Inductor Construction

Toroidal Cores.

There are many different types of magnetic material used for fabricating inductors. The
purpose of the material is to provide permittivity greater than i, so that the inductors can be
made more compactly and with fewer turns of wire. This can reduce skin effect lossesin
the wire and reduce coupling to other inductive components in the circuit, but the circuit
losses then may be limited by the magnetic material itself. There are charts of typical
unloaded Q' sthat can be obtained from various materials.

There are correct and incorrect ways of winding the wire around the core. Each pass
through the center of the core counts as one turn. See Fig. 1-28 from Bowick® (attached)
for detailson winding. Theideaisto minimize capacitive coupling between the turnswhile
still getting enough turns on the core to obtain the needed inductance.

Thetoroids are designated by acode’: T-xxx-yy or FT-xxx-yy. T stands for iron powder
materials and FT for ferrite. Thefirst 3 digits (xxx) indicates the core outer diameter in
units of 0.01” (10 mils). Thelast number (yy) designates the code for material type. The
iron cores are color coded. The ferrite materials have much higher permeability and so
require fewer turnsto obtain agiven inductance. They are aso essential to use for
wideband applications like untuned transformers. The iron powder cores ssmply do not
work for this purpose. For narrowband, tuned applications, either type can be used in the
frequency ranges in which they provide high unloaded Q. Thiswould include matching
networks such asthe L or Pi network. The table below gives some specifications on the
materials available in the teaching lab.

M aterial specifications:

Material Type/d | Qu f Range for Frequency range
(color) XXX=37 wideband use for high Qu
T-xxx-2 (red)/10 > 120 not useful 1-20MHz
T-xxx-6 (yellow)/8 [ > 120 not useful 2-50MHz
T-xxx-12 (green)/3 | > 120 not useful 20 - 200 MHz
FT-xxx-61 /125 > 80 10 - 200 MHz 0.2-11 MHz
FT-xxx-63 /40 > 125 25 - 200 MHz 10 - 25 MHz
FT-xxx-68 /20 > 120 200 - 1000 MHz 80 - 180 MHz

Tables are attached with important information regarding these cores that you will need to
use when designing an inductor. The inductances can be estimated from?®:

L(mH)
A, (mH /100turns)

Iron powder cores: #turns=100 \/

1 C. Bowick, RF Circuit Design, Butterworth-Heinemann, 1982.
2 Amidon Associates
3 ARRL Handbook, Chapter 2, American Radio Relay League, 1992.




L(mH)
A, (mH /1000turns)

Ferrite cores: #turns=1000 \/

Experience shows that this formula provides only arough estimate of inductance. Y ou will
need to actually measure the inductor on the network analyzer to determine its inductance
precisaly. This also has the benefit of telling you where its series resonant frequency can be
found - important information for avoiding undesired parasitic oscillationsin amplifiers.
Squeezing turns closer together or farther apart can be used to make small adjustmentsin
inductance and resonant frequencies.

Wire size. Sinceour projects are al low power, smaller wire diameters are useful.
Experience has shown that #26 enamel-coated wire works well for the small diameter
toroidal inductors. It holdsitsform and is easy to wind.

Example. Suppose you need 100 nH of inductance at 100 MHz for a matching network,
so either FT-xxx-68 or T-xxx-12 would be useable at this frequency. Note that the
permittivity of the ferrite is much higher, so fewer turnswill be needed. However, each
turn produces a larger amount of inductance so we might have trouble getting the
inductance we desire.

The Ferrite Toroidal Cores table attached tells usthat a FT-37-68 hasan A value of 8.8
mH/1000 turns. The formulatells usthat we will need 3.3 turns. Since we cannot get 0.3
turnson atoroidal core (only integer numbers allowed), we will be somewhat low in
inductance with 3 turns. about 79 nH.

The Iron Powder table indicates that a T-37-12 core has an A, value of 15 pH/100 turns.
The formula predicts that 8.2 turns will be required. 8 turnswill give us 96 nH, much
closer tothe goal. The unloaded Q issimilar for the two materialsin this frequency range.
The tables a so show that the 0.375” diameter core is more than sufficient for 8 turns of
#26 wire.

Air coreinductors. Sometimesvery small value inductors can be more easily
constructed using a solenoidal shape. A good way to do thisisto wind wire on athreaded
shaft such as a screw, then remove the screw after done. These inductors can also be tuned
over some range by compressing or expanding the turns. The formula below can be used to
estimate the number of turns, n, required from the diameter d and length | in inches’.

Again, plan on verifying the inductance on the network analyzer.

JL(nH)(18d +401 )
n= d

Distributed matching components. Finaly, in cases where very small inductanceis
required at VHF frequencies and above, transmission lines should also be considered to
implement distributed matching networks. See Sect. 2.5 in Gonzalez® for more
information.

“ op. cit.
5 G. Gonzalez, Microwave Transistor Amplifiers: Analysis and Design, Second Ed., Prentice Hall, 1997.



Radio Frequency Chokes (RFC). Therequirementsfor an RFC are different than
that of atuned inductor that isto be used in aresonant circuit. The RFC must provide a
high impedance over awide range of frequencies. Thisimpliesthat alow Q, wideband
circuit is better for this purpose than ahigh Q resonant circuit. Ferriteis aso manufactured
in the form of cylindrical beads with one or more holes through the axis. For RFC use,
choose aferrite whose Q has aready peaked at lower frequencies and is becoming more
lossy as frequency increases. For example, the type 43 ferrite is useable for tuned circuits
up to 50 MHz and for RFCs from 30 to 600 MHz. See the tables on Ferrite Beads for
more information. Losses can be increased by adding a series resistor as shown in the RF
Prototyping Technigques document.
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FERRITE BEADS
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MOTE: For odditional material specifications, see poges 4% through &0,
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