
Maximizing Signal Integrity Across Multiple Channels

Dynamic Range
and Multigrid Displays



Vertical Scaling 
and Signal Integrity



A series of pulses is captured on Channel 1, with vertical scaling set to 1 V/div.  
With 8 vertical divisions in the graticule, the screen displays 8 Volts full scale. 



The peak-to-peak (pkpk) parameter measurement shows 
a value of 6.41 V for this waveform.  The waveform is 
occupying (6.41V)/(8V) = 80.1% of full scale.



The noise riding on the top of the pulse can be isolated 
and monitored, by adjusting the measurement gates to 
measure pkpk on the top of the pulse only.



Parameter 1 (pkpk of Channel 1) is now measuring only 
the noise riding on the top of the pulse shown above. 



To ensure statistical accuracy, 1000 acquisitions are 
taken, and the pkpk of the top of the pulse is 
measured each time.  With vertical scaling of 1 V/div, 
the mean value of noise on the pulse is 886.7 mV.



Changing vertical scaling to 5 V/div, the mean value of 
pkpk noise has now changed to 1.783 V.



Further adjusting vertical scaling shows that channel vertical scaling significantly affects the 
measured noise level.   At 550 mV/div, the mean noise level is 821 mV; at 2 V/div, the noise 
level is 1.02 V, and at 10 V/div, the noise level is 3.06V.   Between 2 V/div and 10 V/div, the 
measured noise level tripled (factor of 3x) when changing the V/div by a factor of 5x.



Why does measurement accuracy vary with changes in V/div setting?
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When high-performance oscilloscopes acquire an input signal, the output of the amplifier is 
digitized by an 8-bit analog-to-digital converter (ADC).  The dynamic range of the oscilloscope 
is the range of signal amplitudes that the ADC can process effectively. The minimum of the 
range occurs where signal power equals noise power.  The maximum of the range occurs at 
or near full scale where maximum counts of the ADC are used while digitizing the waveform, 
while distortion is minimized.   



Dynamic range also affects timing measurements. 
Note below the standard deviation of risetime, falltime, 
pulse width, and period measurements.



Note how changing V/div settings has affected 
standard deviation of timing measurements.



Summary: Adjusting the vertical scaling of waveforms also affects 
the accuracy of timing measurements.  



Practical Application: 
Using Multiple Channels

While Maximizing Dynamic Range



Practical Example:
Using Multiple Channels

Probing four pins 
of a counter circuit



With one channel active, pulse shape view is clear



With two channels active, waveforms 
become overlapped on the display



With three channels overlapped in one grid, 
waveform shapes become difficult to distinguish



With four channels overlapped in one grid, waveform shapes 
become very difficult to distinguish



What happens if vertical scaling is reduced, 
to fit all of the waveforms into a single grid?



Dynamic 
Range

Because Channel 1 is only using ¼ of the display, only ¼ of the dynamic range of Channel 
1's ADC is used when digitizing Channel 1's signal.

An 8-bit ADC has 2^8 = 256 quantization levels. When using ¼ of the dynamic range, only a 
maximum of 64 of the 256 quantization levels are used for acquiring Channel 1.  
Using ¼ of quantization levels results in a maximum of 6-bit resolution on the acquired 
channel  (2^6 = 64).   This loss of resolution causes an increase in quantization noise. 

8 bits (256 ADC levels)
available at full scale

only 6 bits (64 ADC levels)
used when acquiring Channel 1



Dynamic 
Range

Each channel has a separate ADC.  However, because Channel 2 
is only using ¼ of the display, then only ¼ of the dynamic range of 
Channel 2's ADC is used when digitizing Channel 2's signal.  This 
acquisition is only using 6 bits of Channel 2's ADC, and results in a 
large increase in quantization noise. 



The same applies to Channels 3 and 4.   When vertical scaling is reduced to fit four signals 
into the same grid, then each channel is only using ¼ of its dynamic range, which results in 
loss of vertical resolution and the addition of significant quantization noise. 



How can the compromise between maximizing dynamic 
range, and clearly viewing multiple signals, be resolved? 

Maximize dynamic range Clearly view all signals



Solution:

Multigrid Displays 
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Multigrid Displays

Using Multigrid displays, each 
channel is contained within a 
separate grid.   

Note that Channel 1 is fully 
contained within an independent 
grid that contains the full dynamic 
range of Channel 1's ADC.  

The same is true for Channels 2, 
3, and 4.  Using Multigrid, 
dynamic range can be optimized 
while all signals are clearly 
viewed.



Signals are displayed in a single grid

Multigrid displays eliminate the compromise between clearly viewing multiple 
channels and maximizing dynamic range. 

Signals are displayed in two grids, each with full dynamic range

Signals are displayed in four grids, each with full dynamic range

Signals are displayed in eight grids, each with full dynamic range

Autogrid will select the optimal number of 
grids for the signals displayed

Selecting Multigrid Displays



Single Grid Display:
When using the full dynamic range, 
measurements are more accurate, but 
waveform view is not clear



Multigrid Display:
All channels are acquired with full dynamic range.  Note 
that measurement results have identical resolution as 
when using single grid display, and waveform view is 
much more clear.



Multigrid Display Single grid display

Comparing Single Grid and Multigrid:
Shown below, the difference in noise level is apparent when acquiring the identical signal using 
Single Grid and Multigrid settings.  The dynamic range improvement of Multigrid significantly 
reduces quantization noise.



Viewing 
Quantization Noise 



Quantization error shown when 
zooming at 50 mV/div.  The acquired 
signal uses ¼ of dynamic range. 

Persistence is turned on, 
to show quantization levels



Quantization error shown when 
zooming at 50 mV/div.  The acquired 
signal uses full dynamic range. 



Alternately, with persistence on, 
acquire the signal using ¼ of the full 
dynamic range. 



Then without reacquiring, change V/div 
setting to full dynamic range (200 mV/div).  
Note the quantization error shown by the 
persistence display. 



Clear sweeps, then continue acquiring at with 
full dynamic range (200 mV/div).  
Note that quantization error is significantly 
reduced.  This is because the signal is now 
acquired with 4x the vertical resolution, by 
maximizing use of the ADC's dynamic range.  



Note statistical measurement results of 
pkpk, risetime, and pulse width 
measurements.  



Now, change display mode to Octal Grid,



Measurement result accuracy remains identical when 
using Octal Grid.  In both cases, dynamic range and 
vertical resolution are maximized. 



CDMA Burst
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Real Application: Using Octal Grid to View Multizoomed Data Burst at a 250,000:1 ratio


	Dynamic Rangeand Multigrid Displays
	

