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Agilent Debugging Modern Power
Electronics: Seeing the Whole Picture

Application Note 1350

Today’s world of digital-to-analog
converters, analog-to-digital 
converters, digital signal 
processors (DSPs) and microcon-
trollers has dramatically changed
the measurement needs of 
engineers debugging power 
electronics. 

A brushless DC motor is one
example of a modern complex
power electronics system, with
sensors, digital signal processing
functionality and power transis-
tors, in addition to the standard
motor components.  While the
brushless motor is faster, more
powerful and reliable than a 
conventional DC motor, the 
complex interactions in this 
system can pose difficulties in
determining the root cause of a
problem.   Specifically, two major
debugging problems arise.  It is
often difficult to capture enough
channels simultaneously and sec-
ond, the analog and digital sides
are often operating at drastically 
different speeds. 
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Figure 2 shows the start-up of the
motor. Channel 1 (labeled PH AC)
displays the voltage applied to
one phase. Digital channels 
D0 through D5 display the 
signals that are controlling
whichever of the motor’s three
phases is being pulled high
(labeled SEL A, B, and C) or low
(labeled PWM A, B and C) at any 
one time. 

The sequence is captured at 
100 ms per division, and the total
acquisition time is one 
second.  The motor takes over 600
ms to come up to speed; in the
same time period, the digital sig-
nals of the 25-KHz pulse width
modulators (PWMs) have gone
through roughly 17,000 pulses.

The PWM’s duty cycle increases or
decreases to accelerate or deceler-
ate the motor.  The position and
speed of the rotor is sensed by
three hall effect sensors.  The 
sensors complete the feedback
loop so that the motor can be
driven at a constant velocity even
as the load changes. 

While the combination of analog
and digital signals captured by the
Agilent 54622D allows more of a
circuit’s overall behavior to be
easily seen, capturing analog and
digital signals simultaneously is
only half the battle.  The second
half is capturing both the slow
analog and fast digital signals
with enough detail to accurately
analyze the motor's performance.

Figure 2. Shows the start-up of the motor
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The amount of memory required
to see the whole picture can be
obtained by dividing the longest
time interval of interest by the
shortest.  In the above example,
the longest time interval is one
second.  But what is the shortest?
The PWMs are running at 25 kHz,
and their period is 40 µs.  For
debug purposes, it may be a good
move to observe the width of the
pulses with 1 us accuracy.
Therefore, the number of samples
required to observe the power-up
sequence in adequate detail is 1s
divided by 1 µs, or 1 million sam-
ples.  In essence, it takes one mil-
lion samples to acquire for 1 sec-
ond at 1 MSa/s.  While most 
modern digital scopes have 
maximum sample rates far in
excess of 1 MSs/s, many do not
have more than a few thousand
samples of memory.  And it is
sample memory size rather than
maximum sample rate that is
essential for capturing the whole
picture when debugging mixed
slow analog and fast digital 
systems. 

Figure 3. Shows a portion of the same one-second record

Figure 2 shows the same 
one-second record zoomed to
10µs/div, where individual cycles
of the PWM are identifiable and
measurable.  Figure 3 is zoomed
in by a factor of 10,000 from
Figure 1.

With the Agilent 54622D's two
megabytes of memory, it is 
possible to zoom in on every 
single PWM pulse beginning when
the power supply first starts to
come up to when the motor has
reached its final speed -- without
having to reacquire or retrigger
the scope.

Agilent's 54622D mixed-signal
oscilloscope's (MSO) combination
of analog and digital channels
matched with a large sample,
deep-memory capability makes it
quick and easy to see the whole
picture when debugging modern
power electronics.  It is especially
invaluable when tracking tricky
intermittent problems caused by
load and temperature variations,
or hardware/software 
interactions. 
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Unique 2+16 channel mixed signal oscilloscope and 2 or 4 channel 
models all optimized for mixed analog and digital debug
• 2 MB of MegaZoom deep memory on all channels
• New high-definition analog-like display system with 32 levels of

intensity
• Powerful triggering including edge, pulse width, pattern and new I2C
• Standard RS-232 and parallel ports for PC and printer connectivity
• Built-in floppy for data, image and setup storage
• Measurements and math functions including FFTs standard
• Quick Help in 11 languages
• Optional GPIB interface module
• Optional integrated thermal printer

Figure 4. Five models to satisfy your bandwidth channel count & budget need

Model
Number

54621A

54621D

54622A

54622D

54624A

Bandwidth

60 MHz

60 MHz

100 MHz

100 MHz

100 MHz

Sample
Rate

200 MSa/s

200 MSa/s

200 MSa/s

200 MSa/s

200 MSa/s

Channel
Count

2

2 + 16

2

2 + 16

4

Memory
Depth

2 MB/ch

2 MB/ch

2 MB/ch

2 MB/ch

2 MB/ch

Price

$2,495

$3,995

$3,295

$4,995

$4,995

For more information visit the web site at:
www.agilent.com/find/megazoom



Agilent Technologies’ Test and Measurement Support, Services, and Assistance

Agilent Technologies aims to maximize the value you receive, while minimizing your risk and problems.
We strive to ensure that you get the test and measurement capabilities you paid for and obtain the sup-
port you need. Our extensive support resources and services can help you choose the right Agilent
products for your applications and apply them successfully. Every instrument and system we sell has a
global warranty. Support is available for at least five years beyond the production life of the product.
Two concepts underlie Agilent's overall support policy: "Our Promise" and "Your Advantage."

Our Promise
Our Promise means your Agilent test and measurement equipment will meet its advertised perform-
ance and functionality. When you are choosing new equipment, we will help you with product informa-
tion, including realistic performance specifications and practical recommendations from experienced
test engineers. When you use Agilent equipment, we can verify that it works properly, help with prod-
uct operation, and provide basic measurement assistance for the use of specified capabilities, at no
extra cost upon request. Many self-help tools are available.

Your Advantage
Your Advantage means that Agilent offers a wide range of additional expert test and measurement serv-
ices, which you can purchase according to your unique technical and business needs. Solve problems
efficiently and gain a competitive edge by contracting with us for calibration, extra-cost upgrades, out-
of-warranty repairs, and on-site education and training, as well as design, system integration, project
management, and other professional engineering services. Experienced Agilent engineers and techni-
cians worldwide can help you maximize your productivity, optimize the return on investment of your
Agilent instruments and systems, and obtain dependable measurement accuracy for the life of those
products.

By internet, phone, or fax, get assistance with all
your test & measurement needs

Online assistance:
www.agilent.com/find/assist

Phone or Fax
United States:
(tel) 1 800 829 4444

Canada:
(tel) 1 877 894 4414
(fax) (905) 282-6495

Europe:
(tel) (31 20) 547 2323
(fax) (31 20) 547 2390

Japan:
(tel) (81) 426 56 7832
(fax) (81) 426 56 7840

Latin America:
(tel) (305) 269 7500
(fax) (305) 269 7599

Australia:
(tel) 1 800 629 485  
(fax) (61 3) 9210 5947

New Zealand:
(tel) 0 800 738 378  
(fax) 64 4 495 8950

Asia Pacific:
(tel) (852) 3197 7777
(fax) (852) 2506 9284
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www.agilent.com/find/emailupdates
Get the latest information on the products and applications you select.

Agilent T&M Software and Connectivity
Agilent's Test and Measurement software and connectivity products, solutions and
developer network allows you to take time out of connecting your instruments to your
computer with tools based on PC standards, so you can focus on your tasks, not on your
connections. Visit www.agilent.com/find/connectivity for more information.

www.agilent.com/find/agilentdirect
Quickly choose and use your test equipment solutions with confidence.
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Agilent Direct


