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1

Introduction

1.1 Foreword

Even these days a shroud of mystery covers many aspects ofaguoiitéfier design.
Plenty of the material written about the topic is controversiddlontly inaccurate.
Even larger amounts of the material is focusing on rather unimpdogics — such
as, which tube, transistor, diode, resistor material or capacitod lpravides the best
tone. A huge amount of the material out there is writtamd later interpreted and
rewritten - by people who have little or no knowledge at all about even common
electronics. On top of that, marketing departments of various companges
constantly and deliberately spreading a huge amount of propaganda intarder
increase their sales and to convince the people that their new predianhehow
exceptional, innovative and worth buying. AlImost every design out thenescla be
either “pristinely clean” or “capturing the tube tone and warmthvhatever that is.
There are so many reasons why so much discussion evolves around “majs'thapi

it would be vain to list them all here; unfortunately these todas ereate room for
false beliefs that give an impression that guitar amplifisigihéng is a black art of
some kind. It is not. Amplifier designing isand always will be — pure science based
on electronics theory.

While there is plenty of material written about tube amplifilesign solidstate
amplifiers are mostly left ignored. The case is even worsa Vtltemes to solidtate
guitar amplifiers. Fortunately, solidtate and tube amplifier circuits share a lot of
similarities. The theory is — for the most part — interchangedtidsvever, many
principles used in designing tube amplifiers will not work with tistos circuitry and

if they do, they might provide unsatisfactory results. Claimsalsatidstate amplifier
cannot sound as good as a tube amplifier is utterly untrue and maastty fheam the
mouths of three kinds of people: 1) people that have very little or no kihgevebout
electronics, 2) tube snobs who persistently claim that all stamsamplifiers must
sound bad, yet would stick a Fuzz Face (or similar) in front of thee amplifier
without even blinking an eye and 3) experts of tube amplifier ciycuitat
unfortunately possess a limited knowledge about sttt design. While someone
might master tube technology, the truth is that twvel solidstate circuitry differ a
lot from each other. One should not unreservedly believe statementstraingigtor
circuitry presented by a tube expert — as one should not unreservédiye be
statements about tube circuitry presented by a -stdi circuitry expert either.
Though the knowledge about both technologies should go-ihdmahd, too often it
doesn’t. Very regrettable thing is that a great deal of higdlignted tube guitar
amplifier experts deliberately avoid educating themselves abadistate as they see
it as an inferior technology.

Yet, the fact remains that plenty of people start their @pitts hobby by building
solid-state audio circuits. Most of these people are repelled by thed letltages of
tube circuits — or simply by the sheer cost of them. Many people Wkeltb build a
solid-state power amplifier but do not know how to do it. The popularity of chip
amplifiers is a very good example of this phenomenon sindm#€d circuits are easy
to assemble even with little or no knowledge of circuit theoryllatvat happens
when these hobbyists wish to expand their knowledge is that they bumyttery
technical books filled with complex circuit designs and math formidsile these



books have their purpose they certainly are not very helpful for a begifihe
amount of books that offer an insight to discrete power amplifiegalesan insight
that would be intelligible even for a complete novices certainly too small. Even
more minimal is the amount of books that focuses into sbéite guitar amplifier
electronics. This book is intended to fill this niche.

In this book | do not wish to present things with excessive techyicalihere are
better sources for that kind of information. Nor do | wish to make thiesmparisons
between solid state and tube technology. However, since the lagiereigrnally hot
topic (which always comes up when transistor amplifiers are iomeat) it is
discussed shortly in section 1.5. My aim is to present various foriasaf circuitry
used in guitar signal amplificationand the theory related to it — preferably in a form,
which hopefully is understandable with common knowledge of circuit theory.can
then use this information as a base for learning more about conceatted. i you
don’t know what a resistor or a capacitor @& if you do not understand the basics of
common circuit theory (such as Ohm’s and Kirchhoff's laws$)suggest you start
with reading something other than this book.

Unlike some books, this one will not present a complete design exanfgpéd.that
this kind of approach would steal the base from the book since my skmatialy is
to teachone to create such a design by him/herself as well as to tmaldesigner
ponder the aspects and choices related to the design process. Anyaapyan
design without learning anything in the process and even easiesrisdiae a design
and mark all theoretical content either good or bad according teate spent a great
deal of time in writing this book and gathering and assembling tleemation
required to do so. If on top of that I'd had to create a deigar in mind that a
design is not just a schematithe process would have become overwhelming and
even more time consuming. Besides, | do not wish to give an impreksiohfavor
some topologies over other — which is what people tend to think too idbkey are
presented with something that should be “the ultimate design”.

Also, | feel obligated to include a compulsory warning here: Htgtgtrcan be
dangerous. Electricity can cause injury or death! The circuitsrshmwhis book are,

to the best of the author's knowledge and belief, correct and safeveilpwee must
take great care when assembling electronic circuits — epéb@se that carry mains
voltages. The author cannot accept any responsibility for any accittettsnay
occur. The use, application and transmission of electricity are csutmerules,
regulations and guidance lain down in numerous regulations and standardaf Most
these can be obtained for reference in your local library.

1.2 About the schematic notation

Some of the schematic symbol notation used in this book can be considelaadut

and nonstandard these days. However, | have stuck to notation procedures that are
clear to decipher and natural to me. | will not apologize for it. Soray argue that a

US style resistor symbol can be misinterpreted as a symhotlector and therefore
using the European “block” symbol should be preferred. | agree that starata

good, but as my excuse, let it be mentioned that if | ever dravnstios by hand |
simply find the US symbol faster and easier to draw. | have@eaty of schematics
where an inductor or transformer coil is actually drawn like tBesimbol of resistor;

this was actually very common in power electric notation of 1940's1880's. Yet
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the alternative symbol notation methods hawever caused me problems while
reading schematics.

One may note that | have used dots to symbdditteinterconnecting nodes and
“jJumpers” to symbolize schematic nodes that cross each other riperplarly). This
kind of notation is also nowadays considered outdated. However, | fedladatlis,
since reading a&omplexschematic that is missing both of these notations is very
difficult. The outdated way shows clearly, which nodes connect and whictotdo
Figuring this out from schematics that use alternative illtistramethods is time
consuming and frustrating. The lack of these details, which makecti@matic
clearer- though harder to draw with modern CAD software — has cost mensolet
grief than trying to identify a “nostandard” symbol notation. However, | do not
prefer the way of drawing dots that are nearly as largeh@sattual symbols or
drawing one of the interconnecting nodes in a 45° angle in relation to Btbtér of
the aforementioned methods tend to make schematics unbelievably messy.
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Figure 1.1 Which one of the schematics you consider more intigjible? How much does using “standard” symbol
notation weigh in relation to using logical and clar layout?
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The last horrid notation manner | have tried to avoid is drawing |I@®xss with or
without pin numbering. A box is the least informative symbol of a fanatinless it
contains a description insid&. model name is not a valid descriptidhithe circuit
inside the box is an amplifier it can be drawn as a “trianigistead since this is the
standard symbol for amplifier in block diagrams. Boolean logic functdss have a
dedicated set of symbols. | encourage everyone to learn this notatiarsa it. The
pins of the symbol should have logical placement, i.e. positive and negafipbes
located in adequate places as well as the inputs and outputs.Gftllas ho other way
to be drawn than a box then the important terminals should be marked with
informative symbols or abbreviations such as IN, OUT, CLK IN, V+akd so on.
These little details should save the observer from the trouble asthseg the
corresponding datasheet in order to even decipher the basics of thiedapscted in
the schematic.

1.3 Common terminology

Like every special field, the field of guitar amplifiers als@s its own “jargon” that
one must become familiar with in order to get an easier gragpeobasics. The
subsequent part contains a small list of usual terms and a sptaha&ion of them.
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You will find a more comprehensive list @lectronicsrelated abbreviations and
terms from the end of this book. However, before delving into deeper thieahit is
essential to get acquainted with the following:

Bias is a common term in electronics but became widely popularisedilby)(Quitar
amplifiers. The term bias means reference voltage, currenther atput that is
applied to a device or system to set the operating point. Geneviabiy, referring to
bias people are often referring to current applied to transistass or voltage applied
to electron tube’s grid. There is a clear distinction betweer(ddiescent) current and
bias current. Quiescent current is the current drawn by the whiolet @r a specific
part of it (this is merely a question of selection) and ibfsef) dictated by the bias
current (or voltage) setting. However, the two terms do not measatine thing!
Quiescent current can be, for example, colleetaitter current flowing through the
power transistor during idle state. It is dictated by the bia®usetting but in this
case the bias current itself flows through basetter junction and is usually
significantly smaller.

7N
l aTAY W
2 §§/§ 2

A ——

o U—(
i1 1:id

Figure 1.2 Sometimes the terminology for these circuit partsis ambiguous: a) Bypassing
capacitor, b) Decoupling circuit consisting of a deoupling resistor and decoupling capacitor, and
¢) coupling capacitor performing AC coupling.

Bypassing, coupling and decouplingBypassing is a very literal expression that is
used whenever a certain circuit or component bypasses the other. Swehbase, for
example, in section a) of Figure 1.2 where a capacitor bypassesitier resistor.
Another, less clear example is the capacitor in section b) hwdyipasses the whole
first gain stage. This capacitor is a part of decoupling cirdiie term decoupling
refers to preventing unintentional coupling between sub circuits, usnatisder to
prevent them from interacting with a way that might causelasoit or otherwise
impede performance. Commonly decoupling refers to process of isalaérgrcuit
stages at the power supply level by filtering away the suppl¢€ component. Thus
we now have three different names for the capacitor in sectigafiijer capacitor, a
bypassing capacitor and a decoupling capadecoupling should not be confused
with coupling which means intentionally connecting stages together, for exabyple,
the means of “DC coupling” (connection on both DC and AC levels) or “AC
coupling” (connection only at AC level). The capacitor in c) igpactl example of
AC coupling. Replacing it with a short would DC couple the gain stages together.

Classes When it comes to analog designs, amplifier circuits aresifiled as being

either A, B or C class. A common fallacy is to interpret theratpe class as a
definition of the amplifier's quality — usually assuming that €ldsamplifiers are the
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best. In practice, this belief is quite erroneous because theotlapsration does not
relate to quality in any way.

A classA amplifier conducts 360 degrees, in other words throughout the whole input
cycle. Because clags biasing ensures that the active devices never shut off during
signal’'s “zero crossing point” a clags amplifier exhibits no switching distortion.
However, clas®\ amplifiers are extremely inefficient, which usually caugsbkat
distortion is created by other mechanisms. A typical edaamplifier has a very low
output power but an excessive power draw. This means that a huge amount of
“wasted” power must be dissipated as heat.

A classB amplifier conducts 180 degrees, in other words it only amplifieobtiee
signal's half waves. Typically two clag& amplifiers are run in a parallel
configuration where each amplifier handles its own corresponding [@aié.wihis
arrangement is known as pugtll circuit. ClassB amplifiers are fairly efficient but
inherently introduce a fair amount of switching distortion. A variatibolassB is the
classAB, which refers to extending the conduction time to anything betweeriol81
359 degrees. This willeduce(but never remove) the amount of switching distortion
at the expense of efficiency. Nevertheless, in a properly desdassAB amplifier
the amount of switching distortion is low enough to be perfeotiydible Most
guitar amplifiers fall into this category.

Saturation Saturation Saturation
A [\ B &
Cutoff Cutoff Cutoff
- =l oEE
o o il

Figure 1.3 Operation classes for analog amplifiers.

Clas-C amplifiers conduct less than 180 degrees. This means that theyahave
remarkable efficiency but too much switching distortion to work in aagmications
alone. Various combinations of classes A, B and C are sometingasisebase for
some eccentric circuit topologies.

Classes D, E and F are definitions for switch mode amplifieasicBlly, the active
devices in a switch mode amplifier are either on (saturatedjf ¢m cut off state).

Yet, “D” does not stand for digital although the logic behind this miswstaieding is
easy to understand. (D was simply the letter following C). ebaasplifiers utilize

specific modulation techniques like PWM, PDM or Dehigma to control the
switching. In other words, the analog input signal is first converxted specific
sequence of pulses that is somehow proportional to input signal amplihelpulEes
then control the output device(s). Switching happens at a frequency thell above
our hearing range and when the output signal from the amplifierefutia filtered

(right before the speaker load) it converts to an ordinary analoglgltat is capable
of driving conventional speaker systems. Filtering will greafiguce artefacts of
switching but again it cannot completely remove them. Since the algvices do not
operate in their active region (pardon the pun) the efficiency aflswg amplifiers is
astonishingly high. However, at lower frequencies the efficienagdsiced due to
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inductive filters that the circuitry requires. It must be noted $hatching amplifiers

are not considered as “digital” unless they specifically utilize atdigmodulation
technique like pulsecode modulation. Classes E and F basically refer to alternative
filtering embodiments.

Classes G and H refer to rawitching topologies that are basically just special
variants of ordinary amplifier classes like A and B. Thesaiitgdasically modulate
the power supply voltage in a direct relation to the output signaintisler to gain a
greater efficiency. The definitions of class H and G are sevén Europe and
America.

At the time of writing, any other “classes” are just cir¢ojologies or trademarks of
various companies and therefore do not refer to any real ampldsses: ClasS is
the name for Sandman’s feéatward error correction scheme. Classs a trademark
of TriPath Company and refers to their switching mode amplifi€tassZ is a
trademark of Zetex and refers to a direct digital feedbatintdoagy. Similarly Crown
has its clas$ (or BCA), and Lab.grubben its cla$® or “Tracked Class D” topology.

to00000 00 []

too000 oo []

Figure 1.4 Left to right: Combo and head “piggybacked” on a till stack.

Combo, head, piggyback and stack — what are theyPhe term “combo” refers to a
combination of an amplifier and a speaker system in the sanmmegocasiunit. A
separate amplifier, on the other hand, is called a “head”, asisually placed on top
of the speaker cabinets. “Piggybacking” head and a speaker cabsne@thiin turn,
forms a “stack”. A “full stack” contains two or more speaker wwets placed
(“stacked”) on top of each other or side by side. A “half stack” casmtanly a single
cabinet. In essence, the term “stack” is pretty vague and dggnertarpreted as
referring to a combination of only two speaker cabinets. Thus a “dotduk” Sas
four cabinets in total (and in some cases two amplifiers as-wale serving as a
“slave” driving the other half of the stacks).

So far things have been easy when considering semantic issuestisuaboat to
change: Is a “combo” with detachable amplifier unit (e.g. AmpegaPex flip-top)
really a combo or should it be interpreted as two individual units? &bt when
the speaker cabinet merely contains a carrying compartmertidaanoplifier unit?
(This was common feature in several vintage amplifiers). How dhaubystem
consisting of an active (powered) speaker and a preamplifier hezadidd? ...Never
mind various forms of rack unit configurations. It may be best tltdt eae makes up
their own mind on what each system should be called.
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Driver: In electronics, the term “driver” commonly has two meanings: 1) a
electronic component that controls another electronic component (e.g.evoltag
amplifier transistor “driving” a current amplifier stage) 2)ra loudspeaker (just the
speaker, not the whole combination of a speaker and a cabinet). Duetéo ohat
context it is quite impossible to get mixed up with these twcewdifft meanings,
however, getting mixed up (and confused) with the various components belonging
into the first category is very typical. In this book | have vencmtried to refer to
things with their own names (e.g. voltage amplifier instead ofiven)lr yet this is
often simply impossible. Luckily, in many cases it is possible a&era division into
various subcategories like drivers versus-gmieers (predrivers being drivers
controlling drivers). To avoid confusion these terms are discuashth related
contextin various chapters of this book.

FX Loop, or effect loop refers to various components involved in extending the
amplifier’s internal signal path with external signal proaggsievices (pithily called
“effects”). Since the external signal path is fed from a deddt output of the
amplifier and returned into a dedicated input an allegorical looprisefd (hence the
name). The loop can be either in parallel or in series with thaifaeris internal
signal path. Usually the input and output of the loop have separate conroedttors
some cases a single connector shares both duties. This speciais foathed an
“insert”.

Hybrid , by definition, means combination of two or more different things aiated
achieving a particular objective. Generally, this term simgdhrseto a combination of
alternative topologies within a single unit. Typical hybrid topologiesfor example
combinations of things like integrated and discrete circuits, tigitd analog, tube
and solidstate or BJT and FET. Understandably “hybrid” is therefore a loeige
expression. At the time of writing, the term “hybrid” generaéifers to circuits that
combine tube and sokstate devices. Yet the general meaning of the term changes
periodically since it tends to cateip with the “hottest” technology. About four
decades ago the term “hybrid amp” simply meant that the ampirfiequestion
employed parts that were realized with integrated circuitry.

Impedance matching: This is another common (and commonly misused) electronics
term. Formaximum power trangfethe source and input impedances should be equal
in other words, they shoulshatcheach other. This was very useful in the older days
when power that was lost in a transfer process was very diffcuestore. However,

in typical audio applications we do not need maximum power transfem [source
impedance is connected to higher input impedance the power trarisfeteid, but in

turn thevoltage transfeiis higher and less prone to interference or other corruption.
This is much more ideal configuration for audio signal transfer,fgay the guitar to

the input stage, or from the input stage to the tone control circweétera. This
deliberatemismatchingof impedances (usually by at least a ratio of 1:10) is called
impedance (or voltagd)ridging. With some twisted logic it may be considered as a
“matching” since the basic idea is just choosing impedances tr&twell together.
The opposite mismatching configuration (from high to low) would leadignab
corruption.

Modeling: Modeling or “emulating” circuits attempt to replicate the soundlettric
circuits or electromechanical devices such as amplifiers amdkapsystems. There is
practically an immeasurable number of ways how a modeling cwcuiévice can be
constructed but principally they can be divided into two main categéedog and
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digital. There are also examples of electromechanical modelés the “Leslie”
Doppler effect cabinet or a spring reverb. These, in turn, are nowadaleed with
conventional electronic circuitry. | can imagine that after lagades we similarly
have modeling amplifiers that emulate the modeling amplifiergdesbf today.
Modeling circuits are usually criticized for being “sterilid “inaccurate” since they
fail to capture all the nuances of the device they are imitalihgs is often true but
the critics also tend to miss a very important poiMien a designer resorts to
modeling, instead of just replicating the original device, it is usually donertalunte
some ideal properties that the original device didn't hatxamples of such
properties are increased versatility, cheaper price, lower poamsumption, or
simply being smaller, lighter or mechanically stronger thanotiginal unit. Nearly
every modeling device meets most of these design criterions extremely well

Spring reverb: This is an electromechanical device that is used in creating a
reverberation effect. A spring reverb includes a set of transdacersprings. One
transducer converts current, that is proportional to input signal, to a@igibrof the
strings, which is then picked up by another transducer that in turn conkierts
vibration back to current.

Tone stack(and tone controls): Terms tone stack and tone controls are fartémo of
used interchangeably. A tone stack is, as name implies, a consisting ofstacked
filter circuits - active or passive that control the tone of the amplifier. In such case
the difference between the term tone controls and the term takastaerely one of
usage. However, if the tone controls are spread all over the ciasubpposed to
stacking, it is very misleading to refer to the configuration uaitgymstack Another
term, or abbreviation, related to tone controls and stacks is “FM%ighwefers to
typical stacked tone control circuit used in Fender, Marshall and Vox aenpfifplus

a countless number of their variants.

Tone vocabulary: While “tone vocabulary” is nice and is often quite a useful form of
expression it is not precise or scientific language. People h#eeedt impressions
about the meaning of subjective terms such as “lush”, “smooth”, “gfedbuttery”,
“brittle”, “liquid” et cetera. There are plenty of terms tlaaé even far too difficult to
understand: What is “liquid tone” anyway? | have done my best to avinig iene
vocabulary” in this book, however, sometimes it's just plain impossibldorgive
me. A guitar amplifier designer must essentially deal with worlds: The world of
musicians, who deal with subjective and artistic issues (and whoirmextremes
consider bias and tone controls interchangeable) and the world ofcetagimeers,
who deal with theory and science that leave no room for subjectivityerdtand that
while it's easy to say that a certain modification made ¢ine imore “creamy”, it is
much more professional and informative to state what the modificditbeircuit
wise; e.g. formed a low pass filter with a corner frequency of 5 kHz.

The following is a small list of some typical terminology:

Authoritive “Pronounced” tone with enhanced but clear Hoggquency
content

Ballsy Enhanced lowrequencies that you feel rather than hear

Barking Literal expression: Distorted but dynamically strong tone that is
suitable for rhythm guitar playing.

Boomy “Smearing” of transients that makes bass reproduction sound
muddled
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Bright
Brittle
Brown

Buttery
Clean

Clipped

Colored
Compressed

Creamy
Crunchy

Dark
Distorted

Edgy
Glassy

Gritty
Harsh
Industrial
Liquid
Lush

Mellow
Organic

Overprocessed

Processed
Pronounced
Shred or
shredding

Smeared
Smooth
SRV

Sterile

Tight
Warm

Woman tone

Tone with enhanced higihequency content

Lacking in low end

Guitar sound of early Van Halen records. Sometimes associated
with smooth breakup from clean to compression.

Likely referring to combination of “smooth” and “organic”

Tone, which isperceivedas unaltered, usually ranging from
linear response (not clipped) to smooth compression. Highly
subjective issue.

Limited in dynamic range due to clipping off the higimplitude
signal content

A change in character, that ov@mphasizes certain tones

Limited in dynamic range due to clipping of higmplitude
signal content and enhancing the famplitude content

See “Smooth”

The “Gritty” tone resulting from clipping distortion. Must be
defined: e.g. “mild crunch”, “a lot of crunch” etc. Typical tone
of 80’s metal and hard rock.

Attenuated higHrequency content

Altered from original signal, usually by the means of distinctive
clipping. Ranging from slight breakup to full “shredding”
distortion.

Aggressive character introduced by dialing in a “gritty” tone
Highly subjective term. Sometimes paradoxally associated with
either “harshness” or “smoothness”.

The easily discernible increase in higaquency harmonic
content that results from clipping distortion

Abrupt and nastgounding clipping tone, usually in conjunction
with overemphasized higfrequency content

“Processed”, metallic or synthedfike tone

Likely refers to combination of “organic” and “smooth”

By definition, pleasing to senses

See “Smooth”.

Rich and unpredictable in detail. Lively. Opposite to “sterile”.
Tone that is processed so much that it sounds unnatural and
synthetic

Usually refers to an unnatural tone

A discernible tone with distinctive details

Literally associated with a metallic, buzzing sound of a shredder
Extremely distorted tone, which is typically rich in high
frequency content. Sometimes with “authoritive” lewd.
Closely related to music style (of modern metal).

Distorted at small detail level. Lacking in definition

Stripped from “harsh’sounding higHrequency content

The abbreviation referring to guitar sound of Stevie Ray
Vaughan

Lack of character. Perhaps too “clean”.

Tone with fast attack, often “pronounced”

Enhanced low and, in lesser extent, high frequencies.
Sometimes associated with smooth compression that increases
sustain

Eric Clapton’s thick, distorted guitar tone with reduced high
frequency content.
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Then we have the more precise definitions for frequency bands:

Low (or sub) bass 20 — 80 Hz 1st — 2nd octaves “Fullness”
Upper bass 80 — 320 Hz 3rd — 4th octaves Root notes
Lower midrange 320 — 2.560 Hz 5th —7th octaves “Intensity”
Upper midrange 2.560 —5.120 Hz  8th octave “Definition”
Treble 5.120 — 20 000 Hz 9th —10th octave “Sparkle”

1.4 About integrated circuit amplifiers

Chip amplifiers are nice but I'm reluctant to deal with them.riEv®ugh they offer a
far superior thermal coupling between internal devices, need no corbjlsixg
circuitry and house features like short circuit protection and tHexmaff, that would
take a vast amount of board space to build externally, there’'s saméthlislike
about chip amplifiers in general: An integrated circuit is @llaox that allows no
tweaking of the internal circuitry. One does not necessarily even tosaunderstand
how and why the devices work like they do. When using integrated gyraunt is
mainly limited to following application notes supplied by the manufactand | think
this steals the joy of learning and inventing something ntwngs that | consider an
essential part of the electronics hobby.

Another aspect is the poor serviceability ofd@sed amplifiers: For example, how
can one repair a chip amplifier that uses a device that has betsmlete some time
ago? The electronics market has seen far too many discontinuectedegrcuits —

and far too many devices that based an important part of their circuitry on such chips.

In my opinion, one should limit the use of integrated circuitry to commalbayound,
building blocks, such as operational amplifiers, microprocessors, &id DA
converters, logic circuits, switches and timers. Such circuénysimplify the design,
increase its reliability and most importantly, it is usuallyailable in standard
packages with standardized pinouts. Even the moststamiard of the bunch — the
micro controllers — have, in certain circuit families, existedhanged as long as
average personal computers — and most likely will continue to do sorfee decades.
However, integrated circuits with exotic special functions (dyoamrocessing etc.)
are bound to get discontinued or obsolete and replacement parts wiffib@tdio
find.

1.5 Tubes versus transistors

Nowadays tube amplifiers have a reputation of having the “ultiroa&’ while their
solid-state counterparts usually have a notorious reputation of sounding badlly
However, musiciando use transistor amplifiers: For example, during their carber T
Beatles used them on numerous occasions. Other famous musiciansvéhaeéa
using solidstate amplifiers include Frank Zappa, Carlos Santana, Brigl Albert
King, Ike Turner, Billy Gibbons (ZZ Top), Brian May (Queen), Jergréta (Grateful
Dead), Andy Powell (Wishbone Ash), Paul Kantner (Jefferson Airpldf@cis
Rossi (Status Quo), Chuck Berry, David Crosby, John Fogerty (CreeGeraravater
Revival), Robbie Krieger (The Doors), Jeff Beck, Neil Young, JinfPage (Led
Zeppelin) and the late Darrell “Dimebag” Abbott (Pantera) and abain (Nirvana)

- just to name a few. The list serves as a fine exampletbabd transistor sound is
not a concept to be laughed at.

18



So what'’s the deal with mocking transistor amplifiers? More Heseral thousand of
transistor guitar amplifier models have been manufactured sadatie to cheapness
of semiconductebased technology a lot of them have been built and designed very
poorly. Besides that, one has to remember that even in very nearthgast
semiconductors were considered somewhaédh: The technology was new and no
one seemed to know how to exploit its full potential. The manufacturietipads
were poor as well. The quality of transistor amplifiers stittebe acceptable only at
the very end of the sixties and excellent at the end of the seveSbme earlier
designs might have had a good tone but the reliability of mostQiseamplifiers was

a joke. Transistor amplifiers suffered from “infant diseasesthsas poor thermal
stability, lack of short circuit protection and distortions createdaneghanisms that
were unknown to most ‘til the very end of the 80’s! In practice, only people
actually knew how to design a good transistor amplifier. Naturtily, solidstate
craze of the sixties led to huge disappointment and people returnethgotuise
amplifiers. Transistor amplifiers had earned their bad reputatibe ene they are still
struggling to shake away.

Now, transistor amplifiers have “matured”. At the same timealsthte technology
and manufacturing of electronics has become extremely cheam Hlsame that
today, when there is a great chance for transistor ampliiesisine with their quality,
most of them are still designed and built poorly: A major portiorobd-stateguitar
amplifiers are still “bargain bin” and “entry level” models of questionable yuali

Vacuum tube technology, on the other hand, is not that much older but has bsen in
for a considerably longer period. Back in the 1930’s, when the principles of
semiconductors were invented, vacuum thhsed audio circuitry was already being
used in movie theaters and large concert halls. Very soon thetsehmology was
used for public addressing and in conjunction with the new electriaguitathe end

of the 1940’s guitar amplifiers were already part of the poputpripenent of
wealthier bands. Certainly there has been a huge amount of lousy diodmaeube
amplifiers; we have just forgotten them a long time ago. The gwodits survived

and unsurprisingly they haven’t changed much since the 50’s or 60’s.

There are some (actually quite a lot) satdte amplifiers that enjoy an equally good
reputation as some of the best tube amplifiers. In no particular: dfdeder Steel
King and M80, Pignose -100, Gibson GS300 and Les Paul solstate “stack”
(LP-1 & LP-2), Pearce Amplifier Systems G2R, Vox sedihte AG30, some of the
Thomas Organ’s Vox models plus most UK transistor Vox ampljfi&tead
Electronics amplifiers, most GMT and Galli&mueger amplifiers and some Peavey
models, some Kustom models, the whole Norlin’s Lab Series lineup, Randal
RG100ES, RG80, RG75 and Warhead laps, Polytone MinBrute Il and Mega
Brute, most Acoustic Control Corporation’s amplifier models, Rickenlacke
Transonic series, most higlower solidstate Standel and Hagstrém models, Pritchard
amplifiers, Sunn Coliseum and Beta series, Crate Power Block alahd®s Jazz
Chorus lineup.

Now, the readers of this chapter should not misunderstand me: | do rix tlible
amplifiers. What | find unappealing in them is their price. The iaspé&@nsformers
that tube amplifiers require cost a lot and are difficult to aeguéxcept by ordering
via Internet. The price issue is probably the single biggesbmeahy it seems like
only good tube amplifiers are being made: Producing poor but expensivis deal
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business. The other fact that | dislike is that most tube desigise#ficient. To add
to the insult, most of them arenderpoweredas well. While people may go lyrical
about “rounder” clipping characteristics of tubegsulting into idiotic equations such
as “one tube watt is equal to ten solid state wattsstill do think that a 5 to 10 watt
amplifier is underpowered and if it's a tube amplifier then iexpensiveas well.
Similarly a 50 to 100 watt tube amplifier is inefficient, heawg very expensive

The “tube watt is louder than transistor watt” is a myth thatled¢o be straightened
out: A watt is a watt, whether it is produced with a transistdre or steam engine.
That in mind, the differences in loudness can usually be caused only by:

Differences in the compared signals. There are several daugbss, such as
clipping or unequal system gains and frequency responses.

Differences in speaker system efficiencies throughout theiectafe
bandwidth.

Last time | heard someone touting out this myth it was revediat le was
comparing a Svatt tube amplifier with an efficient 3i@ch driver to a 1@vatt solid
state amplifier with a puny 6.5” driver. Powleudness comparisons mean absolutely
nothing unless they are performed using identical speaker systemgar8inpower
loudness comparisons meanthingunless they are performed with systems that have
identical frequency responses! Not that many guitar amplifieiisally have. More
than that, if comparisons are made it should be ensured that both sysierally
deliver the same amount of power to the speaker. It should be raalizate dial of

a volume control can't be trusted as a measure of this sirealit mdicates nothing.

In practice, it is almost impossible to compare two dissimalaplifiers and get
meaningful and scientifically valid results.

The fact that most marketing campaigns of setates amplifiers were (and are) also
more than anxious to put a lot of “air” into the amplifier's output powveting
(sometimes even stating peak power instead of the average @m®ther perfectly
realistic explanation for the existence of the tube watt mgtprdctice, the onlyalid
reason explaining the differences in loudness is the fact that ottee afignals is
actually distorted in comparison to other. For example, if one of the compared
amplifiers is clipping and the other one is operating at itsdiregion the one that is
clipping will sound louder — this regardless of whether the clippingifierplses tube
or solidstate technology. In this light, the comparison practically lodseseaning
since it is a very subjective issue whether any distortion shouktdepted in the
signal or not. Most tube amplifier “fans” like it, but in the old d§yse 1960’s) the
designers actually tried to get rid of it. Not all people likieet compression and to be
honest, that compression is often unmistakably audible as well. Sist®tidn
created by a clipping tube amplifier sometimes (but not alwags)a “soft limiting”
effect it is possible to harness an external soft limiterudi to make a solidtate
amplifier “clip” the signal as gracefully as tubes do — thrslkof circuit can also have
an on/off switch.

It must be noted though that soft clipping always narrows down the lopesating
region and thus decreases the amount of “linear” output power that axtrbeted
from a given supply. Thus an amplifier that provides 100 watts of outputr g@vwiéo
THD when swinging raito-rail cannot employ an additional soft clipping scheme and
emulate an inherently soft clipping 100 watts @ 1% THD amplifier.that it needs
more power reserve. In fact, when engaged the soft limiter rdrgpt the amount of
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output power at equal THD closer to 40 or 50 watts, depending on the saitrilees
utilized limiter setup. This explains why inherently soft clippargplifiers- be they
solid-state or tube are louder when compared to ones that clip abruptly.

Reliability of tube amplifiers is another “myth”. In a properhsigmed tube amplifier
the preamplifier tubes should last decades and the power ampiifess several years
(depending on how actively one uses the amplifier of course). | do rawtirég Vox
AC30 or certain Marshall amplifiers that notoriously eat their groinbes in months
as “properly designed” — regardless of how good they might sound. | domzder
tube amplifiers that quickly wear out inferiorly manufactured modertves as
properly designed eitherbut that’s just me. A fact is that if you stress the anaplit
will fail a lot sooner (regardless of whether it uses tube or-stdit technology): Jimi
Hendrix and Van Halen played their tube Marshalls “on ten”, they ladsl to hire
technicians who fixed their amplifiers at least once a weélkd Pprocedure usually
also included changing theown output transformerdliiot many people can afford to
do something like this on a regular basis just to get that tone.

Anyway, most problems with amplifiers are actually mecharfaalts. This includes
broken solder joints, intermittency of jacks and potentiometersatcétost of these
problems increase when components susceptible to mechanical dikesgcks,
switches, potentiometers and tube sockets), are mounted on PCB andipfteries!
only by the solder joints. Yet these are all problems relatedhitial idesign and
assembling quality — not the technology of the active devices. Twar megsons why
solid-state Fender amplifiers from CBS era were so unreliablee weat screws
attaching power transistors to heat sink often were not fastenedlprape soldering
machines rarely got cleaned. Poor design choices create troublesbdstate and
tube amplifiers equally. For example, a certain Marshall deitgebtvolt supply for
the digital circuitry from the filament winding. The supply wagsofirse regulated but
nevertheless, a hig¥oltage surge was enough to destroy the delicate digital circuit
boards. A case where B+ shorted to filament winding (like when totlesarced)
was even more catastrophic. They could have prevented all of thisply giowering
the digital circuitry from a separate power supply.

Another very common design mistake in modern tube amplifiers is D€nament
voltage to decrease hum. There is nothing bad in thisnkEsyg practice — unless it's
done in conjunction with an underrated bridge rectifier soldered to tie FOst
bridge rectifiers should be equipped with a heat sink in order to theepower
dissipation ratio listed in the datasheet. Most people wouldn’t evemdreeaunning
output transistors without a heat sink but would do this for a bridgéeegtithout
giving it a second thought. The result: The rectifier gets htbtéar expected, melts its
solder joints, chars the printed circuit board and lifts the PCBedraUsually
capacitors next to it are heated severely as well, thus deweheir life span. These
are just a few examples of problems that exist in tube aeglibut are more related
to matter of poor design than the fact that tubes would be generailty unreliable
devices.

The most important fact in the seemingly endless debate concentitigtate versus
tube sound is that tube amplifiers sound good only if they are designed\yrdyieh

the same principle, transistor amplifiers can also sound good. Thépplinastake
made by most people is to think that transistor and tube amplifeeilke. They are
not. Apart from fact the fact that both devices can amplify voléagkcurrent a lot of
differences exist and therefore most circuit topologies are merchangeable.
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Besides, there is no need for sedidite amplifiers to mimic tube amplifiers in order to
sound good. Transistor circuitan mimic tube circuits, but if you expect it to happen
simply you are mistaken.

Soft clipping characteristics of a vacuum tube (transfer cumeekeasy to replicate
with both analog and digital circuitry and the most perceivable ctesraf tube
power amplifiers, which is the varying frequency response into spésdctrefer to
Figure 1.5), is easy to replicate as well since it is cabgetw other reason than high
output impedance. If the output impedance’s effect to frequency respense i
compensated distinguishing any audible differences between tube andtatdid
amplifiers becomes very hard and is basically limited to hednegube amplifier's
output signal being intermodulated by mains frequency signal due tdoinfer
regulation [1].

dB

Z20Hz 200Hz 2KHz 20KHz
Figure 1.5 Reaction to speaker impedance in an amplifier hamg high (5 ohms) and low (0.2
ohms) output impedance.

Note: The Yaxis of the graph has no particular scale since it reflects the speaker
impedance at resonance. Even more, the resonant frequency is dependant on speaker
and cabinet configuration and therefore the graph should be considered only as an
example. The graph shows the voltage response to speaker impedance when both
amplifiers are set to output equal power at 1 kHz sine wave signaldrivies used

was Eminence Legend 875.

A topology called “mixed mode”or “current feedback”, that raises the amplifier's
output impedance, thus lowering its damping factor, has been known aitheasthe
1970’s and has been used in various amplifiers. For instance, this top®lagy
essential part of the circuitry in Korg’s Valve Reactor andrdifall’'s Valvestate
amplifiers. If “vintage”, transformecoupled transistor circuitry is utilized | wouldn’t
even use a term “mimicking tube circuits” since this topologgseentially identical.
The result of using either topology is that the setate amplifier will start to behave
like an ordinary tube amplifier and produces a higher voltage gamgher load
impedances. For reference, in a typical set@tecurrent amplifieroutput stage, the
voltage gain remains nearly constant despite changes in load impedance.

The linearity and low higlorder distortion figures of a triode tube are unquestionable
but when combined with distortion produced by the output transformer the harmoni
distortion pattern becomes pretty similar with transistor des[g6% Bandpass
filtering formed by saturating the output transformer is probablyh#rdest effect to
mimic but usually soliestate distortion circuits already introduce a drastic bandwidth
limit and “voicing” before and after the clipping stage — attlélas ones that sound
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good. Transformer saturation is a result of using underrated compdioergsample,
25 W output transformer instead of 50 W) so some tube amplifiers demitexhibit
this bandpass effect. For example, some older Hiwatt amplifiers useptiserously
rated Partridge “iron” that it made even HiFi amplifiers tdepa comparison.
Gibson’s older tube amplifiers were usually exactly the opposite Gonstantly
utilized undersized output transformers.

20.3dB 25y
19.6dB- 20V
15.9dB - 15y
18.2dB- dl
17.5dB- 123_
16.8dB- sl
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15.4dB- Y+
14.7dB -10V
14.0dB- 15V
13.3dB- -20V—
12.6dB — T 25y

20Hz 200Hz 2KHz 20KHz

Figure 1.6 Frequency response and clipping behavior of a MusiMan hybrid power amplifier.

Since many are likely interested in knowing more about certain itegsal of the
praised tube power amplifiers it might be worthwhile to take a look aietfermance

of the Music Man hybrid discussed in 3.19.3: Figure shows the frequemponsesof

the amplifier when it's driving a-4hm Eminence Legend 875 speaker. (The same
load is used in the following plots as well). It is clearlyrsdéleat the high output
impedance together with the speaker’s-finear impedance causes a 3 dB emphasis
at the resonant frequency. High frequencies are also emphasizegolnkany other
designs, the amplifier in question employs some negative feedbackreaske the
output impedance and tame this dmearity. In fact, without feedback there would
be a 16 dB peak at the resonant frequency and a 31 dB peak at 12 kHz. Due to
enormous power demand these peaks alone would create serious amoutudstiondis
and likely even introduce instability. This is a common concern ipushpull tube
power amplifiers, not just this specific one. Thus we see that nsgative feedback

is often quite essential — even mandatory.

How about the hyped soft clipping? Well, we see that it's prettyexistent: The
amplifier clips as abruptly as an ordinary sedtdte amplifier. Don’'t be fooled to
think that the sudden and harsh clipping is due to use of&alid technology; it's
not. Even an altube amplifier may clip in a fairly similar manner — and somes
even harsher depending on the circuit. For example, thaballoutput stage of the
Univox U-1000 amplifier clips pretty much like an ordinary sedtdte operational
amplifier. It also suffers from poor clipping recovery that showssifrail sticking”!

It should be noted that the concerned amplifier uses only a very amalint of
negative feedback so we should ignore that typical “excuse” for poor performance.

24v
24.9dB- 16V
24.3dB- gy
23.7dB- 0y
23.1dB+ gy
22.5dB- 16V
21.9dB -24y

R R L | :
10H=z 100Hz 1KHz 10KHz
Figure 1.7 Frequency response and clipping behavior of Univol-1000 alttube amplifier.
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Soft clipping mostly seems to be a devietated characteristic, which is shown by the
comparison of Fender Bassman 5F6A and Marshall JTM45. The output staggh of
amplifiers is identical with the exception of different power tulzd feedback
takeoff point. Fender uses 6L6GC (which is the same tube used by afbi@med
Music Man and Univox amplifiers) while Marshall uses EL34. Theediffice in
clipping behavior is striking! Again this difference cannot be erpldiby the use of
higher amount of negative feedback since Marshall employs moretinFBFender:

If you look at the decibel scale, the plots show how the effecteabfeck flattens the
frequency response of JTM45, thus “tightening” its tone.

28.8dB
5FGA
28.0dB-
27.2dB-
26.4dB-
25.6dB
24.8dB-
24.0dB I 20V
20Hz 200Hz ZKHz 20KHz
20V
26.3dB- JTM45 16V
12V
26.1dB— v
AV
25.9dB- pvll
_ -4V
25.7dB i
25.5dB -12V+
-16V
25.3dB i 4 |1
20Hz 200Hz 2KHz 20KHz

Figure 1.8 Frequency responses and clipping behavior of FenddBassman 5F6A and its heir
Marshall JTM45.

The flaunted harmonic content from a clipping ppsii tube power amplifier also
looks very “unusual”: As the distortion increases, while more and rmsigraal is
getting clipped, we see that the even harmonics in comparison to oddbarneds
increase in amplitude. In fact, the prominent harmonics are all odd Bimiesis not
against “textbook knowledge”, since any respectable book teachepusiapull
stages cancel even harmonittowever, this is against false beliefs and information
spread by a vast number of people who have little idea of what thégllang about.
The source of the common beliefs concerning tube amplifier harmanidsely a
misinterpretation of Russell O. Hamm’s famous study [2], which wniately failed

to compare the differences of sefithte and tube amplifiers in a proper depth.
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Figure 1.9 Harmonic spectrum of a clipping pushpull tube amplifier.

Note: Russell O. Hamm'’s study was based on measurements of only frenentif
microphone preamplifiers (“...four different commercially available prpkiiers,
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using two or more stages of amplification. All the circuits use feedbaosuple are
pushpull.”). Testing only four devices can hardly give universal results arh ev
more: The test setup was highly biased since all of the measuredirtiits avere
singleended while all of the measured transistor circuits were jpugh Figures 10
and 11 (in the study), that depict square wave clipping of a transistor (anetdgh
harmonics that it creates), clearly reveal “ringing” oscillation at thenset of
clipping. This means that Hamm compared an unstable circuit to a set oésiab8.
The paper does not depict the tested circuits either, which leaves reagectiate if
there was something else behind the performance of the circuits thahgugpe of
active devices they used. In essence, Hamm'’s study presented rougtizginers
that hold true only in some specific cases.

We have now debunked at least two “tube myths”: 1. That willaes/sclip softly and

2. The claim that tube clippingnherently creates a dominant amount of even
harmonics. We may add the detrimental effects of negative fdeditacthe great
realm of myths as well. Essentially, the only universal charatt of a typical tube
amplifier is the naturally high output impedance and the effeetstent by it. This
characteristic can be successfully replicated in siite amplifiers, even rather
easily. These observations also correspond with the results ofuihe retade by
Bussey and Haigler in 1981 [1].

Yet, most “tube heads” will still question the fact that a setate amplifier could
sound like a tube amplifier. They are partially right: A tube afigslis a complex
system and a 100 % accurate salidte emulation of one would require@ren more
complex systeniNo one is willing to build one, nor is it even sane. DSP can get very
close with a low component count but even that technology fails to cagituitee
details since there are just too many of them. Usually the nyeemdrcomputing time

of DSP systems is also dedicated to creatingréety of decent modelsither than a
single extremely detailed and accurate model. To model a sulmas quite easy, to
model a set of them hooked up to an output transformer loaded by a spemakaudh
more complicated task. The same thing applies “backwards” as Dedpite their
claimed sonic merits a tube amplifier could never sound like art ezpg of a certain
transistor amplifier. | believe that a tube design emulating,tbayLab Series L5 or
Roland JEC120, would have to be at least hundred times more complex than a solid
state design imitating, for example, a Marshall JCM800. Bediu#s one has a
problem of what to imitate. Due to large variations in tube paemnet is quite
impossible to even find two JCM800s that would sound exactly the same.

What one needs to realize is thats with most electronic circuitst’s not about the
device — it's about the complete circuit built around it and hopefuly ook will
provide some further insight to that topic. The best practice tovd#dalthe whole
tube versus soligtate technology issue is to be very skeptical: Every timeeaul or
hear a claim that a vacuum tube possesses a certain properhoytdistop and think
whether that is specifically a property of the vacuum tube itselfr perhaps
something caused by the different design approaches that vacuum tube3hee
effect of output impedance is a very good example of this.

There is also a great deal of misinformation and delusion concdomiafeffects of
different tube types. It strikes me to hear people comment on how Ahgieg

amplifiers have more midrange than the typical Fenders or Mirsimal then explain
this characteristic by the fact that Ampegs used rather uncoonahtubes. Wrong!
This is again a thing that has nothing to do with the type or modsdtive devices.
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Most Ampegs just used a “Baxandatype tone control circuit, which has fairly flat
initial frequency response. Also, the midrange control of most Ampegs an
individual resonant circuit, which created a flat response at “8"aasignificant miel
rangeboostwhen the control was turned fully clockwise. In comparison, a typical
“Fender/Marshall/Vox‘type tone control initially introduces sagnificant midrange
notch— the notch is there even when you turn the-raithe control all the way up to
“10". It is no wonder that an Ampeg sounds “nasal’” when conventional tonelcontr
settings are used.

A detail like this should be obvious to everyone who is even moderatgdski the
art of electronics so need | say more? Also, it never seizamfze me how many
people think that the tone controls and frequency responses of all arspéfie
always identical. What is kind of sad is that instead of focusingffects of things
like speakers or tone controls, which can really make a huge diffetenalwise, a
typical “tube head” always assumes the tube choice is the frauseerything. | can
see how easy it is to jump into this bandwagon and acclaim a “pattissby
speculating whether an Electitarmonix 6CA7 sounds as “mi@éngey”’ as an EL34
but unfortunately this really serves nobody and only adds more confusion. Biokom
is: If a tube would create such a major impact on frequency respnddene it would
be safe to say it was defect. We don’t hear “transistor gagyghg how they switched
the output MJE3055s to TIP3055s and got a mellowerramde, do we? (Granted
that there is a lot of similar and unnecessary discussion aboutdiffieatnces of
OpAmps). Anyway, if a certain tube amplifier sounds different tlmendthers you
can be 99.9 % sure that you will find the explanation to this behaviortfreraircuit
topology, speaker choice or cabinet design — not from the choice of tapes.t&ing
applies to those OpAmps as well.

Anyway, | feel that this discussion has already exceeded tadagreat length. The
whole idea of creating some kind of a “competition” between stk and tube
technologies is rather stupid and boring anyways. Both have merits &nshioold be
respected.

Note: The author prefers not to use the term “valve” since iemsaly depicts a
device’s property to control a flow of certain matter through it. Siheetérm can be
applied to both semiconductor technology and fluid mechanics (with equal
sovereignty) it should be used only as a mere analogy — not as a synonymuaira vac
tube.

1.6 Amplifier's tone —or is it?

Throughout the years, the use of a tube amplifier has been thexjilahation that
people come up with when they give praise to a certain tone. Howbeee, dre
plenty of examples when the greatest contributing factor has-beetne words of
Monty Python- something completely different: The legendary distorted guitar
sounds on Link Wray's “Rumble” were created by punching holes to speakes
(note that many different versions of the song were recorded). Intemiew Wray
once told that this was the only idea he came up with to reptloateverdriven tones
he had when playing live. Placing the amplifier into a stairceessged the echo effect.
Broken speaker was heard also on Jackie Brenston’s influential $fa&et 88”. It

Is actually quite funny that most tones on the records that piondeeedse of
distorted guitar sound were created with entirely different méaas overdriving
tube amplifiers; that just couldn’t be done in the studios since the high sound pressures
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would have created a lot of unpleasant standing waves. Likely therdizerd
containing authentic and “heavy” tube overdrive tone is Johnny Burnettes TTibé
TrainKeptA-Rollin”. However, the distinctive tone came from the fact that the
pickup of the guitar Paul Burlison used during the recording had it&Elswing pole
piece significantly raised. Onstage, the guitarist createtbtie by pulling off one of
the power tubes in his Fender Deluxe 5C3. (In gudhcircuits this creates a highly
distorted, asymmetric output).

It is amazing how much amplifier's tone can be shaped with simmal#ers of
microphone and speaker cabinet placement as well. For instance, the angdiiibe
lifted off the floor for reduced bass and vice versa. To get a laegg sound the
amplifier can be placed facing the corner and miked from the behinsl.isThi very
similar technique to that what blues legend Robert Johnson persistethgrwhge
recording. In aforementioned configurations huge differences have beenenveme
without considering aspects like microphone choice and placement. Mmsb st
recording techniques work best if the amplifier doesn’t produce huge scessligs,
thus small, lowwattage combo amplifiers were (and are) often preferredi@dustme
few examples, Frank Zappa used a Pignosé®( Brian May used the “Deacy”
(which was simply a junked sohstate car amplifier fitted inside a HiFi speaker
cabinet) and Iron Maiden utilized a Galli&mueger 250ML.

Today, when modeling technology has become an everyday part of sigredgmgc
the responsibility of tone shaping is easily thrust on the shouldetheofuitar
amplifier. However, the assumption that an amplifier would, or could, rgeEna
desired tone is basically incorrect. A large portion of a cettaie is always a result
of both playing technique and type of guitar. The playing technique caralhatg
practiced. One should first learn to get the desired @onasticallyand only after that
consider the contribution of the amplifier, effects and other equipmbatbést bet is
to start from the instrument: Different pickups have different tenesen when they
belong into same category. The difference between samjleand humbucker
pickups is (usually) astounding — the difference between various pickuppsglike
neck or bridge) is astounding as well. The type of bridge can havesarhpgct on a
guitar’s sustain. A Telecaster has hard time in sounding lilkess&Plul and vice versa.
The tone of both aforementioned guitars is far different from hollow tssdhgi
acoustic guitars like Gretsch’s. Furthermore, string gauge akdtpaekness make a
difference as well, heavier strings usually have a “fatemét Thicker picks create a
heavier, “compressed” tone while thinner picks provide a bright toneawishappy”
attack. Of course, a lot depends on how you pick — and where you pick.

One final difference that must be mentioned is the choice of sjgeakdr speaker
cabinets: For instance, do you think that a Marshall head would sound like a
stereotypical Marshall if it was played throughapen backl x 12" cabinet? Would

you get stereotypical Fender tones through a closed back 1960A cabinet?

1.7 Operational amplifiers versus discrete circuits

There is much controversy about the tone of operational amplifiers/idly about
the debate is simple: As long as the design concept of maintdinéengproper
headroom (which unfortunately is often quite low) is followed, the ojo@t
amplifiers (used in low current stages) beat all discretignkeslearly — at least when

it comes to acquiring clean tones. One can make a counterstatestingtthat most
operational amplifiers use a cla&B output stage and therefore suffer from crossover
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distortion, however | think such statements are not very convincing. akeAd
stage of an operational amplifier uses such low current thahibe easily biased so
close to clas®\ operation that the amount of crossover distortion is nearly non
existent. If you don’t believe that, believe the distortion figuregy@ical discrete
common emitter stage has a THD figure of about 0.1 %, feedbackl gtage 0.065

% and an emitter follower buffer about 0.059%. Evermadiocre operational
amplifier has a THD figure of about 0.001 % and a good one about 0.00010%6
much do you think the crossover distortion weighs in that?

The reasons for better distortion figures are replacing resistith a linear constant
current loading and more importantly — using a large amount of linearizing negative
feedback. Basically, the distortion is so minimal that it is hardetect. In practice, it

is very hard to actually deteanythingin a manner that allows pinpointing a certain
topology as the cause. R. M. Mottola, the technical and contributingr eafit
American Lutheriethe journal of the Guild of American Lutheries, once conducted a
blind test that compared two bass preamplifiers; one was made antapferational
buffer amplifier circuitry and the other from a common source JREThose tests
less than half of the test subjects were able to tell angreifte between the two
circuits - not to mention which one was preferable. Out of fourteen test subjdgts
two found the tone of the JFET amplifier preferablanother two preferred the
operational amplifier circuitry. Five test subjects found the sounHdotli circuits
identical. All test subjects were professional musicians. Ainl@rbout the test was
published in Journal of Musical Instrument Technology, issue 23, 2003.

Due to the high amount of negative feedback, operational amplifiprserly harshly.
Basically any active device — including a vacuum tube — would do thispriidem

is that OpAmp’s operation is based on using massive amounts of nefgetNzack.
In practice one just has to deal with that by staying within supghage limits. A

common beginner’'s mistake is to use OpAmp gain stages with hugégyaes like

20 to 50 when the reasonable amount would be a decade less. Almosbkdestate

amplifier of these days has a multitude of OpAmps in the sidraahof preamplifier
— even the famous Lab Series lineup used them. The designers oatmggers

have understood that the best practice is to keep the concerned gasci¢an and
use other methods for acquiring distortion and overdriven tones.

1.8 Use of DSP in amplifiers

When it comes to solidtate designs the author is a strong supporter of DSP. If a good
resolution (bit rate) and high quality ADA converters are used it is impossible to
distinguish a digitally processed signal from one processed witbgaciecuitry — this

is of course assuming the algorithms used in the modeling proeegesa as well.
One can describe digitally processed signals as “steril@ieder, I'm more inclined

to say that they have less distortion and a better noise figutigi#al processor
circuit is easier to tweak than an analog circuit that doesaime thing — very often

all you need to do is to rewrite the code. Likely the circuit aldlo be much cheaper,
have smaller physical size and be much more reliable. Today, tRadaBnology is
still a bit expensive but its price practically drops by a leakry year — which is
something one can’t say, for example, about vacuum tube technology. Thed#wnsi
of DSP is the complicated servicing. Due to circuit nature ond spaak about oid
fashioned repairs anymore. “Repair” of digital stuff practicatigans fitting in new
replacement circuit boardswhich naturally have to be ordered first. However, in a
competentesign the digital part of the circuitry is the least likielyolow or indicate
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any problems. Mechanical faults plus aged or overheated components cutright
circuitry are much more common reasons for problems.

With a digital audio processor and few converters it is, for exammbssible to
modify frequency response, transfer curve and signal delay. Bgsiball variety
alone allows creating effects that realized in an analogmesigld require hundreds

of components. Better yet, one can create hundreds of differensgifstby adding
some lines of code when in an analog circuitry one would have to corfstinaiteds

of circuits. It has to be noted that creating good analog circuitstithat easy either. |
suggest anyone to take a look at the schematic of, for example MBe&sMetal
Zone to see what heights proper analog distortion circuit design redesas to take.
One can't just throw in a few clipping diodes and think its okay lilee designers
tended to do in the 1960’s — unless one’s seeking that 1960’s fuzz sound, of course.
For reference, the M2 circuit uses 9 OpAmp stages and 11 transistors including FET
switching circuits. | didn’t even bother to count all resistors anmhasors — and
remember: This circuit provides only one type of distortion tone.
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Figure 1.10 Equal loudness contours or FletcheMunson curve.

What most people also criticize is that an amplifier withgitali processor may sound
good on bedroom levels but totally different when cranked. This is a stuguichent.
Anyone familiar with the theory of human hearing and Fletdhenson (or
RobinsonDadson) curves knows well that human hearing is less sensitive tanlbw
high frequency sounds on lower volume levels. A guitar effect tweaksouind good

in your bedroom likely has highly emphasized highs and lows and this b&come
audible when the volume gets cranked. The emphasis may be in the oséeeal
decibels, which will overdrive any amplifier — especially sinaestof it is at the low
frequencies. If one has tweaked the effect (patch) to sound good vayilegoguitar

at home and wearing headphoremd especially if the effect also employs a cabinet
simulation or other frequency altering effects it is nearlgassible to make it sound
good in a situation where a band is playing live and the guitaristaiseal guitar
speaker cabinet. A professional musician already knows this andnikafawith
techniques required to tweak the tone controls of the amplifier aredféoe to suit up

the performing environment and volume level. Another issue is how easy thi
tweaking is: Versatility is a good thing but can turn agairsslfitif amplifiers and
effects are too hard (and slow) to set up.

In case one is afraid to add complexity to the amplifier in ¢ fof digital circuitry,
the best practice is to design the amplifier to have a cletanilés sound and a high
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power output stage that makes sure the amplifier stays cleaighar volumes as
well. All digital circuitry can always be added “outboard” and tally the two
greatest factors in determing the final tone of the amplhfifarctors that no design
based on maintaining the linearity of gain stages can-ha#p the frequency response

of the tone controls and the frequency response and efficiency of the speaker system.

1.9 Decibel references

Different references used in dB calculations can sometimesrifesing so | felt it is
beneficial to include a short description about most common ones. Themgaanly

two kinds of references for voltage, dBV and dBu (or dBv); the lattepecified for
impedance of 600 ohms. Note the use of upper and lower case letted®W heeans

that the reference is 1 V across any impedance, while dBu and dBvreence of
0.775 V. “u” stands for unloaded so in its case the reference is ratedeto
impedance. The reason for using dBv unit comes from a fact that d@wBu) equal
dBm when the impedance is 600 ohms. This was the input and output impedahce us
in old radio technology. To convert dBV to dBu add 2.2 dB.

The common references for power are dBm and dBW. The dBm meansrptatiee
to 1 milliwatt while dBW means power relative to 1 watt. Usu#ille unit should be
specified as dBm (1mW) and dBW (1W). 0.775 V (RMS) signal to 600 ohsndtse
into average power of 1ImW, hence the reference level dBv.

Acoustics use a measure of sound pressure level (SPL). Thencefézeel, dB (SPL),
is 20 micropascals, which stands for quietest sound an average human can perceive.

1.10About various types of distortion

The term distortion means alteration of a result signal in casgrawith the original
one. Roughly, distortion types can be separated into two categomestr land non
linear. Nonlinear distortion always adds additional harmonics to the fundamental
signal content. These can be presented by comparing the distortddtsignadeal
signal that has no other harmonic content than the fundamental frequanhyars
ideal signal is a sine wave. The additional harmonics can be eweld depending on

the multiplication ratio with the fundamental. Second harmonic hasjadncy that is
two times higher than the fundamental frequency, third harmonic haes tihtes
higher frequency and so on. Sub harmonics are harmonics that have &dgwency
than the fundamental one. The distortion modes can be divided into four categories:

1. Frequency distortion is taking place when all frequencies do notngelifiad
evenly. This form of distortion is “linear” meaning it doesn’t add thollal
harmonic content to the signal. In essence, anything related to deiiam flat
frequency response can be considered as distortion. However, this type of
distortion is very common and even sought after.

2. Intermodulation distortion is created by interaction of two sigriade have a
different frequency. For example, summing two waves also créatpsencies
that are equal to sum and difference of the two fundamental freqaeridie
process also creates the sum and difference frequencies ofratirties. Their
amplitude decays in relation to harmonic order. In the 1960’s another chuse
intermodulation distortion was discovered by professor Timo Otala: Higie
frequency phase shift in feedback loops causes a delay on trangnaid sind the
asymmetric summation of two, reverse phased transients criatpsency
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components that did not exist in the signal before. The distortion tgpenamed
Transient Intermodulation Distortion (TID).

3. Phase distortion is occurring when the result signal has a distphase in
relation to the original. This distortion type is also very common rbastly
inaudible. However, one must understand that in certain applications arg/ phas
shift must be strictly avoided. For example, in video electroniesrsed phase
means inversion of the picture.

4. Amplitude distortion means that the signal levels of the regytiakiare distorted
in comparison to the input signal. This distortion commonly occurs whetina g
stage gets overdriven, thus causing the active device within g tstaaturate,
cutoff or both. If we consider the process from the view of a ssigkewave it is
obvious that any distortion in wave shape will generate new harmenqueeincies.
So-called crossover distortion is a form of amplitude distortion ctdeaie the
requirement for a certain forward voltage needed to turn the active device on.

1.11 Some history of (transistorized) guitar amplifiers

The first solidstate power amplifiers were copied from tube designs and theyansed
output transformer that both coupled the output and worked as a collectaDftad.

a third (interstage) transformer, operating as a phase sphtisrincorporated as well.
A demand for lower distortion and higher damping factor — and thus rnmzar |
output — however, soon pushed the designers to favor emitter followetscindiih
transistors this was much more ideal solution since it allowettioghthe bulky and
expensive output transformer. However, since ideal -Baamplifiers require both
NPN and PNP-type output devices and NPN power devices were difficult to
manufacture from Germanium, which was the-mnopch semiconductor material of
the time,- a transformer was still needed; this time to reverse gmalsphase: If two
drive signals in reverse phase were used, the power amplifieregcunly single
polarity power devices. This smlled “totem pole” circuit arrangement was also a
relic from vacuum tube times: A similar output transformerl@ssign was used in
driving capacitive (and fairly high) loads of coaxial cables. Du¢he low emitter
resistance of transistors it was even easier to push more outpet from this
design, yet due to the small amount of negative feedback itettiihed a quite low
damping factor. A schematic of the circuit topology is shown in Figure 3.9.

Note: A “totem pole” is a poor selection for a name since it waguently used in
describing any schematic block that contained stacked devices. In facgntieetells

us nothing about the circuit. A far better name would have been a stacked output stage
with an input transformer.

One of the “breakthrough” innovations in sefithte power amplifier design happened
in 1956 when Dr. Hung Chang Lin combined the Darlingtomd Sziklai pair circuits
together forming a “quasiomplementary” circuit. The topology allowed using
identical, single polarity power transistors, which were drivenntmydomplementary
low-power transistors. The invention made it possible to reach high outputspgeter
omit transformers completely from the signal path. In 1956 the tin@s published
in Electronics magazine and in 1959 it was patented. Yet for abndstade it was
left unnoticed by most manufacturers. During those times tubessiiitee number
one choice for most audio applications. In 1963 H. J. Leak announced the ‘Eiéreo
amplifier, which was one of the first commerdignsformerlesgransistor amplifiers
and utilized the Lin’s idea. Soon after that the leading semicondueti@rial shifted
from germanium to silicon, which was more reliable. The problemndirig welk
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matched complementary devices, however, still persisted. It gctoak a few years
and a set of RCA application notes to popularize the Lin’s idea busewe then the
design has been extensively used until very recent times when amedypghquality
complementary power transistors have become widely available. Evethaamasi
complementary topology is widely used in integrated chip amplifilers to their
fabrication limitations. An example of the “l-topology” can be seen in Figure 3.6.
Lin also invented lateral transistors and his studies with therefigcts of
semiconductors led to utilization of diecdempensated bias configurations, which are
now used in majority of transistor amplifiers.
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Circuit design reminiscent of early transformercoupled transistor amplifiers: Pignose 7100.

Around 1965, transistor guitar amplifiers finally had their breakthrougty Kad
already introduced few of them in 1962, Gibson and Hagstrom in 1963 and Watkins
Electric Music (WEM) and Vox in 1964. However, 1965 stands outs as dhewen
almost every major company released their first transistaargamplifier. The list
includes Selmer, Standel, Carvin, Peavey, Unicord, Thomas Organ,, [Baldsvin
and likely several other smaller companies that have been long gdrfergotten.
Fender, Kustom, Teneyck, Jordan and Silvertone followed the next yea.vifale
some of these amplifiers were the only equipment that famouswaxtkl even
consider using: For example, Jordan’s transistor amplifiers tverlwudest available.
For the annoyance of some mod bands, that were trying to get highérigued
volume levels, they even beat the Marshall’'s tube amplifiers in loudness.

Since “super popular bands”, that needed to play stadium concerts, hadpeated
the first time in history the speaker systems of the “flagjsimodels were starting to
get humongous: Gibson Les Paul-EPowered speaker cabinet had fouririé¢h
drivers, plus two 14nch horns. Vox Super Beatle came with a cabinet housing four
12-inch speakers. (“Super Stack” had two of these cabinets). Baldwesp®mse to
Vox was the 10@vatt “Exterminator” with two 12nch, two 18inch and two 7inch
drivers — all in a single cabinet. Not to mention the horn cabinet®lomns from
Acoustic Control, Sunn and Kustom that appeared in the late 60’s. Notgighat
brief moment before all this, a 3@att tube amplifier with two IIhch speakers was
considered more than adequate. To put things in perspective, back thenrdige ave
PA used by almost any famous band was generally worse than thewwaryfind
from an average club today.

Another major breakthrough happened at the end of the 60’s (ca. 1967 — 1968) when
RCA introduced a set of reliable, higlower transistors and simultaneously published

a selection of application notes that introduced circuit topologies asichuasi
complementary output stage, differential input stage and VI hqitThese designs
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finally popularized circuits that omitted bulky interstage tramsfos and were at
least modestly reliable. Truthfully, the presented designs vi#rguste flawed (to put
it mildly): The accuracy of transistor datasheets was awdien compared to precise
tube datasheets — and people had accustomed to design principles tindgdincl
copying the application note circuit and assuming that the printed defacmation
was accurate. The transistor technology was still far too newertheless, the basic
operating principles were correct and the circuits influential arsiring for
countless audio designers. One can’t underestimate the importanteay, @and
reliable new transistors that emerged either: For exampléejntiestry workhorse”
2N3055 was costing less than a dollar! After the introduction of RQ#ergathe
amount of transistelbased power amplifiers skyrocketed.

Some nearly forgotten brands from the sixties: Tengck G3000 (1966) and Baldwin Professional
Deluxe with multicolour push-button switches for “Supersound” circuit (ca. 1967) Teneyck
amplifiers had a distinct similarity with Ampeg'’s “ Golden Glow” series from 1967 1968.

Thus the 70’s were the real dawn of transistorized guitar asglifSince most of
them were entry level models, deliberately built cheaply and sgiédple who could
not afford a tube amplifier (that was usually higher quality) &whe designs stood
out. The serious consumer HiFi market, on the other hand, had compbetetioaed

tube amplifiers, which lead to the downfall of many major tube maturi&xs and

further broadened the gap between quality of transistor and tube désigns.were

high quality designs, of course, but in such a small market as guoitaifiers these
were extremely rare — not to mention too expensive for most pedmaceliable and
linear solidstate designs from the era were mostly either HiFi or puddidress

amplifiers.

During the years, solidtate audio and related technology has been rapidly developed
by theory and innovations of famous designers such as (in no particulay Padé
Penfield, Bob Widlar, John Linslgytood, Erno Borbely, Malcolm Hawksford, Robert
“Bob” Cordell, Marshall Leach, Bob Carver, Jean Hiraga, Rudolph Lendsn, B
Pease, James Bongiorno, Douglas Self, Randy Slone, Daniel MeysgnNehss,

Walt Jung, John Curl, Ron Mancini and numerous other people whose work has been
credited for major companies.

One shouldn’t forget the influence of instrumergnd PA- amplifier designers who
specifically worked with solicstate gearRobert Moog, Roger Meyand Electre
Harmonix designerdMike Matthewsand Bill Berko had a huge impact on the
development of various, revolutionary effect circuBab Rissi,together withPaul
Spranger designed the first (and infamous) transistor Fender amplitensgver,
Rissi also designed the Rickenbacker’s respected Transonic lineulatf€haimed to
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correct most of Fenders’ mistakes and proved to be high quality anthnemative;
the series was endorsed by Steppenwolf. Led Zeppelin and Jeff Beclsald these
amplifiers on some occasions. Spranger later went to work for Altec.

Princeton PG200TRS Solid State Tremolo Reverb (leftand National GA920P Tremolo Reverb
(right) amplifiers are by most of their features typical “bargain bin” SS amplifiers from the
period between late 60’s and early 70’s: Both haview output power and transformerless quasi
complementary design with highly questionable therral stability. Features like crude tone
controls, spring reverb and tremolo circuit were of course a must. “Hip” catches included a
slanted cabinet shape and an advertisement of usimgew FET transistors (only one was used in
the entire amplifier). The piggyback amplifiers cane with a matching 2 x 8" cabinet. The
manufacturer for both Princeton and National was Jpanese Panasonic. Selling same amplifiers
under different brand names was (and still is) verycommon in the guitar amplifier market.

Bud Rosswas the founder and head designer of Kustom and when it was sold he
founded Road Electronics. The latter built powerful, kaglality amplifiers that were
housed inside a durable flighéise construction. Unfortunately they are mostly
unknown today. Road Electronics eventually merged with Rickenbacker titiaiced

a “Road” series of amplifiers. Most of us likely remember Raetser from his later
work with Ross pedals and amplifiers. Another “merger” with Rickekéyawas
Jordan: The whole Jordan company was actually disbanded and its tedkaial
moved to work for RickenbackeGeorge Cole(the owner) became Rickenbacker’'s
Chief Engineer,Bob Garcia (Jordan’s Chief Engineer) became electronics factory
manager antlanny Gabler(General Manager) became a salesman.

Robert “Bob” Teneyckworked for Ampeg developing their Gemini series of tube
amplifiers in the early 60’s. Being a competent designer he helghdtents for the
company’s vibrato and tremolo circuits (US Patent 3,388,257). However, keneyc
also ventured to manufacture his own “Teneyck” transistor amplifieraeen 1966
and 1967. Teneyck is also responsible for designing the first-salid Sunn
amplifier, the Orion, in 1969. The concerned amplifier was endorsed byatbee
than Jimi Hendrix. Unfortunately it was quite unreliable and thezgbooved to be a
commercial failure.

Seth Loverthe inventor of Humbucker pickup (especially the P.Aype), moved
from Gibson to work for Fender and designed the ssiie Super Showman (in
1969).Dan Pearcewas a ceadesigner in Moog's “Lab Series” team and later founded
Pearce Amplifier Systems that produced some high quality ttanssnplifiers.
Before starting his own busine®aul Riveraworked for Fender. He didn’'t design
only tube gear but sohdtate amplifiers like Yale, Montreaux and Studio Lead as
well. Rivera also worked for Yamaha-I®0) and Pignose (150R Crossmikdpartley
Peaveyand (former RCA designedack Sondermeyewrere the team behind Peavey
amplifiers. First of them were designed Bpn Matthewgfrom Orradio) andJim
Askew though.Don Randalldid design work for Fender until he founded Randall.
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And of course one can't forg&ob Heil (Heil Sound and inventor of “talk box”
effect), Norm SundholmConrad Sundholnand Dick McCloud(Sunn),Dick Denney
(Vox), Tommy GumingPolytone),Steven MarkgAcoustic Control) andob Gallien
(GMT and Gallien & Krueger).

Many former Acoustic Control employees also set up their own buss1&ssss Allee
founded AMP together witRoger SmithSteven W. Raldeunded SWR Engineering,
Aspen Pittmarfounded Groove Tubes and ACC'’s consultant in speaker déagye
Cerwinskj is the “Cerwin” of CerwirVega. Harvey Gerstventured to design a
monstrous Concept 1 tube amplifier for Delta Products Corporatiorruitnisred that
the design was meant to drive Peavey out of business, however it ledoe
successful and only about 100 units were built. Nevertheless, the Consepttdd
many groundbreaking features: It had a builFord 8track tapeecho, 8 power tubes
and 6 preamplifier tubes, variable damping control, a separate winditige @utput
transformer to handle feedback, “Studio Position” for lower output power (30
average versus 10 W average @ 1kHz 1% THD) and five EQgpsethat mimicked
frequency responses of Telecaster guitar and Marshall, Gibson ader enplifiers.
The initial “Delta” frequency response was flat. At the tiwleen the amplifier was
introduced most of these features were considered incredibly revolutionary.
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When introduced, the "tuck-n-roll”, naugahide-covered Kustom amplifiers were by many ways
“extraordinary”.

There is a lot of controversy about who introduced the firssditi-state guitar
amplifier. The oldest reference I've seen so far is Paul &ldidi article
“Transistorized Guitar Amplifier” in July issue of Radio & €elsion News
magazine, 1956. This was not an actual unit, though, merely a descriptiow @b
build one. Nevertheless, magazines quite commonly included thegeyaloself
articles during the 1950’s and the 1960’s, mostly because analog elextvas a
vastly more popular hobby than it is today. Semiconductor (and tube) mamerfact
also liked (and contributed) them since they increased sales. No Heylbiaive had a
huge impact on designers that worked for companies that built goifdifiars. The
first reference to a real device I've seen so far dates toat®60: Wandré’s “Bikini”
and Hofner’s “Bat” guitars included an integrated transistor di@mpknd a speaker.
The circuitry was very similar to early lepower transistor radios containing
germanium PNP transistors and a tofeofe puskpull output stage.

A Czechoslovakian company called Jolana introduced a similar productBithe
Beat”, in 1963. Out of the factory in Krnov came a transistor araplifiat you could
bolt into one of the company’s guitars using a set of special sciidve product was
extremely innovative: For one, the amplifier had a kuniltadio receiver so you could
switch between guitar pickup or medium wave radio input. Maybe more tamplgr
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the 2watt batterypowered amplifier was &ansformerlessLin-style” circuit, likely
the first of its kind in a guitar amplifier.

The history of soliestate guitar amplifiers is very badly known and mostly
undocumented. For a while | was under the impression that Hagstrorhevéisst
company that manufactured a “separatetralhsistor guitar amplifier unit, the Model
1700 or “GA85” (circa 1963). However, later research indicated that Kay had
introduced a “Vanguard” series of transistor amplifiers alreadi©962. While Kay
amplifiers were pretty generic and lgwwer, the specifications of the Hagstrom-GA
85 were by no means modest: It used germanium transistors, hag eefuilated
power supply, output power of 85 watts (average) and housed twecliZPhilips
5200 speakers and a Hammond Type 4 reverb tank. Also, Burns and Gibsorotransist
amplifiers had been introduced the same year a8&Aamous Vox 0 is far from
being the first transistor guitar/bass amplifier even though rpaople like to claim

so. It was introduced in 1964.

| have compiled a small time line showing the development of gaitalifiers —
especially focusing on those ones that are sthte. The first notes relating to
transistor guitar amplifiers date to 1956 and one should focus on howigilgaus
the technology has taken since then. For example, at the beginning @D’the
transistor amplifiers were sold by almost every manufactunde “boutique” higain
tube amplifiers presented a professional — albeit an expensive — alternative.

1927 - Harold Black invents the concept of using negative feedback to
linearize an amplifier
1929 - StrombergVoisinet is the first company to market a functioning

“electrified” string instrument and amplifier set
Various electric guitars with dynamic pickups hit the market. They
are plugged into PA amplifiers

1932 - George D. Beauchamp’s patent application describes the operation
of magnetic pickups and shows the “first guitar amplifier”
First Rickenbacker amplifier, “The Speaker”’, emerges
First Electro amplifiers

1933 - Various amplifier brands sold in a set with (usually) a lapl siee
Hawaiian guitar broaden the gap between dedicated guitar and plain
PA amplifiers. Brands like ViviTone, VoluTone, Vega, Dobro and
Audio-Vox appear

1934 - First Epiphone (tube) amplifiers

1935 - First Gibson (tube) amplifier EH50 (“Electric Hawaiian”)

1937 - Rickenbacker’'s “Black Metal Box” is the first instrument arfipti
that is housed in completely metallic enclosure (including the
cabinet).

1946 - K & F Manufacturing amplifiers pave the way for Fender

1947 - First pointcontact transistor is built in Bell Labs

Fender introduces their first amplifier: Model 26 “Woodie Deluxe”.
Tube — of course.

1948 - Fender introduces “Broadcaster” (later renamed Telecastad sol
body electric guitar
Bell Labs team, lead by William Shockley, announces operation of
the first transistor

1949 - First 45 RPM, 7" records are introduced
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1950
1952

1953

1956

1957

1958

1960

1961

1962

1963

1964

William Shockley develops bipolar junction transistor

Age of Country & Western music

Gibson introduces Les Paul solid body

Baxandall presents the negative feedback tone control circuit

Bell Labs patents the Darlington transistor topology

Standel is the first company to use J.B. Lancing speakers in guitar
amplifiers

First transistor radio is unveiled

Elvis hits the charts

Lin introduces quastomplementary topology

Paul Penfield’s article “Transistorized Guitar Amplifieears in
July issue of Radio & Television News magazine

Concept of stereo records is introduced

Standel introduces “piggyback” amplifiers, frembunted controls,
closedback cabinets and reflex structure

First Vox (tube) amplifier (AC2/30) is released

Link Wray hits the charts with distorted tones of “Rumble”

Vox releases AC30/4

First allsolid-state organs are released

The age of instrumental music and “British invasion”: Beatles
releases their debut album

Wandré’s “Bikini” and Hofner's “Bat” guitars are equipped with
integrated Davoli Krundaal CT64Bansistoramplifier and speaker
Fairchild introduces the “planar” manufacturing method that allows
making cheap and “high quality” transistors

Ferranti introduces first commercially acceptable Silicon transistors
Standel releases the first “hybrid” amplifiers

Based on Lin’s inventions, Dick Tobey and Jack Dinsdale present a
DIY transformerless clad® quasicomplementary amplifier in
Wireless World magazine

First compactreverb unit is introduced and immediately adopted by
various guitar amplifier manufacturers (such as Fender)

Ken Bran and Dudley Craven (employees in Jim Marshall's store)
begin to replicate Fender Bassman amplifiers giving birth to JTM45
Kay’s Vanguard lineup: Likely first allsolid-state guitar amplifiers.
First fuzz box effect, Maestro FZFuzz Tone, appears

First, poor quality, JFET transistors emerge

Leak Stereo 30, first commercial amplifier that uses only mains
transformer, is introduced

Jolana “Big Beat”, likely the first transistor amplifier fguitars
having a “Linstyle” circuit.

First Hagstrom transistor amplifier is introduced.

First Burns transistor amplifier (likely the “Orbit” model).t Ahe
time this was more expensive than a new Vox3IC

Likely the first Gibson transistor amplifiers emerge: These
“Starfire” series consisting of TROOORVT and TRLOOOT.

First transistor amplifier from Vox, the T60 Bass.

First WEM (Watkins Electric Music) transistor amplifiers.

First commercial digital amplifier, Clive Sinclair's X10 DIkit, is
released (designed by Gordon Edge).
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1965

1966

1967

1968

Rolling Stones “Satisfaction” launches a fuzz box craze

Huge speaker stacks become ordinary arsenal of bands

First Selmer transistor amplifiers. Likely the “Taurus” wihe first
one. It was later changed cosmetically and renamed “Saturn 60”.
First Standel transistor amplifiers.

First Baldwin transistor amplifiers. (Baldwin had just bought Burns).
First Carvin transistor amplifiers-T1 as the first one.

First Unicord/Univox transistor amplifier (BT505 Bass) appears.
However, a true solidtate Univox guitar amplifier linep is
introduced as late as in 1971.

Thomas Organ takes over the US Vox supply and starts to build
their own line up of amplifier models.

Hartley Peavey founds Peavey Electronics and introduces
“Musician” and “DynaBass” amplifiers designed by Ron Matthews.
Likely first Dallas transistor amplifiers appear.

Solid-state IC operational amplifiers become widely available
Standel releases first active speakers (called “acoustic magiifiers
First Fender transistor amplifiers. These were designed by Bsb R
and Paul Spranger

Bud Ross founds Kustom.

First Teneyck transistor amplifiers.

First Jordan transistor amplifiers.

First Sears Silvertone transistor amplifier models; manufadtby
Danelectro.

Dallas Arbiter issues first Fuzz Faces

Mosrite introduces their lineup of transistor amplifiers and fails
commercially with the Award B&00 “The Ventures” model.

“Brute 70” (OTL) amplifier kit is introduced by Popular Electronics
magazine along with M/M/M Instrument Amplifier (OTL)

First alktransistor Magnatone amplifiers

Likely the first Premier transistor amplifiers are introduced.

RCA introduces a new set of higlower transistors and publishes a
collection of application notes concerning quasmplementary and
differential input stage topologies. These are highly influengal f
designers of transistor power amplifiers.

Acoustic Control Corporation releases its first amplifiers.

GMT 226A, designed by Bob Gallien, is the first instru