Mini-Circuits PWR-6GHS+
USB Power Sensor

Reviewed by Phil Salas, AD5X
OST Contributing Editor

For much of my homebrew work I need
to accurately measure RF power. And I
need quite a large range — from low levels
such as the output of an oscillator, mixer or
coupler, to the much higher output of typical
amateur transceivers from HF through UHF.
Most available ham type power meters aren’t
precision instruments, and those that are ac-
curate don’t satisfy my low level measuring
requirements. So what to do?

Enter the Mini-Circuits PWR-6GHS+

While doing an Internet search on RF
power sensors, I stumbled across the Mini-
Circuits PWR-6GHS+. This USB powered
RF power sensor measures average signal
power levels from —30 dBm to +20 dBm in
the 1 MHz to 6 GHz frequency range. It’s
calibrated, and it uses your computer and
supplied software for the display. While it
may seem pricey at $795, it is lower in cost
than a used, calibrated commercial power
meter. The PWR-6GHS+ comes with a one
year warranty and can be recalibrated by
Mini-Circuits for $99 if desired.

The PWR-6GHS+ measuring system
consists of the power sensor, a male type
N connector, an N-to-SMA adapter, a USB
interface cable, the installation software CD
and the user manual. The basic specifications
are shown in Table 2, along with results of
some ARRL Lab testing.

Mini-Circuits offers two other versions
of the USB power sensor: the PWR-6G+
and the PWR-8GHS+. The PWR-6G+ has a
slightly slower sampling speed and is limited
to Windows 32 bit operating systems (XP,
Vista and Windows 7) — no Linux or 64-bit
Windows support. The PWR-8GHS+ has
the same specifications as the PWR-6GHS+
except the frequency range is extended to
8 GHz. At $695, the PWR-6G+ is $100 less
expensive than the PWR-6GHS+; the PWR-
8GHS+ is $869.

Using the PWR-6GHS+

The latest software is available on the
Mini-Circuits Web site for easy download and
installation. In addition to reading and dis-
playing RF power, the software also provides
text file and Excel spreadsheet file outputs,
maximum/minimum measurement limits, and
time scheduled measurements with a power
output versus time graph. You can even add
additional power sensors to other USB ports,
and the software will read and record the data
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Bottom Line

The Mini-Circuits PWR-6GHS+
USB power sensor is a reason-
ably priced, highly accurate, very
broad range power meter that is
equally useful in a commercial lab
or home experimenter’s workshop.

from all sensors simultaneously.

For maximum accuracy the measuring
frequency is entered in the display window.
You don’t need to change the frequency input
unless you move more than 100 MHz. An in-
ternal temperature sensor in the PWR-6GHS+
also provides for temperature variation com-
pensation to keep the readings accurate. Now
let’s look at some power sensor applications.

Calibrating Attenuators

With an input power range from —30
dBm to +20 dBm, you will require attenu-
ators for power levels above 100 mW (+20
dBm). All attenuators I’ve looked at have
well-controlled return loss and attenuation
across the bandwidth I need (1.8 to 450 MHz).
The attenuator specifications, however, are
typically +0.3 to 0.5 dB about their nomi-
nal attenuation value. This sounds good, but
+0.5 dB corresponds to about a 12% error,
and +0.3 dB corresponds to about a 7% error.
So a transceiver that puts out exactly 100 W
could measure as little as 88 W or as much as
112 W with a £0.5 dB attenuator specifica-
tion. If you cascade attenuators, you can cas-
cade the attenuator errors making them much
worse (or much better) than this. Of course,
the PWR-6GHS+ has a typical measurement
uncertainty of +0.1 dB. But with a little care,
you can calibrate your attenuators so that your
total uncertainty is no more than this.

For attenuator calibration you need a
stable low level signal source. Most antenna
analyzers have output levels that can be
used. For attenuator calibration you need
a stable low level signal source such as is
available from most antenna analyzers. As
examples, the nominal output levels of the
Array Solutions AIM 4170C and VNA 2180
are —18 dBm and +7 dBm, respectively. The
nominal output levels of the RigExperts
AA-200/230 and the MFJ-259B are
+10 dBm. The actual measurement frequency
is usually not important, as most attenuators
you buy are specified into the microwave
range and the attenuation is usually very
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consistent across the full range. For most
amateur applications, a test frequency of 50
or 100 MHz works very well.

Calibration Procedure

For high power applications, I use a
20 dB, 150 W attenuator and a 20 dB, 2 W
attenuator for typical 100 W transceiver mea-
surements. [ also have a variety of 10, 6 and
3 dB attenuators for flexibility in measuring
various power levels.

Because of the “relative” measuring
capability of the PWR-6GHS+, the actual
output power of the signal source is unim-
portant — as long as you don’t exceed the
maximum input power. Simply connect the
PWR-6GHS+ directly to your low level
frequency source and check the RELATIVE
and dB boxes on the display. Now anything
connected between the PWR-6GHS+ and the
signal source reads out exactly in dB.

To illustrate the calibration process, I
wanted to accurately measure the output
power level of my Jetstream JT220M
222 MHz transceiver. While I used my
RigExperts AA-230 with a 10 dB attenuator
as the signal source for calibration. Fig-
ure 3 shows the actual measured attenuation
of my high power attenuator.

Using the same procedure, | measured my
20 dB, 2 W attenuator at —19.872 dB, giving
a total attenuation of 39.8 dB. Now enter
the 39.8 dB total attenuation in the OFFSET
VALUE box. You can now read the output of
the transceiver directly in watts as you can
see in Fig-ure 4. The measured output power
of 50.166 W is very close to the JT220M
specified typical output power of 50 W. Inci-
dentally, I was able to mount the attenuators
and PWR-6GHS+ directly to the JT220M
RF output connector. If you use an interface
cable, you may need to add in 0.1 to 0.2 dB
additional cable losses for best accuracy.

Measuring Return Loss

Many hams have an antenna analyzer that
permits measurement of SWR up to about 170
to 200 MHz. Measuring above this frequency
range normally means investing in much more
expensive equipment. Of course, the reason
you’d need to measure SWR above 2 meters
is because you have a 222 or 440 MHz radio,
so you do have a signal source — your trans-
ceiver. With that signal source, you can mea-
sure return loss using a broadband directional
coupler. I found that the relatively inexpensive
Mini-Circuits ZFDC-20-5N coupler ($90) is
perfect for virtually all of these applications.
This coupler is specified from 100 kHz to
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2 GHz with a maximum input power of about
2 W, so you do need to size your attenuators
appropriately.

To illustrate, I wanted to see how well a
Y4 wave 147 MHz antenna might work at
445 MHz, at which point the antenna is a
little less than 3/4 wavelengths. I measured a
1.5:1 SWR at 147 MHz using my antenna
analyzer, which corresponds to a 14 dB return
loss. To measure return loss at 445 MHz, 1
used the test setup shown in Figure 5. Note
that we’re feeding the signal into the output
(OUT) port of the directional coupler. This is
correct, as we want only the reflected signal
from the unit under test to couple out to the
PWR-6GHS+. In other words, the reflected
signal becomes the input to the directional
coupler, as we’re measuring the “loss” of the
“return” signal — return loss!

The 20 dB attenuator limits the signal
into the coupler to about 0.5 W. First I left
the IN port of the coupler open so all power
is reflected, resulting in a measured reflected
power level of +6.49 dBm. Precise measure-
ment of the attenuators, coupler, transmitter
output power and cable loss is not necessary
as we only need relative readings for the return
loss measurement. However, the numbers
make sense: 50 W = +47 dBm. Less 20 dB
attenuator = 427 dBm. Less 20 dB coupling
of the reflected signal = +7 dBm (close to the
measured +6.49 dBm). This is well above

i

the =30 dBm threshold of the PWR-6GHS+,
which gives us a good return loss measure-
ment range.

Now check the RELATIVE and dB boxes
on the PWR-6GHS+ display to set this
as the reference reflected power level and
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then connect the antenna to the IN port of
the coupler. As you can see in Figure 6,
the return loss of the 147 MHz antenna at
445 MHz is 6.6 dB, or about a 2.8:1 SWR.
This is not great, but it is within the load
range of many UHF transceivers.

Final Thoughts

I’ve described some basic measurements
that are easily accomplished with the Mini-
Circuits PWR-6GHS+ USB power sensor.
I’m sure other applications will come to mind
as you work with this instrument. Obviously
you can measure coupler directivity (OUT to
CPL with IN terminated on the Mini-Circuits
ZFDC-20-5N). And because of its wide
and linear dynamic range, you could use
the PWR-6GHS+ and a low level variable
frequency source to measure filter perfor-
mance (insertion loss, shape factor, in-band
ripple, ultimate rejection and return loss). It’s
a very flexible instrument indeed!

Because your laptop takes care of all
display information, no other external equip-
ment is required other than the power sensor
head — even if you need multiple sensors
and data recording. You can view detailed
documentation for these power sensors on
the Mini-Circuits Web site.

Manufacturer: Mini-Circuits, PO Box
350166, Brooklyn, NY 11235; tel 718-934-
4500; www.minicircuits.com.
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Figure 3 — PWR-6GHS+ screen showing the actual measured
attenuation of the author’s surplus 150 W, 20 dB attenuator.
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Figure 4 — Measured output power of the author’s Jetstream
222 MHz transceiver.
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IMPORTANT NOTICE
© 2015 Mini-Circuits

This document is provided as an accommodation to Mini-Circuits customers in connection with Mini-Circuits parts only. In that regard, this document
is for informational and guideline purposes only. Mini-Circuits assumes no responsibility for errors or omissions in this document or for any
information contained herein.

Mini-Circuits may change this document or the Mini-Circuits parts referenced herein (collectively, the “Materials”) from time to time, without notice.
Mini-Circuits makes no commitment to update or correct any of the Materials, and Mini-Circuits shall have no responsibility whatsoever on account of
any updates or corrections to the Materials or Mini-Circuits’ failure to do so.

Mini-Circuits customers are solely responsible for the products, systems, and applications in which Mini-Circuits parts are incorporated or used. In
that regard, customers are responsible for consulting with their own engineers and other appropriate professionals who are familiar with the specific
products and systems into which Mini-Circuits’ parts are to be incorporated or used so that the proper selection, installation/integration, use and
safeguards are made. Accordingly, Mini-Circuits assumes no liability therefor.

In addition, your use of this document and the information contained herein is subject to Mini-Circuits’ standard terms of use, which are available at
Mini-Circuits’ website at www.minicircuits.com/homepage/terms _of use.html.

Mini-Circuits and the Mini-Circuits logo are registered trademarks of Scientific Components Corporation d/b/a Mini-Circuits. All other third-party
trademarks are the property of their respective owners. A reference to any third-party trademark does not constitute or imply any endorsement,
affiliation, sponsorship, or recommendation: (i) by Mini-Circuits of such third-party’s products, services, processes, or other information; or (i) by any
such third-party of Mini-Circuits or its products, services, processes, or other information.
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