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A Practical Guide for Guitar Pedal Builders

Chapter 1 — What Is Clipping?
By the end of this chapter, you'll understand:
e  What clipping is.

e Why clipping is the foundation of every overdrive, distortion, and fuzz pedal.

Every Gain Pedal Starts Here

Whether you're building a Tube Screamer, Tone Bender, Big Muff, RAT, Distortion+, Blues
Driver, or hundreds of other designs, they all have one thing in common.

They intentionally change the shape of your guitar's signal.

Once you understand clipping, you'll begin to understand why two pedals that look similar on
paper can sound completely different.

Your Guitar Produces a Wave

Every time you pick a string, your pickups generate a small electrical signal that follows the
vibration of that string.

Although we can't see it, that signal has a shape called a waveform. Under clean conditions, the
waveform rises and falls smoothly as each note is played. When a pedal amplifies the signal, it
doesn't change the note you're playing—it simply makes the waveform larger.



Every Circuit Has a Limit
Imagine pouring water into a glass.

At first, the glass easily holds everything you pour into it. But once it reaches the top, it can't
hold any more. The extra water has nowhere to go.

Electronic circuits behave in a similar way.

As the guitar signal gets larger, there eventually comes a point where part of the circuit can no
longer reproduce the full signal. Instead of allowing the waveform to continue growing, the
peaks begin to flatten.

That flattening is called clipping.

Clipping occurs whenever part of a circuit limits the maximum voltage of a signal.
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Why This Matters

The next time you plug into your favorite overdrive, distortion, or fuzz pedal, remember that
every note you hear begins with one simple idea:

The circuit is reshaping your guitar's waveform.



Why Does Clipping Sound Good?
In most audio equipment, clipping is considered a problem because it introduces distortion.
For guitarists, however, distortion became part of the instrument itself.

As the waveform is clipped, new harmonics are created that weren't present in the original
signal. Those harmonics give us everything from a smooth blues overdrive to aggressive
distortion and thick, sustaining fuzz.

The way a waveform is clipped has a huge influence on how a pedal feels to play.
Some pedals respond with smooth compression.

Others remain open and dynamic.

Some produce rich sustain, while others create an aggressive attack.

Understanding those differences is what this guide is all about.

Clipping Isn't Just About Diodes
Many builders assume clipping is created only by diodes.
While diodes are one of the most common clipping devices, they are far from the only ones.
Clipping can also occur in:
e Vacuum tubes
e Bipolar transistors (BJTs)
o JFETs
e MOSFETs
e Operational amplifiers (Op-Amps)
o Digital signal processors (DSP)
Each device reaches its limits differently, giving every circuit its own character.

Over the next several chapters, we'll explore how these devices work and why they each
produce a unique sound.



Builder's Tip

When comparing two gain pedals, don't ask:
"What diodes does it use?"

Instead ask:

"How is the signal being clipped?"

That's usually a much better clue to understanding why one pedal sounds different from
another.

Key Takeaways
v Every gain pedal changes the shape of the guitar's signal.
v That change in waveform is called clipping.

v Clipping creates the harmonics that give overdrive, distortion, and fuzz their distinctive
character.

v Different circuits clip in different ways, which is why no two gain pedals sound exactly alike.

THE ROAD AHEAD

Figure 1B
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Chapter 2 — Understanding the Guitar Signal
By the end of this chapter, you'll understand:
e What a waveform represents.
e Why guitar signals aren't perfect sine waves.
e The difference between frequency and amplitude.

e Why waveform shape matters in clipping circuits.

More Than Just a Note
When you play a note on your guitar, you're doing more than creating sound.

Your pickups convert the vibrating strings into a tiny electrical signal. That signal travels through
your cable, into your pedal, and eventually reaches your amplifier.

Although we hear it as music, a pedal "sees" it as a constantly changing voltage.

That changing voltage is called a waveform.

What Is a Waveform?
A waveform is simply a picture of how voltage changes over time.

If we could freeze your guitar signal and draw it on paper, we'd see a line that rises and falls as
the string vibrates.

The higher the line, the higher the voltage.
The lower the line, the lower the voltage.

Every pedal reacts to that changing voltage.



Understanding the Guitar Signal
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Real Guitar Signals Are Complex

Most electronics books use a smooth sine wave when explaining audio signals.
Real guitars aren't nearly that simple.

Every note contains many frequencies happening at the same time.

Your pickups...

Your strings...

Your picking attack...

Even where you strike the string...

Every one of those variables changes the waveform before it ever reaches your first pedal.



Frequency and Pitch

A waveform repeats itself many times every second.

The number of times it repeats is called frequency, measured in Hertz (Hz).
Lower notes have fewer repetitions each second.

Higher notes repeat much more quickly.

Your ear hears these differences as pitch.

Think of frequency as how fast the waveform repeats.

Amplitude and Volume

Amplitude describes how tall the waveform is.

A small waveform produces a quieter signal.

A larger waveform produces a stronger signal.

When you pick harder, the waveform becomes taller.

That's one reason why picking harder often creates more distortion in high-gain pedals.

Why Waveform Shape Matters

Two signals can have exactly the same volume but still sound completely different.
Why?

Because they don't have the same shape.

Every overdrive, distortion, and fuzz pedal changes the waveform in its own way.
Some clip the waveform suddenly.

Others do it gradually.

Some clip both halves equally. Others don't.

Those differences are a major reason why every gain pedal has its own personality.

Over the next several chapters, we'll learn exactly how those different clipping methods work.



Builder's Tip
When looking at a waveform, don't focus only on how big it is.
Pay attention to its shape.

In guitar pedals, the shape of the waveform often tells you more than its size.

Key Takeaways

v A guitar signal is a changing voltage called a waveform.

v Real guitar signals are much more complex than a simple sine wave.
v Frequency determines pitch.

v Amplitude determines signal strength.

v The shape of a waveform has a huge influence on how a pedal sounds.

Builder's Insight

One of the biggest mistakes new builders make is focusing only on parts—the op-amp, the
transistors, or the clipping diodes.

Experienced designers often start by asking a different question:
"What is happening to the waveform?"

Once you begin thinking in terms of the signal instead of the individual components, schematics
become much easier to understand and modify.

Looking Ahead...
Now that we understand what a guitar signal looks like, the next question is obvious:
What actually clips it?

In the next chapter, we'll begin exploring the devices responsible for clipping—and why
different clipping methods create dramatically different sounds.



Chapter 3 — Understanding Gain

By the end of this chapter, you'll understand:
e What gain really means.
e The difference between gain and volume.
e Why pedals increase signal strength.

e Why gain is required before clipping can occur.

What Is Gain?

One of the biggest misconceptions in guitar electronics is that gain simply means "more
distortion."

It doesn't.

Gain simply means making the guitar signal larger.

Imagine speaking into a microphone.

Your voice doesn't change—the microphone amplifier simply makes it louder.

A guitar pedal works in much the same way. Before it can shape or clip your signal, it usually
needs to increase its strength.

Gain vs. Volume
Although people often use the terms interchangeably, gain and volume are not the same thing.
Gain increases the strength of the signal inside the circuit.
Volume adjusts how much of that signal leaves the pedal and goes to your amplifier.
Think of it this way:
e Gain controls what happens inside the pedal.
e Volume controls what comes out of the pedal.

Understanding this difference explains why increasing the Gain control often creates more
distortion, while increasing the Volume control simply makes the pedal louder.



Understanding Gain
Figure 3
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Why Pedals Need Gain
Your guitar pickups produce only a small electrical signal.
In many circuits, that signal isn't strong enough to reach the clipping stage on its own.

The first job of an amplifier stage is to increase the waveform until it becomes large enough for
the next stage to shape it.

Without gain, many overdrive, distortion, and fuzz circuits would produce very little effect.

Where Does Gain Come From?
Inside a pedal, gain is created by active components.
The most common are:

e Operational Amplifiers (Op-Amps)

e Bipolar Transistors (BJTs)

o JFET Transistors

e MOSFET Transistors

e Vacuum Tubes



More Gain Isn't Always Better
It might seem logical that more gain always produces a better distortion sound.

In reality, too much gain can reduce note definition, increase noise, and make chords sound
muddy.

Many of the most respected overdrive pedals actually use moderate gain, allowing the natural
dynamics of the guitar to remain intact.

Good pedal design is about finding the right balance—not simply adding more gain.

Builder's Insight

The goal isn't to create the biggest signal possible—it's to create the right signal for the next
stage of the circuit.

Thinking this way will help you understand why great-sounding pedals often use less gain than
you might expect.

Key Takeaways

v/ Gain makes the guitar signal larger.

v Gain and Volume perform different jobs.
v Active devices create gain.

v Gain prepares the signal for clipping.

v/ More gain doesn't always produce better tone.

Looking Ahead...

Now that we've learned how a pedal increases the strength of a guitar signal, it's time to see
what happens when that signal becomes too large.

In the next chapter, we'll explore clipping—the process that creates the overdrive, distortion,
and fuzz tones we love.



Chapter 4 — Where Distortion Begins

By the end of this chapter, you'll understand:
e Why every pedal begins to distort at a different point.
¢ What determines when clipping starts.
e How gain and headroom work together.

e Why pedal designers make different design choices.

Connecting the Pieces

So far, we've learned three important ideas.

First, your guitar produces a constantly changing electrical signal called a waveform.
Next, we learned that gain increases the size of that waveform.

Now it's time to connect those ideas.

As the signal grows larger, it eventually reaches the limits of the circuit.

When there's no more room for the waveform to grow naturally, clipping begins.

This is the point where a clean signal starts becoming overdrive, distortion, or fuzz.

Every Pedal Has a Different Threshold

Not every pedal reaches that point at the same time.

Some are designed to remain clean over a wide range of signal levels.
Others are designed to begin clipping almost immediately.

That's why a clean boost, an overdrive, and a fuzz pedal all respond differently—even when the
Gain controls are set similarly.

These aren't accidents.

They're intentional design choices.



Where Distortion Begins

Figure 4
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Headroom: The Space Before Clipping

The amount of clean signal a circuit can handle before clipping begins is called headroom.
Think of headroom as the distance between a clean signal and the circuit's limit.

A pedal with more headroom stays cleaner longer.

A pedal with less headroom begins clipping sooner.

Neither approach is better—they're simply designed for different musical goals.

Real-World Examples
Imagine playing the same guitar through three different pedals.
A clean boost increases the signal while keeping it largely unchanged.

A Tube Screamer-style overdrive reaches its clipping point sooner, adding warmth, sustain, and
touch-sensitive breakup.

A high-gain distortion pushes the signal well beyond that point, producing heavier clipping,
greater sustain, and a more compressed sound.



Each pedal starts with the same guitar signal.

The difference lies in how much gain is applied and how much headroom remains before
clipping begins.

Guitar Pickups

Have you ever noticed that the same overdrive pedal sounds completely different with two
different guitars?

High-output pickups send a stronger signal into the pedal, reaching its clipping point sooner and
reducing available headroom. Vintage-output pickups produce a lower signal, allowing more
clean headroom before the pedal begins to break up.

Many players who build their sound around overdrive and boost pedals prefer vintage-output
pickups because the added headroom provides greater control over the onset of distortion. It
also allows the pedal to respond more naturally to your playing dynamics and often cleans up
more effectively by simply rolling back the guitar's volume control.

Builder's Insight
When evaluating a pedal, don't focus on the clipping diodes alone.

Your pickups, the pedal's gain structure, available headroom, and the clipping method all work
together to shape its character. Understanding how these elements interact is the key to
understanding why every pedal has its own unique sound and feel.

Key Takeaways

v/ Gain makes the signal larger.

v Every circuit has a limited amount of headroom.

v Clipping begins when the signal exceeds that available headroom.

v Designers choose how soon a pedal begins clipping to achieve a particular feel and sound.

Looking Ahead...

Next, we'll explore soft clipping and hard clipping, and learn why they produce such different
sounds and playing feel.



Chapter 5 — The Two Paths to Distortion
By the end of this chapter, you'll understand:
e The two most common ways designers create clipping.
e Why pedal circuits are arranged differently.
e Why clipping location affects the pedal's response and feel.

e Why two pedals can sound very different before you even consider the clipping diodes.

Two Different Design Philosophies

By now we've learned that distortion begins when an amplified signal reaches the limits of a
circuit. The next question is:

Where should that clipping occur?
There isn't just one answer.

Over the years, pedal designers have developed two common approaches, each producing its
own character and playing feel.

THE TWO PATHS TO DISTORTION

Figure 5
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Clipping Inside the Gain Stage

One approach places the clipping components inside the gain stage, typically within the
feedback path of an operational amplifier.

Because the gain stage and clipping stage work together, the transition into distortion tends to
be smoother and more gradual.

Many players describe this style of pedal as responsive, touch-sensitive, and dynamic.

Several classic overdrive pedals use variations of this design philosophy.

Clipping After the Gain Stage
The second approach allows the signal to be amplified first.

Once it reaches the desired level, the clipping components are placed after the gain stage,
where they limit the waveform more directly.

This often creates a stronger, more immediate distortion with increased sustain and a more
aggressive character.

Many classic distortion pedals are based on this approach.

Why Designers Choose One Over the Other
Neither method is better.
They're simply different tools for different musical goals.

If a designer wants a pedal that responds closely to picking dynamics and cleans up well with
the guitar's volume control, clipping within the gain stage is often a good choice.

If the goal is a tighter, more saturated distortion with greater sustain, clipping after the gain
stage may be the better solution.

Like every aspect of pedal design, the choice depends on the sound the designer is trying to
achieve.



Real-World Example
Compare a classic overdrive to a traditional distortion pedal.

Even before considering the clipping diodes themselves, they often feel very different under
your fingers.

An overdrive usually responds more gradually as you dig into the strings, while a distortion
pedal often delivers a stronger, more consistent clipping effect.

A large part of that difference comes from where the clipping takes place within the circuit.

Builder's Insight

Many beginners spend countless hours comparing clipping diodes while overlooking the overall
circuit architecture.

In reality, where clipping occurs can have just as much influence on a pedal's feel and response
as what is doing the clipping.

Understanding the signal path is often more valuable than simply changing components.

Key Takeaways

v There are two common clipping topologies used in guitar pedals.
v Clipping can occur within the gain stage or after it.

v The clipping location affects the pedal's feel and response.

v Neither approach is inherently better—they're simply different design philosophies.

Looking Ahead...
Now that we've explored where clipping occurs, it's time to look at how the waveform changes.

In the next chapter, we'll compare soft clipping and hard clipping, and discover how those
different clipping characteristics shape the sound and feel of a pedal.



Chapter 6 — Soft Clipping vs. Hard Clipping
By the end of this chapter, you'll understand:

e What soft clipping and hard clipping are.

e Why they sound and feel different.

e How they affect dynamics, sustain, and playing response.

e Why designers choose one approach over the other.

It's Not Just About More Distortion

In the previous chapter, we learned that pedal designers can place the clipping stage in different

parts of the circuit.

Now let's look at how the waveform is clipped.

Imagine slowly turning up the Gain control on an overdrive pedal.

Some pedals transition smoothly from clean to overdrive, allowing the distortion to build

gradually. Others seem to hit much harder, producing a more aggressive sound.

These two characteristics are known as soft clipping and hard clipping.

SOFT CLIPPING vs. HARD CLIPPING

Figure 6
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Soft Clipping
With soft clipping, the waveform reaches its limit gradually.

Instead of an abrupt cutoff, the peaks begin to round off, producing a smoother transition into
distortion.

Players often describe soft clipping as:

e Smooth
e Warm
e Dynamic

e Touch-sensitive

Because the transition is gradual, soft clipping usually responds well to picking dynamics and
often cleans up nicely with the guitar's volume control.

Hard Clipping
Hard clipping limits the waveform much more abruptly.

Instead of gradually rounding the peaks, the signal reaches a firm limit and is clipped more
aggressively.

Hard clipping generally produces more distortion, greater sustain, and a more consistent sound
regardless of picking intensity.

Real-World Example
Imagine playing the same riff through two different pedals.

The first responds to every change in your picking attack. Play lightly and the tone remains
relatively clean. Dig in and the distortion increases naturally.

The second pedal produces nearly the same amount of distortion no matter how hard you pick.
The notes sustain longer, but the pedal feels more compressed and less sensitive to your playing
dynamics.

Neither approach is better—they're simply designed for different styles of music and playing.



Builder's Insight
Many players describe one pedal as having better "feel" than another.
In many cases, they're really describing how the clipping responds to their picking dynamics.

A pedal that preserves more dynamics often feels expressive and interactive, while one with
heavier clipping may feel tighter, smoother, and more controlled.

Understanding this difference helps explain why two pedals with similar amounts of gain can
inspire completely different playing styles.

Try It Yourself
Set an overdrive or distortion pedal to a moderate gain setting.
Play the same phrase several times, changing only your picking attack.

Notice whether the pedal responds with more breakup as you dig into the strings, or whether it
produces nearly the same distortion regardless of how you play.

This simple experiment will teach you more about a pedal's clipping characteristics than any
specification sheet.

Key Takeaways

v Soft clipping transitions gradually into distortion.

v/ Hard clipping reaches its limit more abruptly.

v Soft clipping generally preserves more playing dynamics.

v Hard clipping often produces greater sustain and compression.

v/ Neither approach is better—each is designed to achieve a different musical result.

Looking Ahead...
So far, we've explored where clipping occurs and how it behaves.

Next, we'll discover another important design choice: symmetrical and asymmetrical clipping,
and how changing the balance of the waveform creates pedals with their own unique voice.



Chapter 7 — Symmetrical vs. Asymmetrical Clipping

By the end of this chapter, you'll understand:
e What symmetrical and asymmetrical clipping are.
e Why designers choose one approach over the other.
e How each affects the character and feel of a pedal.

e Why neither approach is inherently better.

Two Ways to Shape the Waveform

In the previous chapter, we learned that clipping can occur gradually or abruptly.

There's another important design choice.

Should the positive and negative halves of the waveform be clipped equally—or differently?

That single decision has a noticeable effect on how a pedal sounds and responds.

SYMMETRICAL vs. ASYMMETRICAL CLIPPING

FIGURE 7 -
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Symmetrical Clipping

With symmetrical clipping, the positive and negative halves of the waveform are clipped by
approximately the same amount.

The waveform remains balanced from top to bottom.
Players often describe symmetrical clipping as:
e Smooth

Focused

e Consistent
e Predictable

Because both halves of the waveform are treated equally, the distortion tends to have a very
even, controlled character.

Asymmetrical Clipping
With asymmetrical clipping, one half of the waveform clips differently than the other.
The waveform becomes slightly unbalanced, creating a different harmonic structure.
Many players describe asymmetrical clipping as:

e Richer

e More open

e More dynamic

e More amp-like

Rather than sounding dramatically different, the change is often subtle. Many players describe it
as adding a little more complexity and responsiveness to the sound.

Does One Sound Better?
Not at all.
Some of the most famous pedals ever built use symmetrical clipping.

Others rely on asymmetrical clipping.



Both approaches have produced countless classic recordings.

Like every design decision we've discussed, the best choice depends on the sound the designer
is trying to achieve.

Real-World Example
Imagine playing a sustained chord through two different overdrive pedals.
One produces a smooth, focused distortion that remains very consistent from note to note.

The other feels a little more open and expressive, with a touch of extra character as the notes
decay.

Both pedals may use similar amounts of gain and clipping.

One of the reasons they feel different is the way the waveform is clipped.

Builder's Insight

One of the biggest myths in pedal building is that asymmetrical clipping is automatically better
because it's often described as "tube-like."

In reality, many outstanding pedals use perfectly symmetrical clipping, while many great tube
amplifiers don't produce perfectly asymmetrical clipping all the time.

Symmetry is simply another design tool—not a measure of quality.

Try It Yourself

If you own an overdrive that offers a clipping switch, spend a few minutes playing with the
different modes.

Rather than listening for "more distortion," pay attention to the feel.
Does one setting respond differently to your picking attack?

Do sustained notes bloom differently?

Can you hear a change in how chords separate?

Learning to recognize these small differences will help you understand pedal design far more
than memorizing component values.



Figure 7B
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Key Takeaways

v/ Symmetrical clipping treats both halves of the waveform equally.
v Asymmetrical clipping clips each half differently.

v Both approaches create different harmonic characteristics.

v Great pedal design comes from balancing many small decisions, not relying on one feature.

Looking Ahead...

So far, we've explored where clipping occurs, how it occurs, and how the waveform can be
shaped. Next, we'll look at the components and discover why designers choose silicon diodes,
germanium diodes, LEDs, MOSFETs, and other devices to achieve different results.



Chapter 8 — Choosing the Clipping Device
By the end of this chapter, you'll understand:
e Why builders experiment with different clipping devices.
e How clipping threshold affects headroom and distortion.
e Why two devices with similar clipping voltages may still sound different.

e Why no clipping device is inherently "better."

The Final Piece of the Puzzle

Throughout this guide we've explored where clipping occurs, how it behaves, and how

designers shape the waveform.
Now it's time to look at the components that actually create the clipping.

One of the most common ways builders customize a pedal is by changing the clipping devices.
This simple modification can alter when distortion begins, how the pedal responds, and how it
feels under your fingers.

CHOOSING A CLIPPING DEVICE

FIGURE 8
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* BUILDER’S TIP: Experiment! Small changes in clipping devices can create subtle — or dramatic - differences in feel and tone.
*  Use socketed diodes or a clipping switch so you can try different options and trust your ears.



Clipping Threshold
Every clipping device begins conducting electricity at a different voltage.
This is commonly called its forward voltage or clipping threshold.

A device with a lower clipping threshold begins clipping sooner, reducing available headroom
and creating distortion earlier.

A device with a higher clipping threshold allows the signal to become larger before clipping
begins, preserving more headroom and dynamics.

In general:
e Lower threshold = Earlier clipping ® More compression ¢ Less headroom
e Higher threshold = Later clipping ® More headroom e Greater dynamics
Forward voltage tells us when clipping begins.

It doesn't tell us everything about how the pedal will sound.

Beyond Forward Voltage
This is where many builders make an important discovery.

Two clipping devices can begin clipping at nearly the same voltage, yet still produce noticeably
different results.

Why?
Because forward voltage is only one part of the equation.

Different devices also transition into clipping differently. This transition is often referred to as
the clipping knee, and it influences how gradually or abruptly the waveform reaches its clipping
point.

The clipping device also has other electrical characteristics that contribute to its overall
response.

Think of forward voltage as when clipping begins.

Think of the clipping knee as how clipping begins.



Common Clipping Devices
Germanium Diodes
e Very low clipping threshold
e Smooth, gradual clipping

e Often associated with vintage-style overdrive and fuzz

Silicon Diodes
e Moderate clipping threshold
e Balanced response

e Consistent and widely used

Schottky Diodes (1N5817)
e Very low clipping threshold
e Similar clipping voltage to many germanium diodes

o Different electrical characteristics produce a unique feel and response

LEDs
e High clipping threshold
e Increased headroom

e Louder, punchier, and less compressed

MOSFETs, JFETs & Other Devices

Many designers also use MOSFETs, JFETs, transistors, or combinations of different clipping
devices to achieve unique clipping characteristics.

Rather than thinking of one device as "better," it's more useful to think of each as another tool
available to the designer.



Real-World Example
Suppose you replace a pair of germanium clipping diodes with 1N5817 Schottky diodes.
Both devices begin clipping at nearly the same signal level.

The pedal may still begin distorting at about the same point, but it won't necessarily sound or
feel identical.

Why? Although the clipping thresholds are similar, the two devices transition into clipping
differently and have different electrical characteristics.

The result is often subtle but experienced players can frequently hear and feel the difference.

Builder's Insight
Same Clipping Voltage Doesn't Mean the Same Sound

One of the biggest misconceptions in pedal building is that two clipping devices with similar
forward voltages will always sound the same.

Forward voltage determines when clipping begins.

The clipping knee and the device's electrical characteristics help determine how that clipping
develops. That's why two devices with nearly identical clipping thresholds can still produce
different playing feel, compression, and harmonic character.

EXPERIMENTING WITH CLIPPING

Figure 8B
There is no single “best” clipping device. Start with the goal that matches the sound and feel you want.

WANT EARLIER WANT BALANCED WANT A DIFFERENT WANT MORE i
BREAKUP? OVERDRIVE? CHARACTER? Rontiorth TRY EVERYTHING!

Get clipping sooner for less Aim for a balanced clipping Use asymmetrical clipping Push clipping later for more Small changes in devices
headroom and earlier point for clarity, presence, to C'ea.‘e even-order clean range and louder and circuits can create
distortion. and a mix-friendly drive. harmonics and a more output. big differences.

organic, musical response.

TRY THIS TRY THIS TRY THIS TRY THIS b e
) . v/ Compare devices side by side
e Germanium diodes o Silicon diodes * Asymmetrical clipping * LEDs V' Listen at different volumes
® Schottky diodes ¢ MOSFETs v Try parts in different places

in the circuit

Vv Let your ears decide

Great for vintage-style The most common : Great for clean boost,
5 & Great for adding character 2 @ Your ears are the
overdrive and fuzz tones choice for balanced s o 2 dynamic overdrive, and s
o A G and standing out in a mix. 3 P 2 final test.
with a softer feel. overdrive circuits. high-gain designs.

KEY WHEN CLIPPING BEGINS HOW IT CLIPS (THE FEEL) LISTEN AND TRUST YOUR EARS
POINTS Forward voltage determines Knee shape, symmetry, dynamic These are starting points, not rules.
the approximate point behavior, and the circuit all Experiment, compare, and use
Q determine how the signal is

where clipping starts. what sounds right in your build.
clipped and how it feels to play.

SAME CLIPPING VOLTAGE DOESN’'T MEAN THE SAME SOUND. Forward voltage tells you WHEN clipping begins.
The device, the circuit, and the context determine HOW it feels.



Try It Yourself

If your pedal uses socketed clipping diodes or a clipping switch, don't simply ask:

"Which one sounds best?"

Instead, listen for:

Does distortion begin sooner or later?

Does the pedal feel more compressed?

Does it respond differently to your picking attack?

Does it clean up differently with the guitar's volume control?

Does one setting feel smoother or more immediate?

Learning to answer these questions will teach you far more about pedal design than

memorizing diode part numbers.

Key Takeaways

v Forward voltage determines when clipping begins.

v The clipping knee influences how clipping begins.

V' Different clipping devices can share similar forward voltages yet still sound different.

v Clipping devices shape a pedal's response—they don't define the entire circuit.

v Great pedal design is the result of many design decisions working together.

Looking Ahead...

We've now explored the building blocks of clipping—from gain and headroom to waveform

shaping and clipping devices.

Next, we'll bring everything together and see how these individual design choices combine to

create the unique personalities of famous overdrive, distortion, and fuzz pedals.



Chapter 9 — Putting It All Together

By the end of this chapter, you'll understand:
e Why no single component determines a pedal's sound.
¢ How designers combine multiple design choices to voice a pedal.
e Why famous pedals each have their own unique personality.

e How to think like a pedal designer.

It's Never Just One Thing
Throughout this guide, we've explored the building blocks of pedal design:

Gain, Headroom, Clipping Location, Soft and Hard Clipping, Symmetrical and Asymmetrical
Clipping, and Clipping Devices.

Each plays an important role, but here's the most important lesson of all:
No single part creates great tone.

Great tone comes from how the entire circuit works together.

FIGURE 9
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Understanding these elements is the first step to understanding any pedal—and designing your own. =




Think Like a Designer

Imagine you're designing a new overdrive pedal.

You don't simply choose a pair of clipping diodes and call it finished.

Instead, you begin asking questions.

How much gain should it have?

Should it remain clean until pushed hard, or break up early?

Should it respond to picking dynamics or deliver a more consistent distortion?
Should the clipping be smooth or aggressive?

Should the pedal emphasize clarity or sustain?

Every answer influences the next design decision.

By the time the circuit is complete, it is the result of dozens of carefully balanced choices.

Every Pedal Tells a Different Story
This is why two pedals that use the same clipping diodes can sound completely different.

It also explains why two pedals with completely different clipping devices can sometimes sound
surprisingly similar.

The clipping components are only one chapter in the story.

The circuit as a whole tells the rest.

Real-World Example

Imagine building two pedals. Both use identical silicon clipping diodes.

One has moderate gain, generous headroom, smooth clipping, and a responsive feel.
The other has high gain, less headroom, abrupt clipping, and stronger compression.

Even though they share the same clipping devices, most players would describe them as
completely different pedals.

The overall design—not the diodes alone—is what defines their character.



Builder's Insight
Changing a single component rarely transforms a pedal.

Small changes can refine its character, but the biggest improvements come from understanding
how the entire circuit works together.

That's the difference between assembling a pedal and designing one.

Try It Yourself
The next time you study a schematic, don't start with the clipping diodes.
Ask yourself:

e Where does the gain come from?

e How much headroom is available?

e Where does clipping occur?

e  What clipping style is used?

e  Which clipping devices were chosen?

e Why were those design choices made?

Key Takeaways

v Great tone comes from the entire circuit working together.
v/ No single component defines a pedal's sound.

v Every design choice involves tradeoffs.

v/ Understanding those tradeoffs is the first step toward thinking like a pedal designer.

Looking Ahead...
Now that you understand the building blocks of pedal design, it's time to see them in action.

In the next chapter, we'll examine several famous pedal circuits and discover how different
design choices create some of the most recognizable guitar tones ever recorded.



Where Do You Go From Here?
Congratulations!

You've just taken an important step toward understanding what makes a guitar pedal sound and
feel the way it does.

Along the way you've learned about:
e Gain and Headroom
e Clipping Location
e Soft and Hard Clipping
e Symmetrical and Asymmetrical Clipping
e Clipping Devices
e How great pedal designs are built from many small design decisions

Now it's time to put that knowledge to work.

The Best Way to Learn Is to Experiment

Every great pedal designer started exactly where you are now—by trying something different
and listening to the results.

Swap a pair of clipping diodes.

Try a different resistor value.

Experiment with a capacitor.

Install a trimmer.

Compare one modification against another.
Every change teaches you something new.

There are no shortcuts to experience, but there are tools that make experimenting easier.



A Builder's Best Friend

The GuitarPCB DPDT Wiring Board was created to make experimentation quick and organized.

https://guitarpcb.com/product/dpdt-wiring-board/

BUILD. COMPARE. LEARN.

EXPERIMENT -+ LISTEN ¢ COMPARE - IMPROVE

The DPDT Wiring Board makes it easy to experiment with your pedal designs.
Compare components, create switchable mods, test new ideas—and hear the difference.

DPDT Wiring Board mounted on a DPDT switch

COMPARE

Try different clipping
diodes and components
in seconds.

®

TUNE

Install trimmers to
dial in gain, bias,
or clipping.

N

Vs

TEST

Compare resistor
and capacitor values
before committing.

BUILD

Create switchable
mods and professional-
looking internal builds.

. 2N\ IR N J
LED VERSION TRIMMER VERSION SOCKET VERSION BARE BOARD

Add an LED in your mod
or create switchable
indicator options.

Perfect for adjusting
gain, bias, or other
values on the fly.

Use IC sockets or other
components for easy
plug-in testing.

A blank canvas for
your custom builds
and ideas.

The easiest way to understand pedal design
isn’t by reading about it—
it’s by experimenting with it.



https://guitarpcb.com/product/dpdt-wiring-board/

Congratulations! You've taken an important step toward understanding how gain, headroom,
and clipping shape your tone. Now it's time to see these concepts in real-world circuits. Many of
the excellent pedal analyses originally published by ElectroSmash have been preserved on the
GuitarPCB Guides page and are a great next step. As you explore them, look beyond the
components and ask where the gain comes from, how headroom is managed, where clipping
occurs, what clipping style is used, which clipping devices were chosen, and why the designer
made those decisions.

e Big Muff Pi Analysis
https://guitarpcb.com/big-muff-pi-analysis/

e Boss DS-1 Distortion Analysis
https://guitarpcb.com/boss-ds-1-distortion-analysis/

e Klon Centaur Analysis
https://guitarpcb.com/klon-centaur-analysis/

e Marshall The Guv'nor Analysis
https://guitarpcb.com/marshall-the-guvnor-analysis/

e MXR Distortion + Circuit Analysis
https://guitarpcb.com/mxr-distortion-analysis/

e ProCo RAT Analysis
https://guitarpcb.com/pro-co-rat-analysis/

e Tube Screamer Circuit Analysis
https://guitarpcb.com/tube-screamer-analysis/

Final Thoughts

Great tone isn't found in a single component. It isn't created by one "magic" diode or one famous
transistor. Great tone comes from understanding how the entire circuit works together.

Happy Building!

Barry Steindel
GuitarPCB

Note: To keep this guide approachable, some concepts have been simplified. Real circuits often involve additional
variables, but the principles presented here provide a solid foundation.
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