WOTLM Tech Day 2023

Loren Anderson, KEOHz

10/7/2023 W@TLM 2023 Tech Day 1



Why should you care about these? Y

* Don’t think that this is an attempt to turn you into circuit
analysis experts! We are “simply” going to touch on some
basics and show some illustrations.

* This is fundamental technology to virtually every element of
a functioning radio
* Power supplies
* Receiver oscillators, filters, detectors, audio amplifiers
* Transmitter oscillators, modulators, filters, power amplifiers

* Antennas, feedlines, impedance matching networks (tuners,
baluns, RF attenuators)
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Characteristics of a Capacitor K
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* Looks like an open circuit to DC voltage
* You may have seen the term “blocking capacitor”

e Capacitors store energy in the form of electrical charge that builds
up on the capacitor’s plates

* The changing of the stored charge due when the voltage changes
results in current flowing through the capacitor

* This will be more apparent when we look at an AC circuit

* Capacitance value is a factor of the area of the plates and the
permittivity value of the dielectric material (either air or insulating
material)



Capacitors Explained
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calculators/Itspice-simulator.html
and

* Qspice

https://www.qorvo.com/design-

hub/designh- é
tOOIS/interaCtive/qspice ...............................................
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https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator.html
https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator.html
https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator.html
https://www.qorvo.com/design-hub/design-tools/interactive/qspice
https://www.qorvo.com/design-hub/design-tools/interactive/qspice
https://www.qorvo.com/design-hub/design-tools/interactive/qspice

Quick Aside K

*The number e, also known as Euler's number,

like m, is @ mathematical constant approximately
equal to 2.71828

*e is the base for the natural logarithm (In)
*Euler’s formula
e/ = cos x + j sin x

* Trust the math. We don’t have time to explain
why!



https://en.wikipedia.org/wiki/Mathematical_constant

Charging a Capacitor
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Practical uses of an RC Circuit

* AC coupling (aka DC blocking)

e Bypass (aka decoupling)

* Low pass filter

* High pass filter

* Phase shift networks

* Timing (delay) circuits

e Square wave generator (RC circuit for timing)



Capacitor values — component marking g

* If a 3-digit number is present the third, non-zero
number is the number of zeros that will make the
number C x 10/ -12 (picofarads)

* A capacitor marked 103 would be 10000 x 10*-12 or 10000
picofarads (pf) or more commonly, .01 microfarads (.01 uf)

* A capacitor marked 472 would be 4700 pf or .0047 uf

* If the 3-digit number ends with O the value is picofarads
* A capacitor marked 220 is 220 pf
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Capacitor values — on schematics .
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* |If a polarized capacitor is required, its polarity will be
marked. If not indicated assume the value to be
microfarads (uf)

* Non-polarized capacitors marked with no decimal
point assume to be picofarads (pf)

* Non-polarized capacitors with a decimal point assume
to be microfarads (uf)
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Characteristics of an Inductor K
im

* Inductor looks like a open circuit to DC voltage
* Internal resistance is very low

* Inductors store energy in the form of magnetic S -8
field that occurs due to current flow PP ]

 Inductor may or may not have a magnetic core to
increase inductance (permeability factor)

* \Voltage changes across the inductor in a circuit
with changing voltage as the magnetic field
changes

v Current fow t



_Charging an ml%nductovr
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* \Joltage or current transformation
e Baluns and transformers
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Winding Inductors Y

* The permeability of air is ~1

* Toroids used by Hams are typically either powdered iron or ferrite
* Ferrite is a ceramic material that is magnetic but non-conductive
* Permeability is determined by the “Mix”

* The permeability of powdered iron and ferrite mixes ranges from 10 —
20,000

* The number of turns required is determined by the size of the toroid
and the mix
* The larger the toroid the more turns required for the same inductance value
* Typically, the higher the mix number the fewer turns required

e Care must be taken to ensure the mix will support the required
frequency range!



For powdered-iron cores:

FFor lerrite cores:

where
N = the number of turns
Ly = inductance in microhenrys (uH)
Ly = inductance in millihenrys (mH)
Ay, is a property of the core material.

http://www.electricaltechnology.org/

Length (D)

IRadius (r)
Diameter (d)

No of Turns (N)*

Inductance =
L=(N2xd?)/(18d + 401)

inductance of air core inductor Calculator

Toroid Coil Winding Calculator A

N
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Use this online tool to calculate the number of winding turns required to achieve the desired inductance

Material Type:
Iron Powder() Ferrite(®)

Inductance

G Jm

Core Size

Material Number
(43 v

Calculate

https://66pacific.com/calculators/
toroid-coil-winding-calculator.aspx

INDUCTANCE
Desired: .1 mH
Calculated: 0.1 mH (99% of desired) Turns required: 23

CORE

Part number: FT-23-43
Frequency Range:

u: 850

Ap: 188 mH/A000 turns


https://66pacific.com/calculators/toroid-coil-winding-calculator.aspx
https://66pacific.com/calculators/toroid-coil-winding-calculator.aspx

What About Phase?

10/7/2023 W@TLM 2023 Tech Day 23



Who is ELI the ICE man? r Y

* We saw from the previous waveforms of the RC and RL circuits that
the voltage across the capacitor or the current in the inductor did not
change at the same time as the current or voltage changed across
those components

* If the voltage source for the circuit is an AC source, regardless of
frequency
* Voltage (E) leads the current (I) in the inductor (L) (ELI)
e Current (l) leads the voltage (E) in the capacitor (C) (ICE)
* The amount of lead or lag depends on the frequency



Capacitor’s phase shift S
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Inductor’s phase shift AT
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Ohm’s Law applies to RLC Circuits w

* Most of us are familiar with

E=I1xR ->Electromotive Force (Voltage) equals Current
times Resistance

* We can also write this equation as

E=1xZ ->Voltage equals Current times Impedance
* Impedance takes into consideration resistance plus the reactance of the circuit

/=R +jX (+j means inductive reactance, -j means capacitive)

* Unlike resistors, ideal capacitors and inductors don’t dissipate any energy
(for our purposes we’ll ignore the small amounts of energy dissipated in
actual devices).

* But they do have impact on circuit behavior, so we treat reactance (X)

values as imaginary numbers designated by “j”. Mathematicians use “i
but in electronics we don’t want to confuse this with current.



What Causes Reactance?

* Inductive Reactance is caused by an
opposition to alternating current
(AC) due to an induced EMF caused

by an inductor’s changing magnetic
field.

* Capacitive Reactance is an
opposition to AC due to the EMF
caused by the build up of charge
across the capacitor.

f
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Coupling and Bypass Capacitors =

* Bypass Capacitor - A capacitor employed to conduct AC around a
component or group of components. Regularly an AC is removed from
an AC/DC combination; the DC is free to pass through the bypassed
component.

 Filters ACripple from a power source
* Increases the AC gain in a common-emitter amplifier

* Coupling/Blocking Capacitor - A coupling capacitor is a capacitor
which is used to couple or link together only the AC sighal from one
circuit element to another. The capacitor blocks the DC signal from
entering the second element and, thus, only passes the AC signal.

* Allows stages to have different bias voltages




BALUN 1

Beverage antenna
Antenna Long Wire

9 spire trifilari
filo rame smaltato 1mm A

Antenna Long Wire or Beverage

(450- 550 Q)

RTX
(50-750)

square of the turns ratio

* In Balun (or Unun) with 1:3 turns ratio the

impedance transform is 1:9 (or 500:450Q)) °: °c °x o Beveroge
* There is some power lost due to heat in the " r Eo EB
toroid but most of the power is transferred. t

—.@?' cave 52 Ohm H RTX s50-75 ohm
10/7/2023

http://www.radioamatoripeligni.it/i6ibe/balun9al/balun9al.htm
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* Inan RCcircuit Z=R-—jX.
*lnanRLcircuit Z=R+jX
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