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2  PARTICIPATING Blitzortung.org

1 Introduction

The aim of the project is to accomplish a low budget but high accurate world-wide lightning location
network based on a high number of receiver sites spaced close to each other, typically separated by
50 km - 250 km. Those stations transmit their data to a central server, where the stroke locations are
computed by the arrival times of the signals.

The station operators are volunteers who bought and assembled the hardware by themselves.
There are also volunteer programmers who develop and/or implement algorithms for the location
or visualization of sferic positions, and people who assist anyway to keep the system running. There
is no restriction on membership. There is no fee and no contract. If a receiver site stops pooling its
data for a longer time period, the server stops providing the access to the archive of sferic positions
for the corresponding user.

The sferic positions are free accessible in raw format to those participants whose stations transmit
their data to our server. The station owner can use the raw data for all non-commercial purposes.
The lightning activity is additionally displayed on several public maps like Blitzortung.org or Light-
ningMaps.org. Most of the maps can be used for non-commercial purposes.

This document gives an overview about the physical and technical background of our lightning

detection and locating technology. It is also an assembling and operation manual for participants.

2 Participating

The hardware needed to participate to the network consists of an antenna system, a VLF amplifier,
a controller board and a GPS receiver providing an 1PPS (one-pulse-per-second) signal. Interested
people can get the needed parts from us. To participants not from Germany we sometimes also send
complete kits as shown in Figure 1. We do not send completely assembled kits. We do not have the
time to assemble the kits for you. You either can assemble the kits by yourself or should look for
somebody who can assemble the kits for you. You should only order some hardware from us if you
really have enough time to assemble a lightning detector. Note that we improve the PCBss from time
to time. Most parts of the hardware are standard components, only the PCBs are made by us. Please
do not try to make these PCBs by yourself. Do not make any changes on the parts on the PCBs,

especially on the amplifier.

It is essential for a TOA lightning locating network that all participating stations behave exactly the
in the same way. Otherwise the computing accuracy will drop!

We cannot guarantee, that the system will work at your location. Several electrical devices can

disturb the system, like power supplies, computers, energy saving lamps, CRT monitors/TVs etc. In
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3 LIGHTNING DETECTION AND LOCATING Blitzortung.org

some cases the parameters of stations with lots of interference have to be set to non-optimal values
to work. For example, the boundary wire for robotic lawn mowers or big power lines with maximum
voltage produce very heavy interference. But don’t worry, all stations will be accepted as long as it
detects only a couple of strokes. It is no problem when a station doesn’t send data for some time each

day due to interference or other circumstances.

Figure 1: A complete starter kit

3 Lightning detection and locating

3.1 Lightning discharge

How lightning initially forms is still a matter of debate [BSL09]. Scientists have studied root causes
ranging from atmospheric perturbations (wind, humidity, friction, and atmospheric pressure) to the
impact of solar wind and accumulation of charged solar particles. Ice inside a cloud is thought to be
a key element in lightning development, and may cause a forcible separation of positive and negative
charges within the cloud, thus assisting in the formation of lightning. It was not obvious, that lightning
deals with electricity, since the electric current does not flow through the air. This, on June 10th 1752,
Benjamin Franklin flies a kite during a thunderstorm and collects a charge in a Leyden jar when the
kite is struck by lightning, enabling him to demonstrate the electrical nature of lightning. He also
invented the lightning rod, used to protect buildings and ships.

A lightning discharge emits radio frequency energy over a wide range of frequencies. When

high currents occur in previously ionized channels during cloud-to-ground flashes, the most powerful
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3 LIGHTNING DETECTION AND LOCATING Blitzortung.org
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Figure 2: How lightning forms

emissions occur in the VLF range. VLF (very low frequency) refers to radio frequencies in the range
of 3 kHz to 30 kHz. An essential advantage of low frequencies in contrast to higher frequencies is
the property that these signals are propagated over thousands of kilometers by reflections from the
ionosphere and the ground. In general, a lightning discharge generates several short duration pulses
running between a storm cloud and the ground, or between or within storm clouds. The current flow
generates an electric field parallel to the current flow, and a corresponding magnetic field perpendicu-

lar to the electric field.

3.2 Receiving a lightning signal

Waves with a frequency between 3 kHz and 30 kHz have a length between 100 km and 10 km. A
suitable antenna for these frequencies is a small loop antenna with size of less than 1/10000 of the
wavelength in circumference. Small loops are also called magnetic loops, because they are more
sensitive to the magnetic component of the electromagnetic wave, and less sensitive to near electric
field noises when properly shielded. If the loop is small with respect to the wavelength, the current
around the antenna is nearly completely in phase. Therefore, waves approaching in the plane of the
loop will cancel, and waves in the axis perpendicular to the plane of the loop will be strongest. This
property changes if the loop becomes larger.

The electric field of the radio waves emitted by cloud-to-ground lightning discharges is mainly
oriented vertically, and thus the magnetic field is oriented horizontally. To cover all directions (all-
around 360 degree) it is advisable to use more than one loop. A suitable solution can be obtained by

two orthogonal crossed loops as they are used for a direction finding system.
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3 LIGHTNING DETECTION AND LOCATING Blitzortung.org

Figure 3: Two orthogonal crossed VLF loop antennas, 8 turns, diagonal size 1 m connected to
Amplifier PCB 3 Version 2.

The electromagnetic signals of lightning discharges are not waves of a fixed frequency. The signals
have more or less the form of an impulse and thus emits waves over a wide range of frequencies. Every
of these impulses is unique and looks different. To measure the time of arrival of a lightning discharge,
we need a wide-band receiving system, and not a tuned system. The antenna should be large to get a
high voltage caused by the change of the electromagnetic field. If the loop consists of more than one
winding, the wire placed side by side forms a capacitance.

However, the unavoidable own resonance frequency of a loop should be as high as possible such
that we can easily suppress these frequencies by a low-pass filter. Figure 5 shows to the left a signal
received by two equal sized untuned loops antennas. These loops have no additional tuning capacitor.
The resonance frequency of the antenna is approximately at 1000 kHz (= 1 MHz). The used amplifier
reduces frequencies of 1000 kHz by -72 dB (=4000 times). To the right of Figure 5, Loop B is con-
nected to a parallel tuning capacitor of 1 uF. Now, the tuned frequency is the antenna is approximately
10 kHz. Since lightning impulses often contain a lot of energy at 10 kHz, the tuned loop antenna only
outputs unusable uniform waves of 10 kHz. This shows that it is very important to use a pure loop

without any parallel capacitor.

Hint: Please avoid any additional tuning capacitor!
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3 LIGHTNING DETECTION AND LOCATING Blitzortung.org
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Figure 4: A spectrogram of the signal received by a 35 cm ferrite rod antenna. The signal was
recorded by a Creative Professional E-MU 0202 sound card with a sampling frequency of 192 kHz.
The spectrogram is made by Spectrum Lab. Vertical lines shows radio transmissions for special

purpose, and do not affect our reception.

RETURN

Figure 5: To the left, a signal received by two loop antennas without tuning capacitors, to the right,

antenna B is tuned to approximately 10 kHz. This signal cannot be used for time measurement.
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3 LIGHTNING DETECTION AND LOCATING Blitzortung.org

3.3 Time-of-Arrival method

The TOA lightning location technique is based on the computations of hyperbolic curves. The emit-
ted radio signal of a lightning discharge is traveling through the air with the speed of light. This
is approximately 300000 kilometers per second, or equivalently, 300 meters per microsecond. Each
received signal gets a time stamp. Let t4(s) be the time stamp for signal s from station A. Time
stamp t 4(s) is the Coordinated Universal Time (abbreviated UTC) in microseconds with an accuracy
of +1us. The difference of two time stamps for the same signal received by two different stations
and the positions of these two stations define a hyperbolic curve. Let d 4 (p) be the distance of a point
p to station A in meter. Then the hyperbolic curve for signal s, is the set of all positions p whose
distance difference d 4(p) — dp(p) in meter corresponds to the time stamp difference ¢ 4(s) — t5(s)

in microseconds converted by the speed of light into meter. That is,

da(p) —dp(p) = (ta(s) —tp(s)) - 300.

20184km Altitude GPS Satellites

60km = 200ps

Figure 6: The receiver to the left receives the lightning signal 60us later than the receiver to the right,
because the lightning discharge is 18 kilometers more far away from the receiver to the left than from

the receiver to the right.

The source of the signal has to be somewhere on this hyperbolic curve. The intersection point of
three or more such hyperbolic curves defines the unique location of the source of the radio signal, see
Figure 7. The computed position is then be assumed to be the location of the lightning discharge. At
least 4 sites not on a line are needed to define always a unique intersection point. With more than four
receiving sstations reporting a time stamp for the same signal there is some redundant information

available to improve the accuracy and to verify the performance.
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3 LIGHTNING DETECTION AND LOCATING Blitzortung.org

Figure 7: Three hyperbolic curves defined by the three time differences t5(s) —ta(s), to(s) —ta(s),
and tp(s) — ta(s) of four sites A, B, C, and D (the green squares). The intersection of all three
curves uniquely defines the location of the source of the radio signal (the white dot). The curves have
a width corresponding to a tolerance of +5us. That is, the white area for signal s received by station

A and B is the set of all points p for which
(ta(s) —tp(s))-300 —5 < da(p) —dp(p) < (ta(s)—tp(s)) 300+ 5.

A time difference of £100 microseconds corresponds to a distance difference of £30 kilometers.
That is, if site A receives the same signal 100 microseconds earlier than site B, the corresponding
hyperbolic curve is defined by the set of all points that are 30 kilometers near to site A than to site B.
Assume the time stamps have an accuracy of £1us and there are four sites arranged such that their
positions define a square. If the signal source is exactly in the middle of the square, then the deviation
of the computed position to the real source of the signal is greater than +300m - v/2 = 424m. It
can be much greater if the source of the signal is outside the square, see Figure 8. The argumentation
of some commercial providers that their system has an accuracy of + 300 meters, because the time
stamp has an accuracy of +1us, is a naive fallacy.

The main challenge of a TOA lightning location system is to assign the received signal a unique
characteristic time stamp. This is not easy, because the outline of the signal changes when it travels
over long distances. One way to handle different signal forms, is to compute a time of group arrival,
see [DBRO2]. However, if the time stamps are not consistently assigned, the hyperbolic curves do not
intersect in a common intersection point. A collection of several nice papers about lightning detection
can be found in [BSL09].
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Deviation: 671m Deviation: 1878m Deviation: 4318 m

100000 m
Site 1 Site 2

Figure 8: The deviations for an accuracy of +1us for different cut angles

The computations at our server are carried out in two steps. In the first step a starting point is com-
puted using the method from [KSO1] applied to the first 4 time stamps. After that a numerical method
is used to minimize the sum of all squared distances to the hyperbolic curves. All our computations

use spherical coordinates.

3.4 The Blitzortung.org network

Figure 9: Some lightning discharges in the atmosphere, (©)Bernd Mirz

The lightning location network Blitzortung.org consists of several VLF lightning receiver sites
and one central processing server for each larger region. The receiver sites transmit their data in short
time intervals over the Internet to our server. Every data sentence contains the precise time of arrival

of the received lightning strike impulse ("sferic") and the geographic position of the receiver site. With
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3 LIGHTNING DETECTION AND LOCATING Blitzortung.org

this information from all receiver sites the exact positions of the discharges are computed. The sferic
positions are made available in raw format to all users that transmit their data to our server. The users
can use the raw data for all non-commercial purposes. The lightning activities of the last two hours

are displayed at Blitzortung.org on several public maps recomputed every minute.

0 wwu.Blitzortung.org 2013-09-20 UTC 09:00:00]

= 240 Minutes Lightnings: 21900
= 480
120
960
izoo
i440

= : \’r'-i \t:.:-

Figure 10: A lightning map of USA from Blitzortung.org

Note that it is not possible to compute positions or at least accurate directions with the data from
one station. We need the data of several stations (at least four stations) to compute strike positions.
There is currently no software that enables you to set up a connection with other sites like the LR
software of LightningRadar.net for the direction finding system. The computation of strike positions

is only done by one of our computing servers.
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3 LIGHTNING DETECTION AND LOCATING Blitzortung.org

3.4.1 Accuracy

Figure 11, 12, and 13 show a comparison of the positions computed by Blitzortung.org and "BLIDS"

over Germany, Belgium, and Poland. BLIDS is a lightning information system in Germany. Figure

14 shows the used color code for the age of the discharges.
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Figure 11: A comparison of the positions computed by blitzortung.org (the white framed colored

squares) and BLIDS (the colored squares) in Germany
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Figure 12: A comparison of the positions computed by blitzortung.org (the white framed colored

squares) and BLIDS (the colored squares) over Belgium, the Netherlands, and Luxembourg
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Figure 13: A comparison of the positions computed by blitzortung.org (the white framed colored

squares) and BLIDS (the colored squares) over Poland
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Figure 14: The BLIDS color code for the age of the lightning discharges in minutes
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4 LIGHTNING DETECTION HARDWARE Blitzortung.org

4 Lightning detection hardware

The hardware of our the lightning detection system consists of three components.

e Antenna System

The VLF-signals are received by wide-band H-field or E-field antennas

e Amplifier

A wide-band VLF-amplifier amplifies the antenna signal such that it can be further processed

and analyzed.

e Controller

The controller digitize the signals and send them together with the reception time and reception

location to our server.

The current hardware is called SystemRED. The first version of RED PCBs has been shipped to
participants in July 2013. It has several advantages compared to the former GREEN hardware. The
colors are simply for easier distinction between the two systems. See 6 for a comparison between old

and new system.

4.1 Antennas

4.1.1 Loop antennas

Loop antennas receive the magnetic component of the electromagnetic wave. There are several ways

to build such an antenna, which have different names. But they are all loop antennas.

4.1.1.1 Frame antennas

It is easy to set up a frame antenna for VLF frequencies by yourself. Useful construction manual can
also be found in a document written by Gerald Ihninger for http://www.lightningradar.net.

For a square frame antenna with a diagonal of 1 m and 8 turns of wire you need
e approximately 4 m of 20 x 20 mm wooden coving,

e 2 x 25 m cable with a single conductor of area 1.5mm? (this corresponds to a diameter of
1.38 mm),

e 8 screw hooks,

e 3 screws/washer/wingnuts, and
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4 LIGHTNING DETECTION HARDWARE Blitzortung.org

e some cable ties.

The assembling takes about two hours. The price for the material is approximately 40 €in a German

home improvement store.

i

i

Figure 15: Assembling details for the frame antenna

4.1.1.2 Coaxial cable antennas

A cheep loop antenna can easily be constructed using coaxial cable. It has the advantage, that the
shield is already integrated in the cable. You can use an arbitrary impedance, but the 75 Ohm version
are very cheap to get. With 20 Meter coaxial cable you can form a loop with 3 turns and a diameter
of 180 cm. Keep 20 cm cable for the connection at both ends. Such a construction will create a loop

with an induction of approximately 60 ©H and a self-resonance at 2 MHz.

Important: The shield has to be broken in the middle!
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+ Ground -

Figure 16: A coax antenna, (ORicho Andersen

e e

Cut off the plastic sheath, remove the wire grid,

put the separated plastic sheath back, and cover the area by a flexible hose.
(©Richo Andersen

Figure 17: Cutting the wire grid in the middle of the coaxial antenna
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Figure 18: Connecting a coax antenna, (ORicho Andersen and Bernhard Kilimann

4.1.1.3 Other loop antennas

Several other techniques can be used to build a loop antenna. There is an instruction manual of a
copper pipe loop antenna written by Daniel Verschueren for the lightning radar project.

More examples will follow...

May 11,2014 20
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Figure 19: (©Daniel Verschueren

4.1.2 Ferrite rod antennas

The size of a loop antenna can extremely be reduced by using ferrite rods, but a ferrite rod antenna
needs a higher number of turns to get the same voltage compared with the larger loop antenna. That
is, a corresponding ferrite rod antenna has a lower resonance frequency than the larger loop antenna.
This is one reason why the loop antennas are more adequate than small ferrite rod antennas. The
resonance frequency of the ferrite rod antenna for wide-band VLF reception should not fall below
100 kHz. Suitable ferrite rod antennas can be obtained from http://www.sfericsempfang.de.

It is not necessary to align the two antennas to north/south and west/east. The antennas only
have to be placed horizontally, because the magnetic field of radio waves emitted by cloud-to-ground

lightning discharges is mainly oriented horizontally.

If you are using ferrite rod antennas, you have to strip the insulation of the copper enameled wires,
before the blank copper wires can be soldered to the amplifier board. The wires definitively have
to be soldered to the board. It is not possible to tighten such thin wires sufficiently good with the
screws of the terminal block.

Please do not twist the connection cable of the ferrite rod antennas. This creates a capacity and
leads to a lower self resonance. If you are using the ferrite rod antennas of http://www.sfericsempfang.
de, then one of the two copper enameled wire ends has a knot. Connect these wires with the positive

inputs of your amplifier and the other wire with the negative input of the amplifier.

May 11, 2014 21


http://www.sfericsempfang.de
http://www.sfericsempfang.de
http://www.sfericsempfang.de
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Figure 20: Egon holds a 35 cm ferrite rod antenna. Two 20 cm ferrite rod antennas mounted on a

PVC board connected to Amplifier PCB 5 Version 7

4.1.2.1 Shielding ferrite rod antennas

Figure 21: Shielding a ferrite rod antenna with ribbon cable
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4.1.2.2 Self-made ferrite rod antennas

We do not recommend to wind ferrite rod antennas by yourself!

It is not easy to wind ferrite rod antennas by yourself. The quality of a ferrite rod antenna depends on
the used material for the rods and on the type of the coil. A large range of rods can be found at http:
/lwww.amidon.de. High quality rods can be obtained much cheaper by http://www.sfericsempfang.de.
Coil placement and the length of windings on the rods, bars, plates and tubes affect the effective
permeability of the antenna. Greatest inductance will be obtained when the winding is centered on
the rod rather than placed at either end. The best ”’Q” will be obtained when the winding covers the
entire length of the rod. The spacing between the turns has also a significant effect on the ”Q”. The
best values for the Q" are obtained when the coil turns are spaced one wire diameter apart, with a
winding covering the entire rod. This would not increase the inductance to much. Note that we have
to design a ferrite rod antenna with a high ”Q” but a low inductance, such that we do not get low

resonance frequencies with small capacities.

ic

s
[ '_Lfrj |

Figure 22: A 20 cm ferrite rod antenna with an inductance of 22.5 mH and a ”’Q” of 125 and a 30 cm

ferrite rod antenna with an inductance of 13.4 mH and a ”Q” of 156

4.1.2.3 Housing

Ferrite rod antennas can also be made waterproof, as the image presentations at Figure 23 show.
Note: Instead of using holders made from aluminum as shown in the photographs, you should use

some wooden or plastic ones.
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Figure 23: A guidance for building an outdoor ferrite rod antenna, continued, (©)Florian Bamberg

4.1.3 Shielding of magnetic antennas

Since Amplifier 12 the difference between shielded and unshielded antennas is not as big as it was
before. Instead of investigating time in assembling a shielding you should first use an unshielded
antenna system to search for a place with low electric interference.

A shielding of the E-field component can improve the signal to noise ratio, especially in metropoli-
tan areas. This can improve the detection rate of lightning discharges. As we only want the magnetic
part of the signal (H-field), any Electric field (E-field) is unwanted. The shielding of a loop antenna
can be realized for example by wires in a copper tube. It is important that the tube is not closed. It
can either be separated at the top or at the bottom. If it is separated at the bottom, then only one end

of the copper tube has to be connected with the ground of the amplifier.

4.1.4 Electrical antennas

An e-field antenna is sensitive to the electric component of the electromagnetic wave. As already
mentioned above, the electric field of the radio waves emitted by cloud-to-ground lightning discharges
is mainly oriented vertically. That is, in the simplest case, the e-field antenna is a vertical wire. Such
a wire is directly connected to the input of Pre-Amplifier 14, which is particularly designed for e-field
antennas, see Figure 24.

The advantages and disadvantages of an e-field antenna are the following:
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An example of an e-field antenna

R W closure

~— plastic tube

inflexible wire 1,5mnf

20cm - 180cm

+—PCB 141
—— F—connector

A

\ T

- 75 Ohm coaxial cable
4cm

Figure 24: An example of an e-field antenna

+ Since it receives signals from all horizontal directions, we need only one antenna instead of two
antennas.

+ The received signals are very clean and free of any resonances frequencies. However, the res-
onance frequencies of the ferrite rod antennas are mainly eliminated by the damping resistor at
the input of Amplifier 12.

+ It is possible to determine the polarity of the lightning discharge, if the lightning discharge was
not too far away.

+ It is easy to construct for a very low price.

- It is very sensitive to field electric noises.
- It has to be placed outside or at least on an attic, and thus, conditions for lightning protection
have to be respected.

Figure 26 shows several examples of simple e-field antennas.

4.2 Amplifiers

Every amplifier has its own specific signal characteristic depending on the type of the low-pass, the

type of the high-pass filter, the type of the op-amps used and so on. The different types of the circuits
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Figure 25:

Figure 26: An e-field antenna build with a 30cm wire
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Figure 27: A signal of a lightning discharge received by an electrical antenna (above) and by a ferrite

rod antenna (below)

and components can cause different signal forms and different time delays. This is the main reason
why we strictly recommend that all users should exclusively use the same amplifier circuits, in par-
ticular, one of our recommended amplifier circuits. Wrong time stamps can considerably confuse our
calculations. Finding the reason for false calculations can be very time consuming.

We offer several different amplifiers for different antenna types. Our standard amplifier for mag-
netic field antennas (H-field antennas) is Amplifier PCB 12. These are for example loop antennas
or ferrite rod antennas. An amplifier for electric field antennas (E-field antennas) will probably be
introduced in the fall of 2013. We will modify the amplifier circuits from time to time to improve its

quality for our special application and to reduce the price.

4.2.1 Amplifier 12

Amplifier PCB 12 should be used for all magnetic loop antennas and all ferrite rod antennas. It uses
four single supply 5 Volt rail-to-rail op-amp ICs for each channel. The inputs of the amplifier are
terminated by damping resistors of 2.2k{2. This leads to a more realistic current measurement for
loop antennas and will reduce self resonances. For larger loop antennas, the damping resistor can be
lowered to 100€2- 300€2in parallel to the antenna. A coax cable antenna can be terminated by 752.
The first and third stage of the amplifier are realized by programmable gain amplifiers (PGAs)
MCP6S91 from Microchip. The gain of these amplifiers is controlled by a serial peripheral interface
(SPI) and can be adjusted between 1 and 32 for each MCP6S91. The second stage uses the dual op-
amp MCP6292 from Microchip. The two operational amplifiers of this IC realize a Besssel high-pass
filter with a cut-off frequency of approximately 1kHz. This filter is realized by two active Sallen-Key
filter circuits. The second operational amplifier of the MCP6292 additionally increases the gain by

a factor of 4 on version 12.3. After this stage a Besssel low-pass filter with a cut off frequency of
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approximately S0kHz is placed. This filter is realized by a passive low-pass filter chain of order five.
The last stage is realized by the output driver amplifier LMH6642 from Texas Instruments. This stage
additionally increases the gain by an factor of 10. The maximal overall gain of the amplifier is about
76dB. The maximal output current is 75 mA.

The block diagram, circuit diagram, printed circuit board, and an assembled circuit board of Am-

plifier PCB 12 Version 3 are shown in Figure 28, 29, 31, and 32, respectively.

4.2.1.1 Electronic parts

The electronic parts necessary for Amplifier PCB 12 Version 3 are listed in Table 1.

4.2.1.2 Connecting an Antenna

The antenna is connected to the terminal block. If you are using ferrite rod antennas with varnished
wires, you should solder the stripped wires to bigger copper wires that can be grasped by the terminals

SCIEwS.

4.2.1.3 Gain Control

The serial peripheral interface (SPI) for setting the gain of the PGAs is controlled by the Atmel AT-
mega8 micro-controller. The gain can be adjusted either manually by a potentiometer or automatically
by the controller board. It is a digital gain control in both cases. If the green LED named C is on, the
gain is adjusted by the controller, if it is off, the gain is adjusted manually. The manual gain control
operates as follows. A potentiometer is used for setting a variable voltage between 0 and 5 Volt mea-
sured by one of the A/D converters of the ATmega8 micro-controller. It determines from the adjusted
voltage the corresponding digital gain values and sends them to the PGAs via the serial peripheral
interface. In this case, the gain can be adjusted in 12 steps displayed by the yellow LED gain index as

shown in Table 2.

4.2.1.4 Connecting the controller

The RJ45 modular connector is used to connect the amplifier to the controller board. You should use
a shielded one-to-one CAT Se network cable. The length of the cable can be up to 30 meters. This

allows us to place the amplifier near the antennas far away from noisy environments.

4.2.1.5 Output test pins

The output test pins can be used to monitor the output of the amplifier. This is useful if you want to

connect an oscilloscope or a sound card to analyze the VLF output without to disconnect the amplifier
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operational amplifiers

IC1, IC3, IC5, IC7

MCP6S91 SMD SOI8

IC2,1C6 MCP6292 SMD SOI8
IC4,1C8 LMH6642 SMD SOI8
1C9 ATMega8

LEDs Power LED LED 3mm (red)
Control LED LED 3mm (green)
Gain LEDs 1,2,4,8 LED 3mm (yellow)

Diodes D1, D2, D3, D4 1N4148

Resistors, metal 1%, 0207 R3, R13, R18, R28 100k —{=—
R6, R21 68k —(ml—
R5, R7, R12, R20, R22, R27 22k02 —(Dm—
R2, R4, R14,R17,R19, R29, R31 10k —{DI—
R8, R23 6.8k —{I—
R1, R9Y, R16, R24, R32, R33 2.2kS) —(m—
R10, R11, R25, R26 1kQ2 —(Dm—
R34, R35 33002 —{Il—
R15, R30 47Q —(l—

Resistor network, star, 6-1 RN1 1kQA102

Potentiometer P1 50k$2

Capacitors, electrolytic, Smm | C33, C34 470 uF

2mm | C15, C30 2.2 uF

Capacitor, ceramic, 2.54mm Cl1,C2,C7,C11, C12,Cl13, C14, C16,C17, | 100 nF (104)
C22, C26, C27, C28, C29, C31, C32,C35
C3,C18 22 nF (223)
C4, Co, C19, C21 10 nF (103)
C10, C25 6.8 nF (682)
C5, C20 4.7 nF 472)
C9, C24 2.2 nF (222)
C8, C23 470 pF 471)

Inductors, ferrite, Smm L5 470/330 uH

Inductors, SMCC | L2,L4 3.3mH ==

SMCC | L1,L3 1.5mH —{rJ—

Table 1: The list of electronic parts for Amplifier 12 Version 3

from the controller board.
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LED LED LED LED first second | gain
8 4 2 1 | MCP6S91 MCP6S9!1 | factor
©O O O O 1 1 1
O O O O 2 1 2
O O O O 2 2 4
©O O O O 4 2 8
O 0 O O 4 4 16
©O O O O 8 41 32
©O O O O 8 8 64
©O O O O 16 8| 128
© O O O 16 16| 256
© O O O 32 16| 512
© O O O 32 32| 1024

Table 2: Gain index of Amplifier PCB 12

4.2.1.6 First hardware check

During normal operation, the controller powers the amplifier through the Ethernet cable. But for the
first hardware check, you should not connect the controller but connect the USB jack on the amplifier.
After connecting a 5V USB power supply, the red power indicator LED should glow and the four
yellow LEDs of the gain index should start flashing four times. The green LED should be off. A few
seconds later the four yellow LEDs should display the adjusted gain. If the potentiometer is turned
then the new gain value should be displayed, see also Table 2.

The green LED is only on if the amplifier is controlled by the controller board. In this case the
yellow LEDs have no meaning. A manual gain adjustment is not possible if the gain is controlled by

the controller.
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4.2.1.7 Amplifier PCB change log

12.2 First release

12.3 Added additional gain factor 4 in high pass
Changed IC2 and IC6 to SMD versions
More space between L1/L.2 and L3/L4

12.3b | Minor layout changes

12.3¢ | Changed IC1, IC3, IC5, IC7 to SMD

Table 3: Change log of Amplifier PCB 12
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