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Abstract

If you design products based on
8- and 16-bit microcontrollers,
this presentation will help you
get your designs to market
faster. This workshop includes
extensive hands-on training
using the latest tools and
techniques to debug mixed
analog and digital designs
commonly found in
microcontroller-based systems.

During the presentation, you will
learn how to quickly capture and
characterize mixed analog and
digital signals using a mixed
signal oscilloscope and an
advance logic probe.

Even if you do not own (or plan
to own) the products you will be
using, we believe that this
workshop will benefit you with
tips on using your current scope
and logic analyzers to debug
microconitroller-based
designs.
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Debugging Microcontroller-
Based Designs

A hands-on waveform measurements workshop
for designers of microcontroller-based systems.
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Presented by: Hewlett-Packard Company
Electronic Measurements Division
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Debugging MCU-Based Designs

Agenda| e The Electronic Explosion of the 90's

e Understanding the Measurement Needs of the
Microcontroller-based System Designer

® MCU-Based Design Debug Labs
Lab #1: First-Level Hardware Debug
Lab #2: Monitoring MCU 1/O Signals
Lab #3: Analyzing the PWM Output
Lab #4: Measuring the Power-Up Reset
Lab #5: Using FFT to Discover More

about the Clock (Optional Lab)

Lab #6: Take the Challenge!

o Wrap-Up

Debugging Micocontroller-Based Designs

Welcome to Hewlett-Packard's workshop on
"Debugging Microcontroller-Based Designs". We
would like to share with you our latest
innovations in helping you with the design, test,
and debug of your 8- and 16-bit microcontroller-
based designs. You are also encouraged to ask
questions and share your insights with us. This
workshop has been structured with a focus on
letting you use the HP LogicDart and HP54645D
mixed signal oscilloscope to quickly solve some
common measurement problems associated with
8- and 16-bit microcontroller-based designs.

We will begin by sharing with you some insights
Hewlett-Packard has discovered about an
"explosion" in design and product technology
based on microcontrollers. HP has done extensive
market research in this field to better understand
the measurement needs of designers of 8- and 16-
bit microcontroller-based products. We will share
with you our understanding of your unique
measurement needs, as well as HP's unique
solutions. But the focus of today's workshop will
be to allow you to make real hands-on
measurements on microcontroller-based designs.
We will keep the lecturing to a minimum so that
you can gain practical measurement experience
today.
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The Electronics Explosion 11
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Did you know?...

Since the beginning of time, nearly as many microcontrollers
have been shipped as McDonald’s hamburgers have been served.

Microcontroller Explosion

How many of you are currently working on
designs which include a microcontroller? If you're
like most system designers, your design probably
includes some type of microcontroller as its heart
of control. Microcontroller shipments are growing
at such a rate that even in their relatively short
existence they've almost surpassed the total
number of McDonald's hamburgers ever sold.
That's a lot of burgers flipping off the grill - and
that's a lot of microcontroller-based products
shipping out of various plants around the world!
In fact, did you know that the average person
comes in contact with more microcontrollers than
people on a daily basis. This explosion in the use
of microcontrollers is led by the 8-bit version.
These devices are used in almost every
conceivable application from consumer products
to automobiles to numerous industrial
applications. And competitive forces are driving
this trend to even broader usage.

The explosion in the use of microcontrollers has
caught HP's attention. Obviously, we would like
to capture a piece of this explosion by providing
better test solutions for designers of 8- and 16-bit
microcontroller-based designs. So we talked to
thousands of designers like yourselves to better
understand your unique designs, your work
environment, and your particular measurement
needs. And this is what we discovered ...
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The Brain Anatomy of a Typical
MCU-based System Designer
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The MCU-Based Design Team

Typical development time: Typical design team size:
<6 months 1to 2 engineers

"I Am" the Design Team

If you're like most designers of 8- and 16-bit
microcontroller-based products, your brain has
just three lobes. Approximately half of your brain
is consumed with software matter. In other
words, you spend approximately half of your
design and debug time focused on software
issues. The other two lobes of your brain deal
with hardware issues; both analog and digital.
And of course your brain never has to deal with
personal issues, such as family or hobbies,
because you are always under a time crunch to
get your design finished, and with very little help
from others. The typical time-to-market for an 8-
bit microcontroller-based design is less than 6
months. And the typical design team consist of
Jjust one or two designers. Often, YOU are the
design team. You do it all: analog hardware
development, digital hardware development,
software development, maybe even marketing!
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Typical
Microcontroller-Based Design

Sense something . Do something
in the real world Make a decision in the real world
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Measurement Tool Requirements
of MCU-Based System Designers

e General-purpose scope

e Long time capture with high
resolution

k ‘%X e Increased channel count
® Flexible triggering
e e User-friendly controls
e Affordable

Typical Microcontroller-Based Design

To better understand your measurement needs,
we needed to better understand your particular
designs. We discovered that most 8- and 16-bit
microcontroller-based designs consist of three
major hardware blocks. Typically, MCU-based
designs sense some type of real-world analog
phenomena with sensors or transducers, convert
to digital for processing or decision making by the
microcontroller, and then convert back to analog
for the purpose of taking some type of real-world
analog action. The type of real-world analog
phenomena we are talking about are actions such
as: sound, movement, temperature, pressure, etc.
All of these phenomena generate relatively low
frequency analog signals. However, the MCU
block may be clocking at several megahertz. This
often creates a measurement problem for you. If
you want to cross-coorelate the higher speed
digital control signals with the lower speed analog
action signals, how do you capture and view both
at the same time? So we kept investigating and
asking additional questions about your
measurement needs, and this is what you told us .

Measurement Tool Requirements

First of all, you told us that you need a good
general-purpose scope for most of your daily
measurement needs. In fact, you told us that you
prefer using a 2-channel analog scope because of
its ease-of-use, display confidence, and lower
cost.

Next, you informed us that in order to
simultaneously capture and compare those
relatively slow analog signals with the much faster
digital control signals, you need "long time
capture capability with high resolution". Hewlett-
Packard interprets this to mean that you need an
instrument with a relatively high sample rate and
deep acquisition memory.

You also told us that even though you rely on the
2-channel scope, when it comes to testing
microcontroller-based designs, the 2-channel
scope was running out of steam in terms of
number of channels and triggering capability. So
we asked "why not just use a logic analyzer?" Your
response to this question was: "No thanks!"
Today's logic analyzers are too difficult to use and
cost too much. A logic analyzer is typically "over-
kill" in terms of the measurement power needed
to troubleshoot a typical 8-bit microcontroller-
based design.
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Lastly, you told us that not only did you want all
this measurement power, but that it had to be
easy to use and not cost very much. Regardless of
the potential measurement power that an
instrument may possess, if a piece of test gear is
found to be hard-to-use, then it just won't get
used. And unfortunately for Hewlett-Packard,
your budgets are very tight.

So you've given us quite a challenge. But we
believe that we are up for it. So here is what
we've come up with to meet the measurement
demands of 8- and 16-bit microcontroller-based
designers . . .
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HP’s Response to the Needs of the
MCU-Based System Designer

The HP 54645D Mixed Signal Oscilloscope
e 2 Channels at 100 MHz -
® 200 MSa/s sample rate 1
e 16 Logic timing channels ---
seamlessly integrated
e Sophisticated triggering
e MegaZoom technology
» Deep memory (1 Meg) = -
» Responsive display and controls
» Pan and zoom i
e 5 ns peak detect
e Affordable

X

B

HP 54645D Mixed Signal Oscilloscope

HP's solution? We invented the world's first
mixed signal oscilloscope. . . the HP 54645D. This
product has won numerous product innovation
awards and features:

¢ Sufficient bandwidth for most 8-bit and many
16-bit microcontroller designs

¢ 16 channels of logic timing analysis

¢ Sophisticated triggering that you can actually
use

¢ Deep memory that's usable because of HP's
exclusive MegaZoom technology

HP's mixed signal oscilloscope, or MSO, combines
all of the benefits of a traditional scope, with
some of the benefits of a logic analyzer. But
remember, it's a scope first. It looks, feels, and
runs very much like your familiar analog scope.
And yes, we remembered about your tight
budgets as well.
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The Hewlett-Packard LogicDart

A handheld advanced logic probe for quick & easy turn-on and debug.
[ =
Logic Activity Indicator (LED/Beeper)

e Measures volts & frequency

e Resistance, Continuity & Diode
tester

e 3 Channels of logic timing analysis
e Autoscale

e Flexible triggering

e Delta time cursor measurements

e New fine pitch probing system

The HP LogicDart

Hewlett-Packard's latest innovative product for
the microcontroller-based system designer is the
HP LogicDart. This new product is the world's
most advanced logic probe. Like a conventional
logic probe, this handheld instrument indicates
logic signal activity with blinking LED's. But this
instrument can also do a whole lot more to help
you more quickly debug your designs. For
instance, with the HP LogicDart, you can quickly
verify your system's DC power supplies, you can
measure the frequency of your system's clock,
and you can even "see" up to three logic timing
waveforms on the instrument's LCD display. In
addition, this instrument can make some basic
resistance, continuity, and diode measurements.

So let's begin using these powerful MCU-based
design debug instruments im our hands-on
labs!
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BASIC Stamp Il Computer from
Parallax, Inc.

e Miniature PICmicro-based single-board computer
e Easy-to-learn PBASIC programming language

e 16 - /O lines

e PWM Output

e 20-MHz clock speed

® 4000 instruction/sec

e Optional carrier board

e Low-cost development tools

Parallax Toll Free Sales: (888) 512-1024, Outside the US: (916) 624-8333
Fax: (916) 624-8003

FaxBack: (916) 624-1869

URL: http://www.parallaxinc.com

BASIC Stamp IT Computer from
Parallax, Inc.

For our four hands-on labs today, we are using
the Parallax Basic Stamp II Computer as the
device under test (D.U.T.). The BASIC Stamp II is
a miniature microcontroller-based single board
computer. If you are interested in possibly using
this integrated control device in your future
designs, you can contact Parallax yourself using
the information that we have provided in your
handout.
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Hands-on Lab Target System
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Hands-On Lab Target System

We will initially use the HP LogicDart to verify
proper operation of the power supplies, system
clock, and check for logic signal activity at various
nodes. We will then use the MSO to analyze the
signal in more detail.

The scope's channel 1 input will monitor a
complex burst signal generated by the MCU's
PWM output. This signal is then run through a
low-pass filter and will be probed at this point by
the scope's channel 2 input. And finally, we will
monitor the output of the MCU's I/O port using 8
logic channels of the MSO.

Slide #13

First-Level Hardware Debug

Lab #1
619

O . .
| Initial Turn-on of MCU-Based Designs

e Verifying power supply voltages
e Checking the system clock frequency
e Monitoring I/O signal activity

e Checking for tri-state conditions

The main purpose of this lab is for you to become
familiar with how to use the HP LogicDart to
quickly perform first-level hardware debug. You
will check power supply voltages, measure the
system clock frequency, and then monitor various
1/0 signals for logic and tri-state activity.
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Lab #1 10. Does the LogicDart detect clock activity
First-Level Hardware Debug (blinking LED's)?
Figure #01 11. Press to view the system

clock waveform.

LogicDart Probe Points 12. Probe I/O pin P7 (at solder point on hybrid)
= and then press to view waveform.
P7 freq =

Reset

13. Probe the "red" test point and then press O
Auto. (Notice the tri-state display of this
waveform.)

14. Press A and W to change

TIME/DIV scaling of this display.

15. Press [> to move X marker to second
rising edge. Period (X-0O) =

16. While probing the red test point
Lab #1 press and then select COMPARE

mode.

1. Install a 9V battery in the BASIC Stamp II

microcontroller board. 17. Select the NEW softkey and then press
to store a reference waveform in the

2. Press the RESET button on the compare register.

microcontroller board. (After 30 minutes, the BASIC

Stamp II board will automatically power-down. Press reset

again when this happens.) 18. Press anfi npjce where the two
waveforms differ as signified by the vertical bars.

3. Connect probe (with browser) to CH1 socket

on the LogicDart. 19. Press and then CONTINUOUS to
view updated waveforms. Note the areas of
difference.

4. Connect the probe ground lead grabber to

round loop (Figure #01) near the bottom of the
gtamp II bcf)agd. i ) 20. Press to store waveforms on screen
for analysis.

5. Press the LogicDart ke
8 Y 21. Press to select the

6. Press @ to select "Investigate" mode. DIODE/CONTINUITY modes.
7. Measure the battery DC voltage. 21. If DIODE mode appears on screen, press the
V Batt = ) CONT softkey.

8. Measure output level of voltage regulator 22. Probe VSS. Is this pin shorted to ground?
at Vdd pin (figure #01). Vdd = . e

9. Measure the system clock frequency. 21. Press and then use [> and
(Probe on left side of SMT Capacitor‘) softkeys toc ange user preferred OpthDS.

Clock freq =
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Monitoring MCU-Based 1I/O Signals

| Lab #2
=

s Unleasing the Power of a
Mixed Signal Oscilloscope

e Setting up the MSO to view 10 channels
of microcontroller I/O signals

e Triggering on an RB port output word

In this lab, you will begin using some powerful
capabilities of HP's mixed signal oscilloscope to
help you more efficiently debug your
microcontroller-based designs. You will
experience how easy it is to set up the scope to
view multiple analog and digital I/O signals of an
MCU-based design. And then using the scope's
pattern trigger, you will synchronize the scope's
acquisition and display on a unique output word
of the MCU's I/0 port.

Slide #15

HP 54645D Mixed Signal Oscilloscope
Front Panel

Measurement Storage Trigger

Brightness
Calibration Horizontal  Digital Channel
Control output Power  Analog Channel g Inputs/Control

Inputs/Controls

HP 54645D Mixed Signal Oscilloscope
Front Panel

Before we jump into the hands-on labs using the
MSO, let's quickly review the front panel layout of
the HP 54645D mixed signal oscilloscope. HP has
done extensive research concerning the
importance of front panel controls. Our
customers have informed us that they want
digital scopes that look and feel more like analog
scopes. We believe that we have done a pretty
good job with the 54600 series of scopes. As you
can see from this front panel layout, there are 3
major blocks of controls which should look very
familiar to you. In the "Analog" section, you can
control the vertical scaling of your waveforms,
just like you would with your analog scope. Each
channel has its own independent set of controls.
With this scope, we do NOT multiplex the
channel 1 and channel 2 controls into a single set
of controls, like some other DSO's on the market.

With the "Horizontal" section of controls, you can
control the timebase scaling, just like the analog
scope. And in the "Trigger" section, you can easily
change the trigger level or holdoff, again, just like
you would with your analog scope.

The other major blocks of this scope's front panel
will allow you to control the digital inputs, as well
as take advantage of the digital "power" of this
instrument, such as making automatic parametric
measurements or permanently storing waveforms
and setups. During the next three hands-ons labs,
you will get a chance to use some of this digital
power. So let's begin our second lab.
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Lab #2
Monitoring Microcontroller
I/0 Signals

Figure #02

Figure #03

MSO Probe Connections

Ch 2
3 Ground -~

Mixed-Signal Display

A. Probing the MCU-Based System with
the MSO

1. Install a 9V battery in the BASIC Stamp II
microcontroller board.

2. Press the RESET button on the
microcontroller board.
(After 30 minutes, the BASIC Stamp II
board will automatically power-down.
Press reset again when this happens.)

3. Connect channel 1 probe to the "blue" test
point (PWM output).

4. Connect channel 2 probe to the "red" test point
(RC filtered output).

5. Connect both scope ground clips to the "large"
loop test point.

6. Connect logic channels 0 through 7 to the pins
label PO through P7 (RB I/O port) respectively on

the microcontroller board as shown in Figure #02.

7. Connect the logic probe ground lead (black) to
"VSS" on the microcontroller board.

8. Press in the Save/Recall section of the
oscilloscope Tront panel.

9. Select Default Setup using the menu softkeys
under the screen.

B. Setting Up The MSO For Mixed-Signal
Measurements of an MCU-Based System

1. Press to obtain a display similar to
Figure #03.

Time/Div

2. Rotate Q and DE'CaYDCI?

(Note the fast display update rate and
responsiveness.)

Volts/Div

3. Rotate O and POSESHH

(Note how this scope operates similar to
an analog scope.)
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Figure #04
Pattern Triggering
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C. Triggering on a Unique Digital Pattern of
the MCU's I/0 Port

1. Press again.
Scale

Time/Div

2. Change O to 2 ms/div.

3. Press in the Trigger section of the
front panel.

4. Select the Normal softkey.
(Note: To trigger on a slow repeating
trigger event, the NORMAL trigger mode
must be selected to prevent auto-

triggering.)

5. Press

6. Rotate Q clockwise until the Source
select  goftkey indicates DO bit00.

7. Press the L softkey.

8. Rotate Q counter-clockwise until Source
select  indicates DI bit01.

9. Press the L softkey again.

10. Continue this process of entering all "lows" for
bits DO through D7 (Figure #04) until you have
the following digital trigger pattern condition
specified and have locked-on to the repeating
digital pattern:

Pattern =
Al XX A2 D15 XXXX XXXX LLLL LLLL DO

Slide #16

Analyzing the PWM Output

Lab #3

e Peak detecting narrow PWM pulses
7 e MegaZooming on the PWM output
e Triggering on a unique PWM pulse

e Characterizing the PWM pulse train

PWM outputs are often very complex waveforms.
You will use the MSO's Peak Detect mode to more
clearly view narrow pulses within the PWM
output data stream. And then using HP's
exclusive MegaZoom technology, you will
experience for yourself how easy it is to "zoom-in"
and analyze this complex serial output signal. You
will then have an opportunity to use some of the
scope's automatic measurements to characterize
some of the pulses within the PWM output pulse
train.



QD HEWLETT®
PACKARD
Expanding Possibiliti

Lab #3:
Analyzing the Microcontroller
PWM Output

A. Using Peak Detect To See Narrow Pulses
within the PWM Output of the MCU

1. With the MSO triggering on the 1/O port as
described in lab #2, notice the "apparent"
intermittent pulses displayed on channel 1.

2. Press

3. Select Peak Det using the menu softkeys to
more clearly see the narrow pulses and bursts on
channel 1.

B. Using MegaZoom to Analyze Details of
the MCU's PWM Serial Pulse Train Output

1. Press to "stop" the scope.

Time/Div

2. Use DEQQQ and ©

to "pan" and "zoom-in" on the narrow
pulses of the pulse width modulated
(PWM) signal of channel 1.

(Hint: First use the Delay knob to position a
pulse or burst at center-screen, then "zoom-in"
using the Tivme/Div knob.)

Figure #05

Glitch Triggering

Trigger Event

L
1
i

PSRN LT

C. Triggering on a Glitch within the PWM
Output Signal

Auto-
1. Press |scae

3. Press |Advance| in the Trigger section of the
front panel.

4. Select Glitch using the menu softkeys.

5. Press the Sowrce softkey until it indicates
Al scopel.

6. Press the Polarity softkey until it indicates: 1L

7. Press the Qualifier softkey until it indicates: <
Entry

8. Rotate O

until the time qualification indicates: < 2.2
ms and your display looks similar to Figure
#05.

Time/Div

9. Change ()

to 1.00 ms/div to more clearly observe the
narrow pulse trigger event at center-
screen.
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Figure #06

Time Cursor Measurements
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D. Making "Time" Cursor Measurements

1. Press

in the "Measure" section of the front panel.

Entry

2. Rotate O

to position the t1 cursor on the rising edge
of channel 1 as shown in Figure #06.

3. Select t2 using the menu softkeys.
Entry

3. Rotate O

to position the t2 cursor on the falling edge
of channel 1.

5. Channel 1 pulse width =

Figure #07

Voltage Cursor Measurements
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E. Making "Voltage" Cursor Measurements

1. Select V1 using the menu softkeys.

Entry

2. Rotate O

to position the V1 cursor at the bottom of
Channel 1 as shown in figure 07.

3. Select V2 using the menu softkeys.
Entry

4. Rotate O

to position the V2 cursor at the top of
Channel 1.

5. Channel 1 Vp-p = DV(AD)
(To measure voltages on channel 2, you must

Sirst select the Source as A2, then repeat the
above procedure.)

F. Making "Digital" Cursor Measurements
1. Change O to 5.00 ms/div
2. Select ¢1 using the menu softkeys.

3. Press the Readout menu softkey until it
indicates Binary.

4. Rotate 7~ to measure binary patterns along
the digital waveforms.

5. What is the binary pattern at center-screen?

G. Making "Automatic" Parametric
Measurements

1. Press in the "Measure" section of the
front panel.

2. Select Vp-p using the menu softkeys. Vp-p =

3. Try a few other automatic parametric
measurements.
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MegaZoom vs. the 1K Scope

See the big picture, zoom-in on
detail, and pan through your data.

Pick your viewing mode,
THEN gather your data.

no detail available

or

-,
1000 *e

detailed
windows \
— - -
el = = ONE of these at a time

@Sustained sample rate lets you see more signal detail
@More data at once

Zeroing In On Glitches

Glitch Detection Tools

e Use Peak Detect to SEE narrow pulses

e Use Glitch Trigger to TRIGGER ON them

MegaZoom vs. the 1K Scope

What did you think? Were you expecting that
dealing with 1 M of acquisition memory would be
difficult and slow? With HP's exclusive
MegaZoom technology, we believe that we have
made using the deep memory in this scope to be
effortless and painless. And being able to capture
and view the "big" picture along with the
"detailed" picture can often simplify the task of
correlating fast digital control signals with the
typically much slower analog action signals. In
addition, just having the ability to capture a long
trace can often help you debug elusive design
problems.

If you compare MegaZoom technology to a
traditional scope's acquisition, the results have
pretty dramatic implications for the amount of
time saved trying to analyze a problem. Using a
200 MSa/s maximum sample rate, the digitized
points are 5 ns apart. With the HP 54645D mixed
signal oscilloscope and its 1 Meg of memory you
can display 5 ns times 1,000,000 points or 5 ms of
waveform information from a single-shot
acquisition.

Contrast this with a typical 1K memory scope
where you get 5 ns times 1,000 points, or only 5
ps of information at the detailed level. Or you can
choose to scale the shallow memory scope to
capture and view the "big" picture, but with lost
waveform detail because of a reduced sample
rate. But you can't get both pictures
simultaneously as you can with MegaZoom. With
MegaZoom, you can capture 1000 times the
waveform information of a

1 k scope.

Zeroing In On Glitches

You've come face to face with some of the issues
involved in using measurement tools to get a clear
picture of what's going on in your design. If we
define a glitch as any unwanted narrow pulse that
has the ability to cause unwanted operation in the
system under test, it can be important to know
how to track one down.

Let's take a closer look at the techniques for
zeroing-in on narrow pulses: peak detect and
glitch trigger. Peak detect lets you SEE the
narrow pulse on the display because it uses more
information about what occurs between sample
clocks to reconstruct the waveform. And glitch
triggering allows you to TRIGGER ON an
unwanted pulse to determine when it's happening
and what might be causing it.
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Sample Rate vs, Time/Div vs, Memory

55555
200 MSals

11111 T N
s, 205, Msy

8 100 KSals
16405
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100 Sals.

11111

500m

Peak Detect "Sees All"

Sample Clock

Sample Clock i

With Peak Detect

Sample Rate vs., Time/Div vs., Memory

First of all, let's discuss why the Peak Detect
mode is necessary in order to view narrow pulses.
As this graph shows, there is a direct relationship
between a digital scopes sample rate and
timebase setting. Because all scope's have a
limited amount of memory, they will
automatically reduce their sample rate if a long
timebase setting is selected by the user. But
when the scope's sample rate is reduced, narrow
pulses can be missed. One way to solve this
problem is to increase the memory depth of the
scope. As you can see from the graph, the

HP 54645D's 1 MB of memory allows this scope to
maintain its maximum sample for much longer
than most DSOs. But even this scope must reduce
its sample rate when very slow ranges are
selected. Another solution to this problem is to
use the scope's Peak Detect mode.

Peak Detect Display Mode

In the Normal display mode the HP 54645D
mixed signal oscilloscope will display its digitized
waveform using only the sampled value at each
sample point to form a picture of the signal. All
digitizing scopes have memory limitations-i.e.
there are only so many time "buckets" to fill with
information (yes, limits exist even with 1 M of
memory!). As a result, information can be
"missed" between samples.

In the Peak Detect display mode, the "missed"
information is collected by having the sampler
always run at maximum speed (200 MSa/s), but
only store the min and max excursion values for
each time "bucket." In other words, rather than
storing all samples, in the Peak Detect mode the
scope selectively stores the most important
waveform information. This information is then
used in developing a better picture of the
waveform. By the way, these narrow pulses are
often completely invisible on traditional analog
scopes, so this is one advantage of the digitizing
technology.
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Glitch Triggering Options
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Measuring Power-Up Reset

Lab #4

Capturing the MCU Reset
7/ Sequence

e Setting up for a single-shot acquisition
e Zooming-in to analyze the results

e Measuring the "reset time"

HP 54645D Glitch Triggering Options

Peak Detect is very powerful for viewing glitches
and narrow pulses. But what if the glitch is
intermittent? Triggering on the narrow pulse may
be the right choice. The HP 54645D mixed signal
oscilloscope allows you to trigger on pulses which
last for "less than" a specified amount of time.
Sometimes pulses can be too wide and cause
problems. If this is the case, you can specify for
the scope to trigger if it detects a "greater than"
time violation. You can also specify a time range.
This can be very useful if you are attempting to
synchronize the scope of a unique pulse.

Now that you are familiar with the basic use of
this scope, let's try a very practical hands-on lab.
In this lab you will set up the scope to take a
single-shot acquisition of the power-up cycle of
the target system. You will then use MegaZoom to
"zoom-in" and measure the system's reset time.
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Lab #4 -
Measuring Power-Up Reset

Figure #08

MSO Probe Connections
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1. To begin this lab, scope probes must be
connected as described at the beginning of lab
#2,.

and as shown in figure #08 above

Auto-
2. Press

(Note: It is important that you perform this step
before moving the channel 1 probe.)

3. Set TES at 100 ms/div.

4. Move Channel 1 (Al) probe to the pin labeled
RES on the demo board as shown in Fligure 8.
(Note: Do NOT press Autoscale again.)

5. Press |Geuing) in the "Trigger" section of the
front panel.

Figure #09

Single-Shot Capture
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6. Select Normal trigger mode using the menu
softkeys.

(To capture true single-shot events, you must
use the Normal trigger mode.)

7. Press the Reset switch on the demo board and
hold it down. (LED will extinguish)

8. Press on the scope while the Reset
switch is depressed.

(The scope should now be setup to take a
single acquisition on the next trigger
event.)

9. Release the Reset switch on the training board.

(The LED will light up and the scope
will take a single acquisition of the reset
sequence of the demo board and your
display should look similar to Figure
#09.)

Time/Div
10. Rotate O both directions to "zoom-in"
and "zoom-out" on the stored waveform.

11. Rotate Degy)pq both directions to "pan" left
and right through the stored waveform.

12. Measure the time from when the reset line
(channel 1) goes high until the analog signal
(channel 2) begins switching on channel 2.
Reset Time =
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Using FFT to Discover
More about the Clock

Lab #5
m Use FFT to characterize the

system clock in the frequency
domain

m Measure the fundamental and 2d
harmonic using the cursors

= Compute the total harmonic
distortion
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Lab #5
Using FFT to Discover
More about the Clock

Figure #10

This lab requires an optional HP 546598 module.
This module has been installed at the back of the
MSO.

1. Press in the Save/Recall section of
the oscilloscope front panel.

2. Select Default Setup using the menu softkeys
under the screen.

3. Disconnect all the probes and digital channels
from the demo board.

4. Connect probe ground lead grabber to the
ground loop near the bottom of the demo board.

5. Remove the hook tip from channel Al probe.

6. Use the probe tip to contact the right side of
the white SMT capacitor.

7. Press to observe the signal.

8. Press to stop the scope.
Now you can remove the probe tip from the
SMT capacitor. Restore the hook tip back to
channel Al probe.

9. Do you think the signal is a pure sine wave?

in the "Measure" section.

10. Press

11. Select F'req in the softkey menu. What is the
frequency of the signal?

12. Press in the "Analog" section.
13. Select On under Function 2.

14. Select Menw under Function 2.

15. Press Operation softkey until it shows FF'T.

16. Press FF'T Menu softkey. Press Autoscale
FFT softkey.

Time/Div

17. Change Q to 200 ns/div .

18. Press two times, in the "Analog"
section to turn off the time domain display.

Now you are seeing the frequency spectrum
of the signal.

19. Press in the "Measure" section of
the front panel.

20. Select Find Peaks of the softkey menu.

Record f1(F2) = This is the
fundamental frequency of the signal.

Record f2(F2) =
harmonics of the signal.

This is the 2nd

Now it is clear that this signal is not a pure
sine wave.

Further interests:

If time is allowed, find out
1) the total harmonic distortion THD of the
signal, and
2) the dynamic range of the MSO.

hints: 1) total harmonic distortion
]

S
THD = 1570« 100%

where Vi = rms value of ith harmonic
VI = rms value of fundamental

2) dynamic range = the difference (in
dB) between the largest signal and the
noise floor
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Take The Challenge!

Use what you've learned today to

set up the MSO to perform various
mixed analog & digital measurements
without the aid of "how to" instructions.

In this lab, we are challenging you to perform
various set ups and measurements using the
HP 54645D without the aid of detailed "how to"
instructions as in the first four labs. Use what
you've learned today to make these
measurements. Good luck!

Lab #6
Take The Challenge!

Figure #11

2. What trigger condition did you specify?

3. Measure the PWM Cycle Time.
(Hint: How often does the PWM signal
repeat on channel 1? This is also the
execution time of the MCU's firmware
program.) PWM Cycle Time =

Figure #12

Characterizing the Burst
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Connections for “Challenge”
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Reconmect all probes as outlined in Lab #2 as
shown wn Figure #11, and then perform the
Sollowing set ups and mizxed-signal
measurements using the HP 54645D mixed
signal oscilloscope:

1. Set up the scope to trigger on the longest zero
time of the MCU's PWM output. (Hint: treat it as
a wide negative glitch.)

4. What is the digital binary pattern of digital
inputs (DO - D7) during the 1st burst after the
trigger event (fig 11) ?

5. Set up the scope to trigger during this PWM
burst.

6. What trigger condition did you specify?

7. What is the duty cycle of most of the pulses
during this burst? (Hint: Zoom-in on the burst)

8. Fully characterize the last pulse of this burst to
determine the following parameters:

Pulse Width =
Rise Time =
Fall Time =
Vp-p =

9. Assign labels to the MSO inputs using the
default labels (PWM & RB*) found in the LABELS
menu.
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Advanced MSO Triggering
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Advanced Pattern Trigger

In today's four MSO hands-on labs, you only
touched the surface in terms of using the full
power of HP's mixed signal oscilloscope. Besides
triggering on patterns and glitches, you can also
set up the scope to trigger on a sequence of
events, or even a time duration of a pattern.

In additional to more advanced triggering, this
scope also has more advanced measurements that
you did not exercise today. With the optional
Measurement/Storage I/0O module, this scope can
perform FFT measurements, as well as automatic
pass/fail mask testing.

If you are interested in obtaining additional
information about this scope, as well as other test
& measurement products, talk to a Hewlett-
Packard representative.
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Debugging
Microcontroller-Based Designs

Summary

) e HP's LogicDart = quick MCU-based design debug

» HP's MSO = powerful MCU-based measurements
mixed analog & digital display

» Complex triggering capability

» Easy-to-use

» "Usable deep memory" with MegaZoom
technology

e HP’'s measurement tools = improved design
productivity

Workshop Summary

In today's hands-on workshop you had the
opportunity to use HP's LogicDart to quickly
verify functional operation of a microcontroller-
based design. You then used HP's mixed signal
oscilloscope to view and analyze a complex
combination of mixed analog and digital signals
using "pattern" and "glitch" triggering, and HP's
exclusive MegaZoom technology. We hope that
you found that Hewlett-Packard's MSO is not only
be a very powerful instrument, but is also a
relatively easy and intuitive piece of gear to use.
We believe that HP's new line of instrumentation
for the microcontroller-based designer will
improve your debug productivity and enable you
to get your products to market faster.
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Debugging
Microcontroller-Based Designs

Thanks for attending Hewlett-Packard’s presentation today!
Please complete the evaluation form before leaving.
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Presented by: Hewlett-Packard Compan
Electronic Measurements Division

We hope you've enjoyed your hands-on adventure
today with the world's only Mixed Signal
Oscilloscope and the world's most advanced
handheld logic probe. Thank you for participating
and sharing your thoughts with us. We invite you
to give us further input by completing the
workshop survey. Because Hewlett-Packard is
committed to an on-going process of product
improvements to better meet your measurement
needs, we need and appreciate your honest
feedback.



