
TDS 220 Digital Real-Time Oscilloscope (top); P5100 High-Voltage
Probe (right).

High-voltage measurements
with a general-purpose oscil-
loscope aren’t complex or
esoteric, but they do call for
tools and methods different
from those used in everyday
testing of logic and low-
power analog circuits. High-
voltage measurements are
important for testing switch-
ing power supplies, motor
controllers, power distribu-
tion systems, and more. This
application note discusses
the Tektronix TDS 220 Digital
Real-Time oscilloscope and
the companion P5100 High-
Voltage Probe and explains
their use in testing diode
breakdown voltages on a
Robicon Motor Drive control
logic board. 

Choose the Right Probe for High-
Voltage Measurements
For the purposes of this dis-
cussion, “high voltage”
denotes any voltage that
exceeds the normal range of a

conventional DSO equipped
with a 10X passive probe. For
the TDS 220, the maximum
input voltage is 300 V RMS or
424 V DC + peak AC when
using a standard P6112 Probe. 
Most measurements require
the viewed signal to be posi-
tioned entirely within the
eight vertical divisions of the
scope graticule. Signals
exceeding this level must be
attenuated to fit within the
graticule area. The P5100
High-Voltage Passive Probe is
an ideal solution for this task.
Its 100X attenuation raises the
TDS 220’s effective range to
2500 V. The P5100 is the tool
of choice for safe ground-refer-
enced measurements of high
voltages. It’s UL 3111-1 and
IEC 1010 certified for voltages
up to 2500 V (DC + peak AC).
The P5100’s high bandwidth
(up to 250 MHz) ensures that
transients and fast signal
edges will be captured intact.
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Moreover, the P5100 offers the
rugged physical construction
needed for power measure-
ments. Its special retractable
hook tip provides a positive
connection on test points up
to 6.5 mm in diameter.

The Unit-Under-Test
The Unit-Under-Test (UUT)
is a control board within a
“cell” of a Robicon Motor
Drive. Robicon, Inc. is a lead-
ing manufacturer of conven-
tional and harmonic drives
for high-power AC electric
motors used in air condition-
ing systems, oilfield pumping
equipment, etc. A system
may consist of many modular
power cells. Each must pass
rigorous manufacturing qual-
ity tests to ensure not only
customer satisfaction, but
also customer safety.
The cells use IGBT (Insulated
Gate Bipolar Transistor)
devices to deliver power to
the load. These IGBTs are
controlled by a logic board
that is integral to the cell; the
digital ICs on this board are
powered by low-voltage sup-
plies derived from the sys-
tem’s transformer secondary
voltage. The conversion from
line input level to the
±15 VDC level needed by the
logic board is handled by a
local regulator. Figure 1
depicts the architecture.
The integrity of the high-volt-
age diode in the regulator is
critical. Its breakdown volt-
age is rated at no less than
600 V (reverse voltage), to
provide ample headroom
above the nominal 460 V DC
levels it will encounter in the
circuit. The purpose of the
manufacturing test is to
ensure that the diode with-
stands the momentary voltage
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and inrush current conditions
that occur as the system is
switched on. During power-
up, heavy currents flow
through the diode as the
power supply capacitors
charge. If the diode failed, the
capacitors, and possibly the
logic circuitry, would receive
damaging voltages.
Figure 2 shows the waveform
across the diode during the
in-rush cycle. The negative-
going spike is caused by the
massive startup load of the
capacitors’ charging current.

The P5100’s attenuation
(100X) keeps the waveform
amplitude well within the
graticule limits. Note that once
the probe type is selected from
the scope’s menu, it scales its
readings accordingly. Thus
the scope’s 1 V/Div setting
becomes 100 V/Div. The cur-
sors also recognize the scaling.
The typical manufacturing test
sets the cursors at the limits of
the specification (the TDS 220
stores such setups for instant
recall). The UUT passes the
test if the waveform falls
between the cursors. If quanti-
fied readings are required, the
operator can line up the cur-
sors with the waveform peaks
and take a “Delta” reading of
the measured voltage between
the cursors. The result
appears to the right of the
waveform window.

A Few Words About Floating
Measurements
Many power circuits do not
provide an appropriate earth
ground point for the passive
probe ground lead. For exam-
ple, when the circuit dis-
cussed above is installed into
a system such as Robicon’s

Perfect Harmony motor
drives, the cathode of the
diode is connected to a com-
mon point that is not an earth
ground. Its potential may be
hundreds or even thousands
of volts. This is known as a
“floating” circuit, and line-
powered scopes with passive
single-ended probes offer no
safe means of measuring the
voltage across the diode in
this situation. 
There are two safe solutions
for this problem. Line-pow-
ered scopes can be fitted with
an isolating differential probe
such as the Tektronix P5200
High-Voltage Differential
Probe. Neither lead is fixed at
earth ground. The probe mea-
sures the difference voltage
across the two terminals,
ignoring the offset voltage
common to both. 
The second choice is a fully-
isolated, battery-powered
scope such as the handheld
Tektronix THS 720P. Again,
neither probe lead is fixed at
earth ground, and the instru-
ment itself is not connected
to ground.

Figure 1. Simplified diagram of Robicon cell architecture. Figure 2. Typical in-rush waveform.

Robicon 454 GT Variable Frequency AC drive (photo courtesy of
Robicon, Inc.).


