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Description

The 135A RF Helmholtz Coil generates a controllee)l-defined magnetic field
between its coils. This magnetic field can be usechlibrate magnetic field probes,
or to generate a controlled field for testing ottievices.

The 135A is optimized for high-frequency performanand is usable up to 30 MHz.

The 135A includes fixturing to precisely hold thedbive Electronics 100A, 100B,
and 100C EMC probes so that the user may measeigetisitivity of the probes and
calculate their calibration factors. Mounting lobee provided to allow the user to
fixture other devices inside the Helmholtz coil.

Features

» Allows the user to calibrate magnetic fields seaswrto subject test samples
to controlled, repeatable magnetic fields.

* Wide bandwidth allows operation up to 30 MHz.
* Includes fixtures for use in calibration 100A, 1QAaBOC probes.

* Mounting features provided for user-supplied figirallow calibration or
measurement of many devices.

» Designed for use with standard 50 ohm signal ssurce
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Specifications
Gain

Expressed as flux density/current
145*10°° tesla/ampere

Expressed as magnetic field strength/current
11.54 ((amperes/meter)/amperes) or 11.54 m

Frequency Response
The frequency response of the 135A, expressedasoaof output magnetic flux to input current,
shows less than 1 dB of variation from DC to 30 MHz

135A frequency response, tesla per ampere

| JERII—

Gain (dB)

0.1 1 10

Frequency (MHz)

Figurel

When driven from a 50 ohm source, more frequensgaese rolloff will be observed because the
Helmholtz coil's input impedance increases withgtrency, reducing the current drawn from the
50 ohm source. When driven from 50 ohms, thisceffesults in the frequency response shown
below in figure 2. This effect can be easily comgaed for, if desired, as shown later in this
manual.
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135A Rrequency Response when Driven by a 50 Ohm Source
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Figure?2

Maximum Input Current
0.5 amperes peak, 0.35 amperes rms

Maximum Input Voltage
240 volts peak, 170 volts rms

Maximum | nput Power

When using a 50 ohm source to drive the Helmhatit, the power limits shown in figure 3
below guarantee that neither the maximum inputerurror maximum input power will be

exceeded.
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Port Characteristics

I mpedance
Inductance: 1.25 uH +/- 10%, test frequency 1 MHz

Typical impedance versus frequency is shown inrégubelow:

135A Input Impedance
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Figure4
Connector
BNC female
Environmental
Operating temperature: 0C to 55C
Storage temperature: -20C to 70C
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Dimensions

Loop dimensions

Loop diameter 4.88” (123.9 mm)
Loop spacing 2.44" (62.0 mm)
Overall dimensions
Height: 2.5" (63 mm)
Width: 6” (152 mm)
Depth: 6” (152 mm)
Warranty

1 year warranty
30 day unconditional return policy
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Theory of Operation

A Helmholtz coil consists of two loops of wire (sabids) aligned on a common
axis. The two solenoids are wired in series antheoted to a common input. When
a signal is applied to the input, the same curflents in both solenoids, contributing

to the magnetic field established.

Helmholtz Coil

!

Z Axis
Figure5

The spacing between the loops affects the shaptheofmagnetic field. For a
Helmholtz coil, the spacing between the coils isteebe equal to the coil radius.
When this condition is met, the following conditgare met:

The first derivative of the on-axis magnetic fieddzero in the center of the coil:
dB/dz=0
The second derivative of the on-axis magnetic figlglero at the center of the coil:

d’B/dz* =0
As a result, a relatively uniform magnetic fieldaseated in the center of the coil.

The flux density is:
3
B= (ﬂjz _’uonl
5 R
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Where | is the current in the coil, n is the numbeturns in each solenoid, and R is
the coil radius. For the 135A, these values are:

n=1
R=2.44" (0.0620 m)

Most Helmholtz coils use a large number of turnseath solenoid to create the
largest flux density possible. This works fineDet, but it results in a large solenoid
inductance. This makes the impedance of the Hdlmlooil increase rapidly with
frequency, restricting their use to very low fregaies.

Since the 135A uses a single turn in each solentsdnductance is much lower,
allowing operation as high as 50 MHz. The tradéamffthis wide bandwidth is that it
results in a low flux density. In typical applicats, such as when calibrating a
magnetic field probe, the output signal from theler will be relatively low. We
recommend the user connect their probe to a speanalyzer or network analyzer,
since these have good sensitivity.

Operating Instructions

Gener al measurement recommendations

When making magnetic field measurements, it is gy to be aware of items in
the environment that might affect the magneticdel When testing with a DC
magnetic field, this is easiest. Only high-permitglmaterials, such as iron, steel,
ferrite, and nickel, will distort field patternsPlastics and wood will not affect the
magnetic field, nor will low-permeability metal&dé aluminum or copper.

However, when testing at high frequency, the rgleange slightly. Non-conductors
such as plastic and wood are still safe — they matl affect the magnetic fields. But
any conductor, regardless of its permeability, wiiltnge the magnetic fields around
it. So, when you'’re trying to measure AC magnéglds, it's important to clear the
measurement area of conductors as well.

This is because AC magnetic fields will generate A@rents in nearby metal
objects. Those currents generate their own magtields, disturbing the overall
field pattern.

When using the Helmholtz coil, you should clear éihea around it of metal objects.
In particular, the Helmholtz coil should not be s@t a metal surface. We
recommend that you set it on a wood or plasticasarf If these are not available,
you can place the Helmholtz coil on an empty caad@doox.

As a general recommendation, we suggest that yep &k metal objects at least 12”
(0.3m) away from the Helmholtz coil when in use.
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When routing cables to the Helmholtz coil or thel@ under test, be sure to route
the cables directly away from the Helmholtz coitldhe probe. Do not let the cables
loop through the measurement area.

Figure6
Good cable routing

Figure?7
Bad cable routing
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Testing of Beehive Electronics 100A/B/C probes

Aligning the probe fixture

If you are testing a Beehive Electronics 100A, 100B100C probe, you can use the
included probe fixture to properly place the prabeensor in the center of the
Helmholtz coil. If you're testing another typedasvice, skip this step.

Probe fixture

Figure8

The probe fixture has three sockets machined istioody, designed to accept the
probe tip of the 100A, 100B, and 100C. When thebpris rotated so that, for
example, the text “100A” is on top, the sockettfoe 100A will be on top as well.

“100C” text

100C socket —

100B socket—

— “100A” text
100A socket/

Probe fixture socket locations

Figure9

Place the probe fixture into the Helmholtz coil twihe correct text facing up. For
example, if you're testing a 100C probe, the “10@€Xt should be on top, as shown
in figure 10.
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Probe fixture in Helmholtz coil,
“100C” upwards

Figure 10

Note that underneath the probe fixture, in the Hehz coil baseplate, there is a slot
designed to mate with the probe fixture:
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Mouting slot in Helmholtz coil baseplate
for probe fixture

Figure11

There is a corresponding protrusion on the bottbthe probe fixture that fits in this
slot. The probe fixture should be mounted withpitstrusion in the baseplate slot.

Mounting the probein the probe fixture

I mportant note regarding probe fit

The 100 A/B/C probes are coated with a yellow vicwéting that covers the antenha
inside. This coating can vary in thickness frorolj@w to probe. As a result, if yqu
have a probe with a thicker coating than normaij gy find that the probe won't
fit in the socket.

If this is the case, you will need to trim the w&ll vinyl coating back with an Exacto
knife or something similar.

This sounds risky, but there is no risk to the prat doing this. Trimming th
yellow vinyl back will not damage the probe, affétst performance, or void your
warranty.

v

This section can also be skipped if your deviceeuntdst is something other than a
Beehive Electronics 100A, 100B, or 100C probe.
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1. Slide the probe clamp out of the Helmholtz coinfrpanel.

Probe clamp Probe clamp /

inserted removed

Probe clamp insertion and removal

Figure12
2. Insert the tip of your probe into the appropriabeket on the probe fixture.

The sockets are designed to be a relatively snwihtthe probe tip to aid in
centering the probe in the Helmholtz coil accusatel

100C probe in probe fixture,
Bottom view

Figure 13

The connector end of the probe should be sticking tbe front of the
Helmholtz coil as shown in figure 14.
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Probe installed in Helmholtz coil

Figure 14
3. Re-install the probe clamp. Note that the prolaeng has a foam shim inside

it so that it can firmly hold the probe in plac¥ou will need to press down
on the clamp as you insert it to compress the foam.

Clamp installed in Helmholtz coil

Figure 15
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Measurement
When using the Helmholtz coil, two pieces of tapiipment are required:
1. A signal source, such as a signal generator ortifmgenerator. A 50 ohm

source is recommended, but not required. This suplply the signal to the
Helmholtz coil.

2. Areceiver to measure the output of the probe utetr

A network analyzer has both a source and recearat,can be used alone for this
measurement. Alternatively, a signal generator lbanused as a source, and a
spectrum analyzer as the receiver.

Note on the use of oscilloscopes with the measurement

In principle, an oscilloscope can be connectechéoprobe under test and used as a
receiver, in place of the network analyzer or spectanalyzer. However, the
sensitivity of oscilloscopes in general is not heaas good as these other
instruments. In most cases, the oscilloscopevalle insufficient sensitivity for the
measurement.

However, there is a way to improve the sensitivityhe oscilloscope. Many newer
oscilloscopes have an FFT (fast Fourier transfomope that display the Fourier
transform of the input signal. In this frequenaathin display, the noise floor will
be significantly lower than in the time domain désp For this reason we
recommend using FFT mode if you're trying to useadailloscope.

Also, be sure to set your oscilloscope’s input idgrece to 50 ohms. If you leave the
probe input impedance at 1 Megohm by accident, wal get very inaccurate
results.

Connections when using a network analyzer
Most network analyzers have two ports:

Port 1, usually on the left side, which is the seur
Port 2, usually on the right side, which is theereer
Connect the Helmholtz coil to port 1 and the probgput to port 2, as shown below
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Network analyzer

Probe under
test output

Helmholtz
Coil
input

Figure 16
Measure gain of the test setup. On most netwodtyaars, the gain will be called

“S21”.
Tips on network analyzer setup:

* Vector network analyzers are preferred over saaawork analyzers because
they have much higher sensitivity as well as theggher accuracy.

* Any good quality vector network analyzer will woirk this application. An
example would be the Keysight Technologies E506ikse

* For best sensitivity reduce the resolution bandwitdt the lowest practical
value.

* For best sensitivity set the source output powéneéomaximum level.

Connections when using a signal generator and spectrum analyzer

Connect the signal generator to the Helmholtz mglt and connect the spectrum
analyzer to the output of the probe under tesshasvn in figure 17.
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Signal Generator Spectrum Analyzer

[ 123.4 MHz

|
ORFOwpwt  SEES W

© RF Input

Pin

Pout

Helmholtz coil
input

Figure 17

Tips on setup of signal generator/spectrum analyzer measurements

* Any good-quality spectrum analyzer can be used his tapplication.
Examples are the Tektronix MDO4000 series and igel®SA1000.

* For best sensitivity reduce the resolution bandwmftthe spectrum analyzer
to the lowest practical value. Note that as thgolkdion bandwidth is
decreased, the sweep time increases. Reducedbietren bandwidth until
the measured signal is at least 10 dB above thserilor.

* Video averaging can also be used to reduce traise.no
* For best sensitivity set the spectrum analyzertiaptenuator to O dB.
» Set the signal generator output power to its marimalue.

Testing other devicesin the Helmholtz cail

The Helmholtz coil can be used to test other deviban the 100 series probes. Any
device that can fit between the coils can be placsde.

The device under test (DUT) should be place incérger of the Helmholtz coil, both
horizontally and vertically. Mounting holes arepided in the Helmholtz coil base
plate so that a user-provided fixture can be maltdehe Helmholtz coil. The hole
pattern is shown in figure 18:
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Mounting hole locations
Units: Inches

R 0.0625%_ -

<5 e »

0000

3.0000

Figure 18

Calculating the sensitivity of the device under test

Calculating sensitivity with network analyzer measurements

When measuring a device under test (DUT) in thartheltz coil using a network
analyzer (figure 16), we measure the combined gaithe Helmholtz coil and the
device under test. Gain is measured as the S-ptear821, typically expressed in

decibels. For the calculations below,ds the measured gain of the Helmholtz coil /
DUT combination is equal to S21.

Calculating sensitivity with signal generator/spectrum analyzer
measurements

When measuring a device under test (DUT) in thentheltz coil using a signal
generator and spectrum analyzer (figure 17), wesoreathe combined gain of the
Helmholtz coil and the device under test. Thisgaicalculated by subtracting the
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power into the Helmholtz coil (Pout) from the sigm@ower into the spectrum
analyzer (Bag). Both are typically in units of dBm.
Gmeas the measured gain of the Helmholtz coil / DUT tamation is equal to:

G = P,-P

meas in

When all are expressed in decibels.

Calculating the gain of the device under test
In order to calculate the gain of the device uni#st, we need to consider these

things:
* The measured gain of the Helmholtz coil and thaateunder test
» The voltage the source would deliver into an opecu
* Inductance of the Helmholtz coil
* Gain of the Helmholtz coil
* Gain of the device under test

As an example, we’ll assume that we measured &data (Gneay Of -70 dB on the
network analyzer at a frequency of 1 MHz.

An equivalent circuit of the measurement setuh@as below:

Magnetic field
couplin,
Vin, Pin Qg
J/ - Vout, Pout
‘ Helmholtz coil ‘ J/ ‘
s 4 inductance |
Vsource ‘ 1 lin 50
~ Source  Helmholtzcoil Deviceundertest Load

Gain GHC Gain GDUT

Equivalent Circuit of Helmholtz Coil
Measurement Setup

Figure 19

Step 1: Calculate Vou/ Vi,

The ratio \L.¢/Vin is the measured gain of the system expressedadm af voltages.
The measured gain (e is typically expressed in dB; we’ll convert it #linear
voltage gain:
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_ 1OGmeas,dB 120

Step 2: Calculate Vguyree

In both the spectrum analyzer and network analgzenarios, the signal source will
typically have an output impedance of 50 ohms, whie’ll call Z,. If we consider
this source connected to a 50 ohm load,

Vin, Pin
50 ohms
70 |
Vsource | 350 ohms Load
| Z0 resistance

Source model

Equivalent Circuit of 50 Ohm
Source and Load

Figure 20
we see that the equivalent ideal voltage sourggy¥ is:
o *
Vsource = 2 Vin

VsourcdS the voltage that would be delivered into an ogiecuit.

Sep 3: Calculate the current into the Helmholtz cail

The input impedance of the Helmholtz coil is essdlgt zero ohms at low

frequencies — it’s just a few loops of wire, aftdlc At higher frequencies, the input
impedance increases due to the inductance of thmheéz coil. Thus, at higher

frequencies, the Helmholtz coil impedance affedts total system gain. At
frequencies above 1 MHz, we should correct for dfffisct.

When the source is connected to the Helmholtz twgl,equivalent circuit looks like
this:
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50 ohms i

70 1
| . Helmholtz coil
Vsource | Iin .
| inductance,
Impedance Zc

Source model

Equivalent Circuit of Helmholtz Coil
Connected to 50 ohm Source

Figure2l
The impedance of the coil is:

Z,. = 2*n*L.*F

Where F is the frequency of the source apgd is the inductance of the Helmholtz

coil.
The magnitude of the current into the HelmholtZ i
v, 2V,

source

Where 2% is the output impedance of the source. For migstas generators and

function generators this will be 50 ohms.

Sep 4. Calculate the Helmholtz coil flux density

Referring to the specifications for the 135A, we $lee gain @c of the Helmholtz

coil is 145*10™ tesla/ampere. The flux density B is:
B = I in * GHC

Note that the units of & are tesla/ampere, so the flux density B is expobss

tesla.

Sep 5: Calculate the voltage out of the device under test

Gpur, the gain of the device under test, is in unityvafs/tesla. The voltage out of

the DUT is therefore
V = B~kGDUT = Iin *GHC *GDUT

out

V. = 2*Vin * Gy * Gpur
out
V Zo2 + ZHc2
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Sep 6: Calculate the gain of the device under test from the measured gain

We will call the measured linear voltage gain of thelmholtz coil and device under test
together Gieasv

G — Vout — 2*GHC*CQDUT
, Vin W’ZOZ+ZHCZ
G — 2* Gy * Gpyr
| \/Zoz+(2*7T*F*LHc)2
Gressy ¥V Zo” +(2* M F* L)’
Gpyy = —= \/ o * wc) volts/tesla

2* Gyc

Note that we used ¥, not Vsource fOr this calculation. Practically speaking, whee
measure the gain of the Helmholtz coil and devitgen test together, the units of the
gain measurement will be decibels. To use the tejuabove, we will need to
convert this to a linear voltage gain. If we defithe measured gain in decibels as
Gmeas,ds then:

G -1 OGmeas,dB /20

meas,Vv

An excel spreadsheet is included with the 135A dummnitation that automates the
above calculations. The file name is “135A RF Habitz coil gain
calculations.xIs”. It can also be downloaded fritva Beehive Electronics website.

Example

For this example, we will assume a network analyzas used for the measurement.
We'll assume that we measured a total gaimet® of -70 dB on the network
analyzer at a frequency of 1 MHz. Since this ipregsed in decibels, we’ll call it

Gmeas, dB

The Helmholtz coil parameters are found in the dpgations table. We need the
gain of the Helmholtz coil, @&, and the Helmholtz coil inductance,d- These are:

Gy 145*107° tesla/ ampere
Lyc 125*10°° henries

We measured the gain of the Helmholtz coil and @keunder test together as -70 dB.
We need to convert this gain from units of decibelénear voltage gain:

G 10777 = 316*10™

meas,V

Using the equation from step 6, we can calculategtiin of the device under test:
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(316*10™) * /507 + (2*314*10° * (125*107°))?
2+ (145%10°°)

G DUT =

Gour 552volts/tesla

Comparing measurement results with 100 series probe data

The datasheet and calibration certificates for Beehive Electronics 100 A/B/C
probes specify their gain as output power withrgout of 1 microtesla. It might be
useful to show how to convert the probe data ihneodame units, volts per tesla, that
we’ve used above.

The datasheet for the 100 series probes providesraila for calculating the probe
output power in dBm based on a flux density exméss tesla. The formula for
probe gain from the datasheet is:

Pout = X + 20*log10(B) + 20*log10(F) , or alternagiy,
Where
B is the magnetic flux density, in tesla
F is the frequency of the received signal, in nhega
Pout is the probe output power into 50 ohms, imdB

X is a model-specific cal factor. For example,8%=1 for the 100C
probe

As an example, let's assume a frequency of 1 MHEzafiux density of 1 tesla. The

output power of the 100C, in dBm is:
P, = 851+20*log,,() +20*log,,(1*10°) = 8510dBm

A probe output power of 0 dBm corresponds to a @mltput voltage of 0.2236V, or
-13.01 dBV. Therefore,

8510-1301 = 7209dBV
= 107920 = 4022volts

out

out

Thus, the sensitivity of the 100C probe at 1 MH4022 volts/tesla.
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For further information

Visit our web site for applications notes and tlatest versions of the 135A’s
documentation.
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