and total
capture time tedious — must mentally
calculate sample rate and record
length, rather than just setting it. Can
use Autoset for repetitive signal — but
no good for one shot capture.

No delayed trigger.

Axis values are not in easy multiples.

No zoom graph (can use mouse
outline zoom, but no control for this).

No history.
No graph drag.

Separate capture and display setup
required.
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cleverscope CS328 Pros:
- [B] <

The display is ‘what you see is what
you get’, and easy to set up.

el [~ | 1 [X] 19 Scope Graph

File Edlt Settings  View mlndom Halp

[l 4 qa <~

Tracer:Chan A|M1:Chan A |M2:ChanA |Freq: InfHz n A |M1:Chan A WZ:Chan A Freg: Inf Hz

Amplitude: | 2136.0mV 19924 mV 19921 mV |delts: 0.000mV | [ Aweitud= (20357 mV 2052 B mV 20328 mV delta: D.000 mV

ZOO tOOlS 1.059 ms 0.000ms  [0.000ms  |delts: 0.000ms | [Tms:  [1285us 0.000 us 0.000 us. dehta: 0.000 us separate WlndOWS that can be placed
DA L 2| e =] T ) 0] @) # =151 52 4=im| =] = | 4] e
Current Frame  Display Method Tivisions - A: mV B:5.000 MYV Time: 2500 ms Divisions- A: 2000 mV  B: 10.00 mV  Time: 5.000us

anywhere on the desktop. Only

Y]n Ray (lpeskcaptired [

| m . s required windows need be opened.
D:\APC\Cscope Labview, = N
I‘L Education Files\DAC u-H iStOl'y full_ j N
et = e [T T Responsive amplitude and position
ACQUIRE  TRIGGER 1 Slope | 4 Ena* N n
= . LT (i 1 | control scroll wheel acts as virtual
futo Level o 102 z‘ﬁsf—m.i,m 280 ——— ——l e knob. Good zooming tools.
@ 8 riggered Paé]r‘i?nzrl—u I Sl = 2 --—n.;a;og | o : | | | | 7n.‘m§ o MET
L PP E— i risweep synchronous

cton Axes are labelled in useful multiples.

Base Frequency e .. .
— o Dl_gltal Inputs displayed synchronous
,,,,, Wi e with analog values.
Sweeping
<
e Can drag the graph on the screen —
Count Trig 2 10.000M | Hz easy to get it rlght.
=0 Freq Sizp . -
Fit Button |o e Tracking graph is linked to the scope
[ Siweep Tme graph tracer position, - move the
TracerChan A [M1-Chan A |M2:Chan A |Time 0.000 s TcerCifn A |Mihan A |MZChanA  |Frea: InfHz IZ & tracer and track|ng graph fo"ows_
2 |-78.51 dB -57.74 dB -63.91 dB delta: -6.168 dB Amplitude FE\'E/N\' 14359 mV 1435.9 mV dehta: 0.000 mV
Freq: 23.17 KHz

2.052 KHz |4.103 KHz |delta: 2.052 KHz

Start Sweep.

Time: Whous 0.000 us. 0.000 us delta; 0.000 us.

[Functon [chana _[chann [70 Toggert e e Pt sl el sl e B Delayed trigger by setting positive
o =n A Freancysomn s | Fracvancy s | time value to scope graph time axis
ax j Spectrum controls & -0 & starting position.

Min

IPkPk Ay |0.00v H-w |+~ Data
Std Dew 4L.1imv 0.00V P
period seurce o Dig T Ena” Cursors track graph values.

undamental . q
|§requm‘ﬂ el i Copy and paste to windows.
E::E?n?ﬁ‘ Pattern it i 40,0} 1700 -

ulse e | { .

B Siossean f_ - | EEEEeeE History (last 50 graph changes).
outy Cyze 4 7653321 -0- £ L
Averaging Information Source g :) ;) 3 i): 5 e -100.0-} | | ! 1 ! \—-450.0 &ff 1550 -} 1 i

Lo < I?REA?I?!?FIU e s e j | EEEEEmmEReeesscoeeee Visual trigger level placement

— e = | 1 1 | | B O
Notepad google.reg u-: JE an:q\ Tlme Scale and B 1‘45_0 | L = 1 1 | |

Gain/position S | ition buttons P e | — Cons _
‘s Start buttons B G B E ST e o = Comperison invitat... | W4 Inbox - OutiookEx... | O Cleverscope comp... | [i¥ 9 Cleverscope ~ EN Q;‘jﬁ'ﬂl Z11p.m. Only one knOb (bUt aUto-aSSIQns to

last control used).
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