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CS328A Performance

Noise, dynamic range and cross talk
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1 Summary
The CS328A is offered in 10, 12 and 14 bit sampleconfigurations. This document examines the noise,yhamic
range, cross talk, and ground noise performance dd typical off-the-shelf acquisition unit.

2 Explanation

First, an explanation of some of the terms we useéWhen discussing signals and noise, it is common talk
about power into a known termination, and the noisefigure, based on the impedances of the source and
termination. However, we will depart from this, because the output impedance of the driving source isiot
known, and the input impedance to the scope variewith frequency, and is usually as high as we can nie it.
Thus it is difficult to measure the power, and dexie the noise figure. Instead, we will express all masurements
in dBV. Given the appropriate impedance transformabns, power can be derived from this.

We will make our measurements over a defined bandwdth of 20 MHz. Given a wideband noise source, the ms
voltage in a particular bandwidth is proportional b the square root of the bandwidth ratio. When usirg an FFT
analyser the full band noise is distributed into te number of frequency bins used, according to thisatio. We
will use 4096 frequency bins. When viewing frequeng spans off less than 20 MHz, without an anti-aliagg
filter (the case here) the full 20 MHz band noises still distributed over the frequency bins used @96 in our
case).

2.1 Internal noise
We have three factors limiting the displayed noisdloor, which is determined by acquisition unit intenal noise:

1. The bandwidth of the frequency bin we look over.A narrower frequency bin will result in a lower nase
floor, because the integrated noise voltage is loweover a narrower bandwidth.

2. The resolution of the digitizer. The ‘quantizatbn noise’ is proportional to the number of bits digtised. A
digitizer will yield a quantization error of best ase+'2 LSB about the true value. We can resolve 1 part
in 1024 for the 10 bits sampler, 1 part in 4096 forthe 12 bit sampler, and 1 part in 16384 for the 14 bit
sampler. Thus the quantization noise is 12 dB dowim voltage going from 10 bits to 12 bits, and 24 dB
down from 10 to 14 bits.

3. The electrical noise floor of the acquisition sstem.

The Cleverscope acquisition unit varies the frontrel gain and offset to ensure that only the displaye scope
graph amplitude window range is presented to the djitizer. In this way we maximize the signal to nois ratio
available. For high gain (ie volts/div become smalhumbers), the electrical noise floor dominates, athe full
dynamic range of the digitizer cannot be used. Folower gain (ie volts/div becomes bigger numbers), he
digitizer resolution dominates, and the quantizatio noise dominates. In both cases, reducing the measement
bandwidth will lower the noise floor. This documentfinds the crossover point between the electrical ad
guantization noise floors.

2.2 External noise

External noise, such as noise in the system undegst, reception of radio and TV stations, and noisgenerated
by LCD and CRT monitors, and computers, all serv® increase the noise floor, and reduce the dynamicange.
Without careful design and shielding of the unit urder test, these factors may compromise the maximum
available dynamic range.

2.3 Dynamic range

The dynamic range is the difference, in dB, betweethe noise floor, and the largest signal that can b
measured. Either the electrical noise floor, for gh sensitivity settings, or the digitizer resolutia, for lower
sensitivity settings, will limit it.
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2.4 Cross talk

Cross talk is another source of effective noise -he proportion of signal on the other channel leakilg into the
channel under test. If we are measuring two signalat the same time (as we do for gain/phase plots)the cross
talk may wind up being the limiting factor when measuring the dynamic range.

2.5 Ground noise

The acquisition unit is a dynamic system which inatles switch mode power supplies, and high speed ditl
circuits. These generate noise. Great care has betaken to reduce the transmission of this noise t@ minimum,
but common mode electrical noise output by the acqisition unit can be turned into differential input noise via
any series impedances. We measure the ground noise quantify it.

3 Cleverscope acquisition unit construction

The Cleverscope acquisition unit uses these methods reduce noise:

1.

The plastic case is internally coated with alumium, and aluminium sheet is used for the front and-ear
panels. The panels are held by U-grooves to eliminta E field leakage into or out of the unit. The two
mating halves use coated U grooves to minimize leage. The panels, and aluminium coating are
earthed.

A six layer printed circuit board is used, wittcontrolled impedance tracks used for most signalies.
Many of the signal lines are differential to reducethe effects of common mode noise.

Two distributed ground planes are used — one fothe top surface components, and the other for the
bottom surface components. These ground planes redie the amplitude of the E field emanating from
the PCB tracks and components.

A partitioned power plane is used to ensure thatecirculating power/ground currents are contained,
and to minimize digital to analog ground current caipling.

Monolithic multi-layer Pl filters are used at tke outputs of each switch mode power supply to redue
high frequency switch energy from propagating intothe analog front end.

Monolithic multi-layer Pl filters are used between each digital control line and the analog frontend and
the control components (ADC'’s, DAC’s and switchesfo limit digital switch noise from propagating into
the analog front end.

Spatial separation is maintained between the anag and digital sections to minimize E-field shariy,
with particular emphasis on the power supply runsd stop ground current mixing.

A ground pour on the top and bottom layers ensues further reduction of signal coupling between
components.

A distributed power scheme is used, with very lev noise, high PSRR linear regulators used to prowd
power to individual circuit functions to minimize power supply coupling of unwanted signals, and
reduce power supply sourced noise at high frequenes.
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4 Electrical Noise

4.1 Internally sourced noise

These measurements were made with a 14 bit digitize a scope graph set to 1mV/div, 8 mV FSD, peak
captured, scope graph width of +/-10us, and a speatum graph with a frequency span of 17 MHz, and 2.44
kHz frequency resolution. The 20 Mhz filter was usd. A desktop PC was used , with grounded power suply,
and the standard Franmar switchmode power supply. Ae digitizer was switched between 10,12 and 14 bit

resolution to verify quantization noise floor. Theinputs were open.

Instantaneous scope graph and signal information:

Tracer:Chan A |Mark 1:Chan B |Mark 2:Chan B |Freq: Inf Hz
Amplitude (40405 m\ -1.757 mv -1.757 mW delta: Q.00 my
Time: T.690 us 0.0 us 000 us delta: 0.00 us

The spectrum graph (instantaneous):

e e

Chan B
DiC =379 uV -1.90 mV
RMS 404 uv 1.90 my
Max 53.0uV -1.48 mV
Mirn -841 uV -2.35 mV
PkPk 399 uv 875 uv
Std Dev 150 uv 152 uv
Period 191ns 472 ns
Fundamental 5.63 MHz 11.7 MHz
Frequency
Fundamental| 34. 4 uv 35.9uv
Peak amp
Pulse 146 ns 410 ns
Length
Duty Cyde 86.8 %

Discussion

Peak-peak noise was 899uV.
The standard deviation, a
measure we will use from now
on (as the spectrum graph
shows rms values in a
frequency bin) is 150 uV. This
noise is present across the filter
limited oscilloscope bandwidth
(because we used peak captured
acquisition, with the 20 Mhz
filter on). We can see from the
spectrum graph that the noise
floor is about —105 dBV. Further
to resolve 1 LSB, we want the
LSB to be 2x larger than the
noise floor. Thus one LSB
represents —99 dBV (2x = 6 dB)
when noise limited. This is the
same as 11.3 uV. Based on this
value, the minimum rms signal
levels we can measure, and
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maintain full digitizer resolution for instantaneots measurements are:

10 bit: 11.3 uV x 1024 =~ 12 mV
12 bit: 48 mV
14 bit: 192 mV

We make a distinction between instantaneous and awaged resolution here. Because noise is random, arad
signal is not, we can average to reduce the noisayhile maintaining the signal. In this way we can reluce the
noise limited minimum rms signal level for which weget full digitizer resolution. We will look at this while

measuring a signal. We also assume that the measutaignal is not itself polluted by externally soured noise.
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4.2 Externally sourced noise

External noise is noise injected into the measuringhannel from outside sources. For low level signsl external

noise sources are significant and have to be manade

Most urban settings have significant RF noise ematiag from Radio and TV stations, ADSL telephone lggs,
Wifi networks, PCs and PC peripherals. Though somef the energy transmitted maybe out-of-band, any non-
linear element (such as a diode or transistor) irhe signal chain can demodulate the RF signal, andg@sent an

in-band signal.

As an example a 50mm piece of wire was inserted inotthe Chan A BNC Cleverscope input. The resultingrgphs

are:

Tracer:Chan A |Mark 1:Chan A |Mark 2:Chan A |Freq: Inf Hz
Amplitede | -2.510 m\/ 0.725 mY 0,725 m delta: 0.0 my
Time: 1.558 us delts: 0000 us

Fes re=

The spectrum graph shows the
presence of several local AM
radio stations between 702 kHz
and 1593 kHz:
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The entire Cleverscope acquisition unit was placeid an earthed Faraday cage (a metal box large enoungto
hold the unit and the antenna, with surrounding ailspace space around the acquisition unit to allow ternal

radiation if it was occurring), and the following gpectrum graph resulted:

Time 0.000 s
delts: .11 dBV
delta: 0.831 MHz

This shows fairly clearly that the noise is exterrly sourced. It also tells us that even short stubsf wire or PCB
track can act as antennas for signals we did not geect. To maximize dynamic range for low level sigria you
will need good shielding around all the circuit modiles used — particularly when used near PC's and DC

display’s.

Here is the field measured 100mm from the LCD scraeof a Tektronix TDS210 oscilloscope, with a standd

scope probe with grabbing tip fixed, 10:1 switch séting:

Tracer:Chan A |Mark 1:Chan A |Mark 2:Chan A |Freq: 145476.8 Ha
Amplitude (-1.204 mV 21.59 m T.568 mY delta: -14.02 mV
G810 us -1.750 us -1.060 us delta: 6.650 us

Std Dev

Period 799 us 3,495 us
Fundamental 1.24 kHz 320 kHz
Frequency

Fundamental| 16,4 mV 32guy
Peak amp

Pulse 417 us 7.32us
Length

Duty Cydle
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This signal results in significant RF interferencstill measurable half a meter from the screen:

Tracer:Chan A

:[-109.2 dBY

14.91 MHz

FEr =2

5 Dynamic Range

We use an Agilent 33120A signal generator as the ghal source, a 10:1 probe, and 50 ohm terminating esistor
acting as an attenuator on the 10:1 probe to measwe performance with a 500 uV rms signal. We used a30
kHz sine wave, because the low pass trigger filtewill still work at this frequency, to stabilize thetrigger. Later
we used the 33120A sync output with a 100:1 probe a the B channel as sync. We used the 100:1 probe to
minimize the possible effects of cross talk.

Here is the signal without averaging:

RN O Mg 7

The region 0 — 4Mhz has
significantly raised noise floor.

Tracer:Chan A |Mark 1:Chan A |Mark 2:Chan A |Fregq: Inf Hz
Amplituds | -4 474 mV -3 863 mV/ -3 863 mV/ delta: 0.000 mV
Time: -4 378 us 0.0 us 000 us delta: 0.00 us
|
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We use the standard deviation to measure the rms \ae, which is what the spectrum graph displays:
Mark 1:Chan A Time 0.00 s

-66.27 dBv delta; -57.96 dBV
0.151 MHz delta; 7.148 MHz

The 150 kHz signal can be seen
highlighted by Marker 1. The
————— amplitude is reported as —66.2
PRy e dBV, or 490 uV.

Now we use averaging to gain a better estimate of he signal. We average over a few more cycles to ges us
our best estimate, and look with the spectrum graphat a narrower region of interest. Note that narrowing the
graph does not give better noise floor, because theomplete bandwidth noise values alias into the sperum
window used. A filter would have been required (ths can be done with the maths) to reduce the actual
bandwidth, and therefore the noise floor.

Tracer:Chan A& |Mark 1:Chan A |Mark 2:Chan A |Freq: Inf Hz
Amplitude (-4.552 m\ -3.616 mV -3.616 mV delta: Q.00 my
-16.25 us 0.000 us 0.000 us

We used 20 averages. The information shows the amjplides in the frequency domain, by using the spectrm
graph as the information source.
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Here is the spectrum graph:

The 150 kHz signal amplitude is —66dBV. This is 1% (-66/20)= 501 uV.

The important thing to notice is the averaging pro@ss (using 20x averages) has lowered the noise flocHere is

the noise floor without averaging:

Tracer:Chan A |Mark 1:Chan A |Mark 2:Chan A |Time 0.000 s
Amplitede: (-115.8 dBYV 640,06 dBV -145.3 dBV delts; -T79.25 dBY
Freg: 351.2 KHz 150.0 KHz 270.0 KHz delts: 120.0 KHz

Soope

The noise floor is about 20 dB
lower with averaging. Increasing
the number of averages can
make further gains.

Assuming 10x averages, we can
see that the we can easily get a
10 dB improvement in dynamic
range (about 3x). Given these
values, the averaged noise
limited signals levels are:

10 bit: 3 mV
12 bit: 12 mV
14 bit: 50 mV.

We can see that for the 500 uV
test signal, we have about 34
dB of headroom in the non-
averaged case, meaning we
should be able to resolve about
10 uV, and about 44 dB of

headroom in the averaged case. We should be able teesolve about 3uV in this case.
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5.1 Proving Dynamic Range
Given the measurements above, we will prove the dyamic range possible, for the averaged and non-aveged

cases.

We found that for the non-averaged case, we shouldbe able to measure these noise limited values

10 bit: 12 mV
12 bit: 48 mV
14 bit: 192 mV

5.1.1 10 bit resolution

Here are the results for a 12mV signal digitized wf 10 bit resolution:

A A

i |

PA T |

RIREEEESIERE EF |

EEGRIEHRIESEISN |

ELEERRIRN S IS e |

658 185 1 1581 B8 02 51} |
ISE SRR R

The Std Dev is 12 mV. (Note the Fundamental peak amis given in peak units, which are 2 times higher than

the RMS value). The frequency graph shows:

The amplitude is —38.48 dBV or
11.9 mV.

The noise floor is about —100
dBV or 10 uV. This is a ratio of
1 part in 1190. We have 10 bit
resolution.
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We used the sig gen sync output for synchronizationHere we introduced a divider to 30 uV. The scopegraph
is still set for the same axis values as when measog 12mV:

Tracer:Chan A

Mark 1:Chan A

Mark 2:Chan A

Freq: 143475.8 Hi

Amplitude (-4.032 my

-4 116 mV

-3.350 m\

delta: 0.755 my

W.Tous

-T.750 us

delta: 6690 us

Tracer:Chan A |Mark 1:Chan A |Mark 2:Chan & |Time 0.000 s The spectrum graph shows the
Amplitude: [-105.8 dBY -85 83 dBV -33.54 gBV delta: -10.05 dBV 150 kHz signal, at —90 dBV.
Freq:  |2312KHz 150.0 KHz £.205 KHz delts; -141.8 KHz This corresponds to 31.6uV.
There is still 10 dB (3x)
Scope headroom, meaning we can
still resolve 10uV.
1
2
|
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Averaging can be used to increase the noise floogs previously explained.
In the next acquisition, we average 20x. After acqisition, we expanded the amplitude axis (meaning tb
acquisition unit has been operating the whole timewith the same amplitude gain):

Tracer:Chan A |Mark 1:Chan A |Mark 2:Chan A |Freg: 1434765

Amplitede | -3510.3 o -3554 2 ul -3528.3 uV delta: 25.93 uV

Timme: -Z2. 43 us T T8 us -1.060 us delta: 6680 us
1 2z

The 200 uV jump in level between 10 and 20us is cased by the trigger LED coming on, and injecting cha@e
into the analog front end. We have filtering to try and minimize this effect.

Fere=

After averaging 20x, we have improved the noise flor to about —120 dB. The dynamic range has increaseby
about 20 dB (or 10x, about the same as an extra 3 ibs of resolution).

CS328A performance
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5.1.2 12 bit resolution

With the resolution set to 12 bit, we repeat the two experiments above, but with a 48 mV signal.

Here is the scope graph:

Tracer:Chan A | Mark 1:Chan A

Freq: 143475.8 H:

Amplitude (42 44 m\ -57.89 mV¥

delfta: 1.442 my

-1007T us

Time:

The spectrum graph:

Tracer:Chan A |Mark 1:Chan A

Mark Z:Chan A

Time 0.000 =

Amplitude:|-105.9 4BV -26.4T dBV -106.& 4BV delta; -80.36 dBV The spectrum graph shows
Freg: 3857 KHz 150.0 KHz 270.0 KHz delta; 1200 KHz 26.47 dBV (or 47.5 mV). We
Scope have about 74 dB headroom (so
5000x). This means we should
be able to resolve 12 bits before
being affected by noise.
1
2
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Next we use the same 30uV signal as before.

Here are the time graphs:

Tracer:Chan A |Mark 1:Chan A |Mark 2:Chan A |Freq: 145476.8 Ha
Amplitude (-3.347 m\ -4.244 mV -3.566 mV delta: 0.578 mV
15.95 us -1.750 us delta: 6.630 us

Timne:

We see the spectrum graph showing —90.2 dBV, or 3@.uV. We still have 10dB of headroom, and so are de
to resolve 10uV. We are achieving 12 bit performane.

Tracer:Chan A |Mark 1:Chan A |Mark 2:Chan A |Time 0.000 s
Amplitede: (-112.5 dBV -20.21 dBV -108. T dBV delts; -19.48 dBY
Freg: B8.74 KHz 150.0 KHz 270.0 KHz delts: 120.0 KHz

Soope
1
|2 ]
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Again we repeated the averaging (20x), and obtainedhe scope graph with the same axis values:

Tracer:Chan A

Mark 1:Chan A

Mark 2:Chan A

Freq: 143476.8 Hi

Amplitede | -4.373 m\

-1.433 mY

-2 400 '

delta: 0.033 my

delta: 6680 us

zooming in after the average we see:

Tracer:Chan A

Mark 1:Chan A

Mark 2:Chan A

Freq: 1494762 Hi

Amplitede | -4505.8 o

44330

-4353.9 uV

delta: 3347 uV

=35 7T us

-T.750 us

-1.080 us

delts: 6.650 us

SO we are maintaining the same 10uV resolution asof the 10 bit setting.
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The spectrum graph shows:

Tracer:Chan A |Mark 1:Chan A |Mark 2:Chan A |Time 0.0 =
Amplitude: (-131.2 dBY -91.48 dBV -125.5 dBV delts: -34.04 BV
Frag: 83T KHz 15000 KHz B.205 KHz delts: -141.8 KHz

1
2

We again reduced the noise floor by about 20 dB bysing averaging.
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5.1.3 14 bit resolution

We use the same methods to test the 14 bit digitize This time we digitize a 192 mV signal. The scopgraph

response is:

The spectrum graph shows a peak at —14.5 dBV, or BBmV rms. This is non averaged.

As the gain drops (the FSD has
changed from 200mV to 800
mV), the noise floor has
increased. This is because at
high gains the noise floor is
limited by the front end
amplifier noise, while at lower
gains we see a transition to the
intermediate gain chain output
noise dominating the noise
floor.

In any case the noise floor has
risen to about —92 dB. 14 bit
accuracy predicts that the
minimum signal needs to be 6 +
20 log (16384) = 90 dB above
the noise floor. This is clearly
not the case. We see that the
input signal needs to be at -2
dBV or greater (794 mV rms or
greater), for the non averaged
case.
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Thus to achieve 14 bit accuracy with a low level ghal we will need to do some averaging.

We did the averaging and found that signal generato noise was starting to dominate the noise floor, ad we
had to increase the signal level to 320 mV rms to ehieve the 90 dB difference between signal and noésfloor.

Here is the signal:

The amplitude is nearly 320 mV rms.

Here is the spectrum graph:

The noise floor is now about —
100 dBV, but there are
intrusions — caused by the signal
generator noise floor. The signal
has been averaged 20 times.
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Again we used a signal at =90 dBV (30 uV):

Here is the scope graph:

The spectrum graph shows that the increased attenu#n needed to achieve the —90 dBV signal, has also

dropped the signal generator output noise floor:

We have a noise floor now of
about —105 dBV, so a margin of
15 dB on the —90 dBV signal.

This is sufficient to resolve a
signal 5.6x smaller. Thus we
could resolve to 30/5.6 =
5.3uV, which is less than the
19.5uV we need to achieve 14
bit resolution (320mV/16384).

Note that if a full scale signal is
present, very careful design in
the signal source will be needed
to achieve a low enough noise
floor to get the full 14 bit
resolution, even with averaging.

For the HP 33120A sig gen, we
can only just achieve the 90 dB
dynamic range in the presence
of the full scale signal.

Notice that as we attenuated the signal generator atput, the noise floor dropped to the Cleverscope mative
noise floor. We can see with a noise floor (averag#) of —105 dBV, we should be able to achieve 14 bit
resolution with a —15 dBV signal (178 mV). Withoutaveraging, this signal needs to be 10dB bigger, 6¢5dBV

(562 mV rms).

CS328A performance
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It is interesting to look at the zoomed in versionof the scope graph to see the signal we captured wh a 1.6V

FSD amplitude range:

Verifying 14 bit at high amplitude.

We can still see the outline of
the signal, and the 200uV
transient when the triggered LED
is turned on. However the noise
floor is 15dB worse than the
previous graphs, and so the
signal is much noisier.

We used the lower range full scale signal (the lowerange is +/-2.5V) of 1.75V rms or 4.7 dBV. Here § the

signal:
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The Cleverscope acquisition unit has two hardwareanges -+2.5V and £20V. By using a signal of 5V p-p we
optimise for the maximum signal that fits into thelow range.

Here is the spectrum response:

Here is the averaged (20x) response:

As can be seen the signal
generator output noise is now
dominating. We see a noise
floor of about —80 dBV, giving a
dynamic range of about 84 dB.
This is marginal for 14 bit
measurements.

Applying averaging will only
reveal the sig gen output noise
features, and will not improve
the noise floor.

The features seen are probably
remnants of the internal signal
generator power supply, and
digital processing system.
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We removed the input signal, while continuing to sync off the channel B sync signal. The result is balv:

This is the averaged response
with no input signal, with 5V
FSD input range, as used to
measure the spectra above.

We can see that the acquisition
unit's averaged noise floor is
below that of the signal
generator.

The non averaged response is
given below:

We see a noise floor (hon
averaged) of about —90 dBV.
We are able to display signals to
+4.7 dBV with the 5V FSD
range used, and so our total
dynamic range (non-averaged)
is 94.7 dBV. This is sufficient to
achieve 14 bit dynamic range.
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6 Cross Talk

Cross talk is the generation of an attenuated sigrnaof the same frequency in the other channel in rgsonse to a
signal being injected into the test channel. It hapens because there is un-intended coupling betweethe two
channels.

We used peak hold capture to show the maximum crostalk in response to a 0 dBV signal across a 10 MHz
bandwidth. The alternate channel is left open.

Here is the Channel B cross talk in response to avept 0-10MHz signal, at 0dBV (1V rms) into channelA:

We can see that the cross talk is
not frequency dependant, and is
a fixed —=76dB. This is equivalent
to 1 part in 6300. Thus we
achieve better than 12 bit
performance, provided the
interferer is of less amplitude
than the peak signal expected
on the signal of interest.

This level of cross talk will
compromise 14 bit
performance, and so needs to
be taken into account.

The channel A response is very
similar.

At lower frequencies the
characteristic changes
somewhat, with a cross over at
20 kHz. Below 20 kHz, the
offset amplifier is providing the
low impedance offset source.
Above 20 kHz, the offset source
is passive, and constant
impedance. The offset source
necessarily has some coupling
from channel to channel
(though we naturally attempt to
minimize it). Here isthe A
channel response for a signal of
0 dBV on the B channel, being
swept from 1 kHz to 60 kHz.
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7 Ground Noise

The Cleverscope acquisition system uses a groundéwnt panel for safety reasons (if a user inadvertatly clips
the ground clip to a live connection, we want the fuse or RCD to open, saving the user, and the competr
connected via the non-isolated USB link).

Where multiple grounds exist, it is possible to get potential difference between them, and thereforea signal
that can be converted from a common mode voltage toa differential mode voltage, and appear as an
interfering signal to compromise the noise floor. Tis signal is not avoidable unless the common grouhis stiff,
and low impedance.

In addition, the acquisition unit, and connected PCinclude many active elements such as switch modgower
supplies, processors, and clocks. It is possible finese elements to modulate the internal ground ctrent and act
as a signal source when connected to other equipmen

A Tektronix TDS2012 was used to measure the groundoise. A coaxial cable was connected from the
acquisition unit Channel A to the Tek Ch 1 input. Ay ground noise should show up as differential sigal visible
on the Tek screen.

Using persistence and the
voltage markers, the Chan A
signal was measured at 1.44 mV
p-p. With the Tek input open,
the Tek measured 1.36 mV p-p.

At the same time the
Cleverscope Chan A value was
captured. We see 1.85 mV p-p.
The spectrum and signal
information are shown below.
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8 Conclusions

8.1 Dynamic Range

We found:

1. The acquisition unit exhibits full dynamic rangs when the input signal is greater than a value wiih ensures
at least one significant bit of signal above the nise floor. We have found that we can achieve:

a. 10 bit resolution with a minimum input signal of 12 mV rms (non-averaged) or 4 mV rms (averaged).
b. 12 bit resolution with a minimum input signal of 48 mV rms (non-averaged) or 12 mV rms (averaged).
c. 14 bit resolution with a minimum input signal of 562 mV rms (non-averaged) or 180 mV rms (averagegd

2. Very careful design will be required in the sigal source to keep the output noise floor low enoughto
achieve 14 bit dynamic range.

3. Very careful attention to eliminating external roise sources such as Radio, TV, PC or electronicuggment
needs to be done to maintain the dynamic range, esgcially for the 14 bit digitizer.

4. The non-averaged noise floor, for amplitude FulScale Deviations (FSDs) of less than 400 mV is altc-95
dBV. Averaging reduces this by 10 - 20dB. As the FESincreases, so does the noise floor. At 5V FSD, e¢h
noise floor is about —90 dBV. At below 10mV FSD th0 MHZ anti-aliasing filter automatically switchesn,
and the noise floor drops to —105 dBV.

8.2 Cross Talk

We found:

1. The Cross talk between channels over the frequay range 20 kHz to 10 Mhz is uniformally flat, with cross
talk on the measured channel being 76 dB down fronthe signal channel.

2. At frequencies below 20 kHz, the Cross talk impves, to around 90 dB down at 1 kHz.

8.3 Ground Noise

We found:

1. Ground noise when tested with another mainstreanoscilloscope was found to be less than 1.44 mV p-p

2. There are some frequency components at 6.6 and.Z Mhz of around —80 dBV. However it is hard to tdl if
these are internal or external to the Cleverscope.

3. As aside note, we tested the Cleverscope withwo signal generators — an Agilent 33120A, and a siple
test sig gen — an Exact model 119. With the Agilentve found no additional noise when connected.
However with the Exact we found quite significant roise on the high range of 20 mV p-p. Thus there can
be quite a variation in signal generator capability

We find that the Cleverscope can be used to do 1012 and 14 bit measurements, provided the limitatios in
minimum signal level are taken into account. We foud cross talk to be sufficiently low to be useful ér all 10
and 12 bit applications, while some care may be ragjred in 14 bit applications. We found the groundnoise to
be low.
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