Dynamic Range
and Multigrid Displays

Maximizing Signal Integrity Across Multiple Channels



Vertical Scaling
and Signal Integrity
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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.
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Measure F1:pkpkiC1y
walle B.41 %
status v
1.00 Wrdi
-1 . 5480 Y ofet
Meazure P1 P2 P3

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.
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Fy
Measure F1:pkpkiC1y : o _
value 240 my The noise riding on the top of the pulse can be isolated
status _ and monitored, by adjusting the measurement gates to
C1 (IS "
1.00 Vidiy measure pkpk on the top of the pulse only. | Stap 2 G4V
-1 650 % afst 125kE 5.0GSis [Edge Fositive
MeasLre ‘ P3 P4 Ps PE P7 Pa Peakto Peak | Gate  Accept | Close
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mal measure on
Measure gate
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Parameter 1 (pkpk of Channel 1) is now measuring only

Measure P1-pkpkic1) the noise riding on the top of the pulse shown above.
walle 240
status v

1 DTk

Timeha 0 nsf Trigoer
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File “erical

Timebase Trigger

Display Cursors  Measure  Math  Analysis  Liilities  Help F'1:| Setup...

Measure
walue
mean
min

rax
soey
num
status

1.00 W div
-1.650 Y ofst

P1:pkpkiC1)
G0
BaE.T my
RE3 ey
1.10%

GO.G Y
1.000e+3

v

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.

250 ns/div [Stop 264
126Kk 5.0 GSs |Edge Fositive
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Measure F1:pkpk(C1)

walle TN

mean AN Changing vertical scaling to 5 V/div, the mean value of
fra 2 4 pkpk noise has now changed to 1.783 V.

sdey 153 m

R 1.000e+3

status v

(3

Timehase 0 nsf Trigoer
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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?




Dynamic Range

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.

Analog-to-Digital Acquisition
Converter Memory Display

Digitized

Analog E .
Waveform Processing

Waveform

Oscilloscope Block Diagram
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period
rise fall | I
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‘ L
Measure F1:rise(C1) F2falliC1)  P3Iwidth(C1)  Pd:period{C1)
value 1.648 ns 1.335 ns 400 316 ns a00.00vY ns
EE] 1.63438ns 1.335828ns 400274507 ns  THY.98R20ns
rin 1515 ns 1.232 ns 400.211 ns T899 922 ns
(RS 1.8289 ns 1.432 ns 400.340ns a00.0545 ns
soey 41.08 ps 30.41 ps 21458 ps 2112 ps
num 1.000e+3 1.000e+3 1.000e+3 1.000e+3
status v v v v
1 00
BAO mrdiv 250 ns/div [Stop 1187w
-1.730% afst 126Kk 5.0 GSs |Edge Fositive
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Note how changing V/div settings has affected
standard deviation of timing measurements.

F
Measure F1:rise(C1) F2falliC1)  P3Iwidth(C1)  Pd:period{C1)
walue 1.713ns 1.496 ns 400192 ns a00121 ns
rean 162728 ns 1.42165ns 40020818 ns 79999405 ns
min 48 ps ardps 349781 ns TUY 852 ns
ax 2442 ns 2181 ns 400 63E ns a00 417 ns
soey 21479 ps 208.31 ps 145487 ps 13481 ps
hium 1.000e+3 1.000e+3 1.000e+3 1.000e+3
status ' v v v

(3

Timeha

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

__ @Measure Plrse(Cly  PZARINCT  PIwidthiC1) Pd:period(C1)
. Qvalue 1.713ns 149ns  400192ns  BO0121ns
A Mean 162728n5 1.42165ns 4002081805 TY99.994045ns

il T8 pg AT pg f81ns 7495592 ns

Ik 2 447 ns 2181 ns A00.417 ns

205.31 ps

AUMm

Measure Plrise(C1)  PZAal{c)
= Rvalue 1648 ng 1.335ns  400.316ns
frean 163438ns  1.33528ns 40027407 ns
il 1415ns 1.232ns 400211 ns
1.824ns 1432ns  400.340ns
41.08ps




Practical Application:

Using Multiple Channels
While Maximizing Dynamic Range



PraCtica| Example: ( [ ity G oy S0 18k
Using Multiple Channels

g
o

Probing four pins _L—L—L—L—L—L—L_L_L
of a counter circuit B
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i With one channel active, pulse shape view is clear

= Trigger
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With two channels active, waveforms
become overlapped on the display

Timehase 0 nsf Trigoer
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W ....... ‘W

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

Timehase 0 nsf Trigoer
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File

Yertical

Timehase

Trigoer

Display Cursors  Measure  WMath  Analysis

Lltilities  Help

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

[

Timehase

0 nsf Trigoer
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. What happens f vertical scaling s reduced, N_
to fit all of the waveforms into a single grid?
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only 6 bits (64 ADC levels)
I Used when acquiring Channel 1

Dynamic
Range

[Timehase

125 kS

Because Channel 1 is only using Y of the display, only 74 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 Y4 of the dynamic range, only a
maximum of 64 of the 256 quantization levels are used for acquiring Channel 1.

Using 4 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.



File “erical Timebase Trigger Display Cursors Measure Math  Analysis  Uilities  Help

Dynamic
Range

Each channel has a separate ADC. However, because Channel 2
is only using %4 of the display, then only 74 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 7 of its dynamic range, which results in
loss of vertical resolution and the addition of significant quantization noise.

File Wertical Timebase Trigger Display S0rs asure  Math  Analysis  Utilities  Help 3 File Wertical Timebase Trigger Display S0rs asure  Math  Analysis  Utilities  Help




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



Full
Dynamic
Range

Full
Dynamic
Range

Full
Dynamic
Range

Full
Dynamic
Range

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.



F Display Setup... Selecting Multigrid Displays
fF'erE:iE:teru::e Setup...

@ Single Grid Signals are displayed in a single grid

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

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

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

Eﬁ Auto Grid Autogrid will select the optimal number of
" grids for the signals displayed

Multigrid displays eliminate the compromise between clearly viewing multiple
channels and maximizing dynamic range.
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F
Measure F1:pkpk(C1) F2:pkpk(Ca Fapkpk(C3 Fd:pkpk(C4
walue 240 RE3 486 m ava my
rean aay 2 my 8517 my 5403 mf 8103 mf
min 781 my 442 v 398 my 398 my
rax 1.06 BE3 781 my 781 my
soey 49 B m 41 8 mw 49 5 a0.2 mw
num 1.000e+3 1.000e+3 1.000e+3 1.000e+3
status v v v

Timeha 0 nsf Trigoer

1 DTk ‘ \ e o D1k
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Multigrid Display:

All channels are acquired with full dynamic range. Note
that measurement results have identical resolution as

L“T:: EEigaa® \when using single grid display, and waveform view is

2 1...,,..] }»«J uh orecler
P e e e e e,

e e e e el s
Measure F1:pkpk(C1) F2:pkpk(Ca Fapkpk(C3 Pd.pkpk(m}
walue THE G149 486 m 486 m
rean agy 1 my 44 4 mf 481 m a04 .8 mf
min 781 my 442 v 398 my 398 my
rax 110 TO7 TO7 TO7
soey a1.2 m 4.8 mw a0.6 mw a0.1 mw
num 1. IIIIZIIIIE+3 1.000e+3 1.000e+3 1.000e+3
status v v

Timehase 0 nsf Trigoer

1 [C1C 1k ‘ \ e o D1k
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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.

Hmm
R

T T T T e T e T e e e R A F’H‘Hﬁ H P MP‘H"# F‘HHM

RS
w

R e R A e WP‘W

Measure PlpkpkiCl)  P2ipkpk(CZ)  Papkpk(C3)  Papkpk(C4) Measure P1pkpkiC1) Pa: pkpk(CE) Pa: pkpk(Cd)
value 796 my 19 my 466 Y 466 Y value 5 18v
mean A7 1 v 545 4 v 5481 my 508 8 v mean 1 47?\: 1386V
Frin 751 my 442 v 398 my 398 my Frin 11 64 my
rax 110 707 my 707 my 707 my rax 20% 23
sdev 512 my 9.8 my 506 my 501 my sdev 163 my 171 mv
nurm 10008+ 3 1.0008+3 1.0008+3 1.0008+3 nurm 10008+ 3 1.0008+3 1.0008+3 1.0008+3
STEtLIS s s s STEtLIS s s s
C1 I imehase 0 nsfTrigge C1 )|
1 00 Widiv 1.00 Widiv 1.00 Vidiv 1.00 Widiv b 5 00 Widiv 5.00 Vidiv 5.00 Vidiv 5.00 Vidiv b
S1370Vofst | -1.360Wofst | -1.430Wofst|  -1.440V ofst 50 GS/s [Edge  Positive 13.20'V ofst 310V offset 640V ofst | -16.50V ofst 50 GS/s [Edge  Positive

Multigrid Display Single grid display

Measure P1pkpkiC1y  PZpkpk{CZy  P3pkpk(C3)  PdpkpkiCd) Measure P1ipkpkiC1y  PZpkpk(C2)  P3pkpk(C3d)  Pdpkpkicd)
796 mY 619 mt 486 mY 486 my value 1.8 1.8 1.8% 1.8
g287.1 mY 5454 mY 548.1 mY 505.8 mY 1.807 Y 1.528 Y 1477
751 my 442 my 398 mY 398 mY rmin 1.3 1.1 11 884 mv
1.10% 707 mY 707 mY 707 Y ey 24y 20 20 22
512 mv 398 my 5006 0.1 my soey 140 my 150 mv 163 my 171 mv
1.000e+3 1.000e+3 1.000e+3 1.000e+3 nurm 1.000e+3 1.000e+3 1.000e+3 1.000e+3
status v v v v status b v v v




Viewing
Quantization Noise
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Quantization error shown when
zooming at 50 mV/div. The acquired
signal uses V4 of dynamic range.

Measure P1:pkpk(C2) P2rize[C2) Pawvidth( T2

value 164% 2150836 p= 49 90600 p=

mean 16398 220343972 ps 494335756 ps

min 159 2046447 p= 47 42000 p=

ma 172 23.09147 p= 21.07100 p= . .

sdlev 200my  408.0156ns 9030950 ns Persistence is turned on,
MU 1 .000e+3 1 .000e+3 1 .000e+3 to show q uantization levels
statusz v v v

‘ H \ Timebaze -224.4 psiliTrigger

8/7 2004 6:35:34 PM
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Measure P1:pkpk(C2) P2rize[C2)
value 149% 27065844 p=
mean 14939% 277937839 p=
tmin 148% 2729021 p=
& 150% 28.08711 p=
sdey 4.6 my' 1207061 nz
ML 1.000e+3 1.000e+3
status v v

Display  Cursors  Measure

Pamwvicthl C20
S0.04100 ps
S0.0161130 p=
4371400 p=
S0.35300 ps
89 6065 Nz
1.000e+3

W

Math Analysis  LHilities  Help

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

Timebaze -224.4 psiliTrigger
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Alternately, with persistence on,

acquire the signal using 7 of the full
dynamic range.

Timebaze -224.4 p=
290 i 1000 p=rdiv
2940 offset 100 k= 1.0 Gai=

8/7 2004 6:31:44 P
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Then without reacquiring, change V/div
setting to full dynamic range (200 mV/div).
Note the quantization error shown by the
persistence display.

Timebaze -224.4 psiliTrigger

8/7 2004 63622 PM
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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.

-224 4 p=lliTrigger
200 e rdiv 10.0 p=/idiv [Mormal 4 mh
150 mY offzet 100 k= 1.0 G5/ |Edge Pozitive
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File “edical

Timebase Trigger

Display  Cursors  Measure

Math Analysis  LHilities  Help FE;| Setup...

S U S i — e - — e e 4

Measure P1:pkpk(C2) P2rize[C2)
value 149% 27065844 p=
mean 14939% 277937839 p=
tmin 148% 2729021 p=
& 150% 28.08711 p=
sdey 4.6 my' 1207061 nz
ML 1.000e+3 1.000e+3
status v v
200 pm i

15.0 mY offset

Pamwvicthl C20
S0.04100 ps
S0.0161130 p=
4371400 p=
S0.35300 ps
89 6065 Nz
1.000e+3

W

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

Timehase  -224.4 p=§Trigg
10.0 p=idiv [Stop 4 mh
100 k= 1.0 G5/ |Edge Pozitive

8/7 2004 6:45:30 P
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Timebaze -224.4 psiliTrigger

g8/7 2004 64742 P
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Measurement result accuracy remains identical when
using Octal Grid. In both cases, dynamic range and
vertical resolution are maximized.

Measure P1:pkpk(C2) P2rize[C2) Pawvidth( T2
value 149% 2788913 = 4990000 p=
mesan 14934 278139441 pz S0.0215930 p=
tmin 148% 27 49650 ps 43 74400 p=
ma 181 2814141 p= S0.37700 ps
sdey 4.6 my' 1091840 nz 90 8655 nz
ML 1.000e+3 1.000e+3 1.000e+3
status v v v

Timebaze -224.4 pziliTrigge
200 e rdiv 10.0 p=idiv [Stop 4 mh
150 mY offzet 100 k= 1.0 G5/ |Edge Pozitive

g8/7 42004 6:52:15 PM



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

Zoom:1,000:1

COMABUrSL

Zoom:5,000:1
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2 zoom(F1)1§F3 zoom(F2)§F4 zoom(F3)§F> zoomiF4) L Z00miEE] @ Timebaze Trigoer  Stopped
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