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A collection of lab exercises to help you hone your skills at using the
MSO5000/DPO5000 Series Digital Phosphor Oscilloscopes.

NOTE: Always use the latest instrument software for demonstrations. Go to www.tek.com/software and search
for “MSO5000” or “DPO5000”. Follow the installation instructions on the web page.
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MSO5000/DPO5000 Series

User Interface Exploration Lab
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Equipment List

One MSO/DPO5000 Series oscilloscope with software version 26.1.1

One TPPO0O500 or TPP1000 passive probe
USB keyboard and mouse
Optional stylus (119-6107-00)
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Understanding the MSO/DPO5000 Series User Interface

This lab provides an overview of the MSO/DPO5000 Series user interface and outlines a few quick ways to
demonstrate important usability advantages of the MSO/DPO5000 family. Learn a few favorites to highlight
the products’ usability and to improve your productivity when running the instrument.

There are three key themes with respect to this user interface:

e Intuitive operation in any common engineering environment

e Instrument control in a way you prefer

e Achieving results more quickly using efficient controls and shortcuts
Display

In addition to the waveforms, the display contains various status readouts, icons, and other user
interface information. Throughout this lab, notice all of the display changes as you control the
instrument. For those users who are familiar with the Tektronix DPO7000 and MSO/DSA/DPO70000
Series, the MSO/DPO5000 display interface will seem almost identical.

There are a variety of ways to operate the instrument. Each successive level within the user interface
enables a deeper feature set and greater control. This lab will highlight some of the advantages of each type
of instrument control.

Direct controls

With the familiar front panel controls, the user has direct access to the most commonly-used
controls to set up a stable oscilloscope display of one or more analog channels. Most of the controls
are the same as you would find on any analog or digital oscilloscope front panel. For those users
who are familiar with the Tektronix MSO/DP0O4000/3000/2000 Series, the MSO/DPO5000 front
panels will seem almost identical.

Touch screen, toolbar, and multipurpose controls

The next level of controls are available through the on-screen controls. These controls are logically
grouped by function and can be accessed either through pressing the on-screen toolbar buttons at
the top of the display or by pressing the corresponding front panel buttons, similar to the menu
interface on the MSO/DP0O4000/3000/2000 Series.

Windows menu interface

The most complete set of instrument controls are available through the Windows menu bar. These
controls are logically grouped by function, with familiar File and Edit menus on the left, instrument
control menus in the middle, and Utilities and Help on the right. These menus can be operated with
the touch screen, but are optimized for use with a mouse. For those users who are familiar with the
Tektronix DPO7000 and MSO/DSA/DPO70000 Series, the MSO/DPO5000 Windows menu interface
will seem almost identical.

Mouse and right-clicks

A growing number of users prefer mouse-driven operation for anything but the most basic
instrument control. This is especially true when an instrument is located on a shelf above a bench.
The MSO/DPO5000 series provides a rich array of mouse actions and right-mouse-click menus for
context-sensitive direct access to instrument features. The mouse scroll wheel is included as an
interactive device to allow fine adjustment without letting go of the mouse. Again, those users who
are familiar with the Tektronix DPO7000 and MSO/DSA/DPO70000 Series will find these
capabilities familiar.

MSO5000 / DPO5000 Lab Exercise Book
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MyScope™ Control Windows

The MyScope feature allows the user to quickly and easily build their own custom control windows
that contain only the controls, features, and capabilities they care about and are important in their
job. Again, those users who are familiar with the Tektronix DPO7000 and MSO/DSA/DPO70000
Series will find this capability familiar.

User Preferences

The MSO/DPO5000 also allows the user to customize the user interface behavior with some user
preferences and menu settings. This lab will highlight a few of the settings that will make the
MSO/DPO5000 behavior more closely match the behaviors of the MSO/DP04000/3000/2000
products.

This lab does not go through every instance of each of these control mechanisms, but provides examples of
each mechanism in the context of common oscilloscope usage.

Objectives
- Learn how to verify instrument status by understanding on-screen readouts and icons.
- Learn basic oscilloscope setup using only the direct front panel controls.
- Learn more complex control techniques using the touch screen and button toolbar.
- Learn full instrument control techniques using the Windows menu bar and a mouse.
- Learn how to adjust the display using mouse actions and right-click menus.

- Learn how to set up some of the more common user preferences.

MSO5000 / DPO5000 Lab Exercise Book
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MSO/DPO5000 Series Display Interface

The MSO/DPO5000 series display interface design includes the learnings of 60+ years of designing
oscilloscopes. Although the primary focus of the display is on the acquired waveforms, there are many other
important pieces of information presented.

For those users who are familiar with the Tektronix DPO7000 and MSO/DSA/DPQO70000 Series, the
MSO/DPO5000 display interface will seem almost identical:

1. Menu Bar: Access to instrument control functions, file system, and online help
2. Buttons/Menu: Click to toggle between toolbar and menu bar modes and to customize the toolbar

3. Multipurpose Control Readouts: Adjust and display selected parameters with the multipurpose
controls

Display: Live, reference, math, digital, and bus waveforms are displayed here, along with cursors

Waveform Handle: Click and drag to change vertical position of a waveform or bus. Click the
handle and change the position and scale using the multipurpose controls

Controls Status: Quick reference to vertical selections, scale, offset, and parameters

7. Readouts: Display cursor and measurement readouts in this area. Measurements are selectable
from the menu bar or toolbar. If a control window is displayed, some combinations of readouts move
to the graticule area

8. Status: Display of acquisition status, mode, and number of acquisitions; trigger status; date; time;
and quick reference to record length and horizontal parameters
-

——

As you work through this lab, refer back to this page and identify the display icon and readout changes that
occur as you change the instrument controls.

MSO5000 / DPO5000 Lab Exercise Book
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MSO/DPO5000 Series Display Readouts

Key Take Away Points

e As with other Tektronix oscilloscopes, the MSO/DPO5000
status readouts are shown at the bottom of the display:

tay | Gursors | Measure | mast: | natn | wyScope | anaiyze | ites | rero ) Tk @ R

sy

La sl sl Ll R

1.0V s00 T AT 360mV 10.0us -56.0us 44.0us
@rD 1.0V 200ps 56.0ps 44.0ps

D 1.0V 100ps 560ps 440ps Auto August 20,2010

e The vertical readouts are shown in the lower left corner of
the display. Vertical scale factors, offset, termination,
coupling, and bandwidth information are provided for each
analog channel. Horizontal and vertical information is given
for all math, zoom, and references.

&I 1.0Vidiv son EET FTT 360mV 10.0pus -56.0pus 44.0ps
@ 360mV 100ps T 1.0V 20.0ps  56.0ps 44.0ps
I 1.0v 200ps

a2y 1.0V 10.0ps -56.0ps 44.0ps

e The trigger status is shown at the bottom of the display,
near the center. As with other Tek oscilloscopes, the trigger
source, trigger type, trigger level (if applicable), and
horizontal trigger delay (if applicable) are shown.

QA& 00mv

|_Triggered Auto |

e The horizontal and acquisition status, including horizontal
scale, sample rate, record length, acquisition status (Run,
Stop, Single, FastAcq), acquisition mode (Sample, Pk
Detect, Hi Res, Envelope, Average, WfmDB), and
acquisition counter are shown in the readouts in the lower
right corner of the display. The time and date are also
shown in this box.

Rur

Sample
5156 acgs RL:50.0k

Auto  August 20, 2010 07:02:06

MSO/DPO5000 Series Procedure:
Q Power up the oscilloscope.

O Attach a TPP0500 or TPP1000
probe to the Channel 1 input of
the oscilloscope.

O Connect the probe ground to the
GND and connect the probe tip to
the PROBE COMP test point in
the lower right corner of the
instrument.

O Press the front panel Default
Setup button to set the
oscilloscope into a known state.

Q Press the front panel Autoset
button to automatically adjust
vertical, horizontal, and trigger
settings to get a stable display of
the selected channels.

a Asyou do the following steps,
notice the changes to the
readouts at the bottom of the
display.

Q Press the white front panel R
button to turn on the Reference
menu.

a If there is no Reference waveform
available, press the Save button,
press the Refl icon, and press
the Save button.

Press the Display On button.

Change the Horizontal Scale
control. Notice that the Reference
Horizontal scale does not change
and is now different from the
acquisition’s Horizontal Scale.

O Press the red front panel M button
to turn on the Math menu.

Press the Ch1-Ch2 button.
Press the Menu Off button.

Draw a box around the edge at
the center of the display and
select Zoom 1 On.

MSO5000 / DPO5000 Lab Exercise Book
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Key Take Away Points

e By default, the Automatic horizontal mode is selected. For
this signal, Autoset has selected a horizontal scale of 500
ps/div, a sample rate of 200 kS/s, and a record length of
1000 points, as indicated in the readout in the lower right
corner of the display. The Automatic horizontal mode is
indicated by the “Auto” text next to the date:

J“”%WW' f“”"ww T T J“%”ff

S e

Mo SR 500ps/div 200kS/s 5.0us/pt
a Ru Sample
221acqs RL1.0K

Auto | October 28,2010 ¢

Horizontal

Constant Sample Rate

e For most trouble-shooting applications, the Auto horizontal
mode is the easiest to use. Up to the maximum real-time
sample rate, the front panel Horizontal Scale control
adjusts the sample rate.

e At fast horizontal settings, the oscilloscope must make a
tradeoff. Since the horizontal scale is the product of the
sample rate and the record length, you can either increase
the sample rate or decrease the record length.

e By default, the oscilloscope will use interpolation to
increase the effective sample rate beyond the maximum
real-time value. When the maximum sample rate is
reached, the acquisition system begins to interpolate the
sampled data, as indicated by the “IT” readout:

Acquisition
Acquisition Mode

sample  PkDetect  HiRes

@™ @

Envelope  Average  WImDB

@ @

¢ Notice that in IT mode, the real-time sample rate (which
has a maximum value of 10 GS/s in 1- or 2-channel mode
on the 1 and 2 GHz models) remains at the maximum
value, but the time/point readout in the upper right corner
changes with the amount of interpolation.

MSO/DPO5000 Series Procedure:

Press the Default Setup button.
Press the Autoset button.

Select Horiz/Acq ->
Horizontal/Acquisition Setup....

Turn the Horizontal Scale control
clockwise until you reach 5
ns/div.

Notice that the sample rate
increases, while the record length
remains at about 1000 points.

Press the Acquisition tab at the
left side of the control window.

Notice that the IT (Interpolate)
Sampling Mode has been
selected by default.

MSO5000 / DPO5000 Lab Exercise Book
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Key Take Away Points MSO/DPO5000 Series Procedure:

e However, extreme interpolation can add DSP artifacts to O Pressthe RT Real Time Sampling
the display. To prevent such artifacts, one alternative is to Modes button.
disable the interpolation and simply stop increasing the
horizontal scale when the maximum real-time sample rate
is reached:

Q Turn the Horizontal Scale control
clockwise.

O Notice that once the maximum
real-time sample rate has been
59 achieved, the horizontal scale
does not change.

e Another alternative (which only works for repetitive signals!) | O Press the ET Equivalent time
is to use equivalent time (ET) sampling. ET allows very button.
high effective sample rates (up to 400 GS/s) to sample a
few points of each triggered waveform and build up a
composite display over time.

Q Turn the Horizontal Scale control
fully clockwise and notice the
readout.

e Constant Sample Rate horizontal mode is very convenient Press the Autoset button.

when capturing signals with a known single-shot O Select the Constant Sample
bandwidth, for acquiring data for off-line digital signal Rate mode.

processing, or when using software filtering on the scope. )
O You can adjust the Sample Rate

o R o |3 with the Multipurpose a control.

O You can adjust the Horizontal
- : Scale with front panel Horizontal
i ; Scale or the Multipurpose b
controls.

Q Turn the Horizontal Scale control
clockwise and counter-clockwise.

O Watch the sample rate readout
and notice that the sample rate
has been limited to the specified
value.

MSO5000 / DPO5000 Lab Exercise Book
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Key Take Away Points

e In some other applications, where predictable/controlled file
size is required, you should use Manual mode:

JUEY 1.0

Horizontal

Sample Rate

Cimss (@

e When you turn on digital channels, a fourth line is added to
the horizontal readout, indicating the time resolution
(reciprocal of the digital channel sample rate):

1Mo CREEE |gm/|zav ‘
- Triggered Aute

Digital Setup
o7 06
“or [ o
Threshold Threshold
rav [ 1av

D7 D6

I
Rostten
13

Position i
56div 3.66div

15 14
o o

e Up to the point where the requested sample rate exceeds
the maximum digital sample rate, the analog and digital
sample time resolutions will match. Beyond that point, the
digital time resolution will remain at 2 ns/pt:

1Mo EENTS ‘mm/usv
Triggered

Constant Sample Rate

e As you increase the record length, you will hit the digital
channel maximum record length, at which point the
displayed waveforms will no longer be 10 divisions wide.

Horizontal

Automatic

Constant Sample Rate

MSO/DPO5000 Series Procedure:
Q Press the Autoset button.
Q Select the Manual mode.

Q You can adjust the Sample Rate
with the Multipurpose a control.

O You can adjust the Record
Length with the Multipurpose b
control.

O You can adjust the Horizontal
Scale with front panel Horizontal
Scale control. This also allows
you to indirectly change the

Sample Rate.

O Press the front panel D15-DO
button.

Q Pressthe Turn D7 — DO On
button.

Q Press the left arrow at the right
side of the control window to
return to the
Horizontal/Acquisition control
window.

Q Using the Multipurpose a control,
select 500 MS/s sample rate.
Notice that the analog and digital
sample rate readouts both
indicate 2 ns/pt (500 MS/s).

Q Continue turning the Multipurpose
a control and notice that only the
analog sample rate increases,
because the maximum digital
sample rate has been reached.

Q Using the Multipurpose a control,
select 500 MS/s sample rate
again.

O Using the Multipurpose b control,
select 10.0 M record length.

O Notice that the analog and digital
sample rate readouts both
indicate 2 ns/pt (500 MS/s).

Q Continue turning the Multipurpose
b control and notice that
eventually the displayed
waveforms are no longer 10
divisions wide when the digital
channel maximum record length
is reached.
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Version 1.1 5/11/2012 48W-26279-3 13 of 394

Teklron/ix'




Key Take Away Points
e On the front panel of the DPO7000

and MSO/DSA/DPO70000 Series
products, there are three LEDs in the
Trigger section which indicate the
trigger status and two which indicate
the trigger Mode:

D Advanced)
Source

=9

e The MSO/DP04000/3000/2000 Series products show the
trigger status in the upper right corner of the display:

e Because these indicators do not exist on the
MSO/DPO5000 front panel, the trigger status readout has
been expanded to include this trigger status information.

e The cross-reference of trigger readouts looks like this:

MSO/DPO5000 Series Procedure:

Q After an Autoset, the trigger is in

Auto mode. Notice that the trigger
readout in the bottom center of
the display indicates “Triggered
Auto”:

As you do the following steps,
notice the changes to the trigger
readout at the bottom of the
display.

Press the front panel Trigger
Menu button, the Mode tab at the
left side of the control window,
and the Normal Trigger Mode
button.

(AL ci WEKLY |
| Triggered Normal |

Using the front panel Trigger

MSO/DPO MSO/DPO Level control, set the trigger level
4000 5000 DPG7000 to about 5V. This will cause the
AcQuisit acquisitions to stop.
cquisition . _ _
pre-fil PrTrig Armed Arm ne® /sy |
| Ready Normal |
Waiting for A Trig? Ready Normal | Ready Norm Press the A->B Seq tab at the left
trigger side of the control window and
iti press the Time Trig After Time
Waiting for® Trig? Ready Normal | Ready Trig'd button.
trigger
Triggered DR e
. - Normal, Trig’d Norm, Be» /ooy
Triggered Trig'd Triggered Trig'd Auto | Ready Normal |
Auto Press the nth event Trig on nth
AUt Event button. Press the
_Auto Auto Ready Auto Ready Auto Horizontal Delay Mode button.
triggering _
oI, /5.
Stopped - None - nTrig Dly: ;Z:Bnts
B L ci WaiXiy
Horz Dly: 0.0s
| Ready Normal |
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MSO/DPO5000 Series Direct Controls

The MSO/DPO5000 series front panel design incorporates feedback from significant user testing. The most
commonly-used controls are readily available for direct control of the oscilloscope without creating a
cluttered look.

As with most oscilloscopes, the majority of the front panel controls are grouped and graphically outlined by
category: Vertical, Horizontal, Trigger, and Wave Inspector.

For those users who are familiar with the Tektronix MSO/DP0O4000/3000/2000 Series, the MSO/DPO5000
Series front panels will seem almost identical:

e Wave Inspector manual and automatic search controls

o Dedicated vertical scale and position controls for each analog channel

e Dedicated horizontal scale and position controls

e Autoset — automatically set up the vertical, horizontal, and trigger controls based on selected
channels

e Trigger Set to 50%, Force Trigger, and Trigger Level controls — provide additional tools to quickly
get a stable display

¢ Run/Stop and Single acquisition buttons

e FastAcq —toggle in and out of FastAcq mode at the touch of a button
e Default setup — quickly restore the oscilloscope to a known condition
e One-button Save and Print — very fast and convenient

e Menu Off — close all open control windows

Multipurpose ‘@
FastAcq

‘mnunl | Search | PX )] Position

\T O ?3\-\‘@'200,"
Fine @ Run / Stop
Intensity
O Come)
) (@
[ - |

Menu
r Level
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Key Take Away Points MSO/DPO5000 Series Procedure:
e Because you may not know who was last using the O Press the front panel Default
oscilloscope or how it is set up, it is often wise to start from Setup button to set the
a known factory default setup. After restoring the oscilloscope into a known state.
mst'irumentt';]o |Fs cilefault ?ettrlljp;ndlthenhautlgrratll(caltl)y " O Press the front panel Autoset
tsrﬁsfng up the instrument, the display should look about like button to automatically adjust
: vertical, horizontal, and trigger
File | Edi | Vertical | Digital | HoriziAcq | Tig | Display | Cursors | Measure | Mas».wrca«h“'ws‘:ape‘ Analyze | utiities | Help | Tek M @ Settlngs to get a Stable dlsplay Of
M e R s " ’,w oy VS IV W S N R N " A the SeIeCtEd Channels
W l l W ‘ W W l 1 W ‘ O You can also press the front
panel Trigger Level control (Set
“ to 50%) to automatically set just
LU UL L)L ——
e By default, a single press of the Autoset button will start the Q Using the channel 1 Verthal
. Scale control, set the vertical
Autoset process and a popup menu allows you to easily . o
X X scale to 500mV/div, as indicated
undo the process if you change your mind. There are User i the readout in the lower left
Preferences to require you confirm the Autoset selection n utl W
and to suppress the undo popup menu. corner of the display.
e With a few adjustments of the front panel controls, you can - Usm_g the channel 1 Vertical
easily adjust the waveform display to meet your needs: Position contr_ol, center the
: waveform vertically on the
Fite | £t | Vertical | Digital | Horizaca | Trg | Display | Gursars | Measure | wask | man | Myscope | Anayze | uuiives | e () d|Sp| ay_

QO With the Horizontal Scale control,
set the horizontal scale to
1ms/div, as indicated in the
readout in the lower right corner
of the display.

O With the Trigger Level control, set
the trigger level to about 1 V, as
indicated in the readout in the
bottom center of the display. Also
notice that the trigger level is
indicated by the arrow at the right
side of the display.

: Q The point where the signal
Lo o e crosses through the trigger level
is centered on the display.
e One unfamiliar item should be the vertical probe bandwidth
readout, showing 1 GHz with the standard passive probe!
MSO5000 / DPO5000 Lab Exercise Book
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Key Take Away Points

e When Wave Inspector zoom is turned on, an overview of
the entire waveform is show at the top of the display, and
the graphically zoomed area (indicated by the yellow box in
the overview area) is shown in the lower part of the display,
about like this:

;
Hﬁmﬁw\ﬁ\,wrw“

V‘»\er\MAwnfLM’\J‘f
|

| I
‘\\ H{h;—\./"\/\/""’\’\_fw\f\‘l“

‘ hE

| A e g

| V

P soomvidiv [5,,:1.06 | (Do /10v |(1.omsidiv 100.0ksls  10.0us/pt
T 500my 200us 1.0ms 1.0ms Single Seq

1acqs RL:1.0k
D15.00 Time Res: 1.0s/pt

Auto

e Wave Inspector zoom can provide a detailed display of a
small portion of the waveform, such as the falling edge, like
this:

MSO/DPO5000 Series Procedure:

O Press the front panel Single

button to capture a single
waveform.

Turn the inner portion of the
Wave Inspector Pan / Zoom
control clockwise to turn on zoom
and adjust the zoom factor to
clearly view a complete cycle of
the waveform.

Now, turn the inner portion of the
Pan / Zoom control clockwise to
select a higher zoom factor to
view just the rising edge of the
waveform.

Turn the spring-loaded outer

portion of the Pan / Zoom control
to position the falling edge of the
signal in the center of the display.

To automatically scroll through
the acquired waveform, press the
Wave Inspector run/pause button.
You can adjust the direction and
speed of the scrolling by turning
the outer Pan/Zoom control in the
desired direction.

When you are done, press the
magnifying glass button to turn off
Wave Inspector zoom.

Press the Run/Stop button to
restart acquisitions.
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MSO/DPO5000 Series Touch Screen, Toolbar, and Multipurpose Controls

The MSO/DPO5000 series contains many features that are not directly available through the front panel
controls. The oscilloscope provides a variety of other control mechanisms. This section of the lab focuses on
the touch screen, the front panel menu buttons, the button toolbar, and the multipurpose controls.

Crowded lab benches, carts and floor-standing scope locations can make it difficult to use a mouse. The
MSO/DPO5000 embraces touch screen operation as an efficient way to access all instrument features when
a mouse is not available or not preferred.

As with the MSO/DP0O4000/3000/2000 Series products, there are many MSO/DPO5000 front panel menu
buttons which provide access to the first level of control menus. For example:

e The Vertical Menu button provides access to the Vertical Setup menu

e The Acquire button provides access to the Horizontal / Acquisition Setup menu

e The Trigger Menu button provides access to the Trigger Setup menu

e The Measure button provides access to the Measurement Setup menu

e The Search button provides access to the Wave Inspector automatic Search Setup menu
e The red Math button provides access to the Math Setup menu

e The white Ref button provides access to the Reference menu

e The purple Bus button provides access to the Bus Setup menu

e The blue D15-D0 button provides access to the Digital channel Setup menu

The on-screen Toolbar provides similar access to the first-level menus. Because these easy-to-touch
buttons are right on the display with the setup menus, this alternative makes the touch screen even more
effective.

File | Edit | Vertical | Digital | Hori :q | Trg | Display | Cursors | Measure | Mask | Math | M Analyze | Utilities | Help n

The Windows Menu bar is displayed at the top of the display by default. You can easily select the Toolbar by
pressing the down-arrow button at the right side of the Menu bar.

Though many of the controls are simple selections with buttons, there are some parameters such as specific
threshold levels or timing offsets that are more convenient if they are easily adjustable by the user. These

parameters can be controlled in several ways, including the front panel Multipurpose controls and popup
keypads.

The large, comfortable Multipurpose controls merge the direct access of dedicated front-panel controls with
the flexibility of on-screen menus. It's easy to assign one of the controls to a parameter, set your hand on
top of the instrument, and use your thumb to scroll through values while watching the display and the control
readout. With the coarse and fine settings, the multipurpose controls provide a convenient way to make real-
time adjustments.

On-demand keypads provide context-sensitive keyboards to allow the touch screen to provide numeric
without the need for a physical keyboard. The touchscreen supports the use of your finger or a stylus. You
can invoke the appropriate keypad by double-clicking on a numeric readout in a menu or the multipurpose
control readout.
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Key Take Away Points

13 pF $300'Vr\
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e The display should look about like this:
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MSO/DPO5000 Series Procedure:
Q Press the Autoset button.

Q Press the front panel Vertical
Menu button to display the
vertical setup menu.

Q Press the AC Coupling button to
remove the DC offset from the
signal.

Press the Set to 50% button.

Notice that the Multipurpose
controls to the Ch 1 Vertical
Position and Scale controls.

O Using the Multipurpose b control,
set the vertical Scale to 500
mV/div.

O Touch the Position text box once.
Notice the keypad icon next to the
Position text box indicating that
there is an on-screen keyboard
available. Click on the text box to
display the context-sensitive
keypad.

Q Press the 0 button and the green
Enter button to set the position to
exactly 0.

Q Press the front panel Menu Off
button or click the X in the upper
right corner of the control window
to close it and restore the full-
screen waveform display.

Q Select Horiz/Acq ->
Horizontal/Acquisition Setup...
to display the horizontal setup
menu.

Q Using the Scale arrow keys,
select a 200 ps/div horizontal
Scale setting.

Q Press Menu Off or click the X in
the upper right corner of the
control window to close it and
restore the full-screen waveform
display.

O Touch and hold somewhere
within the Multipurpose control
readouts. After a short dwell time,
a “right-click” menu pops up.
Select Deassignh Multipurpose
Knobs to remove the readout
from the display.
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Key Take Away Points

¢ Notice how the familiar front panel button interface parallels

the Windows menu interface for launching basic setup

control windows.

e The display should look about like this:

Measure | Mask | Math | MyScope | Analyze

|

MVM«.....M.,WM‘,M.W\J

‘ 200usidiv. 500kS/s 2.0uslpt
; Sample
19 443 acas RL:1.0k

AWidth — Acquire

MSO/DPO5000 Series Procedure:

Q Press the front panel Trigger
Menu button to display the trigger
setup menu.

Q Press the front panel Menu Off
button or click the X in the upper
right corner of the control window
to close it and restore the full-
screen waveform display.

Q Select Trig -> A Event (Main)
Trigger Setup... to display the
trigger setup menu.

O Usingthe Trigger Type drop
down menu, select Width in the
list to select Pulse Width
triggering.

O You can also get directly to this
Width trigger setup control
window by selecting Trig ->
Width Setup... which displays
the trigger setup menu and pre-
selects Width Trigger Type.

a Double-click on the Upper Limit
text box.

a Press 600, y, and Enter to set the
pulse width upper limit to 600 ps.

Q Double-click on the Lower Limit
text box.

Q Press 400, 4, and Enter to set the
pulse width upper limit to 400 ps.

O Notice that the Multipurpose
controls remain attached to the
Upper Limit and Lower Limit
controls.

a Verify that Inside is selected in
the Pulse Width text box.

Q Press the front panel Menu Off
button or click the X in the upper
right corner of the control window
to close it and restore the full-
screen waveform display.

Key Take Away Points

e The down-arrow button at the top of the display allows you

to toggle between the Windows Menu bar and the Toolbar
interface. With the Toolbar selected, the interface should

look like this:

MSO/DPO5000 Series Procedure:

Q Press the down-arrow button at
the top of the display and press
Show Buttons to select the
Toolbar interface.
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Key Take Away Points MSO/DPO5000 Series Procedure:

e With the Toolbar selected, the Trigger setup control window | O Press the front panel Menu Off

interface still looks the same: button or click the X in the upper
right corner of the control window
to close it and restore the full-
screen waveform display.

Q Press the down-arrow button at
| the top of the display and press
Show Buttons to select the
Toolbar interface.

O Press the Trigger button on the
Toolbar. Notice that the same
control window is displayed as

Trgger -Pulse Wi Ao~ Acaure when you pressed the front panel

s | o= y Trigger Menu button.

Q Press the front panel Menu Off
button or click the X in the upper
right corner of the control window
to close it and restore the full-
screen waveform display.

e The buttons on the toolbar are the most commonly-used
controls. However, you can customize the toolbar to
simplify access to other controls. For example: O Press the down-arrow button at

the top of the display and notice

the list of additional function
buttons.

@ You can press these buttons
A directly for a single usage. For
example, press Clear to clear the
currently-displayed waveform
from the screen.

O If you want to make one of these
additional buttons available on
T ’ i : the Toolbar, or you want to
r——" ety T T ‘ customize the Toolbar, press the
down-arrow button at the top of
the display and select
Customize....

Q For example, to add the Clear
button to the Toolbar, select
Clear in the lower window and
press the Move Up button
repeatedly until it is in the desired
position in the list of Always
Visible button.

O Press the OK button. Notice that
the Clear button has been added
to the Toolbar in the position you
specified and Help has been
hidden.
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Key Take Away Points

e When you press a front panel menu button or a button on
the Toolbar, the waveform graticule is reduced in size to fit
in the top half of the display and a first-level menu or
control window appears in the lower half of the display:

Vertical Setup

Analog Input Display Position
00div (@
Scale
’% 500mV (b}
Termination
ser
TPP1000
Offset

0.0V

Digital
ropertie

e In some cases, there are tabs on the left side of the control
window to select between categories of controls. In the
case of the Vertical Setup menu, these tabs select which
analog channel is being controlled.

e When a smaller control window is adequate, the graticule is
enlarged and the mini control window appears at the
bottom of the display:

B e L

[ AR A s B A AR N

| @™ 500mv/div 1, [ ©® width

200ps/div 500kSls 2.0psipt
u Sample
19 964 acqs RL:1.0k

Cht Deskew Time
0.0s

a2

setTo

MSO/DPO5000 Series Procedure:

Q Press the front panel Vertical
Menu button or the Vertical
button on the Toolbar.

Q Press the Chan 2 tab on the left
side of the control window.

Q Notice there are blue buttons,
such as Display Off, which cause
immediate action. Press the
Display Off button twice to turn
channel 2 on and off.

Q There are also cyan buttons
which launch another control
window.

Q Press the cyan Channel Atten
button near the right side of the
display and notice that the
Vertical control menu is replaced
with the Deskew/Attenuation
menu.

O Notice the white arrows
(“navigation buttons”) at the right
side of the control window. These
arrows provide browser-style
navigation back and forth
between recently used control
windows with one click.

Q Press the left arrow to return to
the Vertical control menu.

Q Press the front panel Menu Off
button or click the X in the upper
right corner of the control window
to close it and restore the full-
screen waveform display.
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MSO/DPO5000 Series Windows Menu User Interface

For many MSO/DPO5000 Series users, the Windows menu interface will be the most comfortable,
especially if their lab environment supports the use of a mouse. These menus can be operated with the
touch screen or a keyboard, but are optimized for use with a mouse. This section of the lab focuses on the
use of the Windows menu, mouse, and keyboard to control the instrument.

As with most Windows applications, the menu bar at the top of the screen provides convenient access to the
first-level menus, but also many second-level menu items. The Windows Menu bar is displayed at the top of
the display by default. You can easily toggle between the Windows Menu bar and the Toolbar by pressing
the down-arrow button at the right side of the Menu bar.

File | Edit | Vertical | Digital | HorizlAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

These controls are logically grouped by function, with familiar File and Edit menus on the left, instrument
control menus in the middle, and Utilities and Help on the right.

e File contains waveform and setup save and recall controls, printer setup, and Windows controls like
Minimize, Shutdown, and Exit.

e Edit contains Autoset Undo, Clear, Select for Copy, and Copy commands.

e Vertical provides access to first-level menus such as Vertical Setup as well as second-level menus
such as Bandwidth and Zoom control menus.

e Digital (MSO5000 Series only) provides access to Digital Channel and Bus Setup menus, as well
as MagniVu acquisition mode.

e Horiz/Acq provides access to first-level menus such as Horizontal / Acquisition Setup as well as
second-level menus such as Autoset and the FastFrame control menu.

e Trig provides access to the first-level Trigger Setup menu as well as second-level menus for each of
the trigger modes.

e Display provides access to menus to control the waveform display parameters, the graticule, and
the on-screen icons.

e Cursors provides access to the first-level Cursor Setup menu as well as second-level controls for
Cursor Mode and Cursor Type.

e Measure provides access to the first-level Measurement Setup menu as well as the direct selection
of automatic measurements and the Histogram Setup menu.

e Mask provides control of the pass/fail mask testing features via the first-level Mask Setup menu and
second-level Pass/Fail and Mask Editing menus.

e Math provides access to the first-level Math Setup menu as well as the direct selection of the
Predefined Functions and the Equation Editor menu.

e MyScope allows customization of the user interface. There is a later lab section devoted to this.

e Analyze provides menu access to the optional analysis applications which you are running on the
oscilloscope.

e Utilities contains controls for configuring the instrument, user preferences, and option installation.

e Help provides access to standard Windows-style help files and the About TekScope status window.

MSO5000 / DPO5000 Lab Exercise Book
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Key Take Away Points

e The Trigger Setup menu looks like this:

cope | Anaiyze | usies | o [}

AP AN AR A4

Bl AN ) WA A o

| @3 s00mvidiv A 2.0usipt
to ple

e The Trigger control window and trigger type select window
look like this:

Eite | £t | vertca | Digia | Horiziacq | Trg | Dispiay | Cursors | Measure | mask | n cope | anaiyze | utiites | e |[F)

" Trigger Selection

©P 500mVidiv Edge Glitch s 2.0psipt

Bus Runt

Width

Settings. ==
Independent | ¥ @

e Sometimes the touchscreen provides the most convenient
way to drive the oscilloscope. However, especially on a
bench, a mouse might provide easier and more familiar
control of a Windows-based oscilloscope.

MSO/DPO5000 Series Procedure:

Q Using the touch screen, touch the
down-arrow button at the top of
the display and touch Show
Menu to select the Windows
menu interface.

Q You can use the touch screen to
operate the oscilloscope from the
Windows menu bar. It may be
easiest to use a stylus or your
fingernail to accurately select
menu items.

Q Touch the Trig menu to display
the menu choices.

@ Touch the A Event (Main)
Trigger Setup... selection.

Q Notice that there is a drop-down
menu under Trigger Type. Touch
the down arrow to display the list
of choices.

Q Inthe Trigger Type section, press
the Select button and select
Edge. When operating this control
window with a touch screen, the
Select button provides an easier-
to-use interface.

Q@ When you are done, touch the X
in the upper right corner of each
of the control windows to close
them and restore the full-screen
waveform display.
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Key Take Away Points

e The File menu looks like this:

File | £t | vertcal | Digia | Horizaca | Tra | Display | cursors | Measure | Mask | main | Myscope | Analyze | uites | Hero [}

Reference Waveform Gontrals,

SaveScreen Capture  CtrlsS

Savess Fr2 |[a]] sereen capture
saveQptions || waveorm

Save Al Waveforms Digitals

Recall setup "
Recall Defaut Seup Messurement A AN
Delete s | userniask

Page Setup Histogram Data

Print Preview Timestamp Table

print. ctrep

Minimize Cirlat
Shutdown

Exit

sy oty et N A gl

[ «=m soomvidiv 0 | 2.0usipt
- Sampla

¢ Notice that the File menu contains familiar Windows File
menu controls, as well as some that are specific to
handling files on a Windows oscilloscope.

e The Vertical menu looks like this, with all of the menu items
specifically relating to the operation of the vertical section
of an oscilloscope:

Fie | ot | vertca | Digial | Horizisca | Tra | Display | Carsors | Measure | Mask | matn | myScope | anaiyze | usites | tein [
Vertical Seup
Bus Setup
Zoom Gonrols
Display OniOR
Position/Scale..

Label.

Ao Mk

Offset
Termination
Coupling

Bandvwidn Limit
Bandwidih Enhanced
Probe Conrols
Probe Cal

Deskew.

Atenuation

Zoom Setup,

ZoomGraticule Size ¥

e A A

Me» /oov 200psidiv 500kSls 2.0psipt
Triggered Aute ]| Ru Sample
11412 acqs RL:1.0k

[(w=m soomvidiv

¢ Notice that the menu items are organized in groups, with
the most commonly-used controls near the top of the list
and the less-frequently-used controls near the bottom of
the list.

MSO/DPO5000 Series Procedure:

O Connect a USB mouse to one of
the oscilloscope’s USB host ports.

O Using the mouse, position the
cursor over the File menu
selection.

Q Click the left mouse button once
and then slowly move the mouse
over the other menu selections to
get a quick overview of the
available features and their
locations in the user interface.

Q Left-click once on the Vertical
menu to display the menu
choices.

a Notice that the Vertical Setup...
menu selection is at the top of the
list. This selection displays the full
Vertical Setup control window.

O Notice that most of the remaining
menu items also end with an
ellipsis (...) indicating that these
selections will launch a control
window.
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Key Take Away Points

The Trigger menu looks like this:

File | £t | vertcal | Digital | Horizzaca | Trg | Disp o | Mask | man | wyscope | Anaiyze | uiites | e [E)

R N PO

At AR gl

Wity st ool

[ a=® soomvidiv | 200ps/div  500kSs 2.0psipt
Ru Sampla

12 981 acqs RL:1.0k

e The Trigger Quick Select menu interface allows quick

NI A

M Mt A A

[ = soomviaiv 0

/div 500kS/s 2.0psipt
Sample

selection of trigger type without launching a control window:

MSO/DPO5000 Series Procedure:

a

a

Left-click once on the Trig menu
to display the menu choices.

Notice that the A Event (Main)
Trigger Setup... menu selection
is at the top of the list. This
selection displays the full Trigger
Setup control window, just like
pressing the front panel Trigger
Menu button.

Click on the B Event (Delayed)
Trigger Setup... menu selection.
Notice that this launches the
Trigger Setup control window, too,
but also automatically selects the
B Event tab.

Click once on the Trig menu to
display the menu choices again.

Notice the Quick Select A
Trigger selection has a right
arrow next to it, indicating that it
provides immediate action. Click
on Quick Select A Trigger and
select Edge trigger. Notice the
trigger type changes immediately
to Edge, without launching a
control window.

Click on Quick Select A Trigger
and select Width trigger. Notice
the trigger type changes
immediately to Width, retaining
the Pulse Width trigger setup from
earlier in the lab.

If you want a simple entrance into
the Trigger Setup menu to control
the Width trigger, click once on
the Trig menu and click on Width
Setup.... This launches the
Trigger Setup menu with the
Width trigger type preselected.
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Key Take Away Points MSO/DPO5000 Series Procedure:

e The Windows menu bar keyboard shortcut interface looks O Connect a USB keyboard to one

like this: of the oscilloscope’s USB Host
ports. Keyboard shortcuts can be
a very efficient user interface for
some oscilloscope users.

Q Press down on the Alt key on the
i o AN A keyboard. Notice that certain
letters in the Windows menu bar
are underlined, such as the ‘F’ in
Eile, indicating a keyboard
shortcut that can be used with the
Alt key.

O Press the F keyboard key to
display the File menu.

A i

O Notice that some of the menu
items have letters that are
X Banow | e v o underlined and some have
additional text to the right, such as
Print... Ctrl+P. This indicates
e The File menu bar keyboard shortcut interface looks like that you can use the keyboard to
this: select the Print menu by either

pressing Alt P or Ctrl P.

O Also notice Save As... F12,
which indicates that the keyboard
can launch the Save As menu by

st pressing Alt A or the F12 function

key. Where possible, the standard

Windows function keys and

keyboard shortcuts are used.

O And, as with other Windows
applications, the ESC key closes
the menu.

Ko e A A ANAATR AP
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MSO/DPO5000 Series Mouse and Right-click User Interface

If you have a USB mouse connected to the MSO/DPO5000 series oscilloscope, there are many other
control features available. This lab section will highlight the use of a mouse in four specific areas:

e Using a mouse to directly manipulate waveforms and icons on the display

e Using a mouse to graphically select portions of the waveforms for further analysis
e Using a mouse to easily adjust parameter values

e Using a mouse to directly access features without going through menus

You never have to take your hand off the mouse!

Key Take Away Points MSO/DPO5000 Series Procedure:
e There are many items on the display which can be O You can use a mouse to directly
manipulated with a mouse. manipulate waveforms and icons

on the display:

Q Position the cursor on the
yellow channel 1 ground
reference icon at the left side
of the display. Press down on
the left-mouse button and
move the mouse to adjust the
vertical position of the
selected waveform.

Al O Position the cursor over the
Readout fields . .
2 . trigger level arrow at the right
side of the screen. Press
down on the left-mouse button
and move the mouse to adjust

the trigger level.

Q While the multipurpose control
readout is visible, left-click on
the text box. If your USB
mouse has a wheel, you can
use it to adjust the level, just
like with the multipurpose
controls. You can also click

¢ Notice that each of these mouse actions also attaches the
Multipurpose controls to the appropriate parameters.

e The mouse can also be used to invoke a context-sensitive the mouse wheel to switch
shortcut menu by right-clicking anywhere in the graticule or between fine and coarse
on an object. increments, just like you can
with the front panel Fine
button.

Q Position the cursor over the
orange trigger position
indicator at the top of the
screen. Press down on the
left-mouse button and move
the mouse to adjust the
trigger horizontal position.
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Key Take Away Points

¢ Right-click shortcut menus can also be displayed for the
readouts on the display. Some examples are shown below:

Fa0=0

MSO/DPO5000 Series Procedure:

Q You can also use right mouse
clicks on these same icons to
display relevant popup menus:

O Position the cursor on the
yellow channel 1 ground
reference icon. Right click to
display the menu of waveform
parameter adjustments.

Q Position the cursor over the
trigger level arrow. Right click
to display the menu of trigger
and graticule settings.

Q Position the cursor
elsewhere. Right click to
show a menu of display
controls.

Q Click on Autoset.

O You can also use right mouse
clicks on the display readouts to
display a relevant set of controls:

Q Right-click on the vertical
readout in the lower left
corner of the display and
notice that many of the
vertical menu items appear,
along with other related
functions such as adding a
bus, adding a measurement,
and saving the waveform.

a Similarly, right-click on the
trigger readout at the bottom
of the screen and notice the
trigger menu functions.

Q There are many different
readouts in the lower right
corner:

Q Right-clicking on the
horizontal scale readout
displays the horizontal
controls.

O Right-clicking on the
Run/Stop status displays
the run/stop menu items.

O Right-clicking on the
acquisition mode displays
the choices for acquisition
mode.

MSO5000 / DPO5000 Lab Exercise Book

Version 1.1 5/11/2012 48W-26279-3 29 of 394

Tektron/ix




Key Take Away Points

e The zoom box popup menu display should look about like
this:

R e R e e e e e s e = R

AN A WA A A b

T v T e

[ @z soomviaiv 0 R | ma» S oov | 200ps/div 500kSls 2.0usipt
— Triggered Avto Sampla

e The zoom display should look about like this:

File | Edt | vertical | Digital | Horiziacq | Trg | Display | Cursors | Measure | Mask | math | MyScope | Analyze |

€ 500mVidiv L' 5 1.0G ] | 200ps/div 500kS/s 2.0psipt
rod Auto || Ru sa

mple

T 500mV_ 100ps 54.0us 46.0us
e e 30701 acqs RL:1.0k

MSO/DPO5000 Series Procedure:

O You can also use a mouse to
select portions of waveforms for
analysis:

O To view a portion of the
signal, press the left mouse
button and drag the mouse to
draw a box on the display.
When you let go of the mouse
button, a menu of available
actions is displayed. Use the
mouse to select Zoom 1 On.

Q Similarly, you can set up
vertical or horizontal
waveform histogram displays.

Q Notice the thick bar at the
bottom of the zoom area.
Press the left mouse button
and drag the bar to move the
zoom window.
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Key Take Away Points

e The dual zoom display should look about like this:

MyScope | anaiyze | usiites | e )

File | Edt | Vertica | Digal | HoriziAcq | Trg | Display | Cu

B 500mVidiv L
T3 500mV 10.0ps -54.0us 46.0us
(7TT) 500mV 10.0us 462us 562

2.0psipt
ple

e The cursor display should look about like this:

R e R e e e e e s e = R

A.0ps

Curs2XPos ()

D 500mVidiv N
€T 500mV 10.0us -54.0us 46.0us

‘um/nw
Triggered

2.0usipt
Sampla
RLi1.0k

200psidiv 500kSls
Rus Sam,

curs1XPos @

| 200ps/div 500kSls
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MSO/DPO5000 Series Procedure:

Q To view another portion of the
signal, either in the main
window or the zoom window,
press the left mouse button
and drag the mouse to draw a
box on the display. When you
let go of the mouse button, a
menu of available actions is
displayed. Use the mouse to
select Zoom 2 On.

O Right click on the Zoom 2
waveform and select Zoom 2
Off.

O Right-click in the main
graticule, select Cursors, and
select Waveform.

Q Position the Windows cursor
over the waveform cursor
bars, press down on the left-
mouse button, and move the
waveform cursors as desired.

Q Right-click on the cursor
readouts or a cursor to get a
shortcut menu of cursor
controls.

Q Position the Windows cursor
over a point of interest on the
waveform, right-click, and
select Move Cursor 1 Here.

Q@ When you are done with zoom,
right-click somewhere in the
graticule and select Zoom Off
and Cursors Off.
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Key Take Away Points MSO/DPO5000 Series Procedure:

e The fall time measurement display should look about like O Right-click on the channel 1

this: ground reference icon.

Q Slide the mouse across Add
Measurement and Time, and
right-click on Fall Time.

O Notice that the fall time
AN g A . ]
measurement is made on the first
falling edge on the waveform.
O Left-click and drag to draw a box
near another falling edge.
> O Select Measurement Gating and
Em-,jmgmma » Frequency Cursor.
eskew. Delay § NN AR A
oo | e O Notice that the fall time
- S measurement is now made on the
e selected edge on the waveform.
soomvidiv - oc B oov “Z00usidiv S00KS's  2.0sipt .
E—— D™ e ] i T O Left-click and drag the cursors to
select a different waveform edge
: . . . to measure.
e With cursor gating, the fall time measurement looks like
this: a Right-click on one of the cursors

File | Edt | vertical | Digita | Horistaca | Trg | pisplay | curser i | watn | wyscope | anayze | nites | e | and select Cursors Off.

O Right-click on the Fall label in the
measurement readout.

P O Select Remove or Remove All to
remove the measurement.

\-wwwumv\r-«wwmww.zﬂw
[(@® soomvisn 1, KRN ) ?m{nnv " W
B rar s [t7ssisren [1sore ates |wvoan aszo |
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MSO/DPO5000 Series Multiview Zoom User Interface

Key Take Away Points MSO/DPO5000 Series Procedure:
e When Multiview Zoom™ is turned on, an overview of the O With the mouse or the
entire waveform is show at the top of the display, and the touchscreen, draw a rectangle,
graphically zoomed area (indicated by the yellow box in the from the upper left to lower right
overview area) is shown in the lower part of the display, corner, around a portion of the
about like this: waveform and select Zoom 1 On.
File | Edt | Vertical | Digital | Horiziacq | Tra | Display | Cursors | Measure | mask | math | MyScope | anayze | utiities | teip | ] Notlce that the front panel
Multiview Zoom button is now lit.
Myt s
(@™ soomviaiv 7 Eﬂ{nw ) |W
e  Multiview Zoom allows you to zoom on the zoomed
waveform to provide a more detailed display of a small 0 Draw a rectangle on the zoomed
portion of the waveform, such as the rising edge (shown in waveform, from the upper left to
yellow). But Multiview Zoom allows you to simultaneously lower right corner, around a
zoom on multiple regions, so you can also view a falling portion of the zoomed waveform.
edge (shown in green), like this: i
Select Zoom 1 -> Resize.
Now, draw a rectangle on a
different part of the overview
waveform at the top of the
display.
O Select Zoom 2 On.
O When you are done, right click
s Ao Qe o | e oo e somewhere in the graticule area
D seomy 101y Wk it N and select Zoom 2 Off.
MSO5000 / DPO5000 Lab Exercise Book
Version 1.1 5/11/2012 48W-26279-3 33 of 394

Tektron/ix




Key Take Away Points MSO/DPO5000 Series Procedure:

e If you want to move the zoom window, you can draw a new | O Select Vertical -> Zoom Setup.
zoom window, or you can move the current zoom window
with the Multipurpose controls or the mouse.

Q Press the Controls button to
minimize the size of the control
oo R Tk B B window.

Q Pressthe Zoom tab at the left
side of the control window.

Q You can use the Assign Knobs
buttons to assign the
Multipurpose controls to either
horizontal or vertical zoom
position and zoom factor.

Q Adjust the zoom view using the
Multipurpose controls.

Q You can also drag the thick line at
D o rome 53 | LG e the bottom of the zoom box with
the mouse to horizontally position
the zoom window.

¢ Notice that the MSO/DPO5000 Series provides both
vertical and horizontal zoom. The
MSO/DP0O4000/3000/2000 Series provides only horizontal
zoom. Q Pressthe Scroll tab at the left

- . side of the control window.
e You can also have Multiview Zoom automatically scroll

through the acquired waveform using the scroll controls, O You can use these controls to
like this: automatically pan through the
acquired waveform.

Q Click on the Scroll Speed text
box to attach the Multipurpose a
control.

Q Using the Multipurpose a control,
set the Scroll Speed to 10.

O Press the right arrow (Play)
button.

B 200mVidiv L', 1 0G | (Ae» /oov
€T 200mV 10.0ys -250ps -150us

Q When you are done, press the
magnifying glass button to turn off
Multiview Zoom.
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MSO/DPO5000 Series MyScope User Interface

Like the end products they’re being used to validate, oscilloscopes are constantly expanding, not only in
terms of performance capabilities (bandwidth, sample rate, record length, waveform capture rate, etc.), but
also in the continual addition of new features and analysis packages. All of this capability, while certainly
powerful and useful, can be intimidating to novice users as well as to intermittent users, who generally use
only a fraction of an oscilloscope’s capabilities. Even experienced power users, who navigate through the
same layers of menus to perform similar tasks hundreds of times each day, undoubtedly find the extra steps
for each process irritating and a huge waste of time.

When using an oscilloscope, have you ever been frustrated because ...
e You can't find the feature that you really need, even though you know it's there?
e You know where the feature is, but it's buried three or four menu layers deep?
e The feature you want is hidden amongst a menu full of other features you don’t care about?
e You spend as much time navigating menus as you do doing real work?

If you answered “yes” to one or more of these questions, then MyScope control windows will make you more
efficient with the oscilloscope and more effective at your job. This feature allows you to quickly and easily
build your own control windows that contain only the controls, features, and capabilities you care about and
are important in your job.
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Key Take Away Points

MyScope allows you to quickly and easily build a custom
control window that contains only the features and
functions of the oscilloscope which are important to you.
Once you have created the control window, you will be
more efficient using the oscilloscope because you do not
have to search for features or bounce back and forth
between numerous menus and control windows while
performing your usual tasks.

The MyScope display should look about like this:

MyScope Setup S
Choose From These Controls Click and Drag Controls ontothe Tab below
File
Edit
Vertical Save
Horizontal
Rename Tab Trigger SaveAs
Display
Cursors.
Measure
User Pref - Mask Select a control in the left window to preview Help
Math
Analyze
Utilities
Clos

The control tree includes all of the controls available for use
when building your MyScope control window. The first-level
items listed in bold font are merely categories, not controls.
When you click on the “+” symbol next to one of the
categories, you see the list pop open to show the controls
available in that category. The tree is organized in the
same fashion as the menus in the regular Ul to make it
easy to find the feature you’re looking for. For example, all
the controls that you normally find in the Vertical menu are
included in the Vertical category.

When you select a control in the tree on the left, the control
is previewed in window on the right. This allows you to see
what the control looks like, how many grid locations it
requires, and what components are included in it.

Many controls can be further customized by clicking the “+”
symbol next to the control name and then checking and
unchecking individual components. As you check and
uncheck items, the previewed control changes size based
on the number of components included.

MSO/DPO5000 Series Procedure:

a Click on MyScope in the
Windows menu bar.

QO Select New Control Window....

a Click on the “+” symbol next to
the Vertical category.

a Click on the “+” symbol next to
the Attenuation control.

O Notice the size of the control in
the preview window.

Q Uncheck the Set To Unity
control. Notice that the Set To
Unity button disappears and the
size of the control is decreased.

O Check the Set To Unity control.
Notice that the Set To Unity
button reappears and the size of
the control is increased.
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Key Take Away Points

e The lower half of the setup screen represents your
MyScope control window layout. It is the same size and
shape as the standard control windows used throughout
the instrument.

Choose From These Controls Click and Drag Controls ontothe Tab below
File -
Edit
New Tab =} Vertical Vertical Save
=]
Label Source
Rename Tab Units SaveAs . ..
Offset 5
Gouping &
UserPref .- Enhanced Bandwidth T Help
Probe Cal oodv
Deskew
Bl Attenuation Cht Scale
222D [/ Extemal Attenuation 200mV Close
[/ Extemal Attenuation(dB)
[ set To Unity - w
Zoom
& Horizontal
G- Triaer

e The layout area is divided up into a three-row by five-
column grid. Once you have selected a control and
configured it the way you want it in the preview window,
simply click and drag the previewed control to the desired
location in the layout area:

Choose From These Controls Click and Drag Controls ontothe Tab below
- Trigger
SR A\ TriggerTypel
Ed
(emlizd j th; A - TriggerType L‘
= Runt Edge Glitch
Rerame o 2 it O @Ww [ee
. Pattem Runt Timeout
o @ &
User Pref [\ Setup/Hold Pattern  Setup/Hold. Help. ..
| Transition
| Tonst i > &
ﬂ Video Comm Video
-~ g @ @
B B - TriggerType B
- Trgger Sequence [Ep
B Trigger bode
B HoldOff
Bl E-mail on Triager

Acquisition Mode
Sample Pk Detect:

e When you fill up a tab, just click the “New Tab” button to
add another tab to your MyScope control window to place
additional controls. Up to eight tabs with user defined
names can be used in a custom control window.

MSO/DPO5000 Series Procedure:
Q Click on the Vertical control in the

Vertical category in the control
tree. Click on the Vertical control
in the preview window and drag it
down to the first column in the
control window at the bottom of
the display.

If you make a mistake, simply
drag the control back out of the
control window to remove it.

Click on the “+” symbol next to
the Horizontal category.

Click on the Acquisition Mode
control in the control tree, click on
the Acquisition Mode control in
the preview window, and drag it
down to the second column in the
control window at the bottom of
the display.

Click on the “+” symbol next to
the Trigger category.

Click on the “+” symbol next to
the A - Trigger Type control.
Check several of the trigger types
to add them to the control.

Click on the Trigger control and
drag it down to the control window
at the bottom of the display.

Click the Rename Tab button.

Notice the tab’s text box is
highlighted. Type in a name for
the tab.

Click the New Tab button to
create a new tab.

When you are done, press the
Save As... button, type in a file
name, and press the Save button.
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Key Take Away Points

e If you are using your oscilloscope in a shared environment,
you can also specify your user preferences with your
MyScope control window. When you load your MyScope
control window, your user preferences are automatically
restored.

e One of the most powerful features of MyScope control
windows is that you and your co-workers can create as
many custom control windows as you like. MyScope
windows are stored as files on the oscilloscope’s hard
drive, making it simple to transfer your custom control
windows to other oscilloscopes in your lab, or even to your
co-workers around the world, by simply emailing the .TCW
file.

¢ Once you have created and saved a MyScope control
window, you can easily launch it from either the Windows
menu bar or from the Toolbar. From the menu bar, the
MyScope interface looks like this:

e The MyScope interface in the Toolbar looks like this:

verical | oigtal | rorzaca | Trigger | Dispiay | comsors | wessure | wsn | wesks | save | mecal | cier Tk T T

AN AR A Mo IR PR TR Y TSNS

NN A WA A A

| @™ s00mv/div e 1 06 | He» /oo | 200ps/div 500kS/s 2.0psipt
Triggered Auto F ample
3

RL:1.0k

MSO/DPO5000 Series Procedure:

Q Press the User Pref... button to
display the user preference
selections.

O When you are done looking at
this window, press the Cancel
button.

Q Press the Close button to close
the MyScope Setup window.

Q Click on MyScope in the
Windows menu bar.

O Select Current... to display the
most recent MyScope control
window, or you can select Open
Control Window... to select a file
through the Windows File Open
dialog.

Q Click the X in the upper right
corner of the MyScope control
window to close it.

Q Press the down-arrow button at
the top of the display and press
Show Buttons to select the
Toolbar interface.

Q Press the MyScope toolbar
button to display the most recent
MyScope control window.

MSO5000 / DPO5000 Lab Exercise Book

Version 1.1 5/11/2012 48W-26279-3 38 of 394

Tektron/ix




MSO/DPO5000 Series User Preferences

Key Take Away Points

e The use of Windows in the MSO/DPO5000 Series user
interface allows much more flexibility than can be
supported by other oscilloscopes such as the
MSO/DP0O4000/3000/2000 Series. Although the
MSO/DPO5000 gains user interface familiarity because of
the Windows menu system, there are some familiar user
interface elements which may not be visible, either by
default or by the preferences of the previous user of the
oscilloscope.

e This section of the lab highlights a few of the common
elements of the MSO/DP0O4000/3000/2000 Series user
interface which may be missing from the display and
explains how to restore them.

e As with many Windows controls, there are multiple ways to
change these settings. For this lab, we will focus on the
control windows as the control mechanisms.

e The Display Setup control window looks like this:

MSO/DPO5000 Series Procedure:

a

a

a

Select Display -> Display
Setup....

Press the Appearance tab at the
left side of the control window.

Press the Variable Persistence
button and set the Persistence
Time to about 50 ms to mimic the
MSO/DPO series default display
persistence.

Make sure Vectors Style and
Sin(x)/x Interpolation are
selected.

Press the Objects tab at the left
side of the control window.

Press the Short Trigger Level
Marker and Trigger ‘T’ buttons to
mimic the MSO/DPO series
display icons. Note that the
Trigger T is locked to the trigger
source waveform instead of
appearing as an orange icon at
the top of the display.

Press the Colors tab at the left
side of the control window.

Press the Normal Record View
Palette and Normal
FastAcq/WfmDB Palette buttons
to mimic the colored, intensity-
graded MSO/DPO series
displays.

Select Horiz/Acq -> Zoom
Graticule Size -> 80/20% to
mimic the MSO/DPO zoom
display.

Press the front panel Trigger
Menu button.

Notice the Settings text box in
the lower left corner of the control
window. When this control is set
to Shared, the thresholds for the
analog channels are tied
together. If you want to want to
have independent thresholds for
the analog channels used for bus
inputs, select Independent.
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Key Take Away Points

e The User Preferences control window looks like this:
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Prompt user before performing requested action

Del Ref Wim

MSO/DPO5000 Series Procedure:

Q Select Utilities -> User Pref... to
display the user preference
control window.

Q Press the Prompts tab at the left
side of the control window.

Q Make sure that the Autoset and
Default/Recall Setup buttons are
set to Off to match the MSO/DPO
series behavior.

O Make sure that the
Overwrite/Delete Setup button is
set to On to match the MSO/DPO
series behavior. You may or may
not want to set Autoset Undo to
On, as it will always pop up a
notifier.

Q Press the Readouts tab at the left
side of the control window.

Q Press the Always Visible MPK
Readout Visibility button.

O SetHighlight Readout Changes
to Off.

Q Press the Measurement tab at
the left side of the control window.

Q Press the Standard Annotation
Type button.

Q Press the Units tab at the left
side of the control window.

Q Press the 1-2-5 Vertical Scale
Knobs button.

Q Press the Front Panel Buttons
tab at the left side of the control
window.

Q Check the Front Panel Print
Button Saves to File selection to
mimic the operation of the
MSO/DPO Save button.

O Select Factory in the Default
Setup Button drop-down box.

a Click the X in the upper right
corner of the control window to
close it.
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MSO/DPO5000 Series MSO Option

Key Take Away Points MSO/DPO5000 Series Procedure:
e The 16-channel digital input capability of the O Select Help -> About
MSO/DPO5000 Series is enabled by both hardware and TekScope....

software. This capability is standard with all of the
MSO5000 Series products. This same digital input
capability is available as an upgrade for the DPO5000
Series. The result is very similar, but not quite identical to
an MSO05000.

e A standard DPO5xxx has the following characteristics:

o “DPO5xxx Digital Phosphor Oscilloscope” front
panel label.

o Help->About_TekScope indicates that the
instrument is a “DPO5xxx” and that the MSOE
option is not installed.

o There is no “Digital” menu in the Windows menu.

o A plastic plug is in the front panel connector.

e An MSO5xxx has the following characteristics:

o “MSO5xxx Mixed Signal Oscilloscope” front panel
label.

o Help->About_TekScope indicates that the
instrument is an “MSO5xxx” and that the MSOE
option is installed.

o There is a “Digital” menu in the Windows menu.

e When a DPO5xxx is upgraded with option MSOE, the front
panel label and the instrument name in the Help-
>About_TekScope will still indicate that the instrument is a
“DPO5xxx”, but the upgrade comes with a rear-panel label
indicating that the option has been installed. There will be a
“Digital” menu in the Windows menu, and the MSOE option
will appear in the installed options list. And, of course, the
upgrade includes the P6616 probe and accessory box.

An upgraded DPO5xxx looks like:

......
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MSO5000/DPO5000 Series

Discover, Capture, and Search Lab

Results: Mark Table

Equipment List

One MSO/DPO5000 Series oscilloscope with software version 26.1.1

One TPPO0500 or TPP1000 passive probe

DPO Demo 3 board and dual-A-to-single-B USB cable (679-6506-XX and 174-5959-00) or
DPO Demo 2 board and USB cable (020-2924-XX and 174-4401-00)

[Note: screen shots in this lab were made with the DPO Demo 3 board]
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Discover, Capture, and Search

As digital designs become more complex, engineers need tools to help find and diagnose problems quickly.
Oscilloscopes are used in the design and debug process to discover problems quickly, capture events of
interest, search for and gain insight into those events of interest, and then analyze the circuit behavior and
solve the problem. This lab focuses on the first three of the four distinct steps of Discover, Capture, Search,
and Analyze.

Discover

To solve a problem, you must first be able to find and visualize the problem. The first step to visualizing
signals is accurately getting those signals into the instrument. To do this, you need to use the right probes to
maintain high signal fidelity and minimize any loading effects on the circuit.

Then you need a lively display of the signals so you can visualize how the signals are changing over time.
Because an oscilloscope displays “snapshots” of the signals, you need an oscilloscope with a fast waveform
capture rate. The result is the ability to see glitches or other infrequently occurring transients within seconds,
revealing the true nature of faults.

Seeing the problem is only half of the solution. You also need to understand how frequently the signal
anomaly is occurring relative to the normal signals. This is where a DPO (Digital Phosphor Oscilloscope)
with an intensity-graded display of waveforms shows a “history” of a signal’s activity by intensifying areas of
the signal that occur more frequently. This provides a visual display of just how often anomalies are
occurring relative to other signals.

Capture

Once you have an event of interest, you want to capture that event in memory and better understand the
underlying causes of the event. Oscilloscopes use specialized triggers to narrow your focus to the events of
interest by capturing specific digital events such as runts, glitches, pulse widths, setup and hold violations,
and serial and parallel patterns.

You will often want to view signals before and after the trigger event so you can understand the context
around the event of interest or to capture many events of interest for further analysis. Or you may want to
acquire only a few events of interest but retain enough sample point resolution to be able to zoom in on fine
signal details. In either case, you will often want to use long record lengths to capture long time periods with
high timing resolution. Record length, one of the key specifications of an oscilloscope, is the number of
samples it can digitize and store in a single acquisition. The longer the record length, the longer the time
window you can capture with high resolution (high sample rate).

In complex designs, you may need to capture several analog, serial, and parallel digital signals to
understand the circuit conditions that are causing the trigger event. Mixed Signal Oscilloscopes (MSOs) are
ideally suited to these applications. MSOs have unique capabilities for capturing digital signals, including
Threshold controls which allow you to specify what voltage represents a digital ‘1’ and which represents a
digital ‘0’. Some MSOs can automatically detect multiple transitions on digital edges.

Search

Finding one specific event in a long waveform record can be challenging. The MSO/DPO5000 oscilloscopes
shows 1000 points of waveform data at one time on its display. An optional 200 million point record length
represents 200,000 screens worth of data! Waveform navigation and search tools, such as Wave
Inspector® on the MSO/DPO Series, simplify finding an event of interest. Wave Inspector offers dedicated
front panel controls for panning and zooming of records for manual navigation and inspection of long data
records. You can add your own marks to any location you want to reference later for further investigation. In
addition, the automated search will search through millions of acquired data points looking for your specified
event, including analog, digital, and serial bus data. Along the way it will automatically mark every
occurrence of the event of interest so you can quickly move between matching events.

Analyze

Once you have discovered, captured, and located events of interest, you need to analyze the signals.
Subsequent labs will demonstrate a variety of analysis techniques, including cursor measurements,
automated measurements, waveform histograms, limit testing, and waveform math for analyzing signals.
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Objectives

- Obtain a basic understanding of the discovery and capture process.

- Learn how to quickly discover anomalies on digital signals.

- Learn how to easily capture those anomalies once you discover them.

MSO/DPO5000 Series Lab Setup

Key Take Away Points DPO Demo Board Procedure:
e The DPO Demo 3 board (679-6506-XX) has a signal with O Attach the two host connectors on
random anomalies which we can use for this lab: the USB cable to the oscilloscope
— and then connect the device
o connector on the cable to the
i gE demo board.
w00 Q Verify the green POWER LED is
R lt
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e The DPO Demo 2 board (020-2924-XX) also has a signal
with random anomalies which we can use for this lab:
- e = @ m m o o @ >
oo e @ g;ql L
Yow bl -
iz : ;t"'lg::‘j ;:'::' ELLLLLLL {g 'E 5 i@\
% o ) : =
= 'yt we f it
@; u;m"r ”] ffi_ = !
.’ o - @ -
-5 S : {;m
&: PR v
H »a [
o) VAR .
MSO5000 / DPO5000 Lab Exercise Book
Version 1.1 5/11/2012 48W-26279-3 44 of 394

Teklron/ix




Discovering Intermittent Errors

Key Take Away Points

e By default, the oscilloscope is set to capture the signal
whenever the signal rises above the trigger level (shown
with the arrow along the right side of the display). The
numerical trigger level value is also shown in the readout in
the lower right corner of the display.

e The display should look about like this:
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e Although this digital signal usually has “low” (about 0 Volts)
or “high” (=3 Volts) rectangular pulses, you will occasionally
see narrow (<100 ns wide) pulses (“glitches”) and low-
amplitude pulses (“runt pulses”) on the display. To
accumulate all of these anomalies for easier viewing, turn
on infinite persistence. The resulting display should look
about like this:

(De® S 138v 2.0ns/pt

MSO/DPO5000 Series Procedure:

O Press the front panel Default
Setup button to set the
oscilloscope into a known state.

Q Press the front panel Autoset
button to automatically set up the
oscilloscope to get a stable
display.

O Press the front panel Intensity
button.

Q Turn the Multipurpose a control
fully clockwise to set the
Waveform Intensity to 100%.

Q Press the front panel Intensity
button.

Q Click on the Trig menu, select
Holdoff..., and press the Auto
button in the control window at
the bottom of the display.

Q Press the Menu Off button.

a Click on the Display menu, select
Display Persistence, and select
Infinite Persistence.

a Infinite Persistence displays all
captured waveforms on the
display, preventing them from
flashing on the display and then
disappearing.

Q However, you may need to wait
quite a while to get the rich
display shown at the left. When
you get tired of waiting, move on
to the next page.
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Key Take Away Points

¢ Notice the acquisition counter in the readout in the lower
right corner of the display. Watch the counter for ten
seconds. In normal acquisition mode, you will see about
60-70 acquisitions per second.

e The display should look about like this:

| Masi | matn | myscope | anaiyze | usities | Haip |[E)

File | Edt | Vertical | Digital | HoriziAca | Trg | Display | Cursors | Measure
Y

e Even when you have infinite persistence enabled, it may
take a very long time to capture infrequent anomalies.

e FastAcq provides very high waveform capture rate, often
over 250,000 waveforms per second. Notice that we are
seeing a similar waveform capture rate with this signal.

e The resulting FastAcq display should look about like this:

(De® S 138v o

MSO/DPO5000 Series Procedure:

a

a

Press the front panel Run/Stop
button.

Press the front panel Clear button
to clear the acquisition counter.

Press the front panel Run/Stop
button to start acquisitions.

Wait for 10 seconds and press the
front panel Run/Stop button.

Divide the contents of the
acquisition counter by ten to
estimate the waveform capture
rate of the oscilloscope with
FastAcq Off.

Press the front panel FastAcq
button to turn on FastAcq.

Press the front panel Run/Stop
button to start acquisitions.

Press the front panel Clear button
to clear the acquisition counter.

Wait for 10 seconds and press the
front panel Run/Stop button.

Divide the contents of the
acquisition counter by ten to
estimate the waveform capture
rate of the oscilloscope with
FastAcq On.

When you are done, press the
front panel FastAcq button to turn
off FastAcqg.

Click on the Display menu, select
Display Persistence, and select
No Persistence.

Press the front panel Run/Stop
button to start acquisitions.
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Capturing Intermittent Errors

Key Take Away Points

e One of the anomalies that clearly appears in the display is
a narrow pulse or “glitch”.

e To capture a glitch, use Glitch triggering. (Glitch triggering
is the same as Pulse Width triggering.) This trigger causes
the oscilloscope to capture the signal only when it has a
pulse width narrower than a specified value. The pulse
width is measured at the amplitude specified by the trigger
level.

Fie | €t | Vertca | Digita | Horizaca | Trg | Display | Gursors | Measure | Mask | tain | wyscope | Anaiyze | usities | riae [}
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Trigger Position

v Enhanced Triggering
Optimized for Noisy
Signals
Trigger Holdoff

Trig Holdoff

¢ Negative glitch triggering looks like this:
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MSO/DPO5000 Series Procedure:

Q Press the front panel Trigger
Menu button to display the
Trigger Setup control window.

Q Pressthe Trigger Type drop-
down arrow or the Select button,
and select Glitch.

Q Verify that Glitch Width is set to
Less Than.

Q Touch the Width text box to
attach the Multipurpose controls
to the Level and Width controls.

Q Since the normal pulses are
about 100 ns wide, set the trigger
to find pulse widths that are
significantly smaller. Using the
Multipurpose b control, set the
Width value to approximately 50
ns.

Q Touch the Mode tab at the left
side of the control window.

a Pressthe Normal Trigger Mode
button.

Q Touch the A Event tab at the left
side of the control window.

O Notice that the trailing (falling)
edge of the narrow pulse is
positioned in the center of the
display.

O By default, the Glitch trigger
captures positive pulses. To
capture negative pulses, press
the Neg Polarity button.

O Notice that the trailing (rising)
edge of the narrow pulse is how
positioned in the center of the
display.

O Press the front panel Trigger
Menu button to remove the
Trigger Setup control window.
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Key Take Away Points

e Another anomaly that appears in the display is a low-
amplitude pulse or “runt pulse”.

e To capture a runt pulse, the Runt trigger is used. This
trigger causes the oscilloscope to capture the signal only
when a pulse back and forth through one threshold level
but does not cross through a second threshold level.

Trigger - Runt

Trigger Type
Runt v i

Settings

MSO/DPO5000 Series Procedure:

Q Press the front panel Trigger
Menu button to display the
Trigger Setup control window.

Q Pressthe Trigger Type drop-
down arrow or the Select button,
and select Runt.

Verify that Runt is set to Occurs.

Touch the Upper Level or Lower
Level text box to attach the
Multipurpose controls to the Level
controls.

Q Since the normal pulses are at
least 3V high, and the runt pulses
were around half of that, use the
Multipurpose a control to set the
Upper Level value to
approximately 2V and use the
Multipurpose b control to set the
Lower Level value to
approximately 1V.

O Notice that the trailing (falling)
edge of the runt pulse is
positioned at the center of the
display.

Q By default, the Runt trigger
captures positive pulses. To see if
there are any negative runt
pulses in the signal, press the
Neg Polarity button.

O Since the activity on the display
stops and the acquisition indicator
in the lower right corner of the
display turns yellow and says
“Preview”, there are apparently no
negative runt pulses in this signal.

Q To capture all runt pulses in the
signal, press the Either Polarity
button.
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Searching for Intermittent Errors

Key Take Away Points

ile | Edt | Vertical

As you have seen in this lab, triggering provides a way to
capture a small time window around every occurrence of a
specific anomaly in a signal. Because you have captured
only a short time window of the signal and positioned the
anomaly in the center of the display, the single anomaly is
easy to find.

But what if you captured a lot of data? How would you find
every occurrence of the anomaly, quickly and reliably?

One way to manually search for a signal event is to
horizontally position the waveform on the display by
changing the position of the trigger point on the display.

When horizontal Delay mode is turned On, the trigger point
starts in the middle of the display and can be moved with
the horizontal position control. The time delay between the
trigger point and the center of the display is shown in the
trigger readout at the bottom of the display. With Delay
mode on, the trigger point can be moved off the display.

When horizontal Delay mode is Off (the default), the trigger
point starts in the middle of the display and can be moved
anywhere on the display with the horizontal position
control.

Another way to manually search through a signal is to
capture a long time window and then graphically zoom and
pan through the displayed waveform.

Although the pan/zoom operation is easy with the front
panel Wave Inspector controls, finding every occurrence of
an anomaly is usually not a fast or reliable process.

Digits | Horiziaca | Trg | Disptay | Cursors | Measure | Mask | nain | wyscope | anaiyze | usies | eip [}
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Horizontal
Mode sSample Rate
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- Automatic
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MSO/DPO5000 Series Procedure:

O Press the front panel Acquire
button.

Q Press the Delay Mode button to
turn On Delay Mode.

O Rotate the Horizontal Position
control and notice that the orange
triangle at the top of the display
remains fixed, but that the trigger
point moves, even to a position
off-screen.

Q When Delay Mode is On, the
trigger delay time appears in the
trigger readout.

Q Press the Delay Mode button to
turn Off Delay Mode.

O Rotate the Horizontal Position
control and notice that the orange
triangle at the top of the display
and the trigger point move across
the display.

Q Areadout of the horizontal
position (from 0% to 100% of the
screen width) is displayed in the
control window.

Q Touch the Position text box and
use the Multipurpose a control to
set the Position to 10%.

Q Set the Horizontal Scale to 20
ms/div.

Q Using the Sample Rate arrow
keys, adjust the sample rate to 50
MS/s, which will set the Record
Length to 10M, as indicated in the
readout in the lower left corner of
the display.

Q Press the front panel Single
button.

Q Turn the inner Wave Inspector
control to select a 2us/div zoom
factor.

O Using the spring-loaded outer
Wave Inspector control, pan
through the acquisition and see if
you can find a runt pulse other
than the one which is displayed at
the trigger point.
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Key Take Away Points
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The automatic Wave Inspector search quickly and reliably

finds every specified occurrence within the acquired signal.

The simplest case is to search for the same signal
characteristic as the trigger, although it can automatically
search on almost any characteristic that it can trigger on.

\ 4

1

20.0ns/pt

@D 1.0V 20ps  -9.96us 10.0us eq
RL:10.0M
1.0s)

Search - Select

Edge Glitch Width

In this case, let’s just use the same setup for search as we
did for triggering. We can enter the parameters manually,
or simply copy them with a push of a button:

s u Tek M
CEEE BN I N

A 4

10 T

©® 1.0Vidiv
@D 10V 20us  9.96us 10.0us

Search - Configure

)
Rurt

MSO/DPO5000 Series Procedure:

a Click the X in the upper right
corner of the Horizontal Setup
control window to close it.

Q Press the front panel Search
button to display the Search
Setup control window.

O Notice the similarities between
the search types and the trigger
types you used earlier in the lab.

Q Press the Runt button.

Q Press the Configure tab to
configure the runt search.

Press the Copy button.

Notice From is set to A Trigger
and To is set to Search 1. Press
the Copy button to copy the
trigger setup into the search
setup.

Press the Close button.

In a matter of seconds, the
automatic search finds all
occurrences of the specified runt
pulse. Notice that each
occurrence is marked with a little
triangle at the top of the display.

MSO5
Versio
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Key Take Away Points

e The automatic search provides a tabular display like this,
including the number of events found:

1

& 1.0VIdiv [8,:1.0G | [ unt |
@D 1.0V 20us  -996us 10.0ps

Results: Mark Tah

e What if there are other anomalies in the signal? At the
beginning of the lab, we saw glitches on this signal. Let’s
search on them, too.

Level g
2.0v

Width

A S w&

«» 1.0V [ 1.0G |
@D 1.0V 20us  -996us 10.0ys

Search - Select

Edge Glitch

MSO/DPO5000 Series Procedure:

O Press the Results tab on the left
side of the control window. Notice
that two occurrences of the runt
pulse have been found and time-
stamped.

Q Press the Select tab on the left
side of the control window.

Q Pres the Glitch button. Notice
that the search table now shows
both runt and glitch search types.
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Key Take Away Points

e This time, configure the automatic search for positive

glitches:

11

©» 1.0Vidiv

@D 1.0V 20us  9.96ps 10.0us

Search - Configure

11

©B 1.0Vidiv

@D 10V 20us  886us

Level g
2.0v

width

uuw w&

W JW\ JLJ \J\

| ( unt ] X
1
i ¥
Aut

2.0V

Width

] uﬁ&

[0

|| 20.0ms!div 50.0ms/s 20.0ns/pt

oq
1 RL:A0.0M
D15D0  Time Res: 1.0s/pt
Auto

MSO/DPO5000 Series Procedure:

O Pressthe Configure tab to
configure the runt search.

O Touch Glitch in the Type text
box.

O Touch the Level text box to
attach the Multipurpose controls.

Q Using the Multipurpose a control,
set the Level to about 2V.

Q Using the Multipurpose b control,
set the Width to about 50 ns.

O Press the Results tab on the left
side of the control window. Notice
that the occurrences of the runt
pulses and glitches have been
found and time-stamped.
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MSO5000/DPO5000 Series
I°C Triggering and Decoding Lab - I I

\ ) |1 1) YT 1 L ITHIT 1
v

Equipment List
One MSO/DPO5000 Series oscilloscope with software version 26.4 and with the SR-EMBD option installed
Two TPP0500 or TPP1000 passive probes
Optional USB keyboard and mouse
DPO Demo 3 board and dual-A-to-single-B USB cable (679-6506-XX and 174-5959-00) or
DPO Demo 2 board and USB cable (020-2924-XX and 174-4401-00)
[Note: screen shots in this document were made with the DPO Demo 3 board]
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Understanding the I°C Bus

1°Cc (Inter-Integrated Circuit) bus, developed in the early 1980s by Philips, has become a worldwide
standard for communications between integrated circuits in a system. This simple two-wire design has found
its way into a wide variety of chips and can be found in many embedded designs today. I°C uses bi-
directional serial clock and data lines and supports three bit rates; 100 kbps standard mode, 400 kbps fast
mode and 3.4 Mbps high speed mode. Data and clock are sent from the master and the data is clocked on
the rising edge of SCLK. I°C supports multiple masters and slaves on the bus, but only one master may be
active at any one time while slaves can transmit or receive data to the master. Each device is recognized by
a unique address and can operate as either a transmitter or receiver, depending on the function of the
device.

Start/

SRep Addr

1 bit | 7-bits | 1-bit

Objectives
- Obtain a basic understanding of the I°C serial bus.
- Learn how to use oscilloscopes to measure and decode I’C.

- Learn how to setup a decoded I°C serial bus display and trigger and search on I°C bus content with
an MSO/DPO5000 Series oscilloscope.

MSO/DPO5000 Series Lab Setup

Key Take Away Points MSO/DPO5000 Series Procedure:

e I°C bus is an industry standard and can be found in many O Power up the oscilloscope.

embedded designs today. O Select Help -> About

e Traditional manual decoding methods to decode 1°C buses TekScope....
with an oscilloscope are time-consuming. O Verify that the SR-EMBD: 12C/SPI

With the SR-EMBD option installed, the MSO/DPO5000 Serial Triggering and Analysis
Series oscilloscope can trigger on, decode, and search I°C option is installed.
bus traffic. O Press the OK button.
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Key Take Away Points DPO Demo Board Procedure:
e The DPO Demo 3 board (679-6506-XX) has an I°C signal O Attach the two host connectors on
which we can use for this lab: the USB cable to the oscilloscope
and then connect the device
connector on the cable to the
o demo board.
; Q Verify the green POWER LED is
mE L lit.
3 D:::;:j probe to the Channel 1 input of
] the oscilloscope. Then connect
EE the probe ground to GND and
B EE__EEEHE BEE wid connect the probe to the
I2C_CLK (clock) test point.
O Attach a TPP0500 or TPP1000
‘ == [ probe to the Channel 2 input of
-V the oscilloscope. Then connect
e the probe ground to GND and
hod e B Ciems connect the probe to the
i i T I2C_DATA (data) test point.
2us_ThIS JL004°°° o .
: g d e
© B=g s =)
e The DPO Demo 2 board (020-2924-XX) also has an 1°C
signal which we can use for this lab:
-— x @ - m o (¢] w >
TR oM B
" O ° -
3 ! c:jm llllllll ﬁ . *. R %
; =zt
B zz;ug ke :
= OPO DEMO 2 ;_,,’ _kk Lo z =
38 -
alg ' "ﬂ?;"-:ag ‘r...&:n:. .
2| M~ %
° gfé.
ig neser @1
@ &5 wn WS s
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Key Take Away Points

e The I°C signal display should look about like this:

File | Edt | Vertical | Digital | Horiz/Aca | Tig | Display | Cursors | Measure |

—

LA

«» 2.0viiv [ 106 |
©® 20vdiv : Single Seq
@D 2.0V 250ps -52.0ps 196us acas RL:100k
ar 2.0v 25.0pus -52.0ps 198ps

‘mm Sy | 500ps/div 20.0MSls 50.0ns/pt
None Normat

MSO/DPO5000 Series Procedure:

O Press the front panel Default
Setup button to set the
oscilloscope into a known state.

Q Setchannel 1 Vertical Scale to
2V/div.

Q Turnon channel 2 by pressing
the 2 button.

Q Set channel 2 Vertical Scale to
2V/div.

Q Set the Horizontal Scale to
500ps/div.

O Use the Trigger Level control to
adjust the trigger level to about
1.7V.

Q Position channel 1 (clock) in the
lower half of the display and
position channel 2 (data) in the
upper half of the display.

Q Press the front panel Single
button.

Q Turn the inner portion of the Pan /
Zoom control and adjust the zoom
factor to 25us/div or until one
packet fills most of the display
horizontally.

Q Turn the outer portion of the Pan /
Zoom control to position the
packet in the center of the
display.

Manual 1°C Bus Decoding

Key Take Away Points

e The I°C bus is one of the easiest buses to manually
decode. For years, this has been the way engineers have
done this task.

MSO/DPO5000 Series Procedure:

Q Using the 12C Quick Reference
Guide below, record the 7 bit
binary address of the packet on
screen.

O Record whether the packet is a
read or write.

Q Record whether or not the device
returned an Acknowledge.

better and faster way to do this.

Conclusion: Manually decoding 1°C packets is a time-consuming process. Engineers are looking for a
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I2C Quick Reference Guide

&
) g et
v @ a o
2 & & & & g & : 2
& 3 3 3 3 3 3 £ B
& a
& bt B2 sbt £ gt & sbit & sbit g ghit g sbt  § &

Address & < Data < Data < Data < Data < Data < Data =

Hex 02 Hex 12 Hex.07 Hex 00 Hex FF
""" 000100100 0000Q.01110 0000O00O0 00000000 113,21 131.1:2

AL o

T (T

SCLK

WU NN UV O e R

Start A HIGH to LOW transition on
Read = 1 Missing ACK = 1 the SDA line while SCL is HIGH

Write = 0 ACK = 0 Stop A LOW to HIGH transition on
the SDA line while SCL is HIGH
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MSO/DPO5000 Series I°C Bus Setup

Introduction

As you personally experienced in the last section, manually decoding 1°C can be a time-consuming process
In this section we will learn how to use the MSO/DPO5000 Series oscilloscope to automatically decode | ’c

packet content.

Key Take Away Points

e Setting up a basic I°C bus waveform display takes only a
few simple steps with the MSO/DPO5000 Series.

¢ Notice that any of the analog or digital inputs or math
signals can be used as a source for the I°C bus. The I°C
Bus Setup menu looks like this:

ULJ_.JLIU

{{—AddrEonRead—} =t ——

e The I’C bus Display menu looks like this:

Oj*uLL_JL__m 10—

{{—Addr5ohRead——} et ——

M"LUWMMLMMMMWMWMMMUU

MSO/DPO5000 Series Procedure:

O Continue with same setup as
previous lab.

O Press the purple front panel Bus
B button to display the Bus Setup
menu.

Under Bus Type, select Serial.

Using the drop down menu, select
12C.

O Verify that the SCLK signal is on
Ch1 and the SDA signal is on
Ch2.

Q Verify that the Threshold settings
are about 1.4V.

Q Press the Bus 1 button to turn
bus B1 On.

Q For simplicity, under Bus 1
Config, verify that Include R/W in
address is not checked. If
Include R/W in address is
checked, the decoded address
value includes the R/W bit in the
LSB.

Q Touch the Bus 1 Position text
box to attach the Multipurpose a
control.

Q Using the Multipurpose a control,
position the bus waveform as
desired.

O Press the Display tab at the left
side of the control window.

Q Under Bus 1 Display, verify that
Busform Style and Hex Decode
are selected.

@ When you are done with the
setup, press the front panel Menu
Off button or press the X in the
upper right corner of the control
window to close it.
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Key Take Away Points
e The decoded I°C signal display should look about like this:

Fie | Edt | Vertica | Digital | Horizaca | Trg | Display | Gursors | Measure | Mask | tain | Myscope | Anaiyze | usities | e [[FH)

{—Addrs0nwiite —| oon (- adarsonRead

L LT

) e+

L

@D 20V 25045 25, s RLi100k
G 20V 25.0ps 25.0ps 225

MSO/DPO5000 Series Procedure:

Q Using the Wave Inspector
controls, zoom in on one of the
packets.

O The green bar symbol represents
the start of packet. Start is a high
to low transition on the data
signal while the clock is high.

O Address packets are shown in
yellow boxes. [R] Indicates a read
and [W] indicates a write.

O Data packets are shown in cyan
boxes.

Q The red bar symbol represents
the stop packet. Stop is a low to
high transition on the data signal
while the clock is high.

MSO/DPO5000 Series I1°C Bus Event Tables

Key Take Away Points

e Setting up a basic I°C bus event table display takes only a
few simple steps with the MSO/DPO5000 Series.

e The I°C bus event table display looks like this:

ress Data
:R_|AAh ABh ACh
h ash ach

tw | 00h

2.00m [50h:R |1Eh 20h 22h 24h

©» 20vidiv
o 20vidiv

arm 20v
a 20v

MSO/DPO5000 Series Procedure:
Q Select Vertical -> Bus Setup....

Q Press the Display tab at the left
side of the control window.

Q Press the Protocol Decode
Event Table button.

Q Click on one of the rows in the
Event Table and notice the zoom
box is repositioned to correspond
to the selected row.

O When you are done with the
setup, press the X in the upper
right corner of the control window
to close it.
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MSO/DPO5000 Series I°C Bus Triggering

Key Take Away Points MSO/DPO5000 Series Procedure:
e When debugging a system, you often want to capture the O Press the front panel Trigger
state of some key signals when a certain event occurs. Menu button.
Ovner I:r;ay Ieéent;n?)k/) be the transmission of specific content O Using the Trigger Type drop down
overthe senalbus. menu, select Bus triggering.
e The MSO/DPO5000 Series can trigger on Start, Stop, a Usi
gy . sing the Bus drop down menu,
Repeat Start, Missing Ack, Address (7 or 10 bit), Data (1 — sele(?t B1 P
5 bytes), Address & Data, and Special Addresses. '

O Notice that, by default, Trigger On
Start is selected.

O Press the front panel Single
button.

e By following this simple procedure, you can easily trlgger O Using the Trigger On drop down
the oscilloscope on a specified serial pattern on an | ‘c menu, select Address.
signal, capturing each occurrence. O The easiest way to enter the
address is with the Pattern Editor.
Press the Edit button at the right.
Select Hex format.
]
LL-JL————J%Lq—-w——J Double click on the Address text
WUUUM’U l H FMMWJ %’mﬂﬂ box and enter the address you
I recorded in the last section of this
UU UUU M h lab (for example, 50 hex). As you
enter the values, notice that the
values in the other radices are
— also updated.
T C 1 T SR O Inthe Direction drop-down
“:";?“'““"" o T AEES menu, select Write.
When you are done, press OK.
Press the front panel Single
button.

O Adjust the Wave Inspector pan
and zoom controls as needed to
view the I°C packets.
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MSO/DPO5000 Series I°C Bus Searching

Key Take Away Points

¢ Once you have acquired a serial signal, you often want to
find all occurrences of a certain event, su%h as the
transmission of specific content over the I°C serial bus.

FLrLJL“J%bq,MJ

£ AddrE0nWite—|} Ooroh [ Addr§onRead ) T on

WAy UUUWWM ALY

500ps/div 20.0MS/s  50.0ns/pt
Normal Single Seq
RLi100k

‘u B1 Bus I2C

e The MSO/DPO5000 Series can search on Start, Stop,
Repeat Start, Missing Ack, Address (7 or 10 bit), Data (1 —
5 bytes), Address & Data, and Special Addresses.

L

{E—Addr50nWriter—} {——-Addr50hRead——)

[ UUUWWUU PO

‘u Bf Bus I2C ‘500 sidiv 20.0MSls 50.0ns/pt
Normal

@ 20vidiv m Single Seq
G20V 25.0ps A27ps 123us

@ 2ova QK
T 20V 25.0us -127ps 123ps

Search - Configure

Type G Search For
S, [start

1 Bus  |BLI2C

MSO/DPO5000 Series Procedure:

O Press the front panel Search
button.

Q Press the Bus button in the
control window.

Q Press the Configure tab at the
left side of the control window.

a Notice that, by default, Search
For Start is selected.

Q Adjust the zoom window as
needed to view the I°C packets
and notice the packets which
were marked.
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Key Take Away Points

e By following this simple procedure, you can eaS|Iy search
an acquisition for a specified serial pattern on an 1°C signal,
marking each occurrence.

rULmL_m._J%LJW

{E—AddrSonwiite—t) . — {—-AddrE0hRead——} Faon—]

I UUUWWUU amm

«©® 2.0vidiv ‘ ‘u B1 Bus I2C ‘ S00psfdiv 20.0MSls  50.0ns/pt
Normal

@ 2oviaiv m single Seq
G 20V 25.0ps -127ps 123ps

@ 20V 25.0) 123ps

Results: Mark Table

Index | Type

MSO/DPO5000 Series Procedure:

O Using the Search For drop down
menu, select Address.

Q The easiest way to enter the
address is with the Pattern Editor.
Press the Edit button at the right.

Select Hex format.

Double click on the Address text
box and enter the address you
recorded in the last section of this
lab (for example, 50 hex). As you
enter the values, notice that the
values in the other radices are
also updated.

When you are done, press OK.

In the Direction drop-down
menu, select Don’t Care (X).

Q Using the front panel left and right
arrows, navigate between search
events.

Q Press the Results tab at the left
side of the control window to
display the table of search results.
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MSO5000/DPO5000 Series
SPI Triggering and Decoding Lab

v
e e e Pea e o e

W R B R A

Equipment List
One MSO/DPO5000 Series oscilloscope with software version 26.4 and with the SR-EMBD option installed
Three TPP0500 or TPP1000 passive probes
Optional USB keyboard and mouse
DPO Demo 3 board and dual-A-to-single-B USB cable (679-6506-XX and 174-5959-00) or
DPO Demo 2 board and USB cable (020-2924-XX and 174-4401-00)
[Note: screen shots in this document were made with the DPO Demo 3 board]
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Understanding the SPI Bus

Introduction

SPI (Serial Peripheral Interface) bus is a 4-wire serial communications interface used primarily in
synchronous serial communication for both processors and peripherals. SPI is an interface standard defined
by Motorola for use on their microcontrollers. Due to the popularity of the bus other manufacturers have
adopted the standard, making a wide variety of parts available in the market. SPI uses a synchronous clock
which shifts serial data into and out of the microcontroller, generally in blocks of 8 bits. SPI bus is a
master/slave interface. Whenever two devices communicate, one is referred to as the "master" and the other
as the "slave". The master drives the serial clock. When using SPI, data is simultaneously transmitted and
received, making it a full-duplex protocol.

As you can see in the following block diagrams, SPI is a flexible interface, supporting several different circuit
topologies. In general, the master provides a clock to all slaves. When MOSI, SCLK, and SS are used, it is
called the “3-wire” SPI connection. (This demo is based on the “3-wire” connection.)

With the single-master, multi-slave topology, the master provides data (Master Out Slave In or MOSI)
directly to each slave and controls them separately with slave select signals. In the case of the “4-wire” SPI
connection, the MISO signal is routed from the selected slave back to the master so the master can verify
the communication path.

With the cascaded topology, the data (MOSI) from the master is “daisy-chained” through each of the slaves.
In the case of the “4-wire” SPI connection, the MISO signal is routed from the last slave back to the master
so the master can verify the communication path. The chain of slaves is enabled by a single SS signal,
usually generated by the master. However, in the “2-wire” SPI connection, the SS inputs to the slave devices
are permanently asserted (e.qg. tied to ground).

With the single-master-hardwired-to-single-slave topology, the master provides MOSI and SCLK. MISO is
generally not used, and often a “2-wire” connection is used for simplicity.

Synthesizer SPI Slave #1
SCLK Master
» » SCLK
8 bit CPU - o
(Master) —pw| SS1 SCLK ™ ss1
—N—p| MOSI MISO [ MOSI ————"—#MOSI MISO
SCLK ||
DAC ss M
MOSI —P— Slave #2
. —T—T— SCLK
ss1 ——— _ | SCLK Mos
ss2
s 4 —T ] a5 wiso
| MOS| MISO —
SE PP
110
MISO |t
N —p| SCLK Slave #3
= MISO LNl SCLK  MOSI ' 4—
. J'y _
» MOSI  MISO — Single-Master L_|ss3 MISO
hardwired to
Single-Slave
Single- Topology
Master 8 hit CPU Cascaded
Multi-Slave (Master) Slave #1 Topo|ogy
Topology SCLK B SCLK
MOSI » MOSI
MISO MISO
ss ss
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Lab Objectives
- Obtain a basic understanding of the SPI serial bus.
- Learn how to use oscilloscopes to measure and decode SPI.

- Learn how to setup a decoded SPI serial bus and trigger and search on SPI packet content with an
MSO/DPO5000 Series oscilloscope.

MSO/DPO5000 Series Lab Setup

Key Take Away Points MSO/DPO5000 Series Procedure:

e SPI bus is an industry standard and can be found in many | @ Power up the oscilloscope.

embedded designs today. O Select Help -> About

e Traditional manual decoding methods to decode SPI buses TekScope....
with an oscilloscope are time-consuming. Q  Verify that the SR-EMBD: 12C/SPI
With the SR-EMBD option installed, the MSO/DPO5000 Serial Triggering and Analysis
Series oscilloscope can trigger on, decode, and search SPI option is installed.
bus traffic. O Press the OK button.
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Key Take Away Points

which we can use for this lab:

e The DPO Demo 3 board (679-6506-XX) has an SPI signal

EEEEEEEE HEE

BI 8 e Bac_hg
.- ;,%m:a
DEMO 3 332
zyy
PCOOCO000 mos
00000000 oo
.EEEEEEEEEE e

Dac_In|

A habr_cucs
A
-
we J1011 [AO0QOQO0Q)
. —aND— T
-“D e

- E%'Ea'%ﬂ
ujg ot
E=2

signal which we can use for this lab:

e The DPO Demo 2 board (020-2924-XX) also has an SPI

12¢_CLK

X 12¢ aA'A‘ :

e |
138 R
=) ’; gl ;,"
® ‘Xli ws |(l ’g(o AreOM ~D L .l ANOM

DPO Demo Board Procedure:

Q Attach the two host connectors on
the USB cable to the oscilloscope
and then connect the device
connector on the cable to the
demo board.

Q Verify the green POWER LED is
lit.

O Attach a TPP0500 or TPP1000
probe to the Channel 1 input of
the oscilloscope. Then connect
the probe ground to GND and
connect the probe to the
SPI_SCLK test point.

O Attach a TPP0500 or TPP1000
probe to the Channel 2 input of
the oscilloscope. Then connect
the probe ground to GND and
connect the probe to the SPI_SS
test point. Be aware that this
signal is called Chip Select (CS)
by some and Slave Select (SS) by
others.

O Attach a TPP0500 or TPP1000
probe to the Channel 3 input of
the oscilloscope. Then connect
the probe ground to GND and
connect the probe to the
SPI_MOSI test point.
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Key Take Away Points

File | Edt | Vertical | Digital | Horiz/Acq | Tig | Display | Cursors

T 2.0V/div

©® 2.0viiv [ 106 | @D 2.0V 10.0ps -322us 67.8s
©» 2.0vdiv [,7.0G | T 20V 10.0ps 3225 67.8us

@1 20V 10.0ps -32.2us 67.8us

e The SPI signal display should look about like this:

0.0ps/div 500MSfs 2.0nsipt

Single Seq
RL:100k

a

MSO/DPO5000 Series Procedure:

Press the front panel Default
Setup button to set the
oscilloscope into a known state.

Set the Horizontal Scale to
20ps/div.

Press the front panel 2 and 3
buttons to turn on channels 2 and
3.

Set the Vertical Scale for
channels 1, 2, and 3 to 2V/div.

Use the Trigger Level control to
adjust the trigger level to about
1.7V.

Position the waveforms on the
display as shown in the screen
shot on the left.

Press the front panel Single
button.

Turn the inner portion of the Pan /
Zoom control and adjust the zoom
factor to about 10 ps/div to get a
single packet in the zoom
window.

Turn the outer portion of the Pan /
Zoom control to zoom in on the
beginning of the packet.
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Manual SPI Bus Decoding

Key Take Away Points MSO/DPO5000 Series Procedure:
e The SPI bus is fairly easy to manually decode. For years, O Decode the data bus values by
this has been the way engineers have done this task. deciding whether the data signal

is high or low on each of the rising
edges of the clock signal, as
shown below.

O Record the decoded data value.

Conclusion: Manually decoding SPI packets is a time-consuming process. Engineers are looking for a
better and faster way to do this.

SPI Quick Reference Guide

-

8 bit Data

(SS) Low Latch Data

End of Packet

24 Hex 09
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MSO/DPO5000 Series SPI Bus Setup and Decoding

Introduction

As you personally experienced in the last section, manually decoding SPI can be a time-consuming process.
In this section we will learn how to use the MSO/DPO5000 Series oscilloscope to automatically decode SPI

packet content.

Key Take Away Points MSO/DPO5000 Series Procedure:

e Setting up a basic SPI bus waveform display takes only a a
few simple steps with the MSO/DPO5000 Series.

¢ Notice that any of the analog or digital inputs or math
signals can be used as a source for the SPI bus. The SPI
bus selection menu looks like this:

e The SPI bus Display menu looks like this:

Press the purple front panel Bus
B button to display the Bus Setup
menu.

Under Bus Type, select Serial.

Using the drop down menu, select
SPI.

Verify that the SCLK is on is on
Chl, SSis on Ch2, and Data
signal Ch3.

Press the arrow next to the
channel 1 label and notice that
any of the analog, digital, or math
channels can be used as an
input.

Verify that the Threshold settings
are all about 1.4V.

Verify that SCLK is set to Rising
edge, SSis set to Active Low,
and Data is set to Active High.

Verify that Framing is set to SS.

Click on the Word Size (the
number of bits in the packet) text
box and set it to 8.

Using the Direction drop down
menu, select MS First so the first
bit in the packet is interpreted as
the MSB.

Press the Bus 1 button to turn
bus B1 On.

Touch the Bus 1 Position text
box to attach the Multipurpose a
control.

Using the Multipurpose a control,
position the bus waveform as
desired.

Press the Display tab at the left
side of the control window.

Verify that Busform Style and
Hex Decode are selected.
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MSO/DPO5000 Series 2-Wire SPI Bus Decoding

Key Take Away Points MSO/DPO5000 Series Procedure:
e Notice the Framing selection at the top of the control O Press the Config tab at the left
window. The default Framing setting “SS” provides 3-wire side of the control window.

SPI functionality.

¢ Notice that the Data (MOSI) packets are shown in cyan
boxes. The green start of packet indicator corresponds to
the falling edge of SS (active low) on channel 2 and the red
end of packet indicator corresponds to the rising edge of
the SS signal:

[ 2520w (a)

a Click on the Framing down arrow

e Before continuing on with the main lab, we need to stop
and select Idle.

and review a special case, “2-wire SPI”, which is supported
by the MSO/DPO5000 Series. 0O Notice the Idle Time selection,

e In“2-wire SPI”, the framing timing is derived from the clock indicating a default 5s idle time.

signal instead of the separate SS signal:

o The frame ends after the final active clock edge
occurs and the specified idle time has elapsed.

o The frame begins with the first active edge of the
clock after the idle state has been reached.
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Key Take Away Points

e In “2-wire SPI” mode, notice that the green start of packet
indicator corresponds to the first rising edge of the clock on
channel 2 and the red end of packet indicator occurs after
the final falling edge of the clock signal by an amount
specified by the idle time:

- [

Y

M

«©® 20vidiv
«® 20vidiv
D 20vidiv

¢ Note that in “2-wire SPI” mode, the available SPI Bus

MSO/DPO5000 Series Procedure:

O When you are done, click on the
Framing down arrow and select

trigger modes are “Start of Frame” and “Data”. SS.
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MSO/DPO5000 Series SPI Bus Event Tables

Key Take Away Points MSO/DPO5000 Series Procedure:

e Setting up a basic SPI bus event table display takes onlya | O Press the Display tab at the left
few simple steps with the MSO/DPO5000 Series. side of the control window.

e With this oscilloscope setup, there is only one SPI packet Q Press the Protocol Decode
within the acquisition, so the Event Table is very small. Event Table button.
However, you can see what the pop-up SPI bus Display
format looks like for the SPI bus:

Event Table.

Index_Start Time_Data
0..[-5.67p [54h

Press the Dock button.

Click on the X in the upper right
corner of the control window to
close it.

e You can also dock the Event Table so that it appears below
the graticule for easy reference between the two displays:

Index_Start Time_Data
0| -5.67p [54h

O When you are done, press the X
in the upper right corner of the
Event Table to close it.
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MSO/DPO5000 Series SPI Bus Triggering

Key Take Away Points MSO/DPO5000 Series Procedure:

e When debugging a system, you often want to capture the O Press the front panel Trigger
state of some key signals when a certain event occurs. Menu button.
One key event may be the transmission of specific content
over the SPI serial bus. The MSO/DPO5000 Series can
trigger on SS Active and specific Data values.

O Using the Trigger Type drop down
menu, select Bus triggering.

O Using the Bus drop down menu,
select B1.

e This is what triggering on SS Active looks like:

ure | Mask | vt | MyScope | Analyze | utiites | teto ) Tex @

250 0 i I A R A DO RN Q The Trigger On selection, by

e default, is set to SS Active. (The
active polarity was set in the Bus
Setup menu.)

O Press the front panel Single

button.
e By following this simple procedure, you can easily trigger O Using the Trigger On drop down
the oscilloscope on a specified serial pattern on an SPI menu, select Data.

ignal rin h rrence. .
signal, capturing each occurrence Q The easiest way to enter the

— Wwww“ _JWLJ'LK"U'EU": address is with the Pattern Editor.
i - Lo : 5 Press the Edit button at the right.

Select Hex format.

Double click on the Data Value
text box and enter the address
you recorded in the last section of
this lab (for example, 55 hex). As
you enter the values, notice that
the values in the other radices are
also updated.

Trigger - Bus

Trigger On Number of Words
v 1

When you are done, press OK.

Trigger Type
Bus v

Data Value

Adjust the Wave Inspector pan
and zoom controls as needed to
I S BT e Y

B G0 I Y G TS T view the SPI packets.
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MSO/DPO5000 Series SPI Bus Searching

Key Take Away Points

e Once you have acquired a serial signal, you often want to
find all occurrences of a certain event, such as the
transmission of specific content over the SPI serial bus.
The MSO/DPO5000 Series can search on SS Active and
specific Data values.

e This is what searching on SS Active looks like:

a2V 10.0ps -

D20V 10.0ps -

1D 20V 10.0us -50.4ps 49.6us

Search - Configure
e == Search For

1 Bus  ||B1:SPI ) |[SS Active

L
IED.CI N

D G Gy G TED CT) 8

e By following this simple procedure, you can easily search
an acquisition for a specified serial pattern on an SPI
signal, marking each occurrence.

am 2oV 10.0ps - us Idiv 20msipt
T 20V 10.0us -50.4ys None ___ Normal Single Seq
o 20vidiv 5,706 | acqs RLi100K
P20V 10.0us -50.4us 49.6ys

Search - Configure

Tye Source Search For Data Format  Number o
1 Bus  |BI:SPI Dat M Hex I

Data Value

MSO/DPO5000 Series Procedure:

a

a

Press the front panel Search
button.

Press the Bus button in the
control window.

Press the Configure tab at the
left side of the control window.

The Search For selection, by
default, is set to SS Active. (The
active polarity was set in the Bus
Setup menu.)

Using the Search For drop down
menu, select Data.

The easiest way to enter the
address is with the Pattern Editor.
Press the Edit button at the right.

Select Hex format.

Double click on the Data Value
text box and enter the data value
you recorded in the last section of
this lab (for example, 55 hex). As
you enter the values, notice that
the values in the other radices are
also updated.

When you are done, press OK.

Adjust the zoom window as
needed to view the SPI packets.

Using the front panel left and right
arrows, navigate between search
marks.

Press the Results tab at the left
side of the control window to
display the table of search results.

MSO5000 / DPO5000 Lab Exercise Book

Version 1.1 5/11/2012 48W-26279-3 74 of 394

Tektron/ix




MSO5000/DPO5000 Series
USB Triggering and Decoding Lab

Protocol Decade Event Table

Index_Start Time Type. PID__ FrameNumber Address Endpoint HubAddr Split SC PortAddr SplitSE Spiit ET

08h 10h 50h G8h EOh 4Fh 08h 10h FFh D7h 88h c8h FFh 15h 70h 30h 09h 10h 8sh Cgh -
FFh D7h Esh Ooh Bsh 30h 14h 30h 03h 10h Ath bch 3ah 03h 10h 85h 10h 42h 89h 10h
E5h 9h 5¢h S50 Con o 44h 2¢h 2an 74n oah e 48 0ah 41h Son 4ah oih aeh Aeh
24h 24h 88h 0oh B4h ch 0oh 10h 80h 30h 00h 74h 18h 8h cOh 74h 17h 88h Ooh &ch
30h Oh 10h 68h Fol 0oh 8sh csh

30h 5ah 24h 4ch B0 4ch 24h 20h 520 Can san 24h 64h osh FFh 15h Fon Sah oon 1ohD
88h FOh 88h 46h 04h C6h 44h 24h 60h 07h 85h Coh FBh 00h

2

3 + 2h

4

5 oker NG + 2h

6. 3157y [Har nashake \NAK
X
<
>

El
i

Equipment List

One MSO/DPO5000 Series oscilloscope with software version 26.4 and with the SR-USB option installed
NOTE: A 21 GHz oscilloscope is required for High-speed USB support

Two TPP0500 or TPP1000 passive probes

One TDP1000 differential probe

Optional USB keyboard and mouse

PC with USB2.0 Host ports

DPO Demo 3 board and dual-A-to-single-B USB cable (679-6506-XX and 174-5959-00)
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Understanding the USB Bus

Introduction

Universal Serial Bus (USB) has replaced many of the personal computer external serial and parallel buses.
USB is a simple and inexpensive interface that brought plug-and-play ease-of-use in connecting and using
external devices with the computer. For example, USB devices can be hot-plugged into the computer with
dynamically loadable drivers without the need to reboot.

The USB Implementers Forum (USB-IF) manages and promotes USB standards and USB technology. USB
specifications are available at the USB-IF web site at www.usb.org.

Since the USB introduction in 1995 USB has grown beyond its original personal computer usage and it has
become a ubiquitous interface used in many types of electronic devices. For example, the Inter-Chip USB
(IC_USB) and the High-Speed Inter-Chip (HSIC) USB are use for chip-to-chip communications and these
implementations do not have connectors, cables, or analog transceivers.

USB 2.0 specifications that were released in 2000 cover most of the USB devices that are being used today.
USB 2.0 added a high speed interface to the USB 1.1 specifications. Compliance to USB 2.0 does not
require high speed operation. For example, a low-speed USB mouse can be compliant to USB 2.0 and
advertise that it is an USB 2.0 device. Supplements to the USB 2.0 specifications cover IC_USB, HSIC and

other enhancements.
Host Controller

Controller Configuration

The USB configuration is one host controller with 1 to 127 .
devices. USB is a tiered-star topology with optional hubs b | | Deve | uub | Device |
to expand the bus, as shown at the right:

The host is the only master and it controls all bus traffic.
The host initiates all communications to devices and
devices do not have the capability to interrupt the host.

|De\rice||Device Huh||Device||Device|

|Deuiae Devioe||Devlae||Devlce|

Enumeration

Enumeration is the configuration process that occurs at power-on or when a device is hot plugged. The host
detects the presence of the device on the USB bus. Next, the host polls the device with the SETUP token
using address 0 and endpoint 0. Then, the host assigns a unique address to a device in the range of 1 to
127. The host also identifies the device speed and data transfer type, and determines the device’s class.
The device class defines a device’s functionality such as printer, mass storage, video, audio, human
interface, etc.
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Electrical
The host uses an upstream “A” connector and devices use a downstream “B” connector.

The USB 2.0 cable has four wires, shown at the right:

Two wires are used for 5 V power (red wire) and ground (black
wire) from the host. The connectors are designed so that the power
and ground pins are connected before the data pins. The host
provides current from 100 mA to 500 mA with intelligent power
management. For example, power to a device can be monitored by [ Upstream
the host or hub and switched off if an over-current condition occurs. 5V Port

Host Controller

A Connector

r 3 F 3 A

A twisted differential pair D+ (green wire) and D- (white wire) is '
used for bidirectional communications using half-duplex, DC-
coupled differential signaling controlled by the host. Signal levels

are listed in the table below:

usB:
Cable “{-....l.. D] ....- :

USB Speed

Low State

High State

Low Speed

<0.3V

>2.8V

Full Speed

<0.3V

>2.8V

High Speed

0 V£10%

400 mV+10%

¥ Port

B Connector

Device

Downstream

The host pulls down both D+ and D- when no device is connected. This is called single-ended zero (SEQ)
state. As a result, the oscilloscope will show 0 V when probing a USB bus that has no device connected.

Data transmission uses Non-Return-to-Zero-Inverted (NRZI) encoding. A logic ‘0’ is represented by the
signal polarity toggling, while a logic ‘1’ is no change. The least significant bit is transmitted first and the
most significant bit is transmitted last. To maintain adequate AC signal content, an extra ‘0’ is inserted after
six consecutive 1s (called “bit stuffing”).

Packets
Packets are the fundamental elements of USB communications.

For full-speed and low-speed USB, a packet starts from the idle state with an 8-bit synchronization (SYNC)
field. For high-speed USB, a packet starts from the idle state with a 32-bit synchronization (SYNC) field.

Then the Packet IDentifier (PID) is transmitted. The PID is

composed of a 4-bit PID and its 4-bit PID complement for error PID Type | PID Name | PID
checking. A PID encoding error is when the first PID 4-bits do not Token ouT 0001
match the complement of the last PID 4-bits. The PID 4-bit value IN 1001
identifies 17 types of packets, shown in the table at the right: SOF 0101
SETUP 1101

PIDs are grouped into four Types: token, data, handshake and Data DATAO 0011
special. DATAL 1011
Finally, the 3-bit end-of-packet (EOP) is transmitted. DATA2 0111
MDATA 1111

Handshake ACK 0010

NAK 1010

STALL 1110

NYET 0110

Special PRE 1100

ERR 1100

SPLIT 1000

PING 0100

Reserved | 0000
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Handshake Packets

Handshake packets such as data packet accepted (ACK) and data packet not accepted (NAK) are
composed of the Sync byte, PID byte and EOP.

Token Packets

Host-sent token packets are composed of the PID followed by two bytes composed of all-bit address and a
5-bit cyclic redundancy check (CRC), as shown here:

11-bit 5-bit
S i Address CRC Sl

OUT, IN and SETUP token packet organization

Address zero is special and is for a device that has not been assigned an address at the beginning of the
enumeration process. Later in the enumeration process, the host assigns a nonzero address to the device.

All devices have an endpoint zero. Endpoint zero is special and is used for device control and status. Other
device endpoints are for data sources and/or sinks.

The host sends an OUT token to a device followed by data packets. The host sends an IN token to a device
and expects to receive data packets or handshake packet such as NAK from the device.

Data Packets
Data packets contain a PID byte, data bytes and 16-bit CRC, as shown here:

16-bit
Sync PID Data CRC EOP

Data Packets with the PID defining a DATAO or DATA1 packet

DATAO and DATAL packets have a 1-bit sequence number that is used in stop and wait automatic repeat-
request handshake. DATAO and DATAL packets alternate in error free transmission. Data packets are
resent with the same sequence number when a transmission error occurs.

An error free data transaction is when the host sends a DATAO packet to the device, the device sends a
handshake ACK packet, and then the host sends a DATA1 packet.

If the host does not receive a handshake ACK packet, or receives a NAK from the device, it resends the
DATAO packet. If the device sent an ACK packet and receives the data packet with the same sequence
number again, the device acknowledges the data packet but ignores the data as a duplicate.

Start of Frame

Start of Frame (SOF) packet is used to synchronize isochronous and polled data flows. The 11-bit frame
number is incremented by one in each consecutive SOF.

Frame 5-bit
Sync PID Number CRC EOP

Start of Frame Packet

Lab Objectives
- Obtain a basic understanding of the USB serial bus.
- Learn how to use oscilloscopes to measure and decode USB.

- Learn how to setup a decoded USB serial bus and trigger and search on USB packet content with
an MSO/DPO5000 Series oscilloscope.
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MSO/DPO5000 Series Lab Setup

Key Take Away Points

USB bus is an industry standard and can be found in many | Q

embedded designs today.

Traditional manual decoding methods to decode USB
buses with an oscilloscope are time-consuming.

With the SR-USB option installed, the MSO/DPQO5000
Series oscilloscope can trigger on, decode, and search
USB bus traffic.

a

a

MSO/DPO5000 Series Procedure:

Power up the oscilloscope.

Select Help -> About
TekScope....

Verify that the SR-USB: USB
Serial Triggering and Analysis
option is installed.

Press the OK button.

Key Take Away Points

The DPO Demo 3 board (679-6506-XX) has USB signals Q

which we can use for this lab:

€

SPIES  spr_scir

cirac_para

DPO Demo Board Procedure:

Attach the two host connectors on
the USB cable to the oscilloscope
and then connect the device
connector on the cable to the
demo board.

J Q Verify the green POWER LED is
= Bl lit.
= X . 4643
" :_":@;sgi‘ii:iﬁlgg g Q Qn this boarq, the three.USB
gagmaBEneno0)| <8 signals are differential signals and
pac_tna| OO M . .
vcnei0Q| | are available on pairs of square
sa : pins. The positive side of the
CHEEEREE FRA differential signal is on pin 1 of the
o connector (identified by the
silkscreen arrow and the square
@ pad) and the negative side of the
differential signal is on pin 2 of the
ey O] & connector.
85 B b B :
o 55100 B
B9, "BSBE520 ey
O &8 "o
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Key Take Away Points
(optional) Determining USB Data Rate

e The data rate of USB signals for commonly-available USB
computer mice and USB flash drives may be Low-speed
(1.5 Mb/s), Full-speed (12 Mb/s), or High-speed (480
Mb/s). In some cases, the devices may specify the speed
at which they operate. However, in general, you may need
to determine the data rate using this procedure.

e The display should look about like this:

File | Eat | vertal | oigit | Horiaca | Trg | Dispiay | Cursors | weasure | wask | watn | wyscope | Anaiyze | utites | e [}
- -

(e | n‘
@ s60ns
‘
1.515MHz.
=

i Cursor Controls
Cursor 1
Ch 1

Minimum Pulse USB Bit Rate USB Speed
Width

667 ns 1.5 Mb/s Low-speed

83 ns 12 Mb/s Full-speed

2.08 ns 480 Mb/s High-speed

MSO/DPO5000 Series Procedure:
Q For this optional bit rate test only:

O Attach a TPP0500 or TPP1000
passive probe to the Channel 1
input of the oscilloscope.

O Connect the probe tip to the D+
signal on pin 1 of the USB_LS or
USB_FS connector and the probe
ground to GND.

Press Autoset.

Adjust the Horizontal Scale to
clearly display individual cycles of
the signal.

O Press the front panel Cursors
button once to turn on vertical bar
cursors.

a Using the Multipurpose controls,
measure the width of the
narrowest pulse, as shown in the
screen shot at the left.

O Read the bit rate (1/A time in the
cursor readout) and write the
value here:
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Low-Speed USB Bus Setup and Decoding

Key Take Away Points

e NOTE: Low-speed USB triggering and analysis support is
offered on all properly-equipped MSO/DPO5000 models.
Both single-ended and differential probing of the USB
signal is supported. For simplicity, this lab will use single-
ended probing with the standard passive probes.

e The Low-speed USB signal display should look about like
this:

MSO/DPO5000 Series Procedure:

O Attach a TPP0O500 or TPP1000
probe to the Channel 1 input of
the oscilloscope. Then connect
the probe ground to GND and
connect the probe to pin 1 of the
USB_LS connector on the demo
board.

O Attach a TPP0O500 or TPP1000
probe to the Channel 2 input of
the oscilloscope. Then connect
the probe ground to GND and
connect the probe to pin 2 of the
USB_LS connector on the demo
board.

Q Press the front panel Default
Setup button to set the
oscilloscope into a known state.

Q Press the front panel 2 button to
turn on channel 2.

Q Set the Vertical Scale for
channels 1 and 2 to 2V/div.

O Use the Trigger Level control to
adjust the trigger level to about
1.4v.

Q Position the waveforms in the top
half of the display as shown in the
screen shot on the left.

Q Set the Horizontal Scale to
10ps/div.

O Press the front panel Single
button.
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Key Take Away Points MSO/DPO5000 Series Procedure:
e The USB Bus Setup control window looks like this: Q Press the purple front panel Bus
B button to display the Bus Setup
menu.
Under Bus Type, select Serial.
ane - nn nanennn Using the drop down menu, select
[PV W EWUYURI 1 ORIV VIS U ) L---i-:h--u USB.
SYNC:80h [ PID:OUT | Addr4 JendP: 20 C500h
Q Verify that the Speed is set to
Low (1.5 Mbps).
Q Under Signal Type, select Single
Ended.
For component D+, select Ch1.
For component D-, select Ch2.
Verify that the Threshold settings
are about 1.4V.
Q Pressthe Bus 1 button to turn
e Setting up a basic USB bus waveform display takes only a bus B1 On.
few simple steps with the MSO/DPO5000 Series.
¢ Notice that any of the analog (single-ended or differential)
or digital (single-ended) inputs or math signals can be used
as a source for the USB bus.
e The decoded USB bus should look about like this:
O Press the Display tab at the left
— = m F side of the control window. Notice
w————-—-———-—-'—w—-———-———ilpﬁ @ ol JM@L—— the different display formats that
RN W RO W Wy B AR are available.
[T o2 coom O Select Mixed Busform Decode.
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Full-Speed USB Bus Setup and Decoding

Key Take Away Points

e NOTE: Full-speed USB support is offered on all properly-
equipped MSO/DPO5000 models. Both single-ended and
differential probing of the USB signal is supported. For
simplicity, this lab will use single-ended probing with the
standard passive probes.

e The Full-speed USB signal display should look about like
this:

fertica | Digital | Horiziaca | T | Display | Gursors | Measure | Mask | Matn | MyScope |

LY
WT Urﬂ ‘ﬁu

ﬂ&U‘

©» 20viiv : e ey | 10.0ps/div 1.0GS/s 1.0nsipt
@ 20vidiv g MNone  Normat | Single Seq
G 2.0v 1.0us  -5.0us 1acqs RL:100k
arm 2.0v 1.0us  -5.0us Auto

MSO/DPO5000 Series Procedure:

O Attach a TPP0O500 or TPP1000
probe to the Channel 1 input of
the oscilloscope. Then connect
the probe ground to GND and
connect the probe to pin 1 of the
USB_FS connector on the demo
board.

O Attach a TPP0500 or TPP1000
probe to the Channel 2 input of
the oscilloscope. Then connect
the probe ground to GND and
connect the probe to pin 2 of the
USB_FS connector on the demo
board.

Q Press the front panel Default
Setup button to set the
oscilloscope into a known state.

Q Press the front panel 2 button to
turn on channel 2.

Q Set the Vertical Scale for
channels 1 and 2 to 2V/div.

O Use the Trigger Level control to
adjust the trigger level to about
1.4V.

Q Position the waveforms in the top
half of the display as shown in the
screen shot on the left.

Q Set the Horizontal Scale to
10ps/div.

a Press the front panel Single
button.

Q Using the front panel Wave
Inspector controls, zoom in on
one of the USB packets.
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Key Take Away Points MSO/DPO5000 Series Procedure:

e The USB Bus Setup control window looks like this: Q Press the purple front panel Bus
B button to display the Bus Setup
menu.

0 RNV AT AR AW AVAVAVAVAVAV Using the drop d I
0NN a sing the drop down menu, select
J USB.

Q Verify that the Speed is set to
Full (12 Mbps).

Q Under Signal Type, select Single
Ended.

For component D+, select Ch1.

Under Bus Type, select Serial.

g AW

SYNC:ah | PID: OUT Y Addr4fEndP: 2h JCRCE: 00N

For component D-, select Ch2.

Verify that the Threshold settings
are about 1.4V.

Q Pressthe Bus 1 button to turn

e Setting up a basic USB bus waveform display takes only a bus B1 On.

few simple steps with the MSO/DPO5000 Series.

¢ Notice that any of the analog (single-ended or differential)
or digital (single-ended) inputs or math signals can be used
as a source for the USB bus.

e When you zoom in on the decoded USB signals, you
should see a display about like this:

Q Press the Display tab at the left
side of the control window. Notice
the different display formats that
are available.

QO Select Mixed Busform Decode.

SYNC: 80h [ PDout | Addr 4 J(EndP: 2h JCRCE: 00h

Eem /14y 1
None

Bus 1 Display
Bus Components Busform Decode.
- Busform Binary.
Waveform Hex
Bolh + Mixed
Frame & Address: Decimal
Data: Hex v
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High-Speed USB Bus Setup and Decoding

Key Take Away Points MSO/DPO5000 Series Procedure:

e NOTE: High-speed USB support is only offered on the 21 O Attach a TDP1000 probe to the
GHz MSO/DP05204 and MSO/DP0O5104 models, and Channel 1 input of the

requires differential probing of the USB signal. oscilloscope. Then connect the

probe + input to pin 1 and the
probe — input to pin 2 on the
USB_HS connector.

e The High-speed USB signal display should look about like
this:

ite | ot | vercar | Digtal | Horizaca | Trg | Display | Cursors | measure | wask | wmatn | wyscope | Anaiyze | usies | rtep [

Q Press the front panel Default
Setup button to set the
oscilloscope into a known state.

e O Press the Menu button on the
TDP1000.

‘ ooy O Press the Range button on the
probe to select 4.25V.

u\'

‘ ’“ v\ Ui |

Il | |
I .H‘ Il H

I

MmL,wwL_mW\,,Mq,ﬁ.m.“wwuw,\mm,m,w\hmm,ﬂ|

I

\M

Q Set the Horizontal Scale to
10ps/div.

Q Set the Vertical Scale for channel
1 to 300 mV/div.

Q Use the Trigger Level control to
o o o G| Qe /o | o ot adjust the trigger level to about
TP 300mV  50.0ns. ns —ene “omal - Sl"g\nS:}me _100 mV

Auto

Q Position the waveform in the top
half of the display as shown in the
screen shot on the left.

Press Menu Off.

Press the front panel Single
button.

Q Turn the inner portion of the Pan /
Zoom control and adjust the zoom
factor to about 1000X to get a
single packet in the zoom
window.

Q Turn the outer portion of the Pan /
Zoom control to zoom in on the
beginning of the packet.
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Key Take Away Points

e The USB signal Define Inputs menu looks like this:

Fite | £t | Vertcal | Digita | Horizaca | Trg | Display | Gursors | Measure | wask | tain | wyscope | Anaiyze | utities | s [}

[ " f f'um f‘u ‘“‘v‘ ‘H‘
M\ |

iy i |
/\MI\H\///’ ‘w\o\s | \’W/\/"‘ e

pa
J i |‘\|\i ¥

\\
U

it

\}\

R

SYNC ("PiD-0UT " Addr 4 fEP2h) C500n

B 300mV/div ETelE, :1.0G | Ee» /0zmy ‘ 1 Idiv 1.0GS/s 1.0ns/pt
€7D 300mV 20.0ns -53.4ns 147ns None  Normal J| preview Single Seq

Bus Type
- Serial Speed

USB S High (480 Mbps) | ¥

e Setting up a basic USB bus waveform display takes only a
few simple steps with the MSO/DPO5000 Series.

¢ Notice that any of the analog inputs or math signals (since
they must be differential signals) can be used as a source
for the USB bus.

e When you zoom in on the decoded USB signals, you
should see a display about like this:

»H
\‘\‘}I\ n

e "f““ r‘”‘ ]
/“\'{\V\. U/u( H\u “\ ‘\I‘,‘\“H\i’ }/\!v

SYNC ("PiD-0UT | Addr 4 fEP2h) c500n

«©® 300mvidiv s00 GNENI

[ &@&® / 10zmv
0D 300V 20.0ns -53.4ns 14Tns None Normal

Bus 1Display

Bus Components Busform Decode.
+ Busform Binary.
Waveform Hex
- Mixed
Frame & Address: Decimal
Data | Hex

MSO/DPO5000 Series Procedure:

Q Press the front panel Trigger
Menu button and select
Independent under Settings. Or,
right-click on the trigger readout
and select Settings-
>Independent.

O Press the purple front panel Bus
B button to display the Bus Setup
menu.

Under Bus Type, select Serial.

Using the drop down menu, select
USB.

O Verify that the Speed is set to
High (480Mbps).

O Under Signal Type, select
Differential.

Q For component D+/D-, select
Chl.

Q Using the Multipurpose a control,
set the Threshold (H) level to 100
mV.

Q Use the Multipurpose b control to
set the Threshold (L) level to -100
mV.

Q Pressthe Bus 1 button to turn
bus B1 On.

Q Press the Display tab at the left
side of the control window. Notice
the different display formats that
are available.

Q Select Mixed Busform Decode.
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MSO/DPO5000 Series USB Bus Event Tables

Key Take Away Points

e Setting up a basic USB bus event table display takes only a
few simple steps with the MSO/DPO5000 Series.

e The USB bus event table display looks like this:

Protocol Decode Event Table

B1

Index_Start Time _Type PID___Frame Number Address Endpoint HubAddr Spiit SC_PortAddr Split

-1.87n |Token |ouT 4 2h
O aER 3.83u pata DATAQ

2. 16.20) [Handshake NYET
20,004 [special PING 4
23.03) | Handshake |NAK
27.74y |special PING 4
31.57) | Handshake NAK

¢ When you expand the Data packet display in the USB bus
event table, the display looks like this:

Protocol Decode Event Table

B1

g Index_Start Time Type PID__ Frame Number Address EllﬂDollll Hub Addr_Split SC_Port Addr _Split
0 | -1.87n Token
mmm——————

ozh 28h 16h 83h COh 04h 85h cOh C7h 44h 10h ECh 00h OOh 00h 00h 7Eh EFh C7h 4
ash o1h 00h 00h 00h 88h O6h 8ah 4ch 24h 40h Sth ceh 4sh 2¢h 6h Oh sah Soh gshD
0Oah 62h 06h 00h 8sh 43h 04h 83h cdh 04h rh 01h 0O 57h S6h 8oh 48h 08h
Frh 15h 70 35h 0ch 1on 83 con 74n 0sh Geh 0z aoh ooh DDh 88h 54h 24h 2ch 57h
36h 80h 4ah Qgh Feh 1sh 700 3sh 09h 10h ash Foh B5h Foh 74h 28h Bsh 4ch 24h 14h
41h 29h 4ch 24h 14h 88h 4Bh 04h 85h h 08h EFh 15h 6Ch 38h 09h 10h EBh 02h
23h cOh 48h 88h 4ch 24h 18h OFh AFh csh osh csh Egh 4ch 24h 18h 88h 74h 24h 74h -

16. 29y |Handshake [NYET

2
» 3. [20.00y special |PING 4 2h
4. 23.93u | nandshake NaK
00, 5. [27.7ap special PING 4 2h
6| 31,57y |Handshake [NaK

B85

R

MSO/DPO5000 Series Procedure:

Q Press the Protocol Decode
Event Table button.

O When you are done with the
setup, press the Close button.
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MSO/DPO5000 Series USB Bus Triggering

Key Take Away Points

e When debugging a system, you often want to capture the
state of some key signals when a certain event occurs.
One key event may be the transmission of specific content
over the USB serial bus.

e The MSO/DPO5000 Series can trigger on the following
elements of a USB 2.0 bus:

Sync

Reset

Suspend

Resume

End of Packet

Token (address) Packet: Any token type, SOF, OUT,

IN, SETUP; Address and End Point can be specified for

Any Token, OUT, IN, and SETUP token types.

Data Packet: Any data type, DATAQ, DATAL.

o Handshake Packet: Any handshake type, ACK, NAK,
STALL, NYET (HS only).

o Special Packet: Any special type, PRE (FS only), ERR,
SPLIT, PING, Reserved.

o Error: PID check, CRC5 or CRC16, Bit stuffing (LS and

FS only).

e By following this simple procedure, you can easily trigger
the oscilloscope on a specified serial pattern on an USB
signal, capturing each occurrence.

O O O O O O

e}

—A AN

VALY VA —r

I

‘\\

("Pi-oUT | Addr 4

Trigger - Bus

Trigger Type.
Bus v

MSO/DPO5000 Series Procedure:

Q Press the front panel Trigger
Menu button.

Q Touch the Trigger Type text box
and select Bus triggering.

Verify that Bus B1 is selected.

Press the Mode tab and press the
Normal Trigger Mode button.

O Click on the Trigger On text box
and select Sync.

O Press the front panel Single
button.

Press Menu Off.

Adjust the Wave Inspector pan
and zoom controls as needed to
view the USB packets.
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MSO/DPO5000 Series USB Bus Searching

Key Take Away Points MSO/DPO5000 Series Procedure:
e Once you have acquired a serial signal, you often want to O Press the front panel Search
find all occurrences of a certain event, such as the button.
transmission of specific content over the USB serial bus. a  Press the Bus button in the
e The MSO/DPO5000 Series can search on the same control window.
elements of a USB 2.0 bus: O Press the Configure tab at the
o Sync left side of the control window.
o Reset Verify that Bus B1 is selected.
o Suspend
o Resume Click on the Search For text box
o End of Packet and select Sync.
o Token (adc.jress) Packet: Any toI_<en type, SOF, _QUT, O Adjust the zoom window as
IN, SETUP; Address and End Point can be specified for needed to view the USB packets.
Any Token, OUT, IN, and SETUP token types.
o Data Packet: Any data type, DATAQ, DATAL.
o Handshake Packet: Any handshake type, ACK, NAK,
STALL, NYET (HS only).
o Special Packet: Any special type, PRE (FS only), ERR,
SPLIT, PING, Reserved.
o Error: PID check, CRC5 or CRC16, Bit stuffing (LS and
FS only).
e By following this simple procedure, you can easily search
an acquisition for a specified serial pattern on a USB Q Using the front panel arrow
signal, marking each occurrence. buttons, navigate between search
marks to see all occurrences of
the USB Sync.
.ﬁw Y \ ﬁ O Press the Results tab at the left
A ‘\ I ’H'H\/\“ “/ N \"\/ \J‘J ] side of the control window to
\u H\/ I \/\‘ I ‘\j AR \, S_— display the table of search results.
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MSO5000/DPO5000 Series
RS-232 /| RS-422 | RS-485 / UART
Triggering and Decoding Lab

veo R Tek

) D

Equipment List
One MSO/DPO5000 Series oscilloscope with software version 26.4 and with the SR-COMP option installed
One TPPO0500 or TPP1000 passive probe
Optional USB keyboard and mouse
DPO Demo 3 board and dual-A-to-single-B USB cable (679-6506-XX and 174-5959-00) or
DPO Demo 2 board and USB cable (020-2924-XX and 174-4401-00)
[Note: screen shots in this document were made with the DPO Demo board]
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Understanding the RS-232 Bus

RS-232 stands for Recommended Standard 232, a communication standard from the Electronic Industries
Alliance (EIA), which was developed in the early 1960s for interconnection between teletype terminals and
modems. The standard was updated to RS-232C in 1969 to specify electrical signal characteristics,
mechanical interconnects, etc.

RS-232 provides two single-ended signals for point-to-point, full-duplex communication (simultaneous
transmitted and received data). The standard does not specify character encoding, data framing, or
protocols. It was designed for short-distance, low-speed serial data communication. Although the maximum
cable length is not specified, a distance of less than 15 meters is recommended. The maximum data rate is
not also specified, but rates <20 kb/s are recommended.

RS-232 data transmission is asynchronous, meaning that the clock is not transmitted and must be
programmed in advance at both the transmitter and the receiver. Each character begins with a start bit, a
high value which equates to a logic “0”. The character is comprised of 7 or 8 data bits, which must also be
programmed. The data bits are transmitted in least-significant to most-significant bit order. The optional
Parity bit is next. If not used, the bit is ignored. If used, the polarity must be programmed, and provides
simple error detection by indicating whether there are an odd or even number of “1s” in the data word.
Finally, the character is usually terminated in one to two stop bits.

opt.

Data Data Data Data Data Data Data
Data

Start OlEit

0 1 2 3 4 5 6 7 Parity

1-bit | 1-bit | 1-bit | 1-bit | 1-bit | 1-bit |1-bits| 1-bit | 1-bit | 1-bit | 1-bit | 1-bit

Each RS-232 character can be encoded in various formats, but ASCII format is most commonly used.
ASCII, short for American Standard Code for Information Interchange, is a 7-bit code (a range from 0 to 127)
which is used to represent characters. Of the 128 possible codes, 95 (numbered 32 to 126) represent
printable characters. Many of the remaining non-printing characters are control characters which control how
text is processed. (Examples of control characters include backspace, tab, carriage return, and line feed.)
Since most computer memories are based on 8-bit bytes, the eighth bit of the stored ASCII character can be
used for parity, a simple error-detection scheme. (An ASCII conversion chart is included later in this lab
document.)

The RS-232 standard does not specify how data content is framed or grouped, but a common technique is
to end a data frame with a pre-determined termination character such as carriage return, line feed, or null.

|< Data Frame =|

Character Character Character Character Termination

0 1 2 3 -0-o Character

Lab Objectives
- Obtain a basic understanding of the RS-232 serial bus.
- Learn how to use oscilloscopes to measure and decode RS-232 signals.

- Learn how to setup an RS-232 serial bus display and trigger and search on RS-232 packet content
with an MSO/DPO5000 Series oscilloscope.
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MSO/DPO5000 Series Lab Setup

Key Take Away Points MSO/DPO5000 Series Procedure:

e RS-232 and related serial buses are industry standards O Power up the oscilloscope.
and can be found in many embedded designs today. O Select Help -> About

e Traditional manual decoding methods to decode these TekScope....
buses with an oscilloscope are time-consuming. O Verify that the SR-COMP:

o  With the SR-COMP option installed, the MSO/DPO5000 Computer Serial Triggering and
Series oscilloscope can trigger on, decode, and search RS- Analysis option is installed.
232, RS-422, RS-485, and UART serial bus traffic. O Press the OK button.
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Key Take Away Points

e The DPO Demo 3 board (679-6506-XX) has an RS-232
signal which we can use for this lab:
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e The DPO Demo 2 board (020-2924-XX) also has RS-232

and UART signals which we can use for this lab:
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DPO Demo Board Procedure:
Q Power up the DPO demo board.

Q Verify the green POWER LED is
lit.

O Attach a TPP0500 or TPP1000
probe to the Channel 1 input of
the oscilloscope. Then connect
the probe ground to GND and
connect the probe to the
RS232_TX test point.
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Manual RS-232 Bus Decoding
Key Take Away Points MSO/DPO5000 Series Procedure:
e Notice that RS-232 signals are generally large signals, O Press the front panel Default
going positive and negative, with amplitudes from 3V to Setup button to set the
15V peak. These large amplitudes provide a very simple oscilloscope into a known state.
immunity from noise. Q Set the channel 1 Vertical Scale
e The display should look about like this: to SV/div.
| | | oo | v e [ QO Use the Trigger Level control to
adjust the trigger level to the
center of the waveform, about OV.
Q Set the Horizontal Scale to
1ms/div. This setting should
allow a few bursts (RS-232
characters) to be displayed on
screen.
Q Press the front panel Single
button.
Q Using the Wave Inspector pan
and zoom controls, zoom in on
one whole burst of signal.
e Zoom in on one of the bursts of activity. This is a single RS-
232 character. The display should look something like this:
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Key Take Away Points

¢ Notice the relatively long idle periods between signal bursts
where the signal is low.

e The RS-232 character begins with a positive pulse after the
idle period.

e The data bits come next, starting with the least-significant
bit and ending with the most-significant bit. (In this case, we
know that there are 8 data bits and no parity bit.) Low
signals are digital 1s and high signals are digital Os.

©D 5.0Vidiv 100nsipt

@1 50V 200ps  460us 1.54ms

‘me® roov
| None Normat

| 1.0ms/div 10.0MS/s

Single Seq

1acqs RLi100k
Auto

e The binary message above, written in most- to least-
significant bit order is 01100010. This can also be written
as 62 (hex) or ASCII “b”, as shown below.

e Most engineers would prefer to use hexadecimal or “hex”
notation, rather than binary. You can use the following
chart to translate each group of 4 binary bits to a hex

character:
Binary Hex Binary Hex
0000 0 1000 8
0001 1 1001 9
0010 2 1010 A
0011 3 1011 B
0100 4 1100 C
0101 5 1101 D
0110 6 1110 E
0111 7 1111 F

e Since RS-232 is often used to transmit text characters, an
even more popular code is ASCII. You can use the
following chart to translate each hex character to a text
character:

MSO/DPO5000 Series Procedure:

Q Identify the start bit of the RS-232
character.

O Visually divide the rest of the
character into 8 equal sections.

O |If the signal is low in any of the 8
sections, write a “1” in the
corresponding space below. If the
signal is high in any of the 8
sections, write a “0” in the
corresponding space below. (See
example at the left.)

O Now, swap the order of the bits
you wrote down, and divide the 8
bits into two 4-bit groups
(“nibbles”). This is the binary
representation of the RS-232
character. Write the binary
character in the reverse order:

a Now, using the table at the left,
translate the character to hex and
write the hex value below.

Q Finally, using the hex-to-ASCII
table, translate the character to
hex and write the value below.
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Dec Hxoct Char Dec Hy oct Himl Chr [Dec Hx Oct Himl Chr| Dec Hx Oct Himl Shr
0O 0 000 NUL {rmll) 32 20 040 «#32; Space| 64 40 100 &#edr @ 95 60 140 &=#96;
1 1 0ol 30H (start of heading) 33 Z1 041 &#33; ! 65 41 101 &#65; & 97 6l 141 &#97; a
2 2 002 3TX (start of text) 34 22 042 &#34; 7 66 42 102 &«#66; b 95 62 142 &#95; b
3 3 003 ETH {(end of text) 35 23 043 &#35:) # a7 43 103 «#67: C 99 53 143 «§99: C
4 4 004 EOT (end of cransmi=sion) 36 24 044 &#36; § 65 44 104 «#63: D (100 64 144 &#100; d
5 5 005 ENQ {enquiry) 37 25 045 &#37! % 69 45 105 «#69: E [101 65 145 &#l0l; &
& & 006 ACE [acknowledge) 38 26 046 &#33; & 70 45 106 &#70; F (102 66 145 &#l0zZ: €
7 7 007 BEL (bell) 39 27 047 &#39; 71 47 107 «#71: G (103 &7 147 &#l03;: o
§ § 010 B3 (backspace) 40 2§ 050 «#40; | 72 45 110 «#72; H (104 65 150 &#104: h
9 9 011 TiE (horizaontal tah) 41 29 051 &#41; ) 73 49 111 &#73: I (105 69 151 &#l05: 1
10 4 012 LF (NL line feed, new line)| 42 zZ4 052 &#42; * 74 4h 112 «#74: T (106 64 152 &#106; 7
11 B 013 VT (wertical tab) 43 ZBE 053 «#43; + 75 4B 113 «#75; K (107 6B 153 &#107: k
12 [ 014 FF (NP form feed, new page)| 44 2C 054 &#44: 76 4C 114 «#76: L |103 6C 154 &#los; 1
13 D 015 CE (carriage return) 45 ZDr 055 &#45; - 77 4D 115 &#77: M |109 D 155 &#l0%:; o
14 E 0l6 30 (shift out) 4 ZE 056 «#46; . 78 4E 116 «#75: N |110 6E 156 &#ll0; n
15 F 017 5I  (shift in) 47 ZF 087 &#47; / 79 4F 117 «#79: 0 (111 &F 157 &#111: o
16 10 020 DLE (data link escape) 45 30 060 &#45; 0 G0 50 120 &«#580:; P (112 70 160 &#ll2: p
17 11 021 DC1 (dewice control 1) 49 31 06l &#49; 1 81 51 121 &«#31: 0 |113 71 16l &#ll3: o
18 12 022 DCZ [dewice control 2) B0 32 0RZ &#50; 2 82 52 lzZ2 &#G62; R (114 72 lez &#ll4: ¢
19 13 023 DC3 [(dewice control 3) 51 33 063 &#51; 3 83 53 123 &«#G83:; 5 (115 735 1635 «#ll5: =
20 14 024 DC4 (dewice control 4) £z 34 064 &#52; 4 g4 54 124 «#534; T |116 74 164 &#lle; ©
21 15 025 NAE (negatiwe acknowledge) 53 35 065 &#53; 5 85 55 Lz5 &#&85: T |117 75 1labt &#l17: u
22 16 026 3YN [synchronous idle) 54 36 066 &«#54; 0 G5 56 126 &«#06; ¥V (113 76 lao &#116; v
23 17 027 ETE (end of trans. block) EL 37 0A7 &#55; 7 87 57 127 «#87; W (119 77 la7 &#119; W
24 15 030 CAN (cancel) E6 38 070 &#56; § 88 58 130 &#583r X (120 78 170 &#l20: X
25 1% 031 EM  (end of medium) 57 39 071 «#57;: 9 g9 59 131 «#09; T |121 79 171 &#lzl; ¥
Z6 14 032 5UE (substitute) 5§ 34 072 &#53; ¢ a0 54 132 &#90; 2 (122 TA 172 &#l22: 2
27 1B 033 ESC [escape) 59 3B 073 &#59; ; 9l 5B 133 «#91: [ (123 7B 173 &#123;
28 1C 034 F3  (f£ile separator) 60 3C 074 «#00; < Q2 8BC 134 «#92; % 124 7C 174 &#lzd;
29 1D 035 Gf  [(group separator) 6l 3D 075 &#61; = 93 5D 135 &#937 1 |125 7D 175 &#1l25; }
30 1E 036 R%  [(record separatar) 62 3E 076 &«#6Z; = 94 5E 136 &«#94; ~ (126 TE 176 &#l26: ~
31 1F 037 US  [unit separator) 63 3F 077 &#63; 7 95 5F 137 «#95: _ |127 7F 177 «#127: DEL

Source: www.LookupTables.com

Conclusion: Manually decoding RS-232 data is a time-consuming process. Engineers are looking for a
better and faster way to do this.
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MSO/DPO5000 Series RS-232 Decoding Setup

(optional) Determining RS-232 Bus Data Rate

e The data rate of the RS-232 signal on both of the DPO
demo boards is 9600 bits/second (also sometimes called
“9600 baud”). However, in general, you may need to
determine the data rate using this procedure.

¢ In addition to the long list of preset bit rate values from 50
bps to 10 Mbps, the custom bit rate control allows the user
to set the bit rate to any value between 50 bps and 10
Mbps in fine steps (which vary with the setting of the front
panel Fine mode and also vary with the baud rate).

e The display should look about like this:

@D 5.0V 200us 460us 1.54ms Single Seq

«©» 5.0Vidiv [6,:1.0G | ” & 2065 me» S oov 1.0ms/div 10.0MS/s 100ns/pt
p None Normat
|04 RL:100k
€T [9.615kHz.
@ Curser Controls
Cursor1
Ch1

e Since the minimum pulse width is 104 ps, the data rate is
verified to be 9600 bits/second. This signal uses 8 data bits
with no parity. The display should look about like this:

@D 5.0V 200us 460ps 1.54ms Single Seq

«©» 5.0vidiv [6,:1.0G | ” 20 ‘ me» S oov 1.0ms/div 10.0MS/s 100ns/pt
None Normal

Cursor Controls
Cursor1
ch1

MSO/DPO5000 Series Procedure:

O Using the Wave Inspector
controls, zoom in on the
narrowest pulse on the display.

O Press the front panel Cursors
button.

O Using the Multipurpose controls,
measure the width of the
narrowest pulse by positioning
the cursor cross-hairs near the
center of the rising and falling
edges of the pulse.

O Read the bit rate (1/A time in the
cursor readout) and write the
value here:

O Read the pulse width (A time in
the cursor readout) and write the
value here:

O Using the Wave Inspector
controls, zoom in on one whole
burst of signal.

Q Using the Multipurpose controls,
measure the width of the burst.

O Read the burst width (A time in
the cursor readout) and write the
value here:

Q Divide this value by the pulse
width value you recorded earlier,
and subtract one (for the Start
Bit). Assuming that there is no
Parity bit being used, the result is
the number of data bits (7 or 8).

O Press the front panel Cursors
button once to turn off cursors.
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MSO/DPO5000 Series RS-232 Bus Decoding

Key Take Away Points

e As you personally experienced in the last part of the lab,
manually decoding RS-232 signals can be a time-
consuming process. In this section, you will learn how to
use the MSO/DPO5000 Series to automatically decode
RS-232 packet content.

e Setting up a basic RS-232 bus waveform display takes only
a few simple steps with the MSO/DPO5000 Series. Notice
that any of the analog or digital inputs or math signals can
be used as a source for the RS-232 bus.

e The display should now look about like this, with the
hexadecimal decoded value shown in the bus waveform:

ca | Digitt | Horizinca | Ti | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | utiites | Heip [

B 5.0vidiv q
@D 50V 200ps  470ps 1.53ms

Oms/div 10.0MS/s  100ns/pt
Single Seq

RL:100k

«©» 5.0Vidiv @€ S -100.0mv | 1.0ms/div 10.0MS/s 100ns/pt
MNone  Normal _ Single Seq

RL:100k

@D 50V 200ps  470ps 1.53ms

Bus 1 Display
Bus Components  Busform Decode
v Busform (=ER

 Hex

AsCll

MSO/DPO5000 Series Procedure:

Q Continue with same setup as
previous lab.

Q Position the channel 1 waveform
in the upper half of the display.

O Press the purple front panel Bus
B button to display the Bus Setup
menu.

Under Bus Type, select Serial.

Using the drop down menu, select
RS232.

O Setthe Data Components signal
source to Ch1l.

Q Double-click on the Threshold text
box and set the value to OV.

O The default RS-232 bus values in
the MSO/DPO5000 Series were
chosen to match the signal on the
DPO demo board, so many of the
steps to the right have already
been done for you.

Q For RS-232 transmitted signals
which idle in the low-voltage
state, select Normal Polarity
(High = 0). For RS-422, RS-485,
and UART signals, select
Inverted Polarity (High = 1).

O Using the Baud Rate drop down
menu, select 9600 bps.

Q Using the Data Bits drop down
menu, select 8 bits.

O Using the Parity drop down
menu, select None.

Q Pressthe Bus 1 button to turn
bus B1 On.

O Using the Bus 1 Position control,
position the bus waveform as
desired for easy viewing.

O Press the Display tab at the left
side of the control window.

O Under Bus 1 Display, verify that
Busform Style and Hex Decode
are selected.
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Key Take Away Points

e Although the analog waveform display and the busform
with hex values is familiar to most hardware engineers,
there are another display formats that other engineers,
such as software engineers, may find more useful.

e The bus Waveform display shows the digital interpretation
of the signal. This can be very useful for verifying that the
threshold values are set appropriately.

e Inthe case of RS-232 transmitted signals, ASCII is a
common display format, especially when transmitting text
messages. The display should now look something like
this, with the ASCII decoded value shown in the bus
waveform:

@B 5.0Vidiv

@D 50V 200us  470ps 153

Bus 1 Display
Bus Components. Busform Decode
/|Busform ey

Hex
 Waveform
- ASCIl

Packet View

e With this display, you can easily see the transmitted text
message “Tektronix Enabling Innovation”:

[ E® /-100.0mv Omsidiv 2.0MS/s s00ns/pt
MNone  Normal _ Single Seq
RL:100K

Bus 1 Display.

Bus Components Busform Decode

v Busform (=ER
Hex
 Waveform
+ asci

MSO/DPO5000 Series Procedure:

O Select Both Bus Components.

O Selectthe ASCII Bus 1 Display
format.

O Change the Horizontal Scale to 5
ms/div.

Q Turn off zoom.

o Press the front panel Single
button.
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Key Take Away Points MSO/DPO5000 Series Procedure:
e For some applications, it is more useful to be able to O Change the Horizontal Scale to
display the text strings that are transmitted. 20 ms/div.
e With the packet view display, you can easily see the Q Press the front panel Single
transmitted text message “Tektronix Enabling Innovation”: button.
Select Packet View.
Press the down arrow next to the
End Of Packet text box. Notice
the available packet termination
characters. In this case, use the
default 0Ah (LF) Line Feed
character to terminate each
packet.
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MSO/DPO5000 Series RS-232 Bus Event Tables

Key Take Away Points

e Setting up a basic RS-232 bus event table display takes
only a few simple steps with the MSO/DPO5000 Series.

e The RS-232 bus Event Table display looks like this when
the decode is set to Packet View:

File | Edit | Vertical | Digital | HoriziAc:

asure | Mask | i | ny utiites | elp [0

e T EMRITTSRRITR

o i) v

e The RS-232 bus Event Table display looks like this when
the decode is set to ASCII character display:

Protocol Decode Event Table

dex_Start Time _Data_Error
-98.28m |1
-94.95m |0
-91.73m |n
-88.40m |o

s

-75.30m [T
7m e

k

t

B
3
s
£
=

B
3
I

MSO/DPO5000 Series Procedure:

Q Press the Protocol Decode

Event Table button.

Press the Close button.
Deselect Packet View.

Press the Protocol Decode
Event Table button.

Press the Export button. Notice
that you can save the Event
Table information to a file in.CSV
format. When you are done,
either Save the file or press
Cancel.

When you are done with the
setup, press the Close button.
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MSO/DPO5000 Series RS-232 Bus Triggering

Key Take Away Points

e When debugging a system, you often want to capture the
state of some key signals when a certain event occurs.
One key event may be the transmission of specific content
over the RS-232 serial bus.

0

nalyze

I
i § I AT ] 0000 0 L AR POeee00ob000 049
.W.Wmammmwﬂ»m[lmmwwmw

C) ot {J

@ 5.0vidiv [£,1°0G | 0.0ms/div S00kS/s 2.0usipt

@D S0V 400ps -1.99ms 2.01ms Sample
RL:100k

=
oo T ST

e« fUUUULUBULA

e The MSO/DPO5000 Series can trigger on the Start Bit, End
of Packet, Data value, or Parity Error.

e By following this simple procedure, you can easily trigger
the oscilloscope on a specified serial pattern, capturing
each occurrence.

iyze | uti
b4 0 009 00000000 000080000 00 9000004600
FW1 Fw J»ﬂ
A A L L {MMMM&M'—MMML«—AM
C) 81

«@® 5.0vidiv [6y:1.06 | us ‘ 20.0ms/div 500kS/s 2.0psipt
nal

@10 50V 400ps  +1.99ms 2.01ms

Sample
RL:100k

T
L by BT

e fULTUIULRIULA

MSO/DPO5000 Series Procedure:

Q Draw a box around the packet at
the trigger point and select Zoom
10n.

O Press the front panel Trigger
Menu button.

O Using the Trigger Type drop down
menu, select Bus triggering.

O Using the Bus drop down menu,
select B1.

O Press the front panel Run/Stop
button to re-start acquisitions.

Q Pressthe Mode tab and press the
Normal Trigger Mode button.

Q Press the A Event tab.

Q Using the Trigger On drop down
menu, select Data.

Q The easiest way to enter the
address is with the Pattern Editor.
Press the Edit button at the right.

Select Hex format.

Double click on the Data Value
text box and set the ASCII data
pattern to 0x54 to capture the ‘T’
character at the start of the
“Tektronix” message.

When you are done, press OK.

Press the front panel Run/Stop
button to re-start acquisitions.

O Adjust the Wave Inspector Pan
control as needed.
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MSO/DPO5000 Series RS-232 Bus Searching

Key Take Away Points MSO/DPO5000 Series Procedure:

e Once you have acquired a serial signal, you often want to O Press the front panel Search
find all occurrences of a certain event, such as the button.

transmission of specific content over the RS-232 serial bus. a  Press the Bus Search button in
the control window.

Cxer o400

) 00 D00 00000009 000 (HE 0:8:0 0500900 0-0-0:0:0-0-0-4-0:0
¥
WnMWMJ —UWLWWWme

C) B1

P s.oviv

@1 50V 400ps  -1.99ms 2.01ms

e The MSO/DPO5000 Series can search on the Start Bit,
End of Packet, Data value, or Parity Error.

e By following this simple procedure, you can easily search
an acquisition for a specified serial pattern on a RS-232
signal, marking each occurrence.

Q Select the Configure tab at the
left side of the control window.

O Using the Search For drop down
menu, select Data.

Q The easiest way to enter the
address is with the Pattern Editor.
Press the Edit button at the right.

Select Hex format.

Double click on the Data Value
text box and set the ASCII data
) pattern to 0x54 to search for the

Search - Configure ‘T’ character at the start of the

e e TN CENC L Tektronix” message.

Data Value

When you are done, press OK.

You can also do the same by
pressing the Copy Settings
button.

ae [ LA ARAANULLL

O Press the front panel Run/Stop
button to restart acquisitions.

O Adjust the zoom window as
needed to view the RS-232
packets.

MSO5000 / DPO5000 Lab Exercise Book
Version 1.1 5/11/2012 48W-26279-3 103 of 394

Tektron/ix



MSO/DPO5000 Series Support for RS-232-related Standards

RS-232 is primarily focused on applications where these serial signals are transmitted between modules,
over cables, and between products. RS-232 signals are transmitted single-ended, at relatively high voltage
(up to £15V), and inverted (so a digital O is a positive voltage and a 1 is a negative voltage).

Audio / video application example

pC MC

Embedded communication application example

There are two other types of variants on the RS-232 family that are also addressed with the COMP option.

The first is differential sighaling, such as with the RS-422 and RS-485 standards. These standards specify
transmission of a lower-voltage differential signal which is not inverted. Although one side of these
differential signals can be probed with a passive probe, the TDP0500 and TDP1000 differential probes will
provide better signal fidelity, especially in noisy environments.

The second variant on RS-232 signals is the transmission of these serial signals between components on a
single circuit board. This embedded system application, most commonly communication between a
microcontroller and a Universal Asynchronous Receiver / Transmitter (UART) or RS-232 driver/receiver IC.
These signals are single-ended and non-inverted, with standard logic levels.

For both of these non-inverting RS-232 variants, you need to select Inverted Polarity in the Bus Setup
control window. Otherwise, the signals are treated like RS-232 signals.
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MSO5000/DPO5000 Series
CAN Triggering and Decoding Lab

N0 0 OO - S

Fop e J—r-”w.-]:—l-rjdﬁ-_ i

~
MM i Sl S b

D 0527DEZN b ILCh Bata1th

LG Data

0
n |00BEBEBER 4h
u [100h oh
u |101h zh
u_|10000001h| Sh
u |12345678h 8h

9am |1597€EB2h 8h
m |519h ah
m_|15976£62h 8h

m |00140014h | 3h
m |00160016h|5h
m |18181818h|7h
m_|00000000h | 8h

7h oh

CRC
78h 7eh 9ah 9ch 37eEh.

380ah.
o1h 03h 5620h.
11h 22h 33h 44h S5h 8a65h
11h 22h 33h 44h 55h 66h 77h 88h 0aczh
FFh FFh 00h 0oh €Eh EEh 11h 11h 216Eh
42h 69h 6ch 6ch 7744h
Agh 4Fh Frh Flh 02zh 72h oFh 66h 2180h

11h 22h 33h sench.
11h 2zh 33h 44h 55h 1911h
Flh F2h F3h F4h £5h F6h F7h 5F9Bh.
00h 00h 00h 00h 00h 00h 00h 0Oh 30AFh

e 2088h

Equipment List
One MSO/DPO5000 Series oscilloscope with software version 26.4 and with the SR-AUTO option installed

One TPPO0O500 or TPP1000 passive probe

Optional USB keyboard and mouse

DPO Demo 3 board and dual-A-to-single-B USB cable (679-6506-XX and 174-5959-00) or
DPO Demo 2 board and USB cable (020-2924-XX and 174-4401-00)

[Note: screen shots in this document were made with the DPO Demo 3 board]
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Understanding the CAN Bus

CAN (Controller Area Network) was developed by the Robert Bosch GmbH, in Germany, during the late
1980’s. The need to specifically control and communicate with electronic control devices (ECUs) in
electrically noisy environments was a driving force behind CAN. In 1992, Mercedes-Benz became the first
automobile manufacturer to employ CAN in their higher end cars. Today almost every car manufacturer in
the world employs CAN controllers and networks in systems such as windshield wiper motor controllers, rain
sensors, airbags, door locks, engine timing controls, anti-lock braking systems, power train controls and
electric windows, to name a few. CAN is rapidly expanding into other applications like industrial control,
marine, medical, and aerospace.

CAN is a two-wire, half-duplex, high-speed serial communications bus. It is a layered protocol where the
transmission and physical layers are of primary interest here. Because CAN is an asynchronous the bus can
be utilized as a differential balanced line similar to RS-232 but allows multiple masters on the same network.
Data rates range from 10 Kbps (<6km) to 1Mbps (<40m) with a tradeoff between speed and bus length,
decreasing the bit rate allows for longer bus lengths. Typically CAN is used for system-to-system
communication between nodes (transceivers and receivers) which communicate on the bus by messages
similar to Ethernet.

There are a variety of CAN signals, as shown in the figure below. The transmitted data (Tx) and received
data (Rx) signals are single-ended digital signals which are found at the inputs and outputs of devices such
as CAN controllers and Electronic Control Units (ECUs). The messages transmitted between modules and
products are carried on an inverted differential signal. The differential signal can be measured, or the
individual signals (CAN_H and CAN_L) can be measured individually (if the signal-to-noise ratio is
adequate). Because the signal amplitudes, polarities, and DC offsets vary between these different signals,
you need to adjust your measurement setup and decoding method accordingly.

TX Rx Electron
ectronic
CAN RX CAN_H TX Control
Controller Unit
CAN_L
CAN signals
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Identifiers, Arbitration and Frames

CAN data messages are transmitted from any node by identifier (ID) not by address or data. Before a node
sends a message out to another node it checks if the bus is busy - two nodes on the same network are not
allowed to send messages at the same time — a node can detect if it has lost arbitration and stops
transmitting, letting the other node, with the higher priority transmit uninterrupted. A CAN message is
created using frames. The frames of interest are: Data Frames, Standard (11 bit ID) and Extended (29 bit
ID). Both Data Frames can hold O to 8 bytes of data and are used when a node wants to transmit data on
the network. Remote Frames are used to request information and the node having the information should
then respond by sending it on the network. Error Frames are used to signal an error and can be transmitted
by any node. Overloaded Frames are used to provide extra delay between data and remote frames when a
node is busy.

« Data Frame g
Control | Data ) JACK | im
Arbitration Field | Field | Field CRCField | Fjelq |EOR »n
® 11 Bit = |5 |- |pLd . 15 bit > |g
2 Identifier ~ (M g I?ytei CRC DEL 2 L 7|3
Bit stuffing

In CAN frames a bit of opposite polarity is inserted after five consecutive bits of the same polarity. This
practice is called bit stuffing, and is due to the Non-Return-to-Zero (NRZ) coding. The "stuffed" data frames
are un-stuffed by the receiver. Since bit stuffing is used, six consecutive bits of the same type (111111 or
000000) are considered an error. The bits in a CAN message are sent either high or low: high bits are
recessive; low bits are dominant.

Lab Objectives
- Obtain a basic understanding of the CAN serial bus.
- Learn how to use oscilloscopes to measure and decode CAN signals.

- Learn how to setup a CAN serial bus display, and trigger and search on CAN bus content with an
MSO/DPO5000 Series oscilloscope.

MSO/DPO5000 Series Lab Setup

Key Take Away Points MSO/DPO5000 Series Procedure:

e CAN serial buses are industry standards and can be found | O Power up the oscilloscope.

in many embedded designs today. O Select Help -> About

e Traditional manual decoding methods to decode these TekScope....
buses with an oscilloscope are time-consuming. O  Verify that the SR-AUTO:
e With the SR-AUTO option installed, the MSO/DPO5000 Automotive Serial Triggering
Series oscilloscope can trigger on, decode, and search and Analysis
CAN bus traffic. (CAN/LIN/FlexRay) option is
installed.

Q Press the OK button.
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Key Take Away Points

e The DPO Demo 3 board (679-6506-XX) has CAN signals
which we can use for this lab:

K rzc_pata
E=

Dac_t|
! Dmc Hal
Dae_HS|
orc_tn

DaC_H3|
Dac_ha|

POOOOCOO DAC_ENL|
DO000000 s[s] m hal
.EBEHEEEEEE .
EEEEEEEE "ii‘i“i":'.

bac_out

53 cloc

oo B5E BEP o

e The DPO Demo 2 board (020-2924-XX) also has CAN
signals which we can use for this lab:

N0 ova

by 4..)! -

nlm'- 4- o:

5
RS232 Tx 12C_DAYTA 12C _CLK
e=e @5er &Se)

Nd $$ 3903 1Svi

&= e=et
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;:‘f-“.u,,cﬂl sﬁé%l;m?% ._'i -
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DPO Demo Board Procedure:

Q Attach the two host connectors on
the USB cable to the oscilloscope
and then connect the device
connector on the cable to the
demo board.

Q Verify the green POWER LED is
lit.

O Attach a TPP0500 or TPP1000
probe to the Channel 1 input of
the oscilloscope. Then connect
the probe ground to GND and
connect the probe to the CAN_H
test point.

MSO5000 / DPO5000 Lab Exercise Book
Version 1.1 5/11/2012 48W-26279-3

108 of 394

Teklron/ix




Manual CAN Bit Rate Measurement

Key Take Away Points MSO/DPO5000 Series Procedure:
e Onthe DPO Demo 3 and DPO Demo 2 boards, the CAN O Press the front panel Default
bit rate is 500 kbps. Setup button to set the

. . , oscilloscope into a known state.
e With the SR-AUTO option, the MSO/DPO5000 provides a

list of common bit rate values to choose from, ranging from | @ Set channel 1 Vertical Scale to

10 kbps to 1 Mbps. 1v/div.

e However, in general, you may not know what the bit rate is. | @ Set the Horizontal Scale to
Because CAN is an asynchronous bus, you must Ims/div.
accurately determine the bit rate before the bus can be O Press the Trigger Level control to

properly decoded. This section of the lab explains how to
measure the CAN bit rate. The display should look about
like this:

automatically adjust the trigger
level to the center of the AC
portion of the CAN signal, about
3V.

Q Press the front panel Single
button.

O Using the mouse or the touch
screen, draw a narrow zoom box

[v-"vv"\

[ around the trigger point at the

P e

AP AR AW A VAN o AN PN A g A ASAAN P vy

center of the display and select
Zoom 1 On.

Q If necessary, zoom again on the
waveform to resize the zoom box

Q Press the front panel Cursors
button once.
Q Using the Multipurpose a and b
i s 2oy ] B o )| T e controls, position the cursors on
the rising and falling edge of a
narrow pulse to measure the

e The cursor measurement of the pulse width of the

S > . pulse width.
narrowest pulse indicates a 2 ps minimum pulse width.
Compare this pulse width with the values in the following O When done, press the front panel
chart to determine the CAN bit rate: Cursors button once.
Minimum CAN Pulse Width | CAN Bit Rate
1us 1 Mbps
1.25 us 800 kbps
2 ps 500 kbps
4 us 250 kbps
8 us 125 kbps
12 us 83.3 kbps
16 ps 62.5 kbps
20 us 50 kbps
30 us 33.3 kbps
50 us 20 kbps
100 pus 10 kbps
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MSO/DPO5000 Series CAN Bus Setup and Decoding

Key Take Away Points MSO/DPO5000 Series Procedure:
e Setting up a basic CAN bus waveform display takes only a | Q@ Press the purple front panel Bus
few simple steps with the MSO/DPO5000 Series. B button to display the Bus Setup
menu.
e Notice that any of the analog or digital inputs or math .
signals can be used as a source for the CAN bus. For Q Under Bus Type, select Serial.
example, you can probe CAN_H with a passive probe on

. ; Using the drop d , select
channel 1 and CAN_L with a passive probe on channel 2 Ci&g © drop down menu, selec

and decode the differential math signal M1 = Ch1-Ch2.

, . Q Verify that the CAN_H input

e The CAN Bus Setup menu looks like this: signal is set to Ch1.

~ B8R Q Verify that the Threshold settings
are about 3V.

.. Q Press the Bus 1 button to turn
bus B1 On.

— g ]

1D:00BEBEBE

Q Press the Display tab at the left
sitrate side of the control window.

500 Kbis | ¥

Q Under Bus 1 Display, verify that
Busform Style is selected.

Select Hex Decode.

™ Em 0 Adjust the zoom factor and
R O position of the zoom window to
view the decoded bus
. information.
O The green bar symbol represents

the start of packet.

O ID packets are shown in yellow
o ovey QEEE m LOmsidiv 10.0MS/s  100ns/pt | bOXQS.

@D 10V 50us  250us 25.0s Single Seq
RL:100k

O Missing Acks are shown as red ‘I’

symbols.
Bus 1 Display
o O Data packets are shown in cyan
V' Busform LI
boxes.

Q DLCs and CRCs are shown in
blue boxes.

Errors are shown in red boxes.

The red bar symbol represents
the end of the CAN packet.
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MSO/DPO5000 Series CAN Bus Event Tables

Key Take Away Points

File | Edt | Vertica | Digital | HoriziAcq | Trig | Display

Protocol Decode Event Table

e The CAN bus event table display looks like this:

MSO/DPO5000 Series Procedure:

e Setting up a basic CAN bus event table display takes only O Press the Protocol Decode
a few simple steps with the MSO/DPO5000 Series. Event Table button.

B1

Index_Start Time 1D DLC Data
14.12n |00BEBEBER|4h |78h 7Eh 9Ah 9Ch
212.21u |100h oh
314.31u |101h 2h |01h 03h
448.5Lu |10000001h|Sh |11h 22h 33h 44h 55h
672.61u |12345678h 8 |11h 22h 33h 44h 55h 66h 77h 88h
0.94m |1597EEB2h 8h |FFh FFh 00h 00h EEh Ech 11h 11h
1.22m [510h 4h 42h 69h 6Ch 6Ch
1.38nm |1597EEBZh 8h |AEh 4Fh FFh Flh 02h 72h DFh 6Bh
1.65m |0527DE32h|1h
1.8Lm [00140014h|3h [11h 22h 33h
2.00m |00160016h 5h |11h 22h 33h 44h 55h
2.22m |18181818h 7h |Fih F2h F3h F4h Fsh FGh F7h
2.48m 00000000 8h |00h 00h 00h 00h 00h 00h 00h 00h
2.78m |757h Oh |Remote Frame
2.88m |1A55AA55h|Oh |Remote Frame
3.02m [057h 6h |45h 68h 6¢h 65h 72h 73h
3.21m |1597€€A3h|8h |DEh 55h CBh FAh 5Dh 45h ADh 8ch
3.48m [013h 1ih 22h
3.61m |015h 11h 22h 33h 44h
7m |017h 11h 22h 33h 44h 55h 66h
1crh 8h_|cih C2h C3h c4h B7h B6h B4h B4h

37eeh
380ah
5620h
6a65h
04c2h
216eh
7744h
2180h
7E30h
SEDCh
3911h
5F98h
3DAEh
2088h
3536h
7095h
10EDN
61A8h
3751h
SDF7h
69D8h

h
1FFFFFFFN|Sh |FFh FFh FFh FFh FFh FFh FFh FFh|1869h

File | Edit | Vertical | Digital | H

1D:0527DEG2h | BLCAh{ Data:Ath—)

CRC:7F30h

Press the Dock button.

Tk @ R

Press the X in the upper right

1 A R £ corner of the control window to

close it.

LAY U U T O e U OO 0 1 1 OO e V= Q Click on one of the rows in the

Event Table and notice the zoom
box is repositioned to correspond
to the selected row.

{D:00140014K|

e 1D DLC Data CRC _Emor
0| 14.12n 00BEBEBEh 4h |7Bh 7Eh 9ah 9ch 37eEh
1. 212.21u [100h oh 380ah
2. 314.31u |101h 2h |01h 03h 5620h
3 448.51u_10000001h|5h 11h 22h 33h 44h 55h 6A65h
4. 672.6lu |12345678h 8h |11h 22h 33h 44h 55h 66h 77h 88h|04Czh
5 0.94m |1597EE62h 8h |FFh FFh 00h 00h EEh EEh 1lh 11h|216Eh
6 1.22m [519h 4h_|42h 6%h 6ch 6Ch 7744h
7 1.38m |1507EE62h 8h |AEh 4Fh FFh Flh 02h 72h DFh 6Bh|2180h
|__EMEM _1.65m 0527DE32hih iih  _ _________7r3oh |
9 1.81m |00140014h|3h |11h 22h 33h seoch
2.00m 00160016 5h |11h 22h 33h 44h 55h 30110
2.22m |18181818h|7h |F1h F2h F3h F4h F5h F6h F7h 5F9Bh
2.48m 00000000 8h |00h 00h 00h 00h 00h 00h 0Gh 00h|3DAFh
757h Oh_|Remote Frame 2088h

EE® /2567
None

Normal

1.0msfdiv 10.0MS/s  100ns/pt

Auto

Preview single Seq
0acqs RLi100k

Q When you are done with the
event table, press the X in the
upper right corner to close it.
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MSO/DPO5000 Series CAN Bus Triggering

Key Take Away Points

e When debugging a system, you often want to capture the
state of some key signals when a certain event occurs.
One key event may be the transmission of specific content
over the CAN serial bus.

e NOTE: The trigger source must be an input channel. If you
are decoding a bus based on a math signal, simply set up
another bus based on an input channel and trigger on that
bus.

e The MSO/DPO5000 Series can trigger on Start of Frame,
Type of Frame (Data, Remote, Error, Overload), Identifier,
Data, Ident & Data, EOF, Missing Ack, and Bit Stuffing
Error.

analyze | vtities | weip | Tex @ B

pa™, ot
SUVIOD VA 113 O G eV WO

1D-00BEBEBER b 4h (Data7Bh

& 1.0V/div [6,:1.0G | [ B1 Bus CAN | 1.0msdiv 10.0MS/s 100ns/pt
N Normat

@ED 1.0V 200us -101ps 99.2us Non Single Seq

RL:100k

Bus Trigger On
Trigger Type  B1 v |StartofFrame |v
Bus v

Bus Type

e By following this simple procedure, you can easily trigger
the oscilloscope on a specified serial pattern on a CAN
signal, capturing each occurrence.

| 1.0ms/div 10.0MSls  100ns/pt
single Seq

@D 10V 2005 -101ps 99.2us

Trigger - Bus
Bus Trigger On
Trigger Type b1 v | identifier
Bus v

Bus Type
“ Identifier Hex Standard
ot 5

MSO/DPO5000 Series Procedure:
O Select Trig->Bus Setup....

O Using the Bus drop down menu,
select B1.

O Notice that, by default, Trigger On
Start of Frame is selected.

Q Press the front panel Single
button.

O Using the Trigger On drop down
menu, select Identifier.

Select Hex Standard format.
Press the Edit button.

Enter the identifier value 757 hex.
As you enter the values, notice
that the values in the other
radices are also updated.

When you are done, press OK.

In the Direction section, select
Read and Write.

O Press the front panel Single
button.

Q Adjust the MultiView Zoom pan
and zoom controls as needed to
view the CAN packets.
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MSO/DPO5000 Series CAN Bus Searching

Key Take Away Points

e Once you have acquired a serial signal, you often want to
find all occurrences of a certain event, such as the
transmission of specific content over the CAN serial bus.

Search - Select

Edge Glitch Width

Runt Window

e The MSO/DPO5000 Series can search on Start of Frame,
Type of Frame (Data, Remote, Error, Overload), Identifier,
Data, Ident & Data, EOF, Missing Ack, and Bit Stuffing
Error.

MSO/DPO5000 Series Procedure:

Q Press the front panel Search
button.

Q Press the Bus button in the
control window.

Q Press the Configure tab at the
left side of the control window.

Q Notice that, by default, Search
For Start of Frame is selected.

Q Using the front panel left and right
arrows, navigate between search

L P events.
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Key Take Away Points

«©» 1.0vidiv g
@I 1.0V 10.0us 171us 271ps

Search - Configure

v Al Type Source Search For
W Bus [BICAN ») |ldentifier v

Identifier
Hex Standard v

Read Write + Read and Wilte

BRE:3536h

«©» 10vidiv 5
@y 10V 10.0us 171

Results: Mark Table

Direction Maximum :

Time Delta
e | Tupe el P s i e

AL A Bus 221.16us

Total Marks:

Search Marks

e By following this simple procedure, you can easily search
an acquisition for a specified serial pattern on a CAN
signal, marking each occurrence.

( Data:45h (

1.0ms/div 10.0MS/s  100ns/pt

Single Seq

MSO/DPO5000 Series Procedure:

O Using the Search For drop down
menu, select Identifier.

Select Hex Standard format.
Press the Edit button.

Enter the identifier value 057 hex.
As you enter the values, notice
that the values in the other
radices are also updated.

When you are done, press OK.

In the Direction section, select
Read and Write.

Q Using the front panel left and right

arrows, navigate between search
events.

Q Press the Results tab at the left

side of the control window to
display the table of search results.
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MSO5000/DPO5000 Series
LIN Triggering and Decoding Lab

Data CheckSum_Errors
3rh peh cch Boh AEh 9¢h 80h 7¢h FER

82h c5h B%h

82h FBh 77h Fah 1zh

00h FFh FFh FFh FFh FFh FFh FFh 00h

2rh 45h c3h 90h

1eh AFh 74h 99h E2h 4sh 8ch 83h zah

54h 43h ABh 2eh c6h 86h 81h 2rh AOh

12h 48h 61h 16h 14h

3Fh
98h 10h E7h
och 2ch 34h Beh e8h

67h 80h 10h
70h D3h 68h 98h D8h CSh 46h FEh 83h

o
ok
Ola
ol
2s
o.
[x )
)
o
o

Equipment List
One MSO/DPO5000 Series oscilloscope with software version 26.4 and with the SR-AUTO option installed
One TPPO0O500 or TPP1000 passive probe
Optional USB keyboard and mouse
DPO Demo 3 board and dual-A-to-single-B USB cable (679-6506-XX and 174-5959-00) or
DPO Demo 2 board and USB cable (020-2924-XX and 174-4401-00)
[Note: screen shots in this document were made with the DPO Demo 3 board]
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Understanding the LIN Bus

Local Interconnect Network (LIN) is one of the older low-speed serial standards for the automotive industry,
developed by the LIN consortium in 1999 as a lower-cost alternative to the CAN bus for applications where
CAN's cost, versatility, and speed were overkill. LIN applications typically include communications between
intelligent sensors and actuators such as window controls, door locks, rain sensors, windshield wiper
controls, and climate control, to name a few. However, due to its electrical noise tolerance, error-detection
capabilities, and high speed data transfer, CAN is still used today for engine timing controls, anti-lock
braking systems, power train controls and more.

The LIN bus is a low-cost, single-wire implementation based on the Enhanced 1SO9141 standard. LIN
networks have a single master and one or more slaves. LIN signals can be transmitted over distances up to
40 meters. All messages are initiated by the master with only one slave responding to each message, so
collision detection and arbitration capabilities are not needed as they are in CAN. Communication is based
on UART/SCI with data being sent in eight-bit bytes along with a start bit, stop bit and no parity. Data rates
range from 1kb/s to 20kb/s. While this may sound slow, it is suitable for the intended applications and
minimizes EMI.

LIN signal level are defined as follows:
0 Recessive (high) 20.6 * system supply voltage
0 Dominant (low) <0.4 * system supply voltage
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The LIN bus is always in one of two states: active or sleep. When it’s active, all nodes on the bus are awake
and listening for relevant bus commands. Nodes on the bus can be put to sleep by either the Master issuing
a Sleep Frame or the bus going inactive for longer than a predetermined amount of time. The bus is then
awakened by any node requesting a wake up or by the master node issuing a break field.

LIN frames consist of two main parts, the header and the response. The header is sent by the master while
the response is sent by the slave. The LIN message frame looks like this:

Message Frame

Sync  Sync ID Data
Break Field Field Field
In-frame
space Inter-byte space

Header Components:
e Sync Break — marks the beginning of the Message Frame. It activates and instructs all slave devices to
listen to the remainder of the header.
¢ Sync Field — an alternating bit pattern which is used by the slave nodes for determination of the baud
rate being used by the master node and synchronize themselves accordingly.
o Identifier Field —specifies which slave device is to take action. The ID Field contains four elements:
— Message ldentifier: identifies the sender, the receiver, the purpose, and data field length 6 Bit
— 4 classes of 2/4/8 data bytes
— 16 identifiers
— 2 parity bits

Response Components:

o Data - the specified slave device responds with one to eight bytes of data
