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Executive Summary

Heavy metal music is known to be loud, with heavily distorted guitars and squealing
pinch harmonics, wailing tremolos, and fast guitar solos. These sounds are all brought to life by
high gain amplification circuitry to convert the classical clean guitar signal away from the
pristine and quiet to a sound much darker, full of an energy and passion unlike that of any other
genre of music. Our goal for this project was to design a device that brings the ‘metal’ out of an
electric guitar. There are many methods that guitar players and their sound technicians use to

produce this sound; this project considers two of them: distortion and equalization.

Guitar signals are created by metal strings of specific tensions being picked causing them
to oscillate, which induces an electric field in the inductive magnetic coils of the guitar, called
pickups. The electric field induces a sinusoidal current in the coils of wire around the pickups,
which travels through the coiled wire inside the pickups through a network of volume and tone
potentiometers and out the output jack of the electric guitar. From there it is approximately
between 140mV and 1.4V in amplitude, and changes frequency depending on fundamental
frequencies of the notes played and their accompanying harmonics. This signal flows through a
guitar cable to a series of signal processing circuitry and then is sent through the speakers of a
guitar amplifier. This signal processing is often performed using devices called effects pedals,
which are small metal boxes containing signal processing circuitry that interface with electric
guitars and amplifiers in a series configuration called a pedal board. A pedal board sits on the
floor, and consists of several pedals connected output of one to input of the next, until the last

one, which is connected to the amplifier.

Distortion is created intentionally by driving amplifier circuitry to the supply rails,

clipping the signal. More clipping is added to the circuit using diodes, to cut the amplitude to the



forward voltage drop across the diodes. This cuts the peaks and troughs off of the guitar signal,
and this type of clipping is known as hard clipping, and is the principle cause of heavy metal
type guitar distortion. Equalization is created by a series of band-pass filters attached to
amplification which either boosts or attenuates certain key frequencies for electric guitar.
Equalization allows for customization of guitar tone, to compensate for effects caused by other

pedals and to help the guitarist set their sound to fit their individual style.

There are many effects pedals on the market today that include distortion circuitry and
equalization circuitry in one pedal, but none of them are quite like ours. Many distortion pedals
are designed for other styles of music than metal, and don’t provide enough gain or the right
style of clipping, and none have the ultimate level of equalization available in a pedal: ten band
equalization. Most of them have a knob for the higher frequencies, the lower frequencies, and the
middle frequencies and not much more. A ten band equalizer allows for adjustments of 10
different frequencies crucial to the electric guitar, for the most customization possible in a widely
available pedal on the market today. Comparable distortion pedals alone to our distortion block
retail between $100-250, and they all fall short in terms of customizability, amount of distortion
available, and undesired noise levels compared to our distortion stage. Ten band equalizer pedals
retail between $215-250 alone, and they do not contain distortion circuitry. Our pedal is designed
to retail under $200, and contains both a superior distortion circuit and the best equalization on
the market, a combination of features that surpasses all existing competition, with a price far
below that of the combination of competing products required to match the functionality of our

design.



Abstract

This project is an effects pedal for use with an electric guitar and amplifier. The project
functions as both an analog distortion circuit with true hardware bypass, adjustable gain and
filtering, and an active ten band equalizer. These functions can be cascaded or be used

individually.
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1. Introduction

1.1 Problem Statement

Distortion in amplifiers is commonly considered a design flaw in most applications of
circuit design. Amplifiers are commonly used to boost signals without distorting them, to
preserve the original signal. This is definitely not the case when designing signal processing
systems for the electric guitar. Distortion is an essential trait for most guitar amplification
circuitry, especially for rock and heavy metal musicians. Musicians everywhere use many
different types of distortion circuits to achieve the sound that they desire; for guitar players, this
sound is referred to as their guitar tone. Every circuit in the signal path from the guitar itself to
the amplifier and the amplifier speakers, and even the power source itself impacts the overall
guitar tone. There is a vast industry dedicated to guitars, amplifiers, effects, and even the cables
that connect them. ‘Effects’ is a term referring to any pedal or circuitry that is intentionally
connected between the guitar and the amplifier, to affect guitar tone. Effects are often called
‘pedals’ or “effects pedals” because they are located on the floor in front of the guitar player or
the guitarist’s tech, and buttons on them are stepped on to adjust them while the guitarist is
playing. For the scope of this project, we are only considering distortion and equalization, out of

the several different types of effects pedals that exist.

Distortion of a guitar signal is created by clipping. There are two basic types of distortion
for guitar: soft clipping and hard clipping. Soft clipping is generally referred to by members of
the music industry as ‘overdrive’, while hard clipping is commonly called ‘distortion’. This
pedal is a heavy metal distortion effect, and heavy metal guitar sound is created by almost
exclusively hard clipping circuitry for the crucial heavily distorted sound that is defines the genre
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of music. From this point on, the term ‘distortion’ will be used to refer to hard clipping, which in
the most basic sense is clipping the peaks and troughs off of the sinusoidal signal that makes up

any audio signal.

There are two fundamental methods of creating distortion for electric guitar signal
processing: analog and digital. Analog distortion consists of entirely analog components,
contains no CPU and does no sampling. It is considered by many in the music industry to be the
preferred method of distortion. Digital distortion is created by sampling the analog guitar signal
(as all real world audio signals are analog) to digitize it and allow a CPU to read the input, and
transform it with programmed alterations, and then the signal is converted back to analog before
the output jack of the pedal. Digital distortion circuitry is built to model the designers’ best
approximations of the effects of analog circuitry on a guitar signal. Many musicians consider
digital distortion circuitry to impart sterility to guitar tone, taking away from the rawness of
analog sound. This distinction is a matter of opinion, but it is an opinion shared by many,
including this group. The group lacked a background in digital signal processing, and would
have been unable to translate the processing necessary into a program to be downloaded to a

CPU without significant research, which there was insufficient time for.

Glossary of terms:

Bypass: Pedals are designed to be connected in series on a pedal board, and they have two basic
functions: on and bypass. Bypass refers to when the device is connected in the signal path

between the guitar and amplifier, but not switched on.



Headroom: the difference between the positive and negative supply rails of an amplifier, more
headroom means more gain before the signal is clipped from pushing the output of the amplifier

to its supply rails

High gain: For most electrical engineering usages, the term ‘gain’ refers only to the transfer
function of an amplifier. In the metal guitar signal processing industry, the term ‘gain’ refers to
the amount of clipping a device can impose on a guitar signal, or how heavily distorted it can
make the signal. Heavy metal distortion uses hard clipping to achieve the sound that defines the

genre of music.

Muddy: a term referring to a flaw in guitar tone characterized by lack of clarity especially in the

lower frequencies

Pedal board: A pedal board is several effects pedals connected together in series between the
guitar and amplifier, the order of which will affect guitar tone. The order of devices is usually
counted from the guitar to the amplifier, the device that is connected directly to the guitar is
considered ‘first’ in the pedal board, the device connected to the amplifier is considered ‘last’.
This distinction matters because parts of this paper refer to pedals connected ‘before’ or “after’
other pedals. Connecting something ‘before’ another pedal means connecting it closer to the
guitar than the other pedal being referred to. Connecting a pedal ‘after’ another pedal means
connecting it closer to the amplifier in the effects chain. An example of a pedal board with two

pedals is shown in the artist concept drawing, which is Figure 7 in Section 3.2: Product Layout.

Pinch harmonic: an intentional high-pitched squeal created by dragging your thumb across the
string immediately after the pick hits it, abundant in metal music, requires high gain to make

them as noticeable as they are in metal



Thin: a flaw in guitar tone characterized by a sterile sound, or a lack of fullness to notes



2. Market Research

2.1  Competition Analysis

There are many distortion and equalizer pedals on the market today. Examples of similar
pedals providing these functions include the: Boss Metal Zone, Electro Harmonix Metal Muff,
MXR Dime Distortion, Marshall Jackhammer, Krank Distortus Maximus, and the MXR Ten
Band Graphic EQ. The features of these pedals and their prices will be compared to analyze
existing competition below. Parts of the analysis of competition in terms of effects on guitar tone
are subjective, and as such reflect the opinions of the group. If schematics were not available to

the group, the pedal could not be considered as a distortion block in our design.

Competitor 1. Boss Metal Zone

MSRP: $160

Features: High gain. Three band graphic equalizer. Middle frequency

selection. Powered by either a 9V battery or an AC adapter.

Cons: No true hardware bypass, which causes the effect to affect the
guitar signal even when switched off. Much noise is present on the
distortion when the pedal is switched on, especially when the guitar is
not being played. The equalization circuitry is not as effective as was

desired. Price.

Figure 1: Boss Metal Zone Pedal



Competitor 2: Electro Harmonix Metal Muff

MSRP: $119

Features: High gain. Three band graphic equalizer. Top boost for
amplifying high frequencies. True hardware bypass. Powered by

either 9V battery or AC adapter.

©  TOPBOOST £
:,? electro-harmonix 4\ o ) ]
e Cons: Three band equalization. Unavailable schematics.

Figure 2: Metal Muff Pedal

Competitor 3: MXR Dime Distortion

MSRP: $217

Features: High gain. Three band graphic equalizer.
Eighteen Volt power supply for more amplifier

headroom. Middle frequency scoop function

-
)
"
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-
5
~

Cons: No true hardware bypass. Three band

equalization. 18V supply requires two 9V batteries or

an 18V AC adapter. Price. Unavailable schematics.
Figure 3: MXR Dime Distortion Pedal



Competitor 4: Marshall Jackhammer

MSRP: $119

THE

= JACKHANER

JH-1 [T

Features: High gain. Two distortion modes, Three band graphic equalizer.
Middle frequency selection. True hardware bypass. Powered by a 9V battery

or an AC adapter

Cons: Unavailable schematics. Three band equalizer

Figure 4: Marshall Jackhammer Pedal

Competitor 5: Krank Distortus Maximus

MSRP: $225

Features: High gain. True hardware bypass. Three band equalizer

Cons: Three band equalizer. Price. Unavailable schematics.

Figure 5: Krank Distortus Maximus



Competitor 6: MXR 10-Band Graphic Equalizer

MSRP: $223

Features: 10-band graphic equalizer. Input and output
gains. LED clipping indicator on input and output gain
sliders. 18V power supply for more amplifier

headroom, powered by AC adapter

Cons: No true hardware bypass. 18V power supply.

Unavailable schematics.

Figure 6: MXR 10-Band Equalizer

2.2  Value Analysis

Characteristics of competing products were evaluated based on six characteristics: high
gain distortion, noise factor, power supply, equalization, bypass mode, and price. These
characteristics were given a weight value between zero and three to scale each characteristic
according to importance. Each competing pedal was given a score between zero and three to
quantify the extent to which they met requirements for each characteristic. Weight and score

values are clarified in the following tables.



Table 1: Weights for each criteria

Score

Description

Characteristic

Distortion

w

High gain, full sounding, perfect for heavy metal guitar

High gain but thin or muddy sounding, lacking in definition

Moderately high gain but not quite enough, full sounding

Not hard clipping, unusable for metal

Noise
Factor

Quiet when not playing and device is on

Hum on high gain setting when not playing, no hiss or static and silent otherwise

Hum, hiss, and static when not playing

Hum, hiss, static or other noise which is very noticable at all times the device is on

Power
Supply

Device can be powered by either a single 9V battery or an AC adapter

Device is powered by multiple 9V batteries or an AC adapter

Device can only be powered by an AC adapter

N/A

Equalization

Ten band Equalizer with input and output level adjustments

Less than ten band equalizer that works well, lots of customization available

Less than ten band equalizer that is lacking in usable settings

No equalizer included or equalizer has no useful settings

Bypass
Mode

True hardware bypass, a wire shorts input to output when device is off

N/A

N/A

No true hardware bypass, device has buffered bypass and affects tone when off

Price

Very reasonably priced for the quality and features

Fairly priced for the quality and features

Overpriced for the quality and features

O (RPN WIO (L (IN|IWIO [P |IN| WO, NMNWIO (kL I NIWJIO |~k | N

Unacceptably overpriced, inferior quality and features

Table 2: Assigned weights for value analysis

Weight
Assigned

3

Characteristic
High Gain
Distortion

Noise Factor
Power Supply
Equalization
Bypass Mode
Price

NWWIFL|N




Characteristics of the value analysis were prioritized with weights from one to three. A
weight of one represents a desired trait, a weight of two represents an important trait, and a
weight of three represents an essential trait. “High gain distortion” was given a weight of three
because it is essential to a distortion pedal for heavy metal applications. “Noise factor” was given
a weight of two, because it is something that was strongly considered in evaluating competition,
but not essential because there are other products on the market to lessen noticeable noise. For
the purposes of this project, “noise factor” refers to the audible hiss or static that the pedal
creates when the device is turned on and the guitar is not being played. The “power supply”
characteristic reflects the efficiency of competitive designs in terms of what power source they
require to function. This was given a weight of one, because efficiency of the design in terms of
power use is desired, but not crucial. The desired power source for the pedal is a single 9V
battery, which is a very common power source for effects pedals. ‘Equalization’ was given a
weight of three because it is crucial to the ability to customize the tone produced by the pedal.
The ideal equalization out of effects pedals in production is a ten band equalizer with input and
output levels, as it offers the most customization of sound per commercially available pedal.
“Bypass mode” refers to the method of bypassing the pedal when it is switched off but remains
in the signal path between the guitar and amplifier. This characteristic received a weight of three
because true hardware bypass is crucial to maintain signal integrity when the device is switched
off. Bypass mode is a binary category, either the evaluated device has true hardware bypass and
receives a score of a three in that characteristic, or the device has buffered bypass, and receives a
score of a zero in that characteristic. The ‘price’ of competing pedals was given a weight of two,
because it is important to consider the cost of competition pedals to effectively evaluate them,

but cost is not an essential design consideration.
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Table 3: Competitor value analysis

Product Characteristics
£5 g
Image Brand Model 2 HE g % 85 5|28 2|8 S
S5Z A2 @2 o
IrO0 Ll
Boss Metal Zone 2 1 3 1 0 1|16
Electro MetalMuff [ 3] 2 [ 3] 23 ]2]37
Harmonix
MXR Dime Distortion 2 2 2 2 0 0 | 18
Marshall Jackhammer 3 1 3 2 3 2 |33
Krank Distortus 3213|213 03
Maximus
MXR 10-Band 0o|3|3]/3|0]1]2
Equalizer
Our Pedal Expectations 313 |3 |]3] 3| 3]42

Boss Metal Zone

The Boss Metal Zone received an overall score of 16 on the weighted value analysis

scale. It received a two for “high gain distortion” because it does have adequate distortion, but

the tone of the pedal is rather thin sounding, and lacks in overall definition of sound. The pedal

adds a very noticeable hiss, static, and hum when in bypass mode when the guitar is not being
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played, so the Metal Zone received a one in the “noise factor” category. It can be powered by
either a 9V battery or an AC adapter, so it received a three in the “power supply” score. The
equalization of the Metal Zone is quite generic, even with spending significant time adjusting the
settings, the group was unable to attain an acceptable sound. The best the Metal Zone offered
was a thin high frequencies and muddy low frequencies, which was not pleasing to ears of the
group. The Metal Zone received a score of a one in the ‘equalization’ category. This device has
buffered bypass, which affects guitar tone when the device is off and resulted in a score of zero
in the “bypass mode” category. The Metal Zone received a score of one in the ‘price’ category
because a suggested retail of $160 is overpriced for a China-built pedal with the features
provided.

Note on the Boss Metal Zone: The Metal Zone was built on a breadboard and considered using it
in our design prior to discovering all of its flaws, as it is a widely used heavy metal distortion

pedal. The flaws in the Metal Zone will be covered in more detail later, in Section 4.1.

Electro Harmonix Metal Muff

The Electro Harmonix Metal Muff received an overall score of 37. This is the highest
scoring pedal out of the competing pedals researched by the group. This pedal meets or exceeds
requirements for design characteristics in all except “noise factor,” and ‘equalization.” The Metal
Muff scores a three on “high gain distortion” because it provides an abundance of gain perfect
for heavy metal, while still maintaining a fullness of sound and not becoming muddy in the low
end or thin in the high end. In addition the Metal Muff offers a switchable amplification of a
narrow band of higher frequencies, which is a functionality commonly used by lead guitarists

playing live metal concerts to add loudness to guitar solos so that they can clearly be heard by
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the audience over the rest of the band. The Metal Muff received a two in the “noise factor”
characteristic due to the hum added to the guitar tone at high gain settings. This hum is
acceptable because it does not contain any hiss or static and is generally considered normal under
high amounts of gain. The Metal Muff can be powered by either a 9V battery or an AC adapter,
so it received a three in the “power supply” score. The equalization of the Metal Muff is very
effective as a three band equalizer, but it lacks the level of customization of a ten band equalizer,
S0 it scores a two in the ‘equalization’ category. This device has true hardware bypass, so it
received a score of a three in the “bypass mode” characteristic. The Metal Muff is reasonably
priced at a suggested retail of $119 for a full featured, well designed pedal manufactured in the

United States, so it earned a three in that category.

MXR Dime Distortion

The MXR Dime Distortion received total score of 18. High gain distortion is attainable
with this pedal, but it offers little in terms of customization of sound. It is essentially only one
amount of distortion, the gain knob does not affect the sound much unlike most pedals, so it
received a two in the “high gain distortion” characteristic. The Dime Distortion received a two in
the “noise factor” because it does produce a hum when switched on and the guitar is silent, but
no hiss or static. This device is powered by 18V DC, and requires two 9V batteries or an AC
adapter, so it receives a two in the “power supply” category because it requires twice as many
batteries as a standard pedal. The equalization of this pedal is a three band equalizer, which
resulted in a score of two in the ‘equalization’ section. The Dime Distortion scores a zero in

“bypass mode” because it is not true hardware bypass. It also scored a zero in ‘price” with a
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staggering MSRP of $217, as it is an attempt at marketing the sound of a famous guitar player in

a box, and is priced as such.

Marshall Jackhammer

The Jackhammer distortion pedal by Marshall scored a 35 on the value analysis chart,
with a three in the “high gain distortion” category because it produces a very heavy sounding
distortion that is full of character. It received a “noise factor” score of one because it creates a
static and hiss at high levels of gain, along with a hum on the signal. The Jackhammer is
powered by either a 9V battery or an AC adapter, so it receives a score of three in the “power
supply” criterion. The three band equalizer in the Jackhammer is effective but not the ideal 10-
band equalizer, so the pedal receives a two in the category of ‘equalization’. This product has
true hardware bypass, earning a three in the “bypass mode” category. The Jackhammer is

reasonably priced at a MSRP of $119 for its features, and earned a three in the “price’ category.

Krank Distortus Maximus

The Krank Distortus Maximus received an overall score of 33, with a three on “high gain
distortion” because it provides a well-balanced heavy distortion. The Distortus Maximus
produces a hum at high gain levels, but no hiss or buzz, so it received a two in “noise factor”. It
can be powered by either a single 9V battery or an AC adapter so it received a three in “power
supply”. The Krank has a three band equalizer that functions well so it receives a two in
‘equalization’. This product uses true hardware bypass, and earned a three in “bypass mode”.
The Krank received a one for ‘price’, and with a MSRP of $225 it is the most expensive

distortion pedal examined by this value analysis.
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MXR 10-Band Equalizer

The MXR 10-Band Equalizer received an overall score of 18. This product is not a
distortion pedal, and provides no intentional high gain distortion via hard clipping unlike the
other pedals, so it received a zero in that category. The equalizer creates no hiss or static when
switched on, so it received a three in the “noise factor” category. It can only be powered by an
18V adapter, which earned it a one in the “power supply” category. This device contains a 10-
band equalizer with input and output amplification, complete with LED clipping indicators that
flash on the input and output gain sliders if clipping occurs at either the input or output amplifier.
These features earned the MXR 10-Band Equalizer a three in the ‘equalization’ category. The
MXR equalizer contains no true hardware bypass, which resulted in a zero in “bypass mode”.
With a MSRP of $223 it is the second highest priced pedal reviewed by this value analysis, and it

received a one in the “price’ category.

Expectations for Our Pedal

Our pedal design ideally should include the best facets of each value analysis criterion,
earning it a three in every category. It should have a perfect high gain distortion that is not thin or
muddy. It should not create noise when the device is switched on and the guitar is not being
played. It should be able to be powered by a single 9V battery, as other industry standard pedals
are. Our design should include a ten band equalizer. The pedal designed by the group must have
true hardware bypass, and be priced competitively to enter the market. A pedal containing all of

these features would earn a score of 42 on the value analysis chart.
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3. Product Requirements

3.1 Customer Requirements

The product should be safe, free of static hazards. It must be able to be interfaced with an
electric guitar and an amplifier, and should be mechanically stable enough to support plugging
and unplugging guitar cables, and be able to be turned on and off via stomp switches. All knobs,
buttons, and externally adjustable parts should be located in logical positions and should be easy
to adjust. The purpose of this device is to serve as a distortion pedal and an equalizer pedal in
one enclosure, without losing any functionality that the two separate pedals would have. The
distortion pedal itself must provide enough gain to be used for a heavy metal guitar sound.
Analog distortion should be used. There should be a visible indicator that displays when the
device is on. The device must have true bypass to prevent signal loss when it is off. Unplugging
the input cable should remove power from the pedal to extend battery life. Price should be
comparable to a combination of the prices of analog distortion pedals and equalizer pedals of
similar style.
3.2  Product Specifications

The customer will expect the device will be safe and durable. The box itself should be
grounded to avoid static hazards. The box edges will also be rounded to avoid sharp edges that
could possibly be harmful to the user. Most pedals are made from aluminum that is strong
enough to handle being repetitively stomped on, and light enough to still be portable. It should be
durable enough to support the input and output cables and stomp switches. These devices will be
mounted to the sides and top of the box in order to place most of the mechanical stress on the
box itself. The stomp switches themselves are also mechanically stable to handle the stress of

being stepped on.
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The device should interface with an electric guitar on the input side and an amplifier on
the output side. The signal amplitude out of an electric guitar generally varies between 100mV
and 1V RMS, or approximately between 140mV and 1.4V peak. The output signal of an effects
pedal to the amplifier is generally between OV and 9V. Electric guitars and amplifiers both have
impedances greater than 1MQ. These high impedances at the inputs and outputs need to be taken
into consideration and be matched at both the inputs and outputs of our design.

There must be sufficient gain available for the device to be qualified as being heavy
metal distortion pedal. Since the device is analog it will consist only of analog components
(resistors, capacitors, operational amplifiers, etc.). The signal from an electric guitar pedal
usually ranges between 0 to 9V and rides on a 4.5V offset. If the guitar signal is applied to an
amplifier and the signal is amplified beyond the rail voltage then the waveform will be clipped at
the 0 and 9V rails. If a 140mV signal riding on a 4.5V offset passes through an amplifier with a
gain of 65, the signal will just start to clip to the voltage rails. Heavy metal requires more gain
with the least amount of undesired noise. So the gain of the distortion block must be greater than
65, and low-noise amplifiers will be used.

The device should be user-friendly with knobs placed in a logical configuration. Any
stomp switches should be located on the bottom of the box facing the user. At the top of the box
there are adjustable gain, volume, and tone knobs. In the center of the device there is an LED to
indicate when the device is in use. A tri-colored LED will serve the purpose since the pedal has
two functions.

The pedal should be multi-functional. The pedal will have a distortion function and a ten-
band equalizer function in one. It should be optional whether these functions are being used

separately or at the same time. This will be accomplished using two switches, one for the
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equalizer circuitry and one for the distortion circuitry. When the device is off there should be no
signal losses beyond the transmission line losses of the cables and bypass wires. This will be
accomplished by using true bypass. True bypass is essentially a wire that bypasses the circuitry.
When the distortion is on and the equalizer is off, the equalizer circuit will be bypassed. When
the equalizer is on and the distortion is off, the distortion circuit will be bypassed. When both
functions are off, both circuits will be bypassed with a wire. This bypass circuitry will be
incorporated into the setup of the two switches.

The pedal should also have a long battery life. Generally pedals are powered by a 9V
battery. When the pedal is off it should not drain the battery. To extend battery life a three-
terminal stereo input jack will be used to remove the battery from the circuit when the pedal is
unplugged.

The device should be competitively priced to succeed in the current market. It should be
of equal price or cheaper than the combined prices of a ten-band equalizer pedal and a distortion
pedal. Prices of comparable distortion pedals range between $100 and $250. Prices of equalizer
pedals alone range between $200-$250. Our goal is to produce a pedal to be sold at $350 or less
since the pedal combines the two functions. A full list of the customer requirements and the

corresponding product specifications are shown in Table 4.
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Table 4: Customer Requirements and Product Specifications

Customer Requirement

Product Specification

Safe, free of static hazard

Box grounded, no sharp edges

Durable

Heavy duty stomp switches
Strong aluminum casing

Able to be interfaced with an electric guitar
and amplifier

Guitar signal amplitude: 100mV — 1V RMS, or
140mV-1.4V peak

Guitar impedance: 100MQ max

Output signal amplitude: Between 0-9V
Amplifier impedance: 100MQ max

Sufficient distortion for heavy metal

Low noise operational amplifiers

Overall gain: > 65
Voltage clipping rails: 0-9V, 4.5V offset

Logical configuration

Top: gain, tone and volume knobs
Middle: tri-colored LED indicator
Bottom: Stomp switches

Left: Output

Right: Input

Multi-functional

Distortion/Equalization
2 switches

Minimal signal loss when the device is off

True bypass: wire between input and output

Extended battery life

Three-terminal stereo input jack

Fairly priced

< $350

Analog

Analog components (resistors, capacitors,
operational amplifiers, transistors)

3.3  Product Layout

The enclosures of pedals are commonly made from aluminum. Almost all pedals have an

input jack on the right side and an output jack on the left side. This configuration can vary when

both input and output jacks are on the same side of the pedal as shown on the equalizer pedal in

Figure 7. The guitar plugs into the input jack and the signal is distorted through the pedal

circuitry. The output signal through the output jack is then passed to the guitar amplifier. Many

guitarists cascade pedals in a configuration known as a pedal board. Figure 7 shows a distortion

pedal with a ten-band equalizer pedal connected after it on a pedal board. The output of the last
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pedal on a pedal board goes to the input of an amplifier. Pedals are usually powered by 9V

batteries or have the option to plug into a wall outlet.

Guitar

.....
//////

--------

Amplifier

- e ——

Figure 7: Artist's concept drawing of pedal board consisting of a distortion pedal in front of an equalizer pedal, this is the
typical configuration for these two pedals in use.

On most pedals there are knobs at the top for gain, tone, volume, and equalization.
Equalization adjusts the bass, middle, and treble frequencies. There is a stomp switch on the top
that turns the pedal on and off when the user steps on it. When the pedal is off, it is bypassed so
that the signal flows through it and to the other pedals in the pedal board and to the amplifier.
There are two bypass methods, either buffered bypass or true bypass, two terms which were
described in section 1.1. True bypass will be used to fulfill product requirements such that that
the signal at the input jack of the pedal is shorted directly to the output jack of the pedal

‘bypassing’ the effects pedal circuitry when the pedal is off.
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4. Design Background and Experimentation

4.1  Building of the Boss Metal Zone Pedal

The initial design background was inspired by current effects pedals on the market. In our
market research many different effects pedals that provide distortion and equalization were
examined. The group expected to gain some practical design experience by building one of the

well-known and respected pedals on the market called the Boss Metal Zone pedal.

The Boss Metal Zone is a distortion pedal that gives users an adjustable range of sounds.
The circuitry is an analog pedal composed of analog components. It has gain and volume
adjustment as well as a parametric, three-band equalizer. The complete schematic for the pedal is

shown in Appendix A.

Figure 8: Boss Metal Zone pedal

The Boss Metal Zone pedal built on a breadboard is shown in Figure 9. An input jack and
output jack were connected to the input and output of the pedal circuitry so that a signal from an

electric guitar could be passed into the pedal and its output could be sent to a guitar amplifier.
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Figure 9: Boss Metal Zone pedal built on a breadboard

The pedal built on a breadboard added undesired noise to the signal. This excessive noise could
be seen in the frequency domain and heard when the output signal was being amplified. Some noise was
expected since the board has its own capacitance, but not noise of that magnitude. In an attempt to reduce
noise, filter capacitors were added near the DC power sources and all of the wires were shortened. These

attempts failed to lessen the noise to an acceptable level.

The group examined the output signal at each node with the oscilloscope to observe how each
block affected the signal passing through. Most of the unwanted noise stemmed from the equalizer
section. The equalization of the pedal did not function properly. Both the bass and the treble ranges
existed in parallel to each other in the same feedback loop of an amplifier. The two ranges, when adjusted
by the knob potentiometers, affected the sound of one another in an undesired way. Also, the parametric
equalizer seemed to be an unnecessary feature that just allowed one Q value in the middle frequency
range to be amplified. It made more sense to have multiple Q values in that one frequency range to

amplified, so other options such as the ten-band equalizer described in Section 4.3 were considered.
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The Boss Metal Zone pedal, being a commercial design, exhibits typical functional blocks that
many pedal designs on the market share. This is actually a con in the design because these stages have
come to be generic features that all pedals have. Thus sound samples of pedal outputs were reviewed for

the next design, so a pedal with much better performance and more uniqueness could be built.

4.2 Building of the Insanity Box

The next distortion circuit examined by the group was the Insanity Box. The schematic
for this pedal is shown in Appendix A. Right away we were attracted to the simplicity of design
of this circuit versus that of the Metal Zone. This circuit consists of three stacked gain stages,
and not only sounded much clearer, but provided more distortion and far more customization
than the Boss Metal Zone Pedal, and was much cheaper to implement. The entire Insanity Box
built on a breadboard and taking up less than half the space of the Metal Zone is shown in Figure

10. The schematic for the Insanity Box is shown in Appendix A.
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Figure 11: Operational amplifier gain and diode clipping stages of the Insanity Box

The pedal had some similar circuitry to the Metal Zone, such as an operational amplifier
gain stage followed by diode clipping, which is common to many distortion circuit designs and is
shown in Figure 11. However, the Insanity Box allowed for more gain adjustment at this stage
with a IMQ potentiometer in the feedback loop instead of the 250k€2 potentiometer used in the
Boss Pedal. The diode clipping following this stage was asymmetric clipping using three 1N914
diodes. An example of asymmetric diode clipping is shown in Figure 12. When the input signal
is positive and approaches the forward voltage of the diode, the single diode on the left side is
turned on, or forward biased, and the output voltage is limited to the forward voltage of the
diode. When the signal is positive, the diode on the left is forward biased and the output voltage
is limited to the forward voltage of the 1IN914 diode, or 0.7V. When the signal is negative, the
two diodes on the right side are forward biased and the output voltage is limited to -0.7V-0.7V or

approximately -1.4V minimum below the bias level.
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Following the op-amp gain stage and asymmetrical diode clipping there is a CMOS
inverter gain stage. The inverter gain circuit is shown in Figure 13. This consisted of two un-
buffered CMOS inverters from the CD4049AE chip powered by the 9V rail of our circuit.

100K(40K)  100Ki43K)

Hex Inverter
351114

+9y -
50Kk = Inverter
bias control to -
adjust gatng effect Gain Stage

Figure 13: Insanity Box CMOS Inverter Gain Stage

The input of the CMOS gain stage connected via capacitive coupling to the diode
clipping stage to isolate the CMOS gain stage from the DC bias of the previous stage. The
CDA4049AE is a hex inverter chip, and as such has four other inverters on the IC that are unused.
These four unused inverter inputs are grounded to maintain stability of the two that are in use, to
prevent the occasional pop or click that would be introduced to the guitar signal due to leakage
inside the IC. As you can see below in Figure 14 the voltage corresponding to a logic high for the
CD4049AE inverter is approximately 3.5V. There is a potentiometer that sets a bias of the input
of the first inverter to stop an effect called gating, if the user wishes to do so. Gating is a term
referring to blocking of a guitar signal once it falls below a certain amplitude threshold. This

effect is caused by the operation of the inverters. Each inverter converts signals corresponding to
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a logic low (0-3.5V) to a logic high (3.5V to the voltage supply rail, or 9V for a full battery), and
a logic high to a logic low. When the CD4049AE converts a logic high to a logic low, it outputs
the lowest end of the logic low range, or a value of between 0-0.05V.

The feedback resistors of each inverter are adjustable via trim pots. The first inverter is
feedback potentiometer is set at 40kQ2 and the second one is set at 43KQ. The open loop gain of
the CD4049AE is approximately 30. The resistor in the feedback loop biases the inverter into
linear region operation, but causes the Miller Effect. The Miller Effect states that a Miller
resistance can be seen at the input of the inverter, with a value of the feedback resistance divided
by the open loop gain of the inverter. This means the Miller resistance reflected on the input of
the first inverter is 40kQ/30 or approximately 1.33kQ. This resistance is in series with the 6.8kQ
resistor, for a total input resistance of 8.13kQ. The gain of each inverter is calculated simply by
dividing the feedback resistance by the input resistance and negating it, which is -40kQ/8.13kQ,
or approximately negative five. There is no input resistor between the two inverter stages, so the
input resistance is the miller resistance reflected to the input of the second inverter, which is
43k€Q/30 or approximately 1.43kQ. The gain of the second inverter is -43k€/(1.43kQ+6.8kQY),
or approximately -5.2. The gain of the entire inverter stage is simply the gain of the first stage
multiplied by the gain of the second stage, which yields a gain of approximately 26 for the
CMOS inverter gain stage. The CD4049AE has a bandwidth of about 1.5 MHz when operating

on a supply voltage of 9V, which is plenty for the purposes of this pedal.
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Figure 14: Before and after the second inverter

Each CMOS inverter in the CD4049AE package operated in the linear range can provide
between 30 to 40dB of gain, or between 31.6 to 100 times and at 9V the bandwidth is about
1.5MHz. The addition of the resistor to the feedback loop limits current to the CMOS. As the
resistance increases, the gain and bandwidth decrease. The user has the option to adjust the
resistor to select the right tone for the sound they desire. The input and output impedance of the
CMOS inverters are high, so following the CMOS stage is the JFET gain stage, shown in Figure

15 which has a very high impedance input.
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Figure 15: Insanity Box JFET gain stage

The 10uF polarized capacitor on the left in the transistor gain stage schematic blocks the
DC offset of the signal. There is another trim potentiometer that adjusts the signal level before
the gain stage. The 1IMQ resistor and the 24pF capacitor in parallel create a low-pass filter that
blocks any frequency beyond 6.631kHz. The transistor gain stage consists of two J201 N-
Channel JFETs. The voltage divider created by the two 1MQ resistors sets a 4.5 reference
voltage for the output signal. The drain current of J1 equals the drain current of J2. The equation
for the drain current of a JFET operating in the active region is shown below, in Equation 1.
Since the incoming guitar signal is being applied to the gate of J2 and the source of J2 is

grounded, then the gate-source voltage is equal to the incoming signal V).

Ipz = B (Vesz-V10)° = B (Vinz-V10)’ [Equation 1]

In Equation 1 B is the transconductance coefficient and Vo is the threshold voltage of the JFET
device. The output voltage is then equal to the combination of the drain current and the 1KQ

resistor as described in Equation 2.

Vout -0 = Ip (IKQ) [Equation 2]
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Substituting Equation 1 into Equation 2 yields Equation 3, which is a direct relationship between
the input and output signal. Equation 3 shows that the output signal increases exponentially as
the input signal increases. Therefore, the gain (Vout / Vin) also increases exponentially with the

input signal amplitude.
Vout = B (Vin-V10)? (1KQ) [Equation 3]

The Insanity Box had many attractive features that will be added to the final design.
Every gain stage of the Insanity Box was perfect for our desired sound. The adjustable trim
potentiometers that can be adjusted with a screwdriver when the pedal case is open were also a
bonus. The user can preset these values at each stage of the circuit to customize their sound to fit
their own style.

4.3  Building of the Ten Band Equalizer

Next, a ten band equalizer from buildyourownclone.com was built. The way a ten band
equalizer works is that ten frequencies within the acoustic range of a guitar amplifier are chosen
by the manufacturer when the equalizer is built. The user is able to adjust the levels of each of
the ten frequencies using slide potentiometers. More on frequency selection as well as the
circuitry and modifications are fully explained later on in Section 5.2.4 in the Functional Blocks
section of the paper. The PCB used to build and test the equalizer was ordered directly from the

website, and the switch and jack wiring diagram is shown in Figure 16.
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Figure 16: Ten band equalizer PCB and switch wiring diagram

Figure 16 is a bottom view of the PCB. The top view of the PCB is shown in Figure 17.
Avreas for where the slide potentiometers to adjust the ten frequency ranges are highlighted in

red. Two of the slide potentiometers are for level (volume adjustment) at the input and output of

the equalizer.
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Figure 17: Placement of the slide potentiometers for the ten band equalizer

The equalizer was first tested separately from a distortion stage. To do this, wires were connected

for the battery, ground, input, and output. The circuit was powered by a DC power supply set at 9V. For
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the input signal a 140mV, 440 Hz signal was applied, which represents the fundamental frequency of an

‘A’ note from an electric guitar.

The signal was observed in the frequency domain. Then the slide potentiometers were adjusted to
see what happened in the frequency domain. Figure 18 shows the result of all the potentiometers in the
lowest position except for potentiometer designated for the 3.3kHz range. The frequency with the highest
amplitude is 440Hz, in the picture below it appears at the very left side of the oscilloscope. The 3.3kHz
equalizer band being all the way up, which is a gain of approximately five for that frequency. Notice that
there is a spike in amplitude at this frequency that is roughly five times the amplitude of the noise. This
boosted frequency also adds spikes at harmonics of 3.3kHz, with each successive harmonic having half

the amplitude of the previous spike.
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Figure 18: The 3.3kHz range amplified by the ten band equalizer

Similar tests were conducted on other frequency bands and the same results occurred. Multiple

frequencies could also be adjusted at the same time.

The equalizer was connected to the output of the Insanity Box that was already built on

the breadboard after tests confirmed that the equalizer functioned properly. The input jack was
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connected to the beginning of the Insanity Box as it had been before. The equalizer was then
powered by the 9V rail of the Insanity Box circuit and the output jack was connected to the
output of the equalizer. A guitar signal was then applied and the equalizer functioned as
expected. Adjustments made to the frequency bands of the signal via the potentiometers
corresponded to a change in those frequencies of sound coming from the Insanity distortion

circuit.
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5. Final Product Design

51  System Architecture

The overall block diagram for our final design is shown in Figure 19. It consists of a
power block, a distortion block, a ten-band equalizer, and an LED driver block. There is an
option to bypass the distortion block, the equalizer block, or both. This is accomplished using

switches. Switch wiring as well as each individual functional block is described in the following

sections.
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Reference Divider ‘{ Battery s Rail
Guitar Input
Signal
4
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TR Equalizer i

gl
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Figure 19:System Block Diagram
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52 Module Descriptions

A full schematic of our design is shown in Appendix B. It contains the modified Insanity
Box schematic to include a ten-band equalizer and LED driver logic. The pedal serves two
functions: it can be used as a distortion pedal, an equalizer pedal, or both. This is accomplished
using bypass circuitry which is incorporated into two separated switches. Each functional block

is described in detail in the following sections.

5.2.1 Input and Output Signals

Each guitar note being played is between 140mV and 1.4V peak-to-peak. The output
impedance of a guitar is around 1MQ and must be matched at the input side of our device. The
impedance of the amplifier is also approximately 1MQ, the impedance of the amplifier must also
be matched at the output of our design. The output signal that will be sent to the amplifier from
our pedal will be between 0 and 9V peak-to-peak.
5.2.2 Power Block

The power block of the pedal circuitry consists of a 9V battery and a simple voltage
divider, consisting of two 10k€2 resistors to provide a 4.5V voltage reference to offset the signal
midway between the 0 to 9V rails of the amplifiers in the distortion stage. Originally this was
also designed to supply the 4.5V for the AND gates and inverter chips and power the LED in the
LED Driver Block, however, after discovering that a simple voltage divider could not be used to
drive the load of the LED circuitry, a 5V linear drop out voltage regulator (or LDO) was used to
power this block. The input voltage to the LDO was 9V from the battery and the LDO supplies a

constant 5V at the output to the LED Driver Block.
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5.2.3 Insanity Box Distortion Blocks

For the operational amplifier stage the RC4458 amplifier was used, which is designed
specifically for low noise applications. A 1MQ potentiometer was used in the feedback loop in
the Insanity Box for higher gain. Operational amplifiers have very high input impedances, so
having an amplifier immediately at the first gain stage accounts for the high output impedance of
an electrical guitar. The operational amplifier gain stage was followed by asymmetric diode
clipping and the inverter and the JFET gain stages from the Insanity Box, described in detail in
Section 3.2, because the sound of the distortion of the pedal was perfect for our application and
the adjustable trim potentiometers to vary the inverter gain and various levels were more settings
that the user could adjust.
5.2.4 Ten-band equalizer

For the 10-band equalizer, the equalizer circuit purchased from buildyourownclone.com,
shown in Appendix A, was built. Two BA3812L 5-channel graphic equalizer chips were used,
powered by the 9V rail. The audible range for the electric guitar amplifier is between 100Hz and
6.2kHz, so the equalizer frequencies were chosen to emphasize ten frequencies in this band. The

following equation describes these frequencies.

1
21V 1.2KQ X 68KQxC1xC2

Frequency =

The 1.2KQ and 6.8KQ resistors are internal to the BA3812L chip. Pole frequency values
chosen within this range were 100Hz, 330Hz, 410Hz, 620Hz, 820Hz, 1kHz, 2.2kHz, 3.3kHz,
4.1kHz, and 6.2kHz. Notice that the spread is logarithmic, not linear, since at higher frequencies

the ear cannot differentiate between closer frequencies. Using the equation, the two capacitor
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values were chosen for each frequency selection accordingly. The capacitor selections

corresponding to each frequency are displayed in Table 5.

Table 5: Frequency and capacitor value selections for the ten-band equalizer

Frequency C1 C2
100Hz 1uF 027uF
330Hz 33uF .0082pF
410Hz 27UF .0068pF
620Hz 18F .0047F
820Hz A5uF .0033pF

1kHz ApF .0027pF
2.2kHz .068lF .001pF
3.3kHz .033uF 820pF
4.1kHz .027UF 680pF
6.2kHz .018UF 470pF

The gain at each pole frequency is then controlled by each of the ten 100K<Q slide
potentiometers. Each potentiometer is connected to an operational amplifier connected for
negative feedback with a 470KQ resistor in the feedback loop. The gain equation for each
frequency range is shown below. The slide potentiometer value is denoted by the variable ‘R’

since its value can be manually changed.

470K

Gain =
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5.25 LED Driver Block

For the LED driver block logic gates and a tricolored LED were used. This LED has
three anodes and a common cathode. When a sufficient voltage is applied to each anode, the
LED will light up one of three colors. The three colors are red, blue, and green. The color green
represents when only the distortion is in use, red represents when only the equalizer is in use, and

blue represents when both functions are in use. This is shown in the truth table below.

Table 6: Truth table for the LED logic

Inputs Outputs
Distortion | Equalizer Blue Red Green
0 0 0 0 0
1 0 0 0 1
0 1 0 1 0
1 1 1 0 0

From this truth table the circuitry shown in Figure 20 was derived.
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Figure 20: LED logic schematic
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The LED logic design required two AND gates and three inverters. The three transistors
are included to not load the output of the AND gates and to provide the supply the correct
voltage across the LED. The drain of these transistors was connected to 5V through a 200Q
resistor (the red anode of the LED itself has a forward resistance of 100Q) to limit the current to
5V/(200+100)Q2 = 17 mA, which is within the 20mA constant current specification on the
tricolor LED specification sheet. The source of the transistors are connected each corresponding
LED anode. The blue and green anodes draw less current because the forward resistance of them
is 175Q instead of the 100Q2 of the red anode, so they will also be within specification for the
LED, as they will be exposed to 5V/(200+175) = 13 mA. This was sufficient to light the LED to

a viewable level.

5.2.6 Switches

The 3PDT switches in our design are off-board connections. Our pedal is able to switch
between the distortion and equalizer modes or have the option to have both functions on
together. If neither functions are being used, the pedal has true bypass. To accomplish this two

3PDT (triple pole double throw) switches were used. The switch setup is shown in Figure 21.
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Switch 1: Distortion
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Figure 21: Switch-wiring diagram

The middle row of each switch consists of the poles. The top and bottom positions are the
throws. Since there are two positions that the switch can be in, either all three poles in the up
position or all three poles in the down position, the switch is three pole double throw, or 3PDT.
Both of our switches used the convention of up representing that the particular functional block

is in the on position and down as the block being in the off position, or bypassed.

The setups for the distortion and equalizer switches are very similar. The first column is
designated to the LED logic, the middle row is the inputs to each block, and the last row is the
outputs of each block. When all three poles are in the up position, the functional block is on. In
the on position the LED logic is powered with a high logic level (5V) indicating that the
functional block is on and to light the LED with the appropriate color. Also in the on position,

the input and outputs are connected to the inputs and outputs of that circuit block. When the
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switch is in the off (down position), the LED logic and the input to the functional block are
grounded, or pulled directly from the circuit. Then the input signal goes straight to the output,

where the top middle pin is connected to the lower right pin.

The input to the distortion block is the output signal from an electric guitar. The output of
the distortion block goes to the input of the equalizer switch for the on position. The input of the
equalizer is the clean guitar signal when the distortion block is off or the distorted signal coming
from the distortion block. The output to the amplifier is the clean signal from the guitar if both
the distortion and equalizer are off, the distorted signal only if the equalizer is off, and the
equalized signal if only the distortion is off. When either the distortion or equalizer blocks are

switched off, their inputs are grounded.

5.2.7 Jacks
The input and output jacks are off-board connections, similar to the switches. Diagrams

of both the input and output jacks are shown in Figure 22.

Sleeve @nd)’
A

| C—
Mono Plug
Figure 22: Input jack (right) and output jack (left)
The input jack is a stereo one-quarter inch guitar jack, consisting of three terminals. The

sleeve terminal is connected to ground, the ring terminal is connected to the battery ground, and

the tip terminal is connected to the signal output of a guitar. Guitar cables have one-quarter inch
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mono plugs at each end, plugging a mono cable into a stereo jack shorts the sleeve and ring
connections together. This feature connects the battery to the circuit only when a guitar cable is
plugged into the input of the pedal, because the sleeve of the cable itself connects the sleeve and
ring terminals of the jack. If the cable is not plugged in, the battery is not connected and is not
being drained when the pedal is not in use. The output jack is similar to the input jack except that
it is only a two terminal device that is connected to the output signal and ground. The plugs on a
guitar cable are mono plugs; an image of a mono plug is shown below, along with the input jack

and the output jack.
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6. Product Results

6.1  System Testing and Results

The PCB for our final design was created through ExpressPCB, a PCB manufacturing
company that provides its own PCB software. A picture of the final PCB design is included in
Appendix D. When the PCB arrived all of the parts in our circuit were soldered on. The bottom
side of the board, the part that will be screwed to the bottom of the box, is shown in Figure 23.
All of the resistors, capacitors, and integrated circuits are on this side. The trim potentiometers
are also on the bottom side so the user only has to remove a few screws to open up the box and
does not have to remove the circuit board to access to them if they wish to adjust them to

customize their sound.

Figure 23: Bottom view of the PCB with parts soldered on

After receiving the PCB, a few problems were immediately discovered with the design.
First, the distance between holes for the terminals of the slide potentiometers in our equalizer
circuit were miscalculated. Also, the holes on the PCB were not large enough in diameter to fit

the pins of the potentiometers. To fix this problem offset pins were soldered to the holes so they
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could be slightly bent to compensate for the measurement problems. Figure 24 shows the offset

pins. Then the slide potentiometer pins were soldered to the sides of these offsets.

Figure 24: Offset pins to correct potentiometer errors

After all of the parts were soldered onto the PCB, testing on the distortion block of our
circuit took place by putting the output jack to the amplifier directly to the output of the
distortion circuitry. Initially there were some problems with the tone potentiometer after it had
been soldered multiple times, so it was replaced. The distortion circuit sounded better than when
it was tested breadboard because there was less capacitance in the board itself than that of the
breadboard. The equalizer block was tested by soldering the input jack straight into the input of
the equalizer circuitry and the output jack to the output of the equalizer circuit, and testing this
configuration with an electric guitar signal. It was found that there was no output signal being
sent to the amplifier from the equalizer block. To debug the circuit first our solder connections
on the jacks were rechecked. Then the PCB design was checked again to ensure that the
placement all of the traces were correct. After verifying that the PCB design and the jacks were

correct the slide potentiometers were examined further.

The datasheet of the potentiometers were inspected and it was found that the

potentiometers had been wired in backwards. Two rows of pins on the potentiometers needed to
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be crossed for ten out of the twelve slide potentiometers in our equalizer circuit. To fix this
problem, the slide potentiometers for the equalizer block were soldered onto a perf board and
then crossed the wires underneath and soldered them into the offsets. A bottom view of the perf
board is shown in Figure 25. The potentiometers are soldered to the top side of the perf board
and the two rows of wires on the left side in the picture are to be crossed over into the offset pins

on the PCB. At this point only one of these rows had been soldered.

Figure 25: Bottom view of the perf board with the equalizer slide potentiometers

In the final design the the offset pins were desoldered and the wires were soldered
directly to the PCB holes. This was because the wires underneath were being bent at angles to fit
the offset holes which was putting pressure on the solder joints and the wires themselves, causing
some of the wires to break and making it difficult to debug if something went wrong. Removal of
the offset pins caused the broken pads on the PCB which needed to be repaired. In the process,
there were touch-ups on some of the weak solder connections and found a polarized capacitor

that was swelling. Also, a capacitor had been soldered in backwards was replaced.

A top view of our PCB before the switch wiring and bypass circuitry is shown in Figure
26, showing the entire perf board connected and offset from the PCB. It also shows the gain,
tone, and volume potentiometers which are off-board connections.
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Figure 26: Top view of the final PCB before switch wiring

Figure 27 shows the bottom view of our final PCB before switch wiring. The green wires
will be connections to the switches. The wires coming off the left and the right sides of the PCB

are for the input and output jacks which are also off-board connections.

Figure 27: Bottom view of the final PCB before switch wiring

When the slide potentiometers were placed correctly an output signal was obtained from the
equalizer block, however, there was a loud squealing noise when one of the potentiometers was

slid past a certain point. The squealing noise may have been caused by a dirty potentiometer or a

bad connection on the perf board or the PCB.
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When the LED circuitry was tested using one of the switches, it was discovered that it
worked but the LED was far too dim. The next logical thing to test was the voltage being
supplied to our LEDs when they were supposed to be on and it was found that our 4.5V rail was
reading 2.2V on the digital multimeter. This is because this “rail” was not really a rail at all, it
was actually designed to be a 4.5V reference. The 4.5V reference was set by a simple voltage
divider consisting of two resistors in series and was not meant to be loaded, and could not power
the LED circuitry. The 4.5V reference issue was fixed by cutting the trace that connects the
reference point to the LED driver circuitry and the LED, and replacing it with a 5V linear drop
out regulator. This made the LED much brighter because the LDO supplied the proper voltage to
the LED circuitry, and took the load off the reference point. The LDO used can supply up to
150mA, which is much more current than our LED block requires. The 4.5V reference was still
used to offset the signal midway between the 0-9V rails of the operational amplifier in the

distortion block.

When the switches were wired up and the distortion and the equalizer blocks were tested
again, it was found that the circuit was making a kind of phasor-like sound that seemed to be
sweeping in frequency. It was concluded that the extra noise was created by the wires from the
switches and the other off-board connections that were acting as antennae and picking up
electromagnetic fields from other nearby electronic devices and the lighting of the room. This
problem was solved by placing the circuit in an enclosure, or the metal case of the pedal to block
outside disturbance. Also at this point, the distortion block was no longer working properly.
When switched on, the distortion could still be heard because part of the signal was passing
through to the amplifier, but there seemed to be an intermittent connection somewhere in the

distortion block. By following the signal path with a multimeter and moving the output jack to
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different parts of the distortion block it was found that the problem lied in a broken
potentiometer that was used to control the volume. The potentiometers used for the gain, volume,
and tone knobs of the distortion block were much more temperature sensitive than expected.
They are very mechanically stable and this mechanical stability had been misinterpreted as
thermal resistance also, which caused us to solder and resolder these potentiometers for different
uses along the design process without caution to how many times they were soldered to. The
material that connects the leads of the potentiometer to the internal parts of them is extremely
temperature sensitive and can survive only a few exposures to the high heat necessary for
soldering and desoldering. This potentiometer was replaced and the distortion circuitry resumed

working as it had been before.

6.2 Final Touches

The enclosure that was chosen to house our PCB was an aluminum box with dimensions
of 7.57x4.37x2.4” because the PCB itself was 7°x3”x1'42” and extra room was needed on the
sides and bottom to mount the switches, jacks, and potentiometers. All of the places on the box
where the holes would need to be drilled were measured and marked. The most difficult obstacle
was drilling the holes for the twelve slide potentiometers in the equalizer block. They were
measured several times before they were cut and they still ended up having to be extended by an
extra half an inch. Then holes were drilled on the top for the volume, gain, tone potentiometers,
LED, and stomp switches. The final product is shown in Figure 28. Notice that the LED is blue

indicating that both the distortion and the equalizer functions are in use.
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Figure 28: Final pedal in case

The most convenient way to place the jacks was to run the two jacks out of the back of
the box, because there was not enough room on the sides of the box. The first holes that were cut
for the jacks were too high because it wasn’t taken into consideration that the full height of the
bottom of the potentiometers for the gain, tone, and volume knobs. To correct this, the holes
were drilled directly beneath the original holes. Figure 29 shows the input and output jacks in
the back of the box. Here only the input jack is connected to a cable from the guitar, to allow
demonstration of the LED function indicator. This is connected because the input cable must be
connected to connect the battery to the pedal to power it. Figure 30 shows the pedal in the same
switch settings without the input jack plugged in, and the LED is off because the battery is

removed from the circuit when a cable is not plugged into the input jack which saves power.
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Figure 29: Input and output jacks mounted to the box, the LED is green which indicates that the distortion block is switched
on and the equalizer block is in bypass.

Figure 30: LED indicator light is not lit even though the bypass switches have not been adjusted since the previous picture,
because the input cable has been removed from the pedal removing power from the circuit.

Standoffs were used to stabilize the perf board with the equalizer slide potentiometer to
the PCB and mounted this board to the top of the box with screws. A production model of this
pedal would have shorter screws holding the perf board to be more aesthetically pleasing. Then
four additional holes were drilled in the bottom of the box to mount the PCB on the bottom. The
screws at the bottom come up through the bottom of the box and through the PCB mounting

holes inside the box as shown in Figure 31.

49



Figure 31: Standoffs and screws mounting the PCB to the bottom of the box

When the box is opened, the user has access to the trim potentiometers to adjust the gain

stages in the distortion block. Figure 32 displays the bottom of the box with the cover unscrewed.

The trim potentiometers are the short blue devices on the left.
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Figure 32: Inside the box

Since this was a prototype, the battery clip remains inside the box, however if our device

was marketed the battery would be accessible to the user from the outside of the box.
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7. Cost Analysis

7.1 Initial Investment

The final parts list for our design is shown in Appendix C. The total cost of parts to build
our design was $47.84. However, after compensating for the cost of manufacturing and
repayment to investors and retailer markup, the shelf price is generally 400% more than the cost
of one unit. This means that the shelf price of our product will be approximately $191.36. This
would be ideal to set our product at to compete with other multi-functional pedals on the market.
In the Product Specifications section (Section 2.2), the approximated price of the pedal was
about $350, to compete with the combined price of a distortion pedal and a ten-band equalizer
pedal sold separately. If our device were marketed, the parts would be bought in bulk since it is
cheaper per part, so the parts list in Appendix C also includes bulk prices. It would cost $37.11
per unit to produce 100 units, $33.59 per unit to produce 500 units, $30.43 to produce 1,000
units, and $26.74 to produce 5,000.

The initial amount that an investor would need to provide to us depends on a few factors.
First of all at least four employees would be needed to take care of the finances, legal situations,
human resources, and payroll. Our company would need to pay these employees for the first
month, so if these employees were earning $60,000 per year or $5000 each per month, then at
least $120,000 would be needed for the first six months of employment costs. In addition, a stock
of about 5,000 units will be necessary to start the company. These 5,000 units priced at $26.74
each will cost $133,700. Also $3,000 is estimated for a new rental space and for 6 months of rent
will be $18,000. The company would need about $20,000 for advertising and another $28,300
for additional overhead costs such as office supplies and any other costs that may arise to ensure

that the company has a successful start. This makes the initial investment an even $320,000.
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7.2 Return on Investment (ROI)

Our Return on Investments (ROI) chart is shown in Figure 33. The black line shows the
initial $320,000 investment. The product will be put on the market about 5 months after the
company is started because there needs to be time designated to produce the units, to find
employees, and to settle in a place where the company will be started. The red, green, and blue
lines represent the company income when the product is put on the market 5 months after the
initial investment is received.

_— Return on Investments (ROI)

2,500

.E! 2,000 — —
b
© 1500 1
& / Cost
5 1,000 ——— 500 units/month
é 200 units/month
= 100 units/month
=T B p——
N 4//,/
0 5 10 15 20 25 30
Months

Figure 33: Return on Investment (ROI) Chart for our Product

This Return on Investments chart shows that if 100 units it would take about two years to break
even. However, if just 200 pedals sold per month, the company would break even in ten months. Usually
investors want to see this behavior happen within two years of the product being on the market, so this
would please the investors if this were to happen in a ten month period. Also, selling 200 pedals per
month will not be a hard goal to accomplish since our pedal is high quality and the shelf price is very
cheap. 1f 500 units were sold per month the company would break even almost right away after the
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product is put on the market. It would only take about 7 months, or two months after the pedal is on the

market, for the company to break even.
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8. Failure and Hazard Analysis

8.1  Safety Considerations

If the pedal was to go on the market, it would have to comply with the Underwriters
Laboratory (UL) and the Institute of Electrical and Electronics Engineers (IEEE) for safety and
reliability. Any customer that is buying a product expects their purchase to be safe and free of
static hazard. Devices that follow these guidelines will pass certain tests that certify products as
safe. The National Electrical Safety Code (NESC) is a division of the IEEE that deals with the
safety of products.

To prevent injury, the edges of the aluminum casing are dull and rounded off with no
sharp edges. Sharp edges could result in injury when the pedal is being held or carried. The box
purchased for our design already had rounded edges. When the holes were cut in the top and
sides of the box, the insides of the holes were filed down to remove sharp edges. If the product
were to be manufactured in bulk, the box would be designed in a similar safe manner.

One of the biggest concerns about safety amongst electronics is the possibility of electric
shock. A rule called “Protective grounding or physical isolation of non-current-carrying metal
parts” in the 2007 NESC states that “All metallic guards including rails, screen fences, etc.
about electric equipment shall be effectively grounded.” (NESC, 39) To eliminate any static
hazards to the user, the box was grounded from the inside. There are clearances of at least a
quarter of an inch between all sides of the PCB and the box, preventing any electric signal on the
PCB from flowing through the box itself. If the user were to open the box and adjust the trim
potentiometers, no hazard would occur because all wires and traces inside are well-insulated.
Further precautions could be taken to add a protective layer of a non-conductive material such as

rubber or sponge to absorb any exterior shock.
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The NESC also states that components should be “of suitable voltage and ampere rating
for the circuit in which they are installed” (NESC, 63). All parts of the circuit are designed to
exceed component specifications. For example, the 5V LDO can supply 150mA when the driver
block of the circuit draws less than 20mA. Also, half-watt resistors and 50V capacitors were
used in our prototype, which is much more power handling capability than the components will
encounter in the circuit.

8.2  Reliability

Another division of the IEEE is dedicated to the reliability of electronic devices. This
covers the reliability of the product to suit the needs of the customer and that the lifetime of the
product is reasonable for its application. Reliability was taken into consideration in the pedal

design and the pedal is expected to have a long lifetime.

It was considered that the pedal will be repetitively stomped on by the user. Due to the
strain imposed on the device by this, the pedal is composed of parts such as the stomp switches
and the input and output jacks that are built to handle this repetitive mechanical stress. The
stomp switches and jacks were special ordered from an effects pedal manufacturing website to
ensure that they were designed to function properly in our design. The jacks are built to handle
the mechanical stress of plugging and unplugging the cables. The aluminum casing that the PCB
is mounted to is strong enough to handle the stress being applied to it. Most of the mechanical
stress is applied to the box itself because the off-board connections such as the jacks, switches,

slide potentiometers, and knobs are all mounted to the case.

Temperature is a main factor that could affect the reliability of the electrical components.

Heat is produced by current flowing through internal parts. When operating, each of components
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generates heat which accumulates in the sealed case of the pedal. The inner temperature of

electronic devices can weaken components and shorten their lifetime.

The ambient temperature of the enclosure affects the lifetime of the components of the
device. The PCB was designed with sufficient clearance between components to ensure each
component has sufficient air circulation and help prevent overheating. Offsets were used for
sensitive components so that the components were not directly soldered to the board and were

never exposed to the high temperatures of soldering.
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9, Recommendations

9.1 Device Marketability

No product exists on the market today with the full functionality of our pedal. Distortion
pedals on the market today have much less complex equalization, mostly three or less band
equalizers. Many distortion pedals are not even true bypass and have inferior generic sounding
distortion that lacks character. The only competing distortion pedals out of the ones examined in
the market research section that even close to compare to the full sound and amount of heavy
distortion of our pedal are the Electro Harmonix Metal Muff, the Marshall Jackhammer, and the
Krank Distortus Maximus. The Metal Muff and the Krank both have retail prices of $225,
putting each of them more expensive than our entire pedal. The Marshall Jackhammer retails at a
competitive $119, but it adds far too much noise to the signal at high gain settings than
acceptable, and doesn’t provide as much distortion as our pedal unless you drive it with another
gain stage by putting another pedal in front of it. Both the Metal Muff and the Krank add a
noticeable amount of noise to the signal at high gains when the guitar is not being played also.
The only way to compensate for this added noise would be to purchase another effects pedal
called a noise gate, which blocks all signal below a certain amplitude threshold from getting

through the output of it and ultimately to the amplifier.

Even a thin or muddy sounding distortion can be improved upon with the addition of a
properly adjusted ten band equalizer placed in a pedal board after it. Equalization is extremely
useful in customizing guitar tone and compensating for the shortcomings of other effects or
circuits the pedal boards or amplifiers of guitarists. Ten Band equalizer pedals offer the most

customizable equalization in any effects pedal on the market today, but these pedals do not
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contain distortion circuitry, and are very expensive. Our pedal offers both a high gain distortion

ideal for heavy metal and a ten band equalizer in one enclosure, with true bypass for both.

The distortion block of our pedal is more adjustable and provides more distortion than
any competing pedal that was examined in the market research section. The distortion block of
our pedal contains multiple gain stages connected in series for maximum distortion. If the user
wishes to, they may open the bottom of the pedal and adjust the individual gains and levels of the
gain stages to further customize their sound. The CMOS gain stage of the distortion block
actually functions as a noise gate, which is a device that many guitarists put in their pedal board
after high gain distortion pedals because they block unwanted noise added to the signal when
distortion pedals are switched on and the guitar is not being played. A perfect high gain metal
sound out of the distortion block alone was achieved. The Equalizer block of our pedal provides

14dB of gain or attenuation to each frequency with reference to the amplitude of the input signal.

Comparable equalizer pedals on the market provide the same functionality at a price that
is greater than the estimated retail cost of our entire pedal. The only features that the equalizer
examined has that are not featured in our design would be easy to implement in future revisions
of our pedal. One of these features is flashing LEDs on the input and output potentiometers to
indicate when the input or output stage is clipping, to notify the user to turn the corresponding
slide potentiometer down to prevent any undesired clipping from affecting their guitar tone. The
other feature is the ability to plug into a wall outlet. The ten band equalizer examined adjusts the
amplitude of frequencies that cover the entire audible spectrum for humans, even though for
most guitar purposes up to 6.1 kHz is sufficient, because most speakers in guitar amplifiers cut

the signal significantly for frequencies over 5-6kHz.
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9.2  Future Projects

Our pedal is capable of being adjusted for different frequency values if future market
research deems that a wider frequency range is necessary. The frequencies are set by capacitor
arrangements in the equalizer block, altering the equalization frequencies would be as simple as
changing two capacitors per frequency to be adjusted, and this change would have no other effect

on the circuit other than changing equalizer frequencies.

The only functionality that separate distortion and equalizer pedals have over our pedal
that combines the two is that two separate pedals can be hooked up in two ways: distortion and
then equalizer, or equalizer and then distortion. Our pedal can only be hooked up distortion and
then equalizer, if both blocks are to be on. This can be changed by adding more switching
circuitry to allow either the equalizer or the distortion pedal to be selected as the first circuit for
the guitar signal to be sent to inside of the pedal. Generally, most guitarists put equalizer pedals
after distortion pedals though, because equalization has the most effect on tone in that

configuration.

More possible future added functionality includes the addition of an AC adapter jack to
the pedal, so that it may be powered by a wall outlet and would not require batteries. This would
require some circuit design consideration to bypass the battery when the device is plugged into
the wall. Another improvement could be the implementation of a battery voltage indicator
combined with a LM555 oscillator on power supplied to the LED anodes. This would serve as a
low battery indicator by flashing the LED when the battery voltage drops below 7.2V, which is a
common voltage of a near dead 9V battery. If this oscillator circuit is placed in the right place, it
the LED driver block will still function and the correct color will still shine to indicate which

blocks of the circuit are turned on, but that color will flash. This allows for a low battery
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condition that only uses the LED that already exists in the pedal, without adding further LEDs to
the circuit. Also, the LED flashing instead of staying on would consume less power than the
normal condition of the LED always being on, which would be beneficial to extend the battery

life longer by using less power when the battery is low.

Another experimental addition to our design could include changing the resistor and the
capacitor in the feedback loop of the operational amplifier in the equalizer block to increase the
gain available at each equalizer frequency, to allow the user to push the equalizer into clipping at
individual frequencies, if they desired. Clipping of the signal causes more distortion to be
available to the user only if they decide to use it. If the resistor and capacitor are changed to
1MQ and 47pF, respectively, then the RC constant for the feedback loop of the amplifier
remains the same as before the change, and the gain or attenuation of each frequency from
approximately four (or 14dB with respect to the input signal magnitude at the input of the
equalizer stage) to 11 (or 20dB with respect to the input signal magnitude at the input of the

equalizer stage).
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10. Conclusion

The task undertaken of building a distortion pedal with a ten band equalizer, with
functionality comparable to existing pedals on the market today is one that is undertaken by
teams of specialized and experienced engineers, with resources far exceeding that available to
our group as students. A WPI education provides the foundations for continued learning through
practice in the workplace. This project represents our abilities and our research to this point, and
serves as the culmination of our education and our transition from students to engineers.
Knowledge necessary to build a functioning and marketable distortion pedal is not contained in

any lecture or textbook.

As students, our abilities have been tested with many obstacles encountered and
overcome from the research of the Boss Metal Zone through the final implementation of the
project. The resolution of problems on a timely basis while maintaining a schedule for product
completion is an integral aspect of the design process. Time must be budgeted as much as funds
for materials, as engineers’ time costs money and contributes to design costs of a product.
Design costs translate into product cost, which affects product marketability, or the ability of the
product to compete in the market. Deployment of a product into the market is a very calculated
process in professional companies. The time that a product is to be placed on the market is
carefully calculated by marketing departments to maximize profit. Delays caused by poor time
management or excessive use of budget funding will affect the ability of the product to adhere to

this calculated market deployment date, and will result in loss of profit.

Problems existed but were overcome by the group by the end of the design process. A
prototype with functionalities beyond many other similar competing products was produced on

schedule. Future improvement potential of the pedal is outlined for further development of this
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product beyond what has been accomplished in this product. With some optimization, it is our
belief that our product would be in the position to be a very competitive product in the guitar

effects market.
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A. Appendices

Appendix A: Research Schematics

Boss Metal Zone

hal fr
.e: —
hi=lfw T
R37 £27
b 100k I
=a— 11
54 10pF
| Ra5
b AN
22k
50 ;
1 TLoT2ACD R4 U=§
L t- 5548 BASS TREBLE 5¢
H R ' ity
b 53 22k 00k | 100k
43 33k0 TLo7zacn  PewA L JHey=a
T S é S0
47oF  halfu halfir sa 72
P = 7 CE T half a7
halfw o
R 1 Rz
hal fur 100k | mog cza
< Co5 CoE ——=zz0nF =—=1onF
half U4E [B2 C2d 73
v 2l —— QZ5C3355 . I 51
R R3E -%2222%': 47nF 243 gf?i“
R40 55 o §2-2kﬂ
uEATKD |180F 470 o
24 , TLOP2ACD i
Q250335 — Thio B3 =
1 5nF
R35 v
k0l i
&S =
R35
10k
=L

Figure 34: Boss Metal Zone schematic - Part 1



=
45 REI W RE4 halfy  halfw
I
| 470 o3 caT 10k Lpes cas
w1 R J-22|:|-.|F 10k 100uUF
g
T u] o]
L 4 +
Mote: input jack completes circuit,
when no plug is in jad, battery is halfw
not connected to ground and no halfw w hal fw
power iz supplied to the circuit j’:’ =
1m0
74 B
C30
I3 80 R53 49 T I_
51 _D/c LRatOkT o0 ot eg
ohay = Spa 022 o] | |
=+ rez WF
0 %rms 10k
440 Hz bypass o
oo
. + 1
= 250k0470F
bypass Key=A S0% RST
2 7
25 1k
REE
1k0
a8
o] caa
10uF
To
=
Figure 35: Boss Metal Zone schematic - Part 2
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Figure 36: Boss Metal Zone schematic - Part 3
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Appendix B: Full Schematic
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Appendix C: Full Parts List

Distributor Part Description Unit Price |Quantity Total 100 Total 500 Total 5000 Total
Mouser 4.7KQ 1/4Watt Res. $0.09 1 $0.09 | S$0.09 | $0.09 |$0.09| $0.09 $0.01 $0.01
Mouser 470kQ 1/4Watt Res. $0.09 2 $0.18 $0.09 $0.18 $0.09 $0.18 $0.01 $0.02
Mouser 100Q 1/4Watt Res. $0.09 1 $0.09 |S$0.09 | $0.09 |$0.09| $0.09 $0.01 $0.01
Mouser 1.1KQ 1/4Watt Res. $0.09 1 $0.09 $0.09 $0.09 $0.09 $0.09 $0.01 $0.01
Mouser 6.8KQ 1/4Watt Res. $0.09 1 $0.09 |S$0.09 | $0.09 |$0.09| $0.09 $0.01 $0.01
Mouser 1MQ 1/4Watt Res. $0.09 4 $0.36 $0.09 $0.36 $0.09 $0.36 $0.01 $0.04
Mouser 1KQ 1/4Watt Res. $0.09 1 $0.09 $0.09 $0.09 $0.09 $0.09 $0.01 $0.01
Mouser 100KQ 1/4Watt Res. $0.09 1 $0.09 | $0.09 | $0.09 |$0.09| $0.09 $0.01 $0.01
Mouser 39KQ 1/4Watt Res. $0.09 1 $0.09 $0.09 $0.09 $0.09 $0.09 $0.01 $0.01
Mouser 10KQ 1/4Watt Res. $0.09 2 $0.18 | $0.09 | $0.18 | $0.09| $0.18 $0.01 $0.02
Mouser 200Q 1/4Watt Res. $0.09 2 $0.18 $0.09 $0.18 $0.09 $0.18 $0.01 $0.02
Mouser 6.8KQ 1/4Watt Res. $0.09 2 $0.18 $0.09 $0.18 $0.09 $0.18 $0.01 $0.02
Mouser 2.2MQ 1/4Watt Res. $0.09 1 $0.09 | $0.09 | $0.09 |$0.09| $0.09 $0.01 $0.01
Mouser 470Q 1/4Watt Res. $0.09 1 $0.09 $0.09 $0.09 $0.09 $0.09 $0.01 $0.01
Mouser 22uF Polarized Cap. $0.18 2 $0.36 | $0.08 | $0.16 | $0.05| $0.10 $0.03 $0.07
Mouser 1uF Polarized Cap. $0.20 1 $0.20 | $0.09 | $0.09 | $0.06 | $0.06 $0.04 | $0.04
Mouser 100uF Polarized Cap. $0.18 2 $0.36 | $0.16 | $0.32 | $0.14 | $0.28 $0.07 $0.14
Mouser 10uF Polarized Cap. $0.22 3 $0.66 | S$0.09| $0.27 | $0.06 | $0.18 $0.04 | $0.12
Mouser 100pF CD Cap. $0.05 1 $0.05 | $0.05| $0.05 |$0.03| $0.03 $0.02 $0.02
Mouser 470pF CD Cap. $0.10 1 $0.10 | $0.10 | $0.10 | $0.06 | $0.06 $0.03 $0.03
Mouser 680pF CD Cap. $0.11 1 $0.11 |$0.11| $0.11 [<$0.06| $0.06 $0.04 | $0.04
Mouser 820pF CD Cap. $0.17 1 $0.17 $0.17 $0.17 $0.11 $0.11 $0.08 $0.08
Mouser .001uF film Cap. $0.12 1 $0.12 | S$0.12 | $0.12 |S$0.12 | $0.12 $0.89 | $0.89
Mouser .0027uF film Cap. $0.16 1 $0.16 | $0.16 | $0.16 |$0.16 | $0.16 $0.15 $0.15
Mouser .0033uF film Cap. $0.10 1 $0.10 | $0.10 $0.10 $0.10 | $0.10 $0.09 $0.09
Mouser .0047uF film Cap. $0.17 1 $0.17 | $0.09 | $0.09 |$0.09| $0.09 $0.08 $0.08
Mouser .0068uF film Cap. $0.23 1 $0.23 | $0.17 | $0.17 | S0.13| $0.13 $0.07 $0.07




Distributor Part Description Unit Price |Quantity Total 100 Total 500 Total 5000 Total
Mouser .0082uF film Cap. $0.07 1 $0.07 | $0.06 | $0.06 $0.05 | $0.05 $0.04 $0.04
Mouser .01uF film Cap. $0.29 2 $0.58 | S$0.18 | $0.36 |$0.18 | $0.36 $0.13 $0.26
Mouser .11uF film Cap. $0.08 1 $0.08 | $0.06 | $0.06 $0.05 | $0.05 $0.04 $0.04
Mouser .018ufF film Cap. $0.07 1 $0.07 | $0.06 | $0.06 | $0.04 | $0.04 $0.03 $0.03
Mouser .02uF film Cap. $0.19 1 $0.19 | $0.10 | $0.10 | $0.09 | $0.09 $0.04 $0.04
Mouser .027uF film Cap. $0.07 2 $0.14 | $0.05| $0.10 $0.04 | $0.09 $0.04 $0.07
Mouser .033ufF film Cap. $0.13 1 $0.13 | S$0.12 | $0.12 |$0.10| $0.10 $0.07 $0.07
Mouser .068uF film Cap. $0.12 1 $0.12 | $0.11| $0.11 $0.09 | $0.09 $0.06 $0.06
Mouser .1uF film Cap. $0.21 6 $1.26 | S$0.18 | $1.08 | $0.14 | $0.85 $0.11 $0.63
Mouser .15uF film Cap. $0.08 1 $0.08 | $0.06 | $0.06 $0.05 | $0.05 $0.04 $0.04
Mouser .18uF film Cap. $0.26 1 $0.26 | $0.22 | $0.22 $0.17 | $0.17 $0.13 $0.13
Mouser .27uF film Cap. $0.13 1 $0.13 | $0.11| $0.11 | $0.09 | $0.09 $0.06 $0.06
Mouser .33uF film Cap. $0.18 1 $0.18 | $0.15| $0.15 $0.12 | $0.12 $0.09 $0.09
Mouser A7pF film Cap. $0.25 1 $0.25 |$0.21| $0.21 |$0.17| $0.17 $0.12 $0.12
Mouser 220pF film Cap. $0.17 3 $0.52 | $0.17 | $0.52 $0.12 | $0.35 $0.10 $0.29
Mouser 24pF film Cap. $0.26 1 $0.26 | S$0.17 | $0.17 | S$0.12 | $0.12 $0.09 $0.09
Mouser 50K Linear Trim Pot. $1.18 1 $1.18 | $0.98 | $0.98 | S0.84 | $0.84 $0.70 $0.70
Mouser 100K Linear Trim Pot. $0.75 4 $3.00 |S$0.63| $2.52 $0.60 | $2.40 $0.50 $2.00
Mouser 50K Audio Pot. $2.95 1 $2.95 |$2.45| $2.45 |S1.87| $1.87 $1.56 $1.56
Mouser 1M Audio Pot. $1.40 1 $1.40 |$1.02| $1.02 $0.94 | $0.94 $0.77 $0.77
Mouser 100K Audio Pot. $1.50 1 $1.50 |S$1.09| $1.09 | S1.00| S$1.00 $0.58 $0.58
Mouser B100K Slide Pot. $1.13 12 $13.56 | $0.79 | $9.48 $0.72 | $8.64 $0.46 $5.57
Mouser 1N914 Diode $0.05 3 $0.15 | $0.03 | $0.10 |$0.02 | $0.07 $0.02 $0.05
Mouser 201 FET $0.15 2 $0.30 |S$0.11| $0.22 $0.07 | $0.13 $0.05 $0.11
Mouser BC549 Transistor $0.10 3 $0.30 |[$0.07 | $0.20 | $0.04 | $0.13 $0.03 | $0.10
Mouser CD4049AE Inverter $0.53 1 $0.53 | $0.32| $0.32 $0.20 | $0.20 $0.17 $0.17
Newark RC4558 Op-amp $0.85 1 $0.85 | $0.74 | $0.74 |$0.74| $0.74 $0.69 $0.69
Octopart BA3812L EQ $1.89 2 $3.78 | $1.89| $3.78 |S$1.89| $3.78 $1.89 $3.78




Distributor Part Description Unit Price |Quantity Total 100 Total 500 Total 5000 Total
Mouser 74HCO8N AND $0.40 1 $0.40 |S0.24 | $0.24 |$0.15| $0.15 $0.12 $0.12
Mouser 74HCOAN Inverter $0.40 1 $0.40 | $0.24 | $0.24 |$0.15| $0.15 $0.12 $0.12
Mouser 5V LDO LM2390T-5.0 $0.54 1 $0.54 | $0.45| $0.45 |$0.39| $0.39 $0.33 $0.33
Pedal Parts 3PDT Switch $4.00 2 $8.00 | $3.00| $6.00 $3.00 | $6.00 $3.00 $6.00

TOTAL: $47.84 $37.11 $33.59 $30.43 $26.74




Appendix D: PCB Design

Figure 39: Final PCB design

Text and component outlines are in yellow. The yellow lines are visible on the solder mask layer of the
PCB. The PCB is a two-layered board. Red lines indicate traces on the top of the board and green lines

indicate traces on the bottom of the PCB.



Appendix E: Datasheets

1N914 Diode
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1N914
High-speed diode

Product specification 1898 May 268
Supersedes data of 1806 Sep 03
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Frilline Samisoncusione

Pradust epealfiation

High-speed diode

1N314

FEATURES
& Humatcally seaked maded glass
=220 D3-35) package

# High swilching speed: max. 4 ns
* Confinuous reverse vokage:
max. TS

# Repefive peak reverss wollage
iz, 100 %

# Repetfines peak forwand cument:
max. 225 mA

AFPLICATICNE
# High-so=ad swilching

LIMITING VALLES

DEACHRIPTION

The IMELL ls a nigh-spasd swithing dicds fabricated in planart
encapsulates In 3 hemstcaly sealsy |saced gass SC007 (DO

-
e lode bn ipa branded
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FYMBOL PARAMETER COMNDITIONE MIH. RLAE, UNIT
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o repatiive peak formard cument - 3% ma
o mon-repefive peak fonward cument | squane wawe; T, = 25 °C priof o
sunge; see Figd

tmps - 4 A

f=1ms - 1 A

tmisg - os A
St fiofal power clssipation Tare = 25 *2;nol= 1 - =0 miky
Teg storage ismpemiure -5 =200 o
T Junciion femperture - 17 R

1. Device mourted on 2n FRA4 printed droult-ocand; ead lengin 10 mm.

1935 May 26

[N




Phillps Semiconductors Product spachicalion
High-speed digde TNE14
ELECTRICAL CHARACTERIZTICE
Tj= 25 C uni=ss otheralse specified,
EYMBOL PARAMETER CONDITIONE MAY. UNIT
\d formand vokage Iy = 10 mé; se= Fig.2 1 W
" rEverse cumerkt s=e Fla s
V=20V 25 [
Vm=TEY 5 wa
Vi 20W; Ty = 150 °C =0 Y
= diods capackance =1 MHZ; Vg = & 322 Fig.6 4 gF
Ey TEVErSE FECOVETY Hime when switched from | = 10 mA i ] 21
Iz = 10 m&; Ry = 100 0; measured al
I = 1 mA; s== Fig.7
when switched from e = 10 mA 4 2]
Iz = 0 m&; Fy = 100 0; meazres at
Is = 1 mA; 22 Fig.7
Vg formard recovery vollage when swikched from = S0 = 20 ms; |25 W
see Fip s
THERMAL CHARACTERIETICE
SYMBECL PARAMETER CONDITIONE WALUE UNm
S fnermal resistance from junciion &o He-point | lead lengtn 10 mm 241 KW
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Hobs

1992 May 26
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M-Channel General Purpose Amplifier
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Electrical Characteristics  meircorsm s ass
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N-Channel General Purpose Amplifier
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N-Channel General Purpose Amplifier
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Typical Characteristics (contnued)
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M-Channel General Purpose Amplifier

{continued)

Commaon Gate Characteristics
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BC549 Transistor

DISCRETE SEMICONDUCTORS
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DATA $
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BC549; BC550
NPN general purpose transistors

Product specification 1995 Apr 22
Superzedes data of 1997 Jun 20
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Philipe Ssmlocsnduators Fradust cpsaloxbian

MPHN general purpose transistors BC549; BCS5D
FEATURES FINMEMNG
* Low cumrent (maw 103 maA) FIH DESCRIPTION
® Low voRmge [ma. 45 V], 1 =
2 oaze
AFPLICATIONE 3 collzchor

* Low noise stages In aucio frequency squipment.

DEECRIFTION '? 3
KFM framsisior In a TO-52; E0TE4 plastic packape. 3 — 3
PRF compiemerts: BCS53 and BOSED. L =

el

Fig.1 Eimpithed outine (To-S
and symbol

LIMITIHG VALUES
Im acconzance wikh fhe Absolute Maximum Rating Eystem (IEC 1241

SEYMECL FARAMETER CONDITIONS MIIN. MaX UHIT

Yena colecior-base vokage cpen emitier

=l ] - Eal W

BCS550 - =2 W
Voo colecior-emitier vollage cpen base

BC549 - 3 W

8550 - 45 W
Vem emitier-base vokage o@psn collecior - 5 W
Ig coliecior curmert (DC - 133 =
lew peak colecior curment - 200 mA
| peak base current - 200 A
P total power dizsipation Tams % 25 "C; roie - 500 =
| Tuig siorage i=mperature -£5 +150 W
Tj Junciion kemperature - 152 =
Tumts operating amblznt kemperature - +150 utl
Haote

Transistor mounbesd on an FR4 printed-circult board.




Philps Ssmicorducions

Froduct sp=cification

MPM general purpoze transistors

BCS445; BCSS0

THERMAL CHARACTERIZTICE

BYMEOL FARAMETER COHDITIOME WALUE usIm
Fiaja thermal resiztance from Junction oo amblent noke 4 250 L
Moke
Transistor mounbes on an FA4 prinbkec-droult board.
CHARACTERIATICE
T)= 5 °C uni=ss otheralss speciied.
BYMEOL FARAMETER CONDITIONS MIH. | TYF. | BAX. | UNIT
lega colecior cuft-off curent g= 0 Vog= 30V - - 15 rA
g =0; Vien= 30W;Tj= 150 °C - - H ey
lpma emither cut-off oument =D Vpg= SV - - 100 |pA
hre DT oament gain
BCEA30; BOSI0C R T - o |-
o= 2mA; Vop=5 420 520 =20
Vorm calecior-emitier sateration volage |io =10 mA; Ip = 0.5 mA - 50 250 |miv
o= 100 m&; Ig =5 mA - 200 S h] i
¥ Eamt base-smiter salurasicn vollage o= 10 m&; Ig = 0.5 mA&; nole 1 - Toc |- [
o= 100 mA; Ig = S mA; note | - 500 - i
Vor base-amiller voRage o= 2 mA; Yop= S, nobe E80 BED 7a0 (=i
cw il mA; Vep =B - - W
Ce calecior capachance E=lp=0; Vop=10V; - 1.5 - BF
Ca emitier capaciance o= w0 Wi = 05 - il - pE
fr transiton fregus=ncy o= 10 m&; Vg =B W, 100 - - R =iz
=100 MHZ
F noise figune wom 200 A Vop = - - 4 o3
Rgm 2 KL fm 10 Bz b 157 k-
= 200 A Vg = - _ 4 =
Rg= 2 k=] kHZ, 5= I00 Hz
Hotes

Ve JECTEASES Dy ADOUL 1.7 FA with Increasing temparaturs.

I Vg decreases by about 2 myIK with increasing temo eratre.

1555 Apr 22

[



CD4049AE

CD4049A, CD4050A Types
CMOS Hex Buftfer/Converters

HECOMMENDED OPERATING CONDMTIONS at Tg =200, Except a1 Noted.

CDAMGA— |rverting T
CD4050A— Nn-n-lrrnvg-'llyﬂ'ga'ﬂ“

The CO40494 and CD40504 are inverting
and mon-inverting hex buffen, respectively,
and featire logie-devel conversion aing only
one supply voltage (Voo The input-signal
high level (V4] can exoead the VoG tupply
voliage whin thase devices e used o logic:
level conversons. These devices are intended
far use as CMOS 1o DTL/TTL converen
wnd can driwe directly two DTL/TTL loads.
IVee=56 W, VgL @04V, and IpN =32 ma,)
The COA040 ard COADS0A are detigrated
s replacements for CO0008 and COMDIT0A,
respectwely. Becauss the COMDERA and
CO40504 require oaly one power supply,
they ame preferred over the COL008A and
COADM0A snd thould be wiad in place af 1he
COA009A snd COA0N0& in afl inwerter, cur-
rent driver, of logic-level conwersion appli-
cations. In thesn applications the CDA0ABA
and COA060A wa pin compatible with the
CO40098 and CD40T08 respectively, and
car be substituted for these devices in
existing a3 wall as in new designi. Terminal
Mg, 16 B nat connected nternally on the
COA049A or COMDEDA, therslore, connection
b6 his tedeniral i of PO consegquence to cir-
cult operation. For apolicaticns nat o
Guirineg high sink-Current of vollage conver-
shon, the CDH089 Hex Irverfer i recom-
menided,

Thobe typad an dupplisd in 16med harmotg
dissl-in-ling coramic packages (D and F
sulfizes), 16-lead dual-in-dind plastic pagk-
age|E suMix), 16-loadconam flat packages
(K suilix], and in chip farm [H sufha)

Features:

8 High iank eurrent for demving 2 TTL losds

® High-to-low level logic conversion

® Quiscent current specified 1o 15V

8 Masimum input leskegs of 1 ul st 15V
il package-temperature range)

5 CMOS 1o OTL/TTL hex converisr

" CMOS current “sink” or “source”

drbwer
" EMOS higheto-low bogic-beved
converter

Fos maasmism feliabadiny, | o daning i whould be el d w0 thart
aperation i slwiyd vertkin the Tollaw rg ranges
LIMITS
CHARACTERISTIC win | Mo umMITS
Supety Veltige Ringe (Woph (Fan Ty Full Package 1 12
Temper e Rangs
Input Yodtage Range [V Ve 2

“Tre COM04S and COBIB havar Bagh 10 o Prwwl volEage cossm s Capshiliy bulb rof
e 1 agh bpwpd Vi el 1 15 spdgemarded Wbt W, P Wep

STATIC ELECTRICAL CHARACTERISTICS

" ’-[:'_‘u—’ asd a ’I::,_* aen

l‘—[:}a-'u-l. P-E

s L Tl e '—[:_‘_:;-—" I

b LL- L 8 "‘[:}—“ 0

€ LII}IE i [ r:'l—“ el

Pt | L } " x"_":p—"‘ Y]

Vog —— Yop

_— -

:'-" P = e
COH0488 DA
Figl = Functions disgrams,

Limits at Indicated Temperstunes (0C) Uﬂhll
Charsctorirtic|  Conditioms ™7 F K. H Packaged T Pactage
Vo |Vin | Veo| 58 +5 | 4135 | 40 +75 | +85
k| vl | i Typ.| Limit Typ.| Limit
t";' - - | 5] oalow) eaf 20 | alocal 3| a0
Gurrent = - 1w os [oor] o5 30 | & Jows] 5 | 70 wa
I M. = = | 18] o [ooz| 10| 100 | 50 |00s| &0 | 500
|- .
Output
Valisgs:
Low-Lewsl, | — 0.6 5 0 Typ.; 0.05 Max.
VoL o 10] 10 0 Typ.; 0.05 Max. "
Hagh:Lavel, | = a5 ] 405 Men ) S Typ,
Vo - Jow| w 9.95 Min.; 10 Tyg.
Nohe
IFmmunity
Inpats Loww, (36 | = 5 1.5 Min,: 2.25 Typ,
VL 722 = | w0 3 Min; 4.5 Typ,
CO4050A
Inputs High, [1.4 | - | 5 1.6 Min.; 2.25 Typ.
YiH 8] - | w0 3 Min; 4.5 Typ, v
Al Types
Impute Low, |16 - [] T8im,; 1.6 Typ.
VL 2] = | 10 7 Min; 3 Typ.
COAmMBA
Moae
Wgrging
Inputs Low, (45 | — | & 1 Min,
Ve Min. [& | — | 10 T Win.
LDas0A
Inputs High, [05 | — | & 1 Min,
Vg Min [ 1 - | 1 1 Min. v
CO4D50M
Chatpist Duive
Carrent:
Nlhannel 0.4 48| 33 |82 | 26 | 1A |30 |s2|2e | 20
[Sinic], aa | - 6 | 3 [ 21 |36 6 | 3 |25
IiphMin, o8| - Jw] w [16] 8 [s6 [a6[16 ] &8 [66] .
PCharnel (45 | — | & |06 —1 | 05| 036|086 —1 | —06[—04
[Souscal, [25 ] — | 6 [—186[-25]|-1.95| —00 |-1.5|-25|-1.35] -
IpP Min. [958 10 |[~1B6[=28[-1.28] -08 |[=15|-25 [-1.06] -1
Thpur
Laakage
Carrent, Arry legut | 15 21079 Typ, +1 Max, sy
he hiw
Wan




SAKIUM RATINGS, Abrsiure Masmam Valie
STOMAGE TEMPERATLAE RARGE 1T,
OFERAT i TEMPIRATURE RANGE (Ty]
PACKAGE TYPESOLF, K. H
FACKEAGE TYPE E
DO SLPPLY VDA TAGE WAMOE, ¥l
kg reldnasoed m Wag Tavmesal|
POWE R [AGRIPATICN PER PACKLGE Pyl
FOR Ty o -0 0 1600%G FACKAGE TYPE £
VO 1, - = e <RSP0 PACKAGE FYPEE |
LN T, = 58 10 O [PACIKAGE TYFES 0. F, W)
PO Ty« =030 10 1250 (PACKAGE TYFES [ F. K|
pEVICE iR a0k 8 A DUTPLT THANGETOR

PO T, » PULL PACE #GE - TEMPFERLTURE RaklE WL PACKAGE TrPEd|

T v Tacd RAMGE ALL INPUTH
LELD TERE R f s AT RG, SO (R RN L
S dewgrze WOE T VAT 198 T 0 T el i

CD4049A, CD4050A Types

55 1 18R

-5 1 =10
-840 10 WA

=085 +15W

. . Bl

D air Leparly @i 03 /00 10 STHD
prp—

Dueae Limauesy an 17 oo i 00 wvid

W
D% 1o Wy B2 W

wdal tar B e

AT -

i S-Mnimum and masimam s
Praseter CRARCIRRIKE fov
Chaos e,

e Lt
Fig A—Moimurs prd mas mner s Tage

iR

T e

Tkoa Eromom
W AR Ry =T

Fig B- Trpical vaitage iramfer chast
Feedirad 8 5 funshan of e
v (o CDGDGRA
-n-l:.-ul-n '—I:ﬂl-l-_'-

S

Fig B Typicel grd mashTiest gooael ey
R TRy o B e o gane-s-
ipane i Vgl Tor CEMINTA,
YT,

T e W ey

s

Fig P Typguisl s Vags ITar cAR:
mEiicr ar @ fencind af iehdes-
T far CEMOTOA.

e dE R A
g i L oy

Fig IO Tygcat g fia-fpse el pronapenar daln:
e e Dy Rar CLARERA

Pl R =

. 3 Minkmusm gid (i e Al
Pravain chares frrmies Aas

ST TR 11, BOP

Fop = T st miinmaam codsarad deaie
s i Feonion af gine-a-
souene wiige gl for MDA, COA0EEA.

.

"
o prmem—

Fig 11— Tygacm! high -a0-ea (e we @ropmasen Gee
o ey For CEMOEOA
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CD4049A, CD4050A Types

DYMAMIC ILEGTHICAL CHARACTE RISTICE a1 T4 255, Input 1, 420 m,
£y =15 pF, Fip= 20 kil

coanactEmsTic | cosmimons | MU | uwirs
Wy | Vor | Tre| M
Propagirtion Delay Tirs:
Lowta-High. tpL Y
5 5 B0 [: 1]
B [ [ ] [ "
[ 75 | vea
roagsaa [l =Te |
Highe 3 Low. Spg
s | s | o es
coamMge (b w0 N
B b &5 [ A0]
CO0S0A T % | 58
Transitior Tane:
& 5 1]
ok o High, Ty m W0 [ m_'
- 5
High-ta-Lnw, BT 0 10 E"
gt Capacitance,
CoAmMBA - — 18
woanmA | - | - B

A T Ty =B
PP TErae mctem
| e i e BT

B L Vi T Ly | =

= :
LEE CIROTEEE HKiF— i

e o
Fop P— Frovra’ Mo firkagh fevel Saanpivan ters

P 18- Typicet Mgtk fev prpemien riee
i

]

Vo B e e i

e e L T

=

FECS o
e L L T
- FhabAel P A oA FLEAO BT, 1BALIIRSY
s e cemprine COHIREA. "r

e (e
Fig. 17-Tipicsl pawar sanguiion m. fressnen
[T Bar v COMGMSAL

™ ;;_ " wmn
— =
e o = ] S e ™
- -
:l.__ - le ot = : O BTTE hing, Sy
b -1 = C - =t
- —_— T

i anr st b,

- ]

e s 138 19
[ TP

m

9

L EEN e

Fig M f S i s rvisd e i

Trmvica! fow-teh igh favel o ooegetion divay
rume b £ dor COAMBAL

Ay CESOTRRCE IE 1—st

[
Fip T Tgmos (i B3R ! Iassiinon disie:
ron r Cp far COSDRIM,

-

Fi T Frpeoal durisa o chemas meimes far
OGP, COMISDA

bty T:Ji
,1

"
T o
—

A

Fig 2T — lalBckemans fagras of COAMBA, 1 of
B iclanvica’ woids.
ol Schemans flagran of COMOS0L, T o
B idenrical wein

Fig J'I!ﬁn-nmi s caar g T dT.




CD4049A, CD4050A Types

CYNAMIC LECTRICAL CHARACTERISTICS ai T4 =255C; Ingut 1, 4=20 Al

R P
£y 15 pF, R 200 k1 | g o
chanacTEnsTic | conoimons | | LTS s ;.-
Wy Voo Typ. | M, ;
Prepagation Duliy Tima: i
Lom-High, tp g
5 | s 50| m i
ol N T & | B ... i
T TRETE L = 3
COMPS0A 0 [ o | 6 | me B e e
HighetorLow. Ty Bl 12 Frmvoa! dowe frAigh eve or ooagetios dey
PE—— 5 8 1B _| 58 e b £ for COAEA
0 10 T T
[ 1 RN
CO40S0s i n = | &5
Transitice Tane:
5 5 5 | 100
Lo - High, Ty s W0 T W | 60 |
: I T T
HighdaLeww, iTHL W | 10 16 | &0
Inzea® Capacitance, Cj
- 18 -
- T | - PF
s

aw =
Fap T Tygnr Vim0 i Aped v i 8 (L
v R Gt GIMTRM,

|_u'iﬁ"-|nmu-l:-| L

B AT Va1 iy | =

I I T
P Y dizau
i ety T
i 1]
. |= T = ,z"’;"‘—i 1
T A Al N
I, 5l o s i
T coasetn coumtn, b
. P - [ 117 L
. e s g
|

Fg TA Fpmsal funsaiios e meutes far
TGRS,

AR ekt 1y eS| B By —am

E

S R e s T

e
Fig 17— Tipicel pamer famgeios m. (eesven Fag. A THRe! pawar SRIARVON V. PRDNGT
T i e COMGHEA. wern o wenc e COMOREA. TR
T ) k- i
- [ — &
- ai iz
o - e '{_@_ =] To e N I
g, -+ ;. - _mﬁ? Fig IX — lalBckwmane fdepas of C04B4. | or
= o = b S B ickanrica’ uoiis.
m e o, ol Sehemans @isgran of COM0504, T af
- ] L s FyT—————
Fip PE—Roine vy B CTalt Fig @i (o fee ke oo s fard oAt ;\,ﬂ_"n....._-..g iwiod CWEESE RHT TR




RC4558 Operational Amplifier

I
EFAIRCHILD
I

SEMIDOMNDUCTOR v

www fairchildsemi.com

RC4558

Dual High-Gain Operational Amplifier

Features
- 25 MEz unify gein bandwidib
» Supply vlag [ for RM4538 and =158V for

AT
Skort-cizmeit protaction
Hao frequency compansason requinad

Description

Tie BC4730 integated cincuit i a duzd kgk-gein opara-
tionel amplifier imtemally compezsated and constructad om a
single sdticos IC using an advancad epatexml process.

Comhining the features of the 741 with the clows prrematar
maiching and wacking of a doal dindce on 3 menolithic chip
marnlts in unigue parformescs charcteristics. Excallunt
cha==s] saparation allows the nse of tef dusl davize i demss
single 741 operational amplifer applications. It s especially
wall suited for applicatioss i= duffarantal-in, dfsrsnmal-out
a5 wall a5 in potentiometric 2zoplifars and whears gain and
prase matched channels ars mamdetory:

Block Diagram

Ne latcz-up

Largs comnzon-mods and differsntal voltags rezges
Ly peonsir commemnption

Paramgier macking ovar fsmpamturs range

{Gam and phase masch berovase ampliars

Dozl (&)

gl () —

npt (%) —]

Outpel (8]
| <dngn B

— it (8

REY

1.00




PRODUCT SPECIFICKTION

RCas8E
Fin Assignments
sty
) [ TET [ 1 B ] #ig
i
Distpust (4 B Ohelput (8
Rpmat |, :/'/(_T:' f_.- :i: Mgl (2§ —ingas (A E N - ] Ot )
) -
gt (A II @ :ij.l “nzu (E) slnzan (&) |: ] 8 [ —nzuet e
Ve .?.
+nw|-_A|\\l\i-’:l‘_ @ _:"" gt (8] =g |: '] g ] gl ()
=g 5 WIS AT
Absolute Maximum Ratings
(b=yond whilcn the devics may be damaged) |
Parameter Min TP Max Units
Zupply Vallzge FAMSEE =22 v
RC4555 =1E
ApLE Vatage: =1 v
Differential Input Voltage 30 W
POTA <30°C SCIC 300 mi
POIR 46
CerDIF 833
TO-99 &5E
Junchion Temperabure SOIC, PO 125 "C
CerDIF, TO-93 175
Cperaling Temperaiurs FMASEE -E5 125 C
RC43558 0 70
Lead Soderng Temperalure | FOIR, CerDIF, TO-83 (50 52C) 300 "C
SCIC (10 52¢) 260
Carput Short Clircult Durat an” nidefintie

Hotas:

1
Z

Funcfonal cperaton under any of thess cendBens s NOT Impled.
For supply vollapes l=ss fhan =15, the absohri= maxieum input voRage: |5 equal o e suoply sofiags.
Sncrt cincult may be 5o growrs on ene op amp orly. Rafng apoiles to +75°C amblent temperatune.

Matching Characteristics

(Vg = =13\ Ta = +25"C unless othenylse speciied)

Farametar Tezt Conditions Tvp Uinits
Voliage Ean RL=2 kR =1.0 a5
nput Blas CuTem RL=2 ke =15 n&
npul Offset Cumant RLz2 K =73 A




RC45%8

PRODUCT SPECFICATION

Electrical Characteristics
iz = =15V and Ta, = =25°C urless oihanslse ipEEH‘IE::

RM4553 RC4553
Farameters Tast Conditions Min | Typ | Max | MIn | Typ | Max [ Units
npwt Offsst VioRage Rz = 10k 1.0 5.0 20 | 60| mV
mput Oftset Current 50 | 200 50 (200 | na
nput Blas Cument 41 | 500 40 | 500 | nA
nput Reslstance 03 | 10 03 | 10 2
Large Signal Voltage Gain RL & 2k@, VouT = =1V 50 | 300 20 | 3od WIm
Cutput VoRage Swing R = 10k2 12 | =14 =12 | 214 W
FL = 2k =10 | =12 =10 | £13 W

mput Voitage Range =12 | =12 =12 | 213 W
Comman Mode Rejecion Raio | Rg < 10k 70 | 100 70 | 100 dB
Power Supply Rejection Ratio Rs s 10k 75 | 100 76 | 100 a8
Pawer Cansumpiian RL= = 100 | 170 100 | 170 | ms
Translent Response Vi = 20 my

Flse Time Ry = 2ka 0z 0.3 w5

Owershoat Cy < 100pF 35 5 £
Slew Rate RLz 2ao 0.8 1.8 Wius
Channel Separation F = 1084z, Rg = 1k al 0 dB
Unity Gain Eanadwigh (Galn = 1) 25 | an 20 | 30 WHZ

Thnie folowing speciicalons apply for RM = -55"C = T = #125°C, RC = 0" = TA £ +70°C
RM4558 RIC4558

Barameters Taat Conditlons Min | Typ | Max | Min | Typ | Max | Unita
nput Offset VoRage Rg s 10k 60 TE | my
nput Cffsat Cumant
RC4558 500 300 | nA
mput blas Cument
RC4558 500 EDD | nA
Large Signal WVoltage Sain Rz 2kn, Voyut = =10 25 15 W
Cuput Vollage Swing R = 2kn =10 =10 W
Prower Consumpzion FL== 120 | 200 120 | 200 | m




FRODUCT SPECIFICATION

Typical Performance Characteristics

100 I I
1 1
8O |— Wa= pisw
- &0
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[ 21 —— i
P _
. i
O =0 +20 +30 =40 +50 <60 =70
T, "}
Figure 1. mpiet Elas Currsnt ve. Temparaturs
s
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e =
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Figuws 2. Input Common Mods Vosags Rangs
ve. Bupgly Vaolags
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PFRODUCT SPECFIGATION

Typical Performance Characteristics continued)

Figurs 7. Duiput Volage Iwing ve. 2upply Voitage
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FRODUCT SPECAFICATION

Typical Performance Characteristics (continued)
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BA3812L 5-Band Equalizer Chip

Audio ICs

5-channel graphic equalizer
BA3812L

The BA3812L Is a five-point graphic equallzer that has all the required functions Integrated anta one IC. The IC ks com-
prised of the five tone control creults and Input and culput buSer amplfers.

The BAZS12L features low distortion, low nolse, and wige dynamiks range, and Is an lgeal chalce for HI-Fi stereo appilca-
tions. It also has 3 wide operating voltage range (3.5 ta 16%), wiich means that It can be adapted for use with mast
type6 of stereo equipment.

The five center frequencies are Independently 587 Using extemal capacitars, and as the output stage buffer ampifier ang
{one contral section are Independent circulis, fine control over a part of the frequency bandwidth ks possible, Sy wsing
two BA3E12Ls, It Is poesible to construct 3 10-point graphic equalizer.

Thie amount of baost and cut can be el by extarnal compansanis.

@Applications
Radio cassete Fllij'ElE\. home staren Ej‘EtEITG- and car sieres EWEIEME.

@Featuras
1} Minimizes the number of companents required &o 4) Low cumrent dissipation (5 mA)L
bulld a graphic equalzer. 5) Wide gynamic range (Vou = 2. 1ViesVee = BV
2] Low disiortion and low nalse. €] Bullt-in Input and output buffer amipifiers.
3} Wile aperaling power supply voltage range (3.5 o
18V

@ADsoiits Madmum ratings (T3 = 25°C)

Paramarior Eymbxl Limiis Linit
Prewnr supply voltage Wen 16 W
Power dssipation Pd 550 * mi
Opseraling hemparaiune Topr —25~+75 s
‘Eronge samporatura Tslg =128 L

% Redyrad by 5.5 miY Ior sach inooserss in Taol 170 oeer 26°0

®Recommended cperating condiiions (Ta = 25°C)

Paramater Syl Min Tep e Uni
Power supoly volage W a8 q 16 W

nRaHm 445



Audio ICs

BA3G1ZL

@EBlock dagram

[T mazata
i I o
I:W.L-—-—o.r—h o

e "\_.—q t—= 5]
E g 5 ]
E__w._g;_.. C Y 3
= C Sl E|
A J?, Elf
piril . ]

) — -
[ L
B! MG
Foe il (1

@Elecincal characterislics (unless ohersise noted, Ta = 25°C, Voo = BY, and fin = 18Hz)

Paramater Symbal Min. Tyeo Mo, Unit Candilions
Quiascant currend ] 25 S0 a4 A -
Manimum ouiput vollags Wi 1.8 21 - W THD=13g
Tial hanrei dignion THD - oo a1 ] Wour=120my, 1=1kHz
Cutput noise vokage Wy = | & | 20 uV | Am=10ki
Inpast  autput gain O |-25 |—05 | 15 | g | SIS PEANOUEA Gakhen S
Conimd rangs GA T F1Eo | L4 dB | vw—200mY

445




Audio ICs BA3G1ZL

@kleasurement circul

@Applization exampie

Fig. 2 10-paint single channad graphic equalizer srcut

naLm u7



Audio ICs

BA3G1ZL

By u=ing mare than one IC the foliowing applications are
also passile:

{1} 10-point single-channel graphic eguallzer

As shown In Fig. 2, with two ICs 1 1S possible ba corstnuct
3 10-point single-channel graphic eguallzer,

(2) 7-paint stereq graphic equalizer

As shown In Flg. 3. with three I1Cs It Is possible to
consiruct @ 7-paint stereo graphlc equalizer. Two
BAIE12L ICE are used io consbruct 3 S-point stereo
graphic equaltzer, and twa of the active Inductor circults
from a third BA3E12L are added 1o each.

Fig. 3 7-point sterao graphls aqualizer circut

148 NONM



74HCO8N Quad AND

INTEGRATED CIRCUITS

W —r— I | (;__:w., | | I ] I |
| AN | ARG = |
||;Ixx Wl Ay IS L

S0 L LT

74HCO08; 74HCTO08
Quad 2-input AND gate

Product epecification 2003 Jul 25
Supersedes data of 1980 Dec 01
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Philips &smlocndustors

Guad 2-input AND gate

Froduet specifoation

74HCO08; T4HCTOS

FEATURES

Complies with JEDEC starcand no. E-14

E20D profection:

HEM EIAEIDZZ-AT 14-4 excmeds Z000 W

LY EIAESDZZ-AT15-A epceads 200 V.
Epeciiied from —20 10 =85 20 and 40 o +12E *C

QUICK REFEREN
GHD = 0 W, Tape = 25

DETA
Cihmly=E R

DELCRIFTIOH

The T4HCHCTOE are high-speed 3i-gate CTMO
and ar= pir compatble with low power 2chofty TTL
[LATTL]. They are sp=cified In compllance with JEDEC
standand ro. TA. The TAHCHCTOS provide the 2-inpet
AMD forcton.

TYPICAL
AYMEOL FARAMETER COMDITIOHE UHIT
T&HCIE T4=HCTOE
lpg/ten | Dropagation delay n&, nB o nY CL= 15 pF Voo =SV |7 11 ns
Gy npt capachance 35 F
Cen power dissipafion capachance per gate  |modes | and 2 10 =
Hobes

Cpp 15 wsed to delemine the dyramic power dissipation |

2'\-". M= EiTy =g

Po = Cpp = Voo
fi = Inpart freguency In MHZ;

o = output frequency In KM=z

iy = gutput Inad capackance in BF;
Yo = SUpRly soilage In Velis;

K = iotal lcad switching outputs;
EiDy % Wee® ¥ 1) = sum of the oulputs.

[x

For T4=C0E: the cordition I5 W) = GHD 80 Ve,
For T4HCTOR: the condiion 15 V), = GO B Voo -

FUNCTION TAELE

2 w Tl whepe:

Foln .

INPUT cuTPUT
na -] Y
L L L
L H L
H L L
H H H

Haobe
H = HIGH vaolisge leaed;
L = LW voltage lzvel

2003 Jul 25,
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Philps Semiconducion

Froduct specification

Cwad 2-input AMD gate

TAHCOE; T4HCTOS

COROESING INFORMATICN

FACFADRE
TYPE HUNEER
TEMFERATURE RANDE FINE FACF.AQE MATERIAL
T4HCOEN 14 DIF14 piastic 2
TAHCTOEN 14 DIF1a oiastic a
TAHCOED 14 3014 nastic 3
TAHCTIED 14 aci4 piastic ;|
TAHCDEDE 14 mastc 3
TAHCTOSD 14 oiastic 3
TAHCOEFY 14 mastc 2
TAHCTE 14 plastic 3
TAHCOREE 14 oiastic 3
TARC TSRO 14 nlasts 3
PINMING
PIN 2YMBOL DESCRIPTION
1 14 cata mput
2 18 ot Input
3 1Y cata output
4 24 data Input
= 28 diata Ingut
£ Y cata output
T SN geound (0 W)
g 1y cata output
5 1A data Input
o 38 cata mput
11 ax cata output
12 44 diata Ingut
3 g8 data Input
4 Yoo supply woitage

2003 Jul JE



Philps Semionducions

Froduct specification

Quad

Z-input AND gate

TAHCOE; T4HCTOS

wl O [3¥] e
e [F] 13]an
v [3] 7] 4s
2a[4] i [1]av
= [5] [HEN
=r [5] [G]2=
ki [T [E]v

Fig1  Pincordiguration DIF 44, 3014 anc
(TE20P14.

s Vg
14
mz o) an
w2 (| as
2[4 GHEED (o] &
] (] am
=z [E (5]
[1] [:]
fopaw M0 3 —

1%y Tra e wusdoes s sttschad bz 19 s pad Larg condatve 2o
wiach malwim. Eoan rof b oaaed e sepply 50 o Ingt

Fig 2 Finconfipurstion DHVQFMN14.

&
— ) 3
2 | —T
5 |za
'mE = 8
slam] G

j
_|: e R = A
b -

&
B | 1
13 |4n —

e

Fig¥ Logle symbal.

— o 3
LI — i
.
2 . .
. —=
1z

& il
]

wmamm

Flg.4 [EC logic symbal.
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Philips Semiconducticns Froduct specifization

Cwad 2-input AND gate TAHCOE; TAHCTOS

. e
. _— s >ol” .

Flg.5 HC logic diagram {one gas). Fig§ HCT logic disgrar jone gate ).

RECOMMENDED OPERATING CONDITICOHNE

T4HCOE TAHCTOS
FVMEBCL FARAMETER COMDITIONE UHIT
M [ TVE | MAX. | MIN TWP. | MAaX.
supEdly voltages 2.0 50 ED L5 i 5.5
W npat woliage [ - Yeeo o - W
Vo oulput wakages [ - [ ] - W
Tumts amblznt see DG and AC =40 +25 +125 | =20 =25 )
Emiperatun chamcierstics per osilce
thh npat iz and Tl Voo = 2.0V - - 1000 | - - - s
e Wog= 4.5 W - 80 SO0 - 60 500 s
Wiog = B.00W - - 400 - - - s

LIMITHG VALUES
Im accordarce with the Absoluts Mavimurs Sating 3ysiem [EC §0124); voliapes are referenced 1o GMD (ground = 0 W)

FYMBOL FARAMETESR CONDITIONE MIIN. MAE UHIT
Yoo LRy vollage 0.5 +7.0 W
lix nput diode current Wpe DEVor¥>Vec+DEWV - =20 12"}
[ output diode curent Vg = DEVOrvg= Vo= 0.5V - =20 mA
Ia output source or sink ourent D5V eNaeVon+ 05V - 225 mA
lee I | Voo ©F GHD curment - 50 A
Talg siorage tempeature -£5 +150 "
Fay DoweEr dissipaticn

DIF14 package Tama = =30 20 =125 "G moie 1 - TE ]

ather packages Tams = =30 B0 =125 *C; nod= 2 - ] i
Hobzs

Far 0iF14 packages: above 70 G derats Inearly with 12 milie
For 8014 packages above T
Far 330714 and TE20P 14 packages: above 60 "C demte inzary whn 5.5 maiK.

For OHWEFN14 packages: above E0 "C derab= Ineady with 2.5 mWiE.

N

'C derate lreacty wilh & miAVK.

n

2003 Jul 25



Philps Semlcorduchors Froduct specification

Quad Z-input AND gate T4HCOE, T4HCTODE

DG CHARACTERIETICE

Farmlly T4HC08
At recommended cpemating condBiens,; volages are reterenced 1o GHD jgreund = 0 W)

TERT CONDITMOM B
EYMEOL FARAMETER MIH T¥P. MaX UHIT
OTHER Ve (¥
Tarty = 2E T
Wi HIGH-lye] Input volags 2.0 1.2 - W
£ 2.4 - W
4.2 12 - W
Wy LOWi=iewsd Input voliage 2.0 - 0.8 a5 W
4. - 21 1.38 W
B - 2.8 1.5 W
Yo HIGH-mve| cutput volage | V= Vg or
o= —20 WA 2.0 .5 aa - W
L o T £ 4.4 45 - W
iy o= —3.0 s, a5 3.58 £.32 - W
g = =30 UA 6.0 5.9 B.0 - W
I = —5.2 s 6.0 E.45 5.81 - W
Vo LCAN-lmywsl oiviput volbage | V)= Wy or W
lgo= 20 p& 2.0 - a a1 W
oow I0 WA £z - o a1 W
lg = 4.0 mA £z - 0.1s d.26 W
o= I0 WA 6.0 - ] a1 W
kg = 52 mA 6.0 - 0.1e 126 W
Iy Iriput leakage currant Wy 5.0 - 0.1 2.1 LA
loz I=siate cauiput OFF currend | Vi = W oor ¥ 6.0 - - =08 [T
W= ¥me OF GRD
lgo quizzcent supply currerd | V= Wgg or 3MD; Ig=0 | 5.0 - - 2 LA

2003 Jul 25 E



Philps Semisonducions Eroduct ssecifization

Quad Z-input AND gate TAHCOE; T4AHCTOES

TEAT CONDITHOMN S
EYMEDL FARAMETER MIM TYVP. MAX UMIT
OTHER W (W)
Tamh = —4% 0 =EE "C
VM HIGH-leve] Input voliage 2.0 15 - - v
L= 115 - - W
6.0 42 - - W
Vi LCi-ievsl Input voliage 2.0 - - a5 W
Lc - - 1.38 W
6.0 - - 1.8 W
Vo HIGH-leve] catput voltage
15 - - W
4.4 - - W
.84 - - W
HE - - v
g £.34 - - "
VoL LCW-ievel outout waitage
2.0 - - ad W
4= - - a1 W
LE - - Q.33 W
6.0 - - a1 W
6.0 - - 2.33 W
[T} Input l=akags curnend B.0 - - =10 TS
o 3-state: cutput OFF curnend 6.0 - - =50 [
lee qui=scenk supply curnent B.0 - - 20 [TE)




Phllps Semicorducicns Froduct specification

Quad Z-input AND gate T4HCOE, 7T4HCTOS

TEST COMDITIOH 8
EYMEOL FARAMETER MIM TYP. MAX UMIT
OTHER Vi |
Tamt: = -42 f0 =126 °C
Wi HIGH-lay2| Input voliape 2.0 1.5 - - W
a5 345 - - W
6.0 42 - - ')
Vi LCWi-lewed Input voliage 2.0 - - a5 W
a5z - - 1.35 L
6.0 — — 15 W
Yo HIGH-leye] cutput vollage | W= Wi or Wy
o= =20 UA 2.0 1.5 - - W
oom 20 UA 8E 4.4 - - W
o= 4.0 mA .5 T - - W
gow —I0 pA 6.0 5.9 - - W
0 6.0 .2 - - W
VoL Lo -lmvel cudout woltage | W= Mpor Wy
o= 0 uA 2.0 - - a4 W
oom 20 A oy - - ad W
g <0 s a5 - - a4 W
6.0 - - a4 W
6.0 - - A W
[T} Iriput leakage current 6.0 - - 210 [TE
lpz I-sihate cafput OFF currend 6.0 - - +13.0 [T}
== quizscent supply current 6.0 - - 40 LA,
2003 [




Philips Semiconducticns Froduct specifization

Cwad 2-input AND gate TAHCOE; TAHCTOS

Family T4HCTOE
At recommended opemating condRlons; voRages are referenced o GHD {ground = 0.

TEAT CONDITIONS
SYMECL PARAMETER M. TVR MAX. | UNIT
OTHER '
Tamh = 25 '
W HIGH-l=ael Irput sollage 4510 EE |Z0 1.8 - W
Wy LOW-level Inpat voliage 45mEE |- 1.2 0.8 W
Yo HIGH-lmel oulput vokage Wy Vg Vi
45 44 4.5 - W
45 314 132 - W
Vo LO-lewvel output wolbage
45 - 2 W
1.5 - a.1s W
I Input Izakags cursnt 55 - - [TE)
oz 3-state output OFF ourent 55 - - TE]
lee guisscent supply cument Wym Vpp Or BND; |55 - - 2 TEN
o=
Al adaitional supply curent perinpet | V= Voo - 2 4558 (- ) [TE)
a=0
Tamb = -4 fo =EE "C
W HEG H-f=eel Inpet vollage 451058 |Z0 - - W
WL LOW-level Inpat voliage 45mEE |- - 0.8 W
Yo HIGH-t=vel oulput vakage Wy Vg
I = =20 uA 45 44 - - W
Iy = =20 mA 45 3 - W
Vo LOt-level output wolbage Wy Vg Vi
20 uA 45 - - 0.f W
4.0 mA 45 - - 033 W
Iy Input l=akage cursnt coCrEMD |55 - - 1.0 TE]
loz 3-state oulput OFF oumenit 2T Vi 55 - - 5.0 TEN
Ics quisscent supply cument W= Vg or GMND; |55 - - 20 [TE
o=0
A adaitional supply curent perinpet (Ve WVon - 21 |45 58 (- - 270 TE]
a=0
2003 Jull 25 5



Philps Ssmicorducions Froduct specification

Quad Z-input AND gate T4HCOE, 7T4HCTOS

TEAT CONDITIONS
SYMECL PARAMETER M. TR MAX. | UNIT
COTHER
Tamh = —40 f0 =126 "C
W el irput wollage 4510 EE |ZD - - W
Vi | Input vofiage 45mEE |- - 0.e W
Wan HiGH-l=el oulput vakage T RUNE- IR
g = =20 pA 4.5 4.4 - - W
o= 40 mA 45 a7 - - W
VoL LO-lewvel output voltage
- - W
- - 4 W
I Input lzakags cursnt - - 1.0 [TE)
loz 3-gtake output OFF cument - - +i0 [TES
lge quizscent supply oument Wym Ve OF BND; |55 - - 40 TE]
=0
Al adaitional supply curent perinpet (V=W -21W |45 E5E (- - 224 [TE
o=

2003 Jul 25 0



Fhilps Semicorducicrs

Froduct specification

Cwad 2-input AND gate

T4HCOE, T4HCTOS

ACG CHARAGTERIZTICE

Family 74+C08
GND = 0 W; ly= 4= & n5; G = 53 pF.

TEET CONDITIONZ
BYMEOL PARAMETER MUK, TV BAX. URIT
WAVEFORMS W [V
Tamh = 28T
tpag o propagation delay na. see Figs Tand 5 | 2.0 25 50 S
nE to rY 4.5 E 1 =
E.0 T 15 s
tne®mn ocufput fmansFion ime: see Figs T and & | 2.0 18 TE rs
4.5 7 15 rs
E.D E 13 s
Tamh = 43 %0 =BE "C
tpsietegn propagation delay ra, see Figs Tand 5 | 2.0 - 115 [
nE o rY 4.5 - 23 rs
ED - 0 s
tnaLrn ouipet tmnskion ime seeFigsTand & | 2.0 - EH S
45 - 15 s
E.0 - 1E =]
T sy = —40 0 +126 "
tpois oo propagation delay na. see Figs Tand 5 | 2.0 - 135 S
nB o Ry 4= - ar s
E.0 - 23 s
trarn cufpt tanskicn ime e Flgs Tand 2 | 20 - 110 RS
4.5 - a2 (=
E.D - 15 rs

2003 Jul 25



Phillps Semlcorduchons

Froduct specification

Quad 2-input AND gate

TAHCOE; T4HCTOS

Family T4HCTOE
GND =0 V; k==& n5; G = 53 0F

TELT CONDITIONS

EVYMECL PARAMETER TYP. MAX, UHIT
WAVEFORMI

Ty = 28 '

testoun prosapation delay ma, seeFlgs T amd 2 14 2
nB b mY
cufpet tanskicn Sme see Figs 7 and & [

o =EE"C

propapation delay na, see Figs T and & 2
nE b Y

tra®rLm cufpet tanskicn me seeFigs 7 and & 2

Tty = —40 0 =126 *C

e toon prozagation delay na, see Flgs T and & 2
nE bo rY

tr®eLn cufpet tanskicn me seeFigs 7 and & 2

A WAVEFORME

Vau

17wz

ViaL

FATON Wy = S0 W= GRIDB
FRECTIE: Vg = 135, W, = GMD 2 3V

Flg.7 \Wavsforms showing S input (n&, nB) o sutput (¥} propagabion delays amd fhe output ransBon Smes.

2003 Jul 25



74HCO04N Quad Inverter

INTEGRATED CIRCUITS

> f '.llll — .I'I. (:7._:"
|| llx'a-h-'x | x'a-h-'x tf )

.....

74HCO04; 74HCTO04
Hex inverter

Product apecification 2003 Jul 23
Superzedes data of 1993 Sep 01
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Phillips Esmlocnduators

Hex inverter

Froduot spsalfioxtion

T4HCO4; T4HCTO4

FEATUREER

Complkes with JEQEC sardand no. 214

EA0 progecton:

HEM EIADEIDZZ-AT14-4 excmeds ZO00 W

MM ELAJERDZZ-A1 A mpceeds 200 V.
Epecified from —240 1o +55 °C and 40 R0 +128 °C

QUICK REFERENCE DATA
GHD = 0 W Tape = 25 20 L= by 6.0 035,

DEELCRIFTION

The T4HCHTTIY are high-speed 3-gase CHMCE
and arz pin compatble with low power Schofy TTL
[LATTL]. They are spacified In complance aith JEDEC
standand o, TA. The TAHCHOTIL provids six Ineerting
buffers

AYMEBOL PARAMETER

TYPICAL
CONDITION & UHIT
HCo& HCTo4

tptpn | Dropagation celay n&lonY

Cpmi

EpF; Wog =5 W

=t npat capachance

Cen Dower DisEpation capackance per gate

notes 1 ang 2

in
ki | b |
1
]
T

e

Hobes

Cpp b5 2sed o delemmine the dyramic powsr dissipation (Fgin wii).

Pop= Cop 'l.'c.\:z Kf N =ET KW
fi = Input frequency In MHZ;

fy w output frequency In M=z

Cy = output lnad capackance In pF;
Vg = SUpEly woltage In Wolts;

K = iolal load swiching outputs;
Ky % Vige? % ) = 5um of the outputs.

[x

For 74=C04: the conditon 15 W) = GHD 10 Vs,

Far TAHCTOS: the condiion |5 W) = GND bo e =1

FUMCTION TAELE
Sesrote 1.

¥ w ) whars:

Y

INPUT

ouUTPUT

na

[

Hobs
H = HIGH voliage el
L = LOW voliage l=vel

2003 Jul 23
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Fhilps Semicorducicrs

Froduct specification

Hex inverter

T4HCD4: T4HCTD4

COROERING INFORMATION

2003 Jul 23

PACKAGE
TY¥FE HUMEER
TEMFPERATURE RANGE FINE FACKABE MATERIAL CODE
TAHCOEN A0 o+ "2 14 DiF4 plastic 207271
TAHC TN —40 ko +125 C 14 DiF14 prasti
TAHCIED 00+ " 14 504 plastic
TAHCTO4D 400 +125 12 12 5014 plastic
TaRCDDE A0 to+125 'C 12 BEOF14 plastic
TARCTOADE 4080 +125 10 12 BE0F14 paastic
TAHCIZPW 40 B+ g 14 HIOF14 plastic
TAHCTOEWN " 14 SE0F4 plastic
TAHCD4B G y 14 DHWQFM14 plastic
TAHCTIHER = 12 DHVIZFNAL plastic
FIHNKING
FiH AYMEBOL DE3CRIFTIGH
1 14 data Input
2 b4 data oufput
3 A data input wi O (58] v
4 P dats cutpet [z [ es
H ETY data input =[5] ]er
8 ¥ daia outpust =[] o4 me
7 GND ground {0 %) [T (]
5 &Y daia outpst
E] LA data Input :TE EI“
12 v data output oo [T} ER
11 5A data Input i
1z BY data oufpst
13 BA data Input Fig.? ®in configuradion DIP14, 2014 and
14 Yoo suDDly wikage TISE0F14.




Philps Semiconducions

Froduct specification

Hex inverter

T4HCO4; T4HCTO4

) w3
-
S E s
4 |as bl I
T . T P IS
P
g | w8, dv| B
o
-
L =] o
-
m |as e |z
£
I
A
1 Tha dia wabarele in aBnchnd o this zad using corducies dia
siack mmies el 1 can nd B vaed 88 & wpg y pin of el
Flp.2 Pin oorfipemaban DHWIFN 14, Flp.3 Logic symbal
! _E_:
: D !
A [ ¥
' D ' ] -
" —D *
" D "
MRAHI
Fig4 IEC lopk symibol. Fig.5 Logk clagram [one imverisrl.
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Philps Semlcomducions Froduct sp=cification

Hex inverter T4HCO4, 74HCTD4

RECOMMENDED OPERATING CONDITICNS

T4HC04 TAHCTD4
AYMBEOL PARAMETER CONDITIOHE UHIT
My TVR MAX MIF TWP. | BAX.
suppdy volkage 0 50 ED L5 =
W) nput woiage i - Ve h] - W
Vg oulpul vakage [ - Wen D - [
Tarrs amiblent i=mperaturs zes D0 amd A 40 +25 =125 |21 =25 =3
characieristics per
device
i npot rize and fal Hmes Yoo = 2.00W - - 1000 |- - - nis
Wgg = a5V - 80 S0 - &0 o0 s
Yoo = E.D WV - - L le e - - - s

LIMITG VALUES
Im acoardance with the Absolrs Mavmors Sating 2ystem (EC 5012345 volages ame reterenced o GND (grouns = 0 W)

AYMECL PARAMETER CONDITIONS MIIN. MAX UHIT
Voo supply vollage 0.5 +7.0 W
I npat dicdie current Wy s =05 Orvy® Vg + 05 W - +20 mA
Iox sulput diode curent Vo =05 Varvps Voo + 0.5V - mA
[ oulput Source or snk - mA
current
lgo, loen | Voo o GHD curment - =50 A
| Tusg storage temperaturs 55 +150 "
Pua power dissipation
DIF14 package Tares = —340 10 +12 note 1 - 750 i
other packages Taree = —40 t0 +425 *C; note 2 - 500 i

Hotes

For DIF14 packages: above 70 °C derate Inearky with 12 misi
For 2014 packages- above 70 °C derale Inearty with 8 mive.
For 330714 and
For DHWEFN 14 packages: above 60 'C dembe Ineady with £.5 miAie.

[

E2E0P14 packages: above B0 "C demate linzary whn 5.5 msiK.

n

2003 Jul 23



Philps Semlcomducions Froduct sp=cification

Hex inverter T4HCO4, 74HCTD4

DC CHARACTERIETICE

Tyos TAHZDE
At recommended cpemating condiions; wolages are neterenced o GHD fground = € V).

TEAT CONDITIINES
EYMEOL FARAMETER MIN. TYF. MA UHIT
OTHER Wi 0¥
Tomh =26 'C
W HIGH-ley2l Input voliage 2.0 5 .2 - W
i 14 - W
6.0 4.2 32 - W
Wy LOWi=lewsd Input volage 2.0 - 0.8 [ W
L5 - 2.1 35 W
6.0 - 2.8 8 W
Yo HIGH-eye| cutput vollage | Wi = W or vy
o= —20 A .0 L} 2.0 - W
o= =30 pA 4= 4.4 4= - W
= —4.0 mA 45 158 432 -
o= =30 uA 6.0 5.9 ED - L)
lgow —5.2 s 6.0 .45 c.81 - W
VoL LCAN-lewsd ouiput vollage | V) = Sy 0 ¥
lgo= 20 p& 2.0 - [ [ W
igom IO 1A 4z - 0 0.1 W
iy = 40 M 4= - [ 0.3 W
o= 20 WA 6.0 - o 0.1 W
lg= 52 mA 6.0 - 0.1 0.36 W
Iy Irizt l=akage curnant 5.0 - 0.1 1. A
loz I-stabs cuipul OFF current 6.0 - - =05 A
W= ¥me OF GRD
I quizzcent supply current | V= - - 2 A

2003 Jul 23 E



Philps Ssmicorducions Froduct specification

Hex imverter TEHCOD4; TAHCTO4

TEZT CONDITIOM
EYMEDL FARAMETER MM, TYF. MAX UHIT
OTHER Wioo (V]
Tamh = —40 fo =B6 "C
W HIGH-l=ye| Input volaps 2.0 - - L'}
25 - -
6.0 431 - - LY
Vi LCAN-level Input voliage 2.0 - -
L5 - -
6.0 - - B W
W HIGH-=we] cutput vollage | Wi W o Wy
gow —I0 pA 2.0 g - - L
o= —aid WA L= - - W
g = =40 mA iE - - W
oo —I0 P& 6.0 - - W
o= —52mA 5.0 - -
VoL CAN-level cutout vollage W) = Wi or W
o= I0 UA 2.0 - - 0.1 W
£ - - 0. W
.5 - - 033 L
6.0 - - 0. W
6.0 — — 0.33 L
Iu Input l=akage 5.0 - - 1.0 LA
[ I-stabe cutput O Wy = Wy OF Wi 5.0 - - =50 [pa
Wio = Yoo ar GHD
lez guizszent supply currert (W)= Voo or GND; Ig=0 | 6.0 - - 0 LA




Fhllps Semic

orduchors

Froduct specification

Hex inverter

T4HCD4: T4HCTD4

TERT CONDITHOM &
EYMEOL FARAMETER KIIN. T¥F. MaX UMIT
OTHER Wioo (W]
Tamh = 40 %0 =126 *C
Vi HIGH-lexe| Input voliage 2.0 - -
L= - - W
6.0 - - W
Vi CAN-eved Input voliage 2.0 - —
a5 - - W
6.0 - - 1.8 L
Yo HIGH-eve] cuiput vollage | Wim Wy or W
o= 10 WA 20 5 - -
5w 20 P& &5 - -
oo —I0 P& 6.0 - - W
om0 mA o] - -
oom 52 mA 5.0 - -
Yol L Gifi-leyes] castout wollage Wm0 W
om0 A 2.0 - - [ L
o= 0 uA L= - - 0.1 L
6.0 - - 0. W
a5 - - 0.4 L
6.0 — — 0.4 L
M Input leakage current 5.0 - - 1.0 T
lpz 3-stabe canput OFF curnend 6.0 - - 00 158
Wio = Wiag or GRD
les guizscent supply current W)= Voo or GND; Ig=0 | 6.0 - - 40 T
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Philps Semiconducicns Froduct specifization

Hex inverter TAHCD4, T4HCTD4

Typs TAHCTO4
At recommended operating condRions; wotages are referenced to GHD {ground = 0V

TEST CONDITIONS
SYMEOL PARAMETER MIN. TR MAX. | UNIT
OTHER o
Tamh =26 "%
W HIG H-f=vel Input vollage 451l EE |Z0 1.6 - W
¥ LiO-bzvel Input voliape 25158 |- 1.2 0.e W
Yo HiG H-l=ael output voRage W g o Wi
Iy = =20 pA& 45 44 4.5 - W
lgo= —4.0 mA 4.5 14 4.32 - W
Vo LO-tevel output wokage Wy
lgom 20 nA 4.5 - a 0.1 W
I = 4.0 mA 45 - Q.15 035 W
I Input Izakage oument V= Vppor GND |55 - - HI.1 A
[ 3-siabe oulput OFF cument W W ar Wy £E5 - - = A
Wig = YWop or GRND;
a=0
lee guizscent supply cument Wym Vep Or BRD; |55 - - 2 TE)
a=0
Aoy adaitional supply curent perinpet (Ve Vo -21%, |45 58 (- 120 432 [TE
o=0
Tambh = —40 0 =BE "C
L™ HIGH-f=vel Input voilage 451nEE [Z0 - - W
s LOW-level Inpat voliage 45mEE |- - 0.8 W
Yo HIGH-l=vel oulput vokage W -
I = —20 nA 45 4 - - Y
lp=—40mA |45 134 |- - W
Yoo Liritv-bese] output wolbage: W g o Wi -
Iy = 20 pA 45 - - 0.f W
lgo= 4.0 mA 4. - - W
Iy Input l=akage ourent W= Weg Or GND |5 - - [TE)
loz 3-stais output OFF cumeni W Wy 0T Vg E8 - - [TES
Vg = e or GND;
o=0
Ics guisscent supely cumsnt W= Viop or BMND; |55 - - o TE
o=
Al additional supply curent per nput |V = Ve - 29%, |481DE5E |- - 40 TS
a=0
200 Jul 23 5



Philps Ssmicorducions Froduct specification

Hex imverter TEHCOD4; TAHCTO4

TEAT COMDITIONS
EYMECL FPARAMETER MIN. TR MAX. | UNIT
OTHER '
Tamh = —40 f0 =126 "C
W FiGH-l=el Input wollage 4EipEE |=0 - _ W
Vi LiO-kzvel Input voliape 251058 |- - 0.g W
Wan HiGH-l=el oulput vakage T RUNE- IR
4.4 - - W
37 - - W
VoL LO-lewvel output voltage
- - 0.1 W
- - W
I Input lzakags cursnt - - ey
loz 3-s5abe oulput OFF ourent - - A
lge quizscent supply oument Wym Ve OF BND; |55 - - 40 [TEN
a=0
Al adaitional supply curent perinpet | V= Voo - 2 4558 (- - E50 [TE
o=




Philps Semiconductons Froduct specification

Hex imverter TAHCO4; TAHCTO4

AC CHARACTERIZITICZE

Famlly T4HC04
GHOD =0, L= <50 ns; G =50 pF

TEET CONDITIOHNE

EYMBEOL FARAMETER MIM TYF. MAX. UNIT
WAVEFORMEI Wee W)
Tamb = 28 "G
P propagation celay see Figs 6 ard 7 2.0 - 25 85 ns
RA B0 NY sc _ 3 17 ne
6.0 - 7 12 ns
Inafoin cutput iransition tme see Figs G and 7 2.0 - 13 75 ns
Lc - T 15 ns
6.0 - & 13 nz
Tamb = -4 fo =EE "C
e toom propagadion defay see Figs 6 and 7 2.0 - - 105 ns
A B Y o - — 21 ns
6.0 - - 18 ns
(51 Tt] oadout trarsiion tieme seeFlgs Eand 7 2.0 - - 88 ns
LE - - 13 nz
6.0 — — 16 ns
Tty = —40 {0 =126 T
s/ tpgs propagation celay see Figs 6 ard 7 2.0 - - 130 ns
RA B0 NY s c _ _ 25 ne
6.0 - - 22 ns
T eLn cutout ransition tme see Figs 6 ard 7 2.0 - - 110 ns
4= - - 22 ]
6.0 - - 13 nz




Philps Semlcomducions Froduct sp=cification

Hex inverter T4HCO4, 74HCTD4

Famlly T4=HCTHe
GHD =0 W, L= k5.0 ns; G, =50 pF

TEST CONDITIONE

TYMEIL FARAMETER MR TYF. MAX. UNIT
WAVEFORME W V)

Torty = 28 '

tesn/toum propagafion celay seeFigs 6 arad 7 L5 - 10 k] ns
nA o nY

TS cutout ransition tme see Figs 6 ard 7 L= - 7 15 ns

Tty = —40 t0 =E6 "C
propagadion defay see Figs 6 and 7 4= - - & ns
RA BNy

Ira®eLn cutout ransition tee see Figs Eard 7 L= - - k] ns

Tty = 40 20 =126 *C

o tpum propagadion delay see Figs € and 7 4.5 - - i ] L H]
A b mY

T eLn cutout ransition teme see Figs Eard 7 L= - - 22 ns

AC WAVEFORME

L gl
Van ey
1Y bzt Vi Wiy
o
- ks |
- -
L M s

G 0 Vi
For TAHCT Wy = 139, = GO 20 .

Figs \Wavefom=s showing the data Input (R4 1o data cutout (RY] propagaticn delays and e sulpul transitlon
Hmes.

2003 Jul 23
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LM2390 5V LDO

National
Semiconductor

LM2930

General Description

The LIM2930 3-terminal positive regulator features an ability
to source 150 mA of output current with an input-output
differential of 0.8V or less. Efficient use of low input voltages
obtained, for example, from an automotive battery during
cold crank conditions, allows 5V circuitry to be properly
powered with supply voltages as low as 5.6Y. Familiar regu-
lator features such as current Iimit and thermal overload
protection are also provided.

Designed originally for automotive applications, the LM2930
and all regulated circuitry are protected from reverse battery
installations or 2 battery jumps. During line transients, such
as a load dump (40V) when the input voltage to the regulator
can momentarily exceed the specified maximum operating
voliage, the regulator will automatically shut down to protect
both internal circuits and the load. The LM2930 cannot be
hamed by temporary mirrer-image insertion.

Fixed outputs of 5V and 8V are available in the plastic
TO-220 and TO-263 power packages.

3-Terminal Positive Regulator

June 2005

Features

& |nput-output differential less than 0.6V
m Qutput current in excess of 150 mA
Reverse battery protection

40V load dump prolection

Internal short circuit current limit
Internal thermal overload protection
Mirror-image insertion protection

P Product Enhancement tested

Voltage Range

m LM2930T-5.0:
| M2930T-8.0:
| M2930S-5.0:
B LM29305-8.0:

5V
8v
5V
8V

Connection Diagram

{TO-220)
Plastic Package

CAD

O

— T
— .. !
D GRD

i — 1]

00353301
Front View
Order Number LM2930T-5.0 or LM2930T-8.0
See NS Package Number TO3B

(TO-263)
Plastic Surface-Mount Package
T4B 13 [ oeu
CHD :b NG
=1L
Top View 00553307

T

(0563908

Side View

Order Number LM29305-5.0 or LM2930S-8.0
See NS Package Number TS3B

© 2005 National Semiconductor Corporation DS005539

www_national com
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LM2930

Absolute Maximum Ratings (note 1) Reverse Voltage (0C) &V
If Military/Aerospace specified devices are required, Intermal Power Dissipation (Note 2) Internally Limited
please contact the National Semiconductor Sales Office/ Operating Temperature Rangs _40°C 1o +85°C
Distributors for availability and specifications. Maximum Junction Temperatuire 125G
Input Voltage Storage Temperature Range -85'C to +150°G
Operating Range 26v Lead Temp. (Soldering, 10 seconds) 230°C
Qvervoltage Protection 40V
Reverse Voltage (100 ms) ~12V
Electrical Characteristics notw 3)
LM2930-5.0 V=14V, I5=150 mA, T=25'C (Note 8}, C2=10 uF, unless otherwise spacified
Tested Design
Parameter Conditions Typ Limit Limit Unit
(Note 4) (Note 5)
Output Voltage 5 5.3 Yiax
4.7 Vian
BV =26V, 5 mA=l,150 mA 55 Yirax
—-40"C<T =125°C 4.5 Visn
Line Regulaticn V2V, =16V, |n=5 mA 7 25 MV ax
BV =26V, =5 mA 30 80 MV, ax
Load Regulation 5 mA=zl,2150 mA 14 50 MV ax
Output Impedance 100 mA,- & 10 mA, ., 100 Hz-10 kHz 200 mid
Quiescent Current lo=10 mA 4 7 MAax
15=150 mA 18 40 MAsrax
Output Noise Voltage 10 Hz-100 kHz 140 UV e
Long Term Stability 20 my/1000 hr
Ripple Rejection t5=120 Hz 56 dB
Current Limit 400 700 MA L ax
150 MArin
Dropout Voltage lo=150 mA 0.32 0.6 Virax
Cutput Voltage Under -12Vsv,,=40V, R, =1000 5.5 Yiaax
Transient Conditions -0.3 Vit
Electrical Characteristics (noe 3
LM2930-8.0 (V =14V, I,=150 mA, T=25"C (Note &), C2=10 pF. unless otherwise specified)
Tested Design
Parameter Conditions Typ Limit Limit Unit
{Note 4) (Note 5)
Qutput Voltage 8 8.5 Yiax
75 Vigin
9.4V<V, <26V, 5 MmA<I ;<150 mA, 88 Vs
-40°C<T <125°C 72 Vian
Line Regulation AV #1686V, 1=5 mA 12 50 MV ax
9.4V 526V, 1g=5 mA 50 100 MV yax
Load Regulation 5 mMAZlo=150 mA 25 50 MY ax
Qutput Impedance 100 mAg- & 10 mA, ;. 160 Hz-10 kHz 300 mgl
Quiescent Gurrent lo=10 mA 4 7 MAL A%
1,=150 mA 18 40 MAax
Output Neise Voltage 10 Hz-100 kHz 170 MUVims
Long Term Stability 30 my/1000 hr
Ripple Rejection Io=120 Hz 52 dB

www national com




Electrical Characteristics note 3 (Continuec)
LM2930-8.0 (V,,=14V, 15=150 mA, T=25'C (Nole 6), C2=10 pF, uniess otherwise specilied)

Tested Design
Parameter Canditions Typ Limit Limit Unit
(Note 4) {Note 5)
Current Limit 400 700 MAax
150 MAWy
Dropout Voltage 1=150 mA 0.32 0.8 Vigax
Output Voltage Under ~12VaV, <40V, R =100:2 8.8 Viax
Transient Conditions -0.23 Vi

Note 1: Absolute Maximum Ratings indicate limits beyond which darmage to the device may occur, Operating ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AG electrical specifications under particular test conditions which
guarantee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaramnteed for parameters where no limit
is given, however, the typical value is a good indication of device performance.

Note 2: Thermal resiziance wethout & heatl siak for junstien fo case lemperature 1s 3'CAY and ior caas fo ambient terpsrauire 18 50 CAW for the 10-220 737CW
for the TO-263. If the TO-263 package 1s used, the thermal resistance can be reduced by increasing the P.C. board copper area thermally cennacted to the package.
Using 0.5 square inchas of copper area, i), i= 56" CAV: with 1 square inch of copper area, i is 37 CAV: and with 1.6 or mare sguare incnas of coppar area, O,
is 32°Ciw

Note 3: All characterishcs are measured with a capacitor across the input of 0.1 uF and a capacitor across the cutput of 10 pF. All characteristics except noise
voltage and ripple rejection ratio are measured using pulse techniques {tws10 ms, duty cycles5%). Output voltage changes due to changes in internal temperature
must be taken inte account separately.

Note 4: Guaranieed and 100% produchion tested.

Note 5: Guaranteed (but not 100% productien tested) over the operating temperature and input current ranges. These limits are not used to calculate oulgaing
quality levels.

Nole 6: To snsure constant junction temperature, low duly cycle pulse testing is used.

Typical Application

LM2930
Vin Vour
UNREGULATED Vin Vout REGULATED
INPUT GND auTPUT
cr* e

|
l].'II g Iwm’-

**CgT Mmust be at least 10 pF to maintain stability. May be increased without bound to maintain requlation during transients. Locate as close as possible to the
requlator. This capacitor must be rated over the same operaling lemperature range as the requlator. The equivalent series resistance (ESR) of this capacitor
should be less than 14 over the expecled operating temperature range.

if
il

00553005
*Required if requlator is located far from power supply fitter.

Typical Performance Characteristics

Qutput Impedance Qvervoltage Supply Current
10— M
oo mAT S S — Ry = 100!
i 25 FT725°C o

a ' 2 ‘
= £
I SN -
Z e r z

v vt
2 " E 15
g — 7 2 //
5 Z o+ ' -
E T E g A
o — L — >
b4 5

J{ o |
0.01

1 10 100 1k 10k 190k iM 20 25 30 35 a0
FREQUENCY {Hz) INPUT VOLTAGE (V)

nossantz
00553311
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LM2930

SUPPLY CURRENT (mA)

OUTPUT VOLTAGE (V)

INPUT-OUTPUT DIFFERENTIAL (V)

50

-50

100

—-160

-200

—250

Typical Performance Characteristics

Reverse Supply Current

T
Ti= 25°C

L~

12 10 8 6 4 -2 0
INPUT VOLTAGE (V)

00553913

Output at Overvoltage

0.2 T
R ===
Tj=25°C7]
0.15
0.1
e
0.05 —
/
0
30 35 40
INPUT VOLTAGE (V)
00553915
Dropout Voltage
06
05 —
04 Ig = 150 mA
o I/./-
3 | |
1p=50mA
02 0
o1
0 —
A
I Ip=10mA
0 |
0 50 100 150

JUNCTION TEMPERATURE (°C)

00553917

NORMALIZED OUTPUT VOLTAGE (V)

(Continued)

OUTPUT VOLTAGE {V)

1

1

0

0

0

a

INPUT-OUTPUT DIFFERENTIAL (V)

Output at Reverse
Supply
01 ——
Ry =0
FTj=25°C
0
-0.1 —
Lt
i—/"/
—02 T
ol L]
-12 -10 -8 6 -4 -2 0
INPUT VOLTAGE (V)
00553914
Output Voltage (Normalized
to 1V at T;=25°C)
005 l ]
000 ——
!
995 \
990 \
985 | - .
Vi =14V
980 L1
40 20 0 20 40 60 80 100 120 140
JUNCTION TEMPERATURE ("C)
00553916
Dropout Voltage
0.6 T

Tj=25°C
05
04
P

03 /,
02 ]
0.1

0

0 50 100 150 200

OUTPUT CURRENT (mA)

00553918
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Typical Performance Characteristics (continued)

Low Voltage Behavior High Voltage Behavior
6.0 — 8 T
LM29305 LM2930-5
1g = 150 mA 7 FRL=1002
5.0 }
B 1 / s 6
w o
g 40 g ¢
rt =
3 =] 4
> / >
; 3.0 7 '5 3
£ /. 5 |
=1 = 2
3 20 // =] l
4 1
1.0 I I 0
20 30 40 50 60 0 10 20 30 40
INPUT VOLTAGE (V) INPUT VOLTAGE (V)
00553919 00553920
Line Transient Response Load Transient Response
Ti=25°C RV ViN-VouT=9v
i= Vin—VouT =9V w_ LVin - Vout=
gs 2 ig=150ma o g ST &5 M o= 1047
£ -=
arie =3 l /T
28 o gs o0 '
= \ - =
5= ] \ 23
gz \V// gz
2a G
° _—
= -
==
sg 3 g
>z = 150
EE 3
= =] 0
- 0 <
0 15 k) a5 = 0 15 30 5
TIME {us) TIME {us)
00553921 00553922
Peak Output Current Quiescent Current
600 35 —
| VN = 14V
. | T,=25°C
__ 500 Tj=25°C+ 2 ® i
< E
E - o - %5
£ e Tj=-40°C g |
w o
20
o o«
< 300 / — T = 125°C 3 A
e / = 15 e
- =
£ w g ]
L
3 5 LT
100 a 5 A
0 0
6 5 10 15 2 25 30 0 30 60 90 120 150
INPUT VOLTAGE (v} OUTPUT CURRENT (mA)

00553923

00553924
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LM2930

Typical Performance Characteristics (continueq)

Quiescent Current
22

. 1
H Ig= 150 mA
— 18 $
: |
5
£ 16 1
=
= | n
= lg=50mA [ |7
=]
S 6
=
3
1p=0
1 1 1
a0 0 a0 80 120 180
JUNCTION TEMPERATURE °C)
N0553925
Ripple Rejection
80
Ig =50 mA
\VIN'VDUT:W :
2 60 [Ng
2
p—4 - /
=
5
WA \\,
"
w
Y
g
E W[—T -
|
1

1 1 100 1k 10k 100k 1M

FREQUENCY {Hz}
00553927

Definition of Terms

Dropout Voltage: The input-output voltage differential at
which the circuit ceases 10 regulate against further reduction
in input voltage. Measured when the output voltage has
dropped 100 mV from the nominal value obtained at 14V
input, dropout voltage is dependent upon load current and
junction temperature.

Input Voltage: The DC voltage applied 1o the input terminals
with respect to ground.

Input-Qutput Differential: The voltage difference between
the unregulaied input voltage and the regulated output volt-
age for which the regulator will operate.

Line Regulation: The change in output voltage for a change
in the input voltage. The measurement is made under con-
ditions of low dissipation or by using pulse technigues such
that the average chip temperature 1s not significantly af-
fected.

Quiescent Current

o ‘ T T
; LM2830-5 -
~ B0
<
E
= 40
=
w
g a
=
3
E 30 f
& N lg = 150 ma
4 u =
s
Ig=DmA ~
ST (9272 lp=50mA | ]
N 70 A ) T
a i i -
1] 10 20 30
INPUT VOLTAGE {V)
anssaaza
Ripple Rejection
a0
I
g ]
= 60 1
=
=]
=
=
5 &
&
w
g
T
F o i
FYiN-Vour =9V
Ig <120 Hz
] L 1 {
] 50 100 150

OUTPUT CURRENT {mA]

00553828

Load Regulation: The change in output voltage for a
change in load current at constant chip temperature.

Long Term Stability: Output voltage stability under accel-
erated life-test conditions after 1000 hours with maximum
rated vollage and junction temperature.

Output Noise Voltage: The rms AC voltage at the oulput,
with constant load and no input ripple, measured over a
specified frequency range.

Quiescent Gurrent: That par of the positive input current
that does not contribute to the positive load current. The
regulator ground lead current.

Ripple Rejection: The ratio of the peak-to-peak input ripple
voltage to the peak-to-peak oulput ripple voltage.
Temperature Stability of Vi The percentage change in
output voltage for a thermal variation from room temperature
to either temperature extreme.

www national com




Definition of Terms (continued)

POWER DISSIPATION (W)

]

Mot

Iy

POWER DISSIRATI

[T )
(=l )

Lo L = L == T R R S+ N s ]

Maximum Power
Dissipation {TQ-220)

INFINITE HEAT SINK

5

NO HEAT SINK

G 10 20 30 40 50 60 70 80 90 100

AMBIENT TEMPERATURE (°C)

Maximum Power Dissipation
{TO-263) (Note 2)

D0RE3A08

[ ]

Gy = 32°C/W

Q
e ST N N
—t =~
‘ \h‘\\\
@, = 733{:/\;\:\._,
\ \

0 10 20 30 40 50 60 70 80 90100

AMBIENT TEMPERATURZ (oC}

nNAEAA0T

wwnw natienal.com

0e6ZWT



LM2930

Schematic Diagram

a22

GND

S R10 ouT
S0
g L

a21 k-5VOUTD

5.2k-8VOUT ¢

033

3 < RI7

> R15 >

S Sk

00553910

www.national.com




Physical Dimensions inches (millimeters)

unless otherwise noted

0.246-0.260 | 0.330-0.350
—»
f6.10-6.80] [8.38-8.83]
0.100-0.120 g 0o 149-0.153
[2.54-3.05] |/~ ¢ 3.78-3.89)
. T - = " T o.o0s0-0.110
.01 8
0.400 T30t _— {2.29-2.79] 0.180-0.210
i +0.38 - r-—-— " —"> " — _
[10.16 %032 T & ¢ [4.&5‘5.35}
p" - - =]
L 0.048-0.055 _T
0.130-0.160 [1.22-1.40]
|-
PIN #1 1D / | {3.30-408] | TYP
1.005-1.035 0.027-0.037
O
[25.53-26.29] |0.69-0.24]
TYP
70 g |~
/l/ 70/\ (0:525-0.555 y 0.015 Tgon) [0.38 730%]
i [13.34-14.10] |
[ \
0.175-0.185 ) I n
[4.45-4.70} /“ /| f
Uap©
T 0=-6 \”4’ B2y oo 025
0.048-0.052 0105 s (267 o
[1.22-1.32] SEATING PLANE
TAFERED
SIDES 19 TO38 (REY &)

TO-220 3-Lead Molded Package
Order Number LM2930T-5.0 or LM2930T-8.0
NS Package Number T02B

0e6ZWT
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LM2930 3-Terminal Positive Regulator

Physical Dimensions inches (millimeters) unless otherwise noted {Continued)

—.
[

[ I

d

LAND PATTERN RECOMMENDATION

CONTROLLING DIMENSION 1S INCH
WALUES IN [ | ARE MILLIMETERS
SOWTREIENE 1y AR RTTIRRRCT ome

TS3B (Rev '}

TO-263 3-Lead Plastic Surface Mount Package
Order Number LM2930S-5.0 or LM29305-8.0
NS Package Number TS3B

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and Naticnal reserves
the right at any time without notice te change said circuitry and specifications.

For the most current product information visit us at www .national.com.

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES CR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices ot systems are devices of systems 2. A critical component is any component of a life suppon
which, (a) arg intended for surgical implant into the body, or device or system whose failure to pertorm can be reascnably
{b) suppont or sustain life, and whose failure to perform when expected to cause the failure of the life support device or
properly used in accordance with instructions for use system, or to affect its satety or effectiveness

provided in the labeling, can be reasonably expected to result

in a significant injury to the user.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor manutactures products and uses packing materials that meet the provisions of the Customer Products
Stewardship Specification (CSP-8-111C2) and the Banned Substances and Materials of Interest Specification {C3P-9-11152) and contain

no “Banned Substances” as defined in CSP-8-11182.
Leadfree products are RoHS compliant.

Natienal Semiconductor National Semiconductor National Semicenductor Natienal Semiconductor
Americas Customer Europe Customer Support Center Asia Pacifie Customer Japan Customer Support Center
Suppart Center Fax: +49 (0} 180-530 85 86 Suppert Center Fax: 81-3-5639-7507

Email: new.feedback@ nsc.com Ermail: eurcpe.support @nsc.com Email: ap.suppen & nsc.com Email: jpn teedback @nsc.com
Tel: 1-300-272-9959 Deutsch Tel: +43 (0} 69 9508 6208 Tel: 81-3-5839- 7560

English Tel: +44 {0} B70 24 0 2171
www.national.com Frangais Tel: +33 (0} 1 41 31 8780




Tri-colored LED

TriColor RED GREEN BLUE LED

This full color super bright LED contains red green and blue LED S housed in a single 5mm
epoxy package They are available with water clear or milky white diffused lenses as part
numbers RL5-RGB-C and RL5-RGB-D Available with common CATHODE or ANODE
CLICK HERE TO BUY ONLINE NOW
We also offer an automatic color changing RGB LED.
CLICK HERE TO SEE SPECS

|optoe1ectric characteristics: SUPER. RED (AlGalpn)
| PARAMETER | symporL || max || Trp | UNIT I TEST
|\-’iew Angle of Half Power ” 2e1/2 | | 15 || Degree |
[Forward Voltage I v | 26 || 20 | v |F=20ma
|Peak Emission Wavelength ” #P | | 630 || nm |
Luminous Intensity [ ™ [ 1200 | med [F=20mA
1+} Ty : ™
1.0E-O1 ‘I [l 2
%
E; BOEQ2 | % b= g " ! % !
. &DED2 - 1 o Eosr
- £ ] § 5 2
 40E02 £ G it £ 4h E oz
: : L S :
20802 i ye g i gm- _
Y WS S— S— T 0 oo 5 P B N £ R i P A
Ferword Voltage-vi[V) Forward Curent (ma 0C) Ambient Temperalure - TA[PC) Arnbient Ternperature [°C)

|optoelecrric characteristics: SUPER GREEN (GalnIN/GalN)

Forward Voltoge-VE(W)

Forward Current [ma DC)

Ambient Temperaiure {C}

PARAMETER sympoL || max | Tve UNIT | TEST

View Angle of Half Power 2al/2 15 Degree
[Forward Voltage I v | 40 || 35 | v | IF=20ma
|Peak Emission Wavelength ” P | | 525 || nm |
[Luminous Intensity [ ™ ] | 3700 | med |IF=20ma

0 i s, vy . 1o : ;
8 w00 L ) z = =
£ [ % : - | §
% 0 g m : E* » \ ‘é L Se—
Eo E bbb de B N I e

ambient Temperature (*C)




|optoelecttic characteristics: SUPER. BLUE (GalN)

Farward Voltoge-Ve(W)

Forward Cunent [ma DC)

Ambient Termperature [C)

Ambilent Temperature [*C)

PARAMETER | sympoL | max || Trp | UNIT

Iwew Angle of Half Power ” 20172 |I 15 ” Degree |

Forward Voltagze VF 40 35 v

|Pe,ak Emission Wavelength || P | 472 ” nm

Luminous Intensity | ™ | 700 |  med |

40 125 1 i

8 . o] B o] 3

E L it i o B B _‘é— g

E 20 E " z ® g [ e e e e
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AVAILABLE WITH COMMON CATHODE OR COMMON ANODE

|ab5o]ute maximum ratings: (TA=23°C, per individual LED) PART NUMBER S RL5-RGB-C and RL5-RGB-D

PARAMETER I SYMBOL [ RATING I UNIT
[Power Dissipation [ PD [ 100 [ W
|Contimous Forward Current I IF [ 20 I mA
ID"elar][cls F;rﬂsw:Ifighll;rmt (1/10th duty cycle, M 50 mA
[Reverse Voltage I VR I 5.0 I v |
|Operating Temperature [ TA [ -40-+85 [ °C |
|Storage Temperature [ TSTG [ -40-+85 [ sC |
Reverse Current (VR=5V) I R I 10 I ua |

Lead Soldering Temperature (3mm from body) 260C (for 3 seconds)




CLICK HERE FOR PRICING AND TO BUY ONLINE NOW
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All dimensians in millimeters
Tolerance is +/- 0.15 mm

LEADS ARE 0.48mm x 0.48mm square - LEAD SPACING IS 1.25mm - LEAD LENGTH IS 24mm to 28mm




Appendix F: Weekly Progress Reports

Jacqui Richardson

Nate Osgood

June-Chi Hong

Week 3 Progress Report

This week we finished building the Boss Metal Zone pedal. We followed the circuit at
each node with a 440Hz, 150mV sinusoidal waveform (an ‘A’ note on the guitar) and took
pictures on the oscilloscope. Then we applied a real guitar signal as an input to our pedal and
there was significant noise on the signal. Even with no signal applied we observed a significant
amount of noise when looking at node voltages in the frequency domain. One thing we noticed
was that the potentiometers caused disruption in the signal when we adjusted them. In an attempt
to decrease this noise we replaced the potentiometers with resistor values set at the midway
values, shortened the long wires in our circuit, and added filter capacitors to every power supply
rail on the board (as suggested by Professor Looft). Our attempts decreased the noise
significantly, but the guitar signal was still too noisy. We feel that it may have something to do

with the capacitance of the breadboards.

We also noticed that the bass and treble knobs in the equalizer block were not entirely
independent. We saw that in the frequency domain when we turned up the treble, some of the
bass frequencies were cut and vice versa. We decided that this block needed to be redesigned and
started looking into other equalizer options, such as equalizer ICs. Instead of having three
frequency bands (bass, mid, and treble), we could use two five band equalizer chips to divide the
frequency ranges into ten bands for more sounds. Although this is a more expensive option, it is

unique for a pedal to have a ten band equalizer and this functionality adds value to our design.



We have also been looking into other pedals for alternate configuration ideas for functional

blocks of our pedal.

Power Block

The power block provides a 9V power supply rail and a 4.5V power supply rail from the
9V rail using a voltage divider (equation shown below). There are two filter capacitors going

from each power supply to ground and a 9V zener diode to keep the voltage at 9V.

10kQ

Toka & 1oka < 2V = 45

Input Buffer

The base is tied to a 4.5V bias through a 1MQ resistor. The buffer is there to match the

impedance of the guitar signal coming in.



First Gain Stage

The first gain stage consists of an op-amp configured with non-inverting negative
feedback. The gain equation is (1+Z,/Z;) where Z; is the parallel impedance of the 47pF
capacitor and the 1kQ resistor plus the variable resistance of the potentiometer and Z; is the 1kQ
resistor and 10uF capacitor in series. At very high frequencies, the capacitor acts as a short
circuit and no amplification occurs. At very low frequencies the capacitor acts as an open circuit,
and the frequencies are cut due to the high-pass filter configuration of the 1kQ resistor and 10uF

capacitor.

Diode Clipping

The 10uF capacitor before the diode clipping stage blocks the DC offset of the signal.
The signal is then clipped to the forward voltage of the diodes. From lab we measured this to be

+0.544V.

Filtering stage

The filtering stage emphasizes two specific frequencies. The gain at this stage, like the
first gain stage, is (1+Z,/Z;) because the signal is non-inverting and connected for negative
feedback. Here Z2 is the parallel impedance of the 47pF capacitor and the 3.3kQ resistor. Z1 is
the total impedance of the transistor network at the bottom. The signal then goes to another op
amp with negative feedback and an inverting output. This op amp has a gain of -1 and acts as a

low-pass filter because at very high frequencies the capacitor is shorted.

Equalizer Stage



For the equalizer stage we are using two 5-band equalizers to produce a 10-band
equalizer. The frequency range of 16 kHz is divided into ten bands. Each frequency in this range
is determined by the capacitor configuration around the chip. The frequencies range from 100Hz
to 6.2kHz, a common frequency range for guitar. The equation for the Q frequencies in Hertz is
shown below.

1
" 2m/1.2k X 68k X C; X Cg

FHZ

Output Filtering

In this stage there is a potentiometer to change the output level, or volume, of the signal.
Following the volume control is an emitter follower to match the impedance of an amplifier,

which is generally about 1MQ or higher.



We are slightly behind and will most likely need to use the buffer week (Week 7) to

catch up. We will still make deadline. Below is our current plan for scheduling:

Week 2: building and analyzing the Boss pedal to understand it conceptually

Week 3: Use our understanding of the Boss pedal and other research we have gathered to design
our own distortion pedal

Week 4: Test and optimize our schematic, order parts, do PCB layout and order PCB

Week 5: Build and test circuit on PCB

Week 6: Build or buy an aluminum case and add finishing touches

Week 7: Buffer time/work on paper/design reiteration



June Chi Hong

Jacqui Richardson

Nate Osgood

Guitar Distortion Pedal MQP
Week 4 progress report

In this week, we ordered more parts for our pedal design. Those parts contain a 10-band
equalizer and distortion design we discovered that contains a clipping circuit and three cascading
gain stages with simpler op-amp and inverter application. We spent couple of days waiting for
the parts to arrive. We completed and tested the distortion design on breadboard. We took the
waveforms for the output of each stage of this design and successfully obtained proper plots as
we expected. Some noise could still be observed at the final stage. However, after testing it with
practical guitar signal, we were surprised that this new design provides much cleaner output
compared to the initial design. There was barely any noise that we could hear. We assumed that
the smaller breadboard and shorter wires do help reduce the noise for the entire design. But we
also realized that with a better design, the noise gate could be even unnecessary before the

output.

Due to some unreasonable delay, the 10-band equalizer just arrived yesterday as it should’ve
been here last week. We figured that the given box shipped along with the equalizer is incapable
of containing all parts of our design, so we’ll have to design a new box on our own. A lot of

soldering will have to be done in this week to come up with practical circuit on PCB.

Our next step is to truly design our own circuit based on what we’ve learn from those designs we
have examined so far. We think that our final design will have following stages: clipping circuit,
gain stage(s), equalizer. We’re now working on designing new power block and switching circuit

that controls the entire pedal. What we’d like to see is LED indicators lighting with different



colors as the distortion circuit and equalization circuits in the pedal are on or off. We plan to use
a tricolor LED with a common cathode to accomplish this. Also, there should be only one power

block to source everything.

Next week we’ll be working on putting the parts we have together to observe how the equalizer
works with the distortion design. We generally believe that the combination will improve the

output signal. Once our design is verified this way, we will start working on the PCB design.

We believe we are on schedule to complete on time, given our buffer week.

Week 4: Test and optimize our schematic, order parts, do PCB layout and order PCB
Week 5: Build and test circuit on PCB
Week 6: Build or buy an aluminum case and add finishing touches

Week 7: Buffer time/work on paper/design reiteration



June Chi Hong

Jacqui Richardson

Nate Osgood

Guitar Distortion Pedal MQP
Week 5 progress report

In this week, we built the 10-band equalizer on a PCB as a proof of concept to test it interfaced
with the distortion circuit. We had some issues with this. The first thing that was wrong is that
we forgot to solder a few components that effectively opened critical signal paths in the circuit.
When we tested it with a guitar signal, it sounded great out of the distortion circuit, but once we
listened to the output after the equalizer, the signal was completely attenuated and barely audible.
This issue was fixed when we soldered the missing components into the circuit. Once this was
resolved we could hear the output on our speaker, but the equalizer was not as responsive as we
would have liked, so we changed a resistor value in the feedback loop of an amplifier in the
equalizer circuit (and changed the capacitor in parallel with it so that the filtering was still the
same cutoff frequency). With this new resistor, we are able to get more gain per equalizer band
to make adjustments on the equalizer setting have a more noticeable effect on the sound. This
worked wonderfully and the sound was much better than expected, until a connection on the
board failed, and we had to resolder the jacks. In resoldering these jacks, we damaged the solder-
through holes on the PCB accidentally, and now they are intermittent connections. This is not an
issue because we are redesigning the PCB on our own, to include the entire circuit on a single

board, so we will not be reusing this PCB for the final design.

We also designed the distortion circuit PCB layout, and had it examined for design mistakes by
Pat in the ECE shop, he said everything looked good, as well as gave us basic pointers on PCB
design. We initially tried using the schematic software for the PCB manufacturer that is capable

of producing our board within our time constraints, but this proved futile, as it did not contain



even some of the most basic components in its meager component library, and it was not clear on
the program how to design them. After realizing this, we went straight to PCB design and

skipped over the schematic portion of the PCB design software.

We designed the LED driver and the bypass circuitry for our pedal. We decided on a tri-color
LED for the power indicator, to display which functions of the pedal are active to the user. The
LED will be off when the pedal is off entirely, when both the distortion circuit and the equalizer
are turned off. The LED will be green when just the distortion circuit is on, red when just the
equalizer is turned on, and blue when both the distortion stages and equalizer stages are turned

on. This functionality is accomplished using 3PDT switches, logic gates, and transistors.

Our project is becoming closer to the final product. Features can be distinguished out of our
design that do not exist in any other single pedal of similar types in the market today. These
features include switchable 10-band equalization that can be toggled independently from the
distortion, and a unique LED indicator that displays what mode of operation the pedal is in to the
user. We have also included industry standard features for high-end effects pedals, such as true-
bypass so that the pedal does not affect a guitar signal if it is located in a chain of pedals on a

pedal board (a common configuration for pedals used by guitarists).

The next step will be to finish designing the PCB to contain the entire circuit, including all
blocks, and then order the PCB. While waiting for PCB to arrive, we will start the design of a

box to contain the circuit, and prepare information for the report.

We believe we are on schedule to complete on time, given our revised schedule as shown below.



Week 5: Circuit testing and PCB design, Order PCB
Week 6: Assemble entire circuit on PCB, design box for pedal, perform calculations for paper

Week 7: Buffer time/work on paper/final touches



Jacqui Richardson
June-chi Hong
Nathaniel Osgood
Week 6 Progress Report

This week we finished designing the PCB for our pedal. We checked the schematic over
several times. We found one misplaced capacitor and fixed it. Then we asked Pat about the
placement of mounting holes on the PCB. He took us to the shop and showed us the different
sized screws and standoffs we could use. After placing the mounting holes of the correct

diameter, we sent the schematic to Express PCB to be made.

While waiting for the PCB to be delivered, June worked on desoldering the parts on the
equalizer PCB, while Nate and Jacqui inspected the desoldered parts for damage and started
gathering information for the final report. An outline of the final report has been completed so it
will be easier to divide the sections amongst the group. We also ordered a 3PDT switch for the

distortion.

We figured out the dimensions for our box that will house our final design. We decided
on an aluminum case of dimensions 8”L x 4.25”W x 2.5”H. We will first design the box using
AutoCAD. Once the box is designed, the file will be sent to the Mechanical Engineering
Department in Higgins Hall where there is a machine that will make our box. There is enough

scrap aluminum available, so our case will be free to make.

We are still on schedule and will be completing our design within the following week.
This afternoon we will download the AutoCAD software and start designing the box. Our final
PCB should be delivered by tomorrow and June will start soldering it. At the beginning of next
week we will test and troubleshoot our final design, have the box made, and apply any finishing

touches to our project.



Week 7: (Originally a buffer week); build and test our final design and complete the box; apply

finishing touches to the project.



Nate Osgood

June Chi Hong

Jacqui Richardson

Guitar Distortion Pedal MQP
Week 8 progress report

In the past week we attempted to finalize our PCB assembly and ran into significant difficulties
soldering the equalizer section. These problems were only further compounded when we
attempted to fix them with our limited soldering skill, considering our team member who did
most of our soldering is no longer in the country. We soldered the slide potentiometers for the
equalizer block onto a perf board, and then crossed the wires to fix the problem we discovered
last week of two of our potentiometer connections being backwards on every slide potentiometer
in the equalizer block. We originally had pins soldered into the holes on the board because the
potentiometer leads were too large to fit into the pads that we put in the board when designing it.
These pins turned out to be a nightmare because we had to solder around the bottom of the board
and there were far too many wires bent at ridiculous angles, which put pressure on solder joints
and the wires themselves, and caused some of the wires to break while we were soldering the
other ends, and everything was so close together that we didn’t notice until we performed a
functionality test, and noted that not all of the potentiometers were working correctly. In trying
to fix this, we soldered and disordered these connections a few times, which only further
weakened the wires and started lifting pads and damaging traces, due to our limited soldering
experience. This functionality test also revealed that ten out of the twelve slide potentiometers in

the equalizer block were functionally backwards, which was another issue with the PCB design.

In our testing yesterday, we also noticed an ungodly high-pitched squealing noise (note, not the
desired high-pitched squeal of pinch harmonics, which this pedal reproduces perfectly). This

noise occurred when we adjusted one of the potentiometers.



Thankfully Professor Labonté found us at the end of the day, and he led us to Bob the
MANufacturing Genius, who is conveniently located upstairs next to the MQP lab and open
practically 24 hours. After much bartering and many pelts exchanged, he agreed to completely
save Nate’s birthday (today, if you’re reading this, wish Nate a happy birthday) and fix our
problems. He also discovered some solder connections that needed reinforcing on the board.
After assigning us some monkey work removing wires from the perf board we have the
potentiometers soldered to, he touched up our board, cleaned flux off of it, repaired our broken
pads (one of which was exploded, because Jacqui rocks at desoldering and we were getting really
frustrated) and broken traces. He also fixed the equalizer potentiometer directions so that they
are no longer functionally backwards. To top it off, he did all of this in about as much time as it
took us to do the monkey desoldering work. He suggested that the squealing noise described
above could have been caused by a dirty potentiometer. We believe that it is either caused by
this, or a bad connection somewhere between the perf board and the PCB. We are going to track
down this issue and fix it this week. We are also still waiting for the box, and then we will
manually cut and assemble our PCB inside it. We have included a rough outline of our paper for

your reading pleasure.



Nate Osgood

June Chi Hong

Jacqui Richardson

Guitar Distortion Pedal MQP
Week 9 progress report

At the beginning of this week we were waiting for a 3PDT switch to come in, so we worked on
the outline for the paper and divided it up into sections for each person to work on. We emailed
this to June in Taiwan so he could begin working on his sections of paper. When the switch

arrived, we wired the bypass network and hooked up the LED driver circuitry.

When we tested our LED circuitry, we discovered that it worked but it was far too dim. The next
logical thing to test was the voltage being supplied to our LEDs when they were supposed to be
on, and we found that our 4.5V “rail” was really a 4.5V reference. This was quite a mistake. Our
4.5V reference was set by a simple voltage divider consisting of two resistors in series. This
serves fine as long as you’re not loading the 4.5V point (such as trying to drive an LED and
power ICs with it, like we were). Thanks to Professor Bitar for pointing this out for us. We have
run into Professor Bitar a few times and he has been very helpful each time, he also discovered a
polarized capacitor in the voltage reference block that was soldered in backwards and was about
to rupture, and wasn’t functioning properly (polarized capacitors in backwards function as

resistors). We have since fixed this.

We fixed the 4.5V reference issue by cutting the trace that connects the reference point to the

LED driver circuitry and the LED, and replacing it with a 5V LDO. This takes the load off the
reference point, as it is now only biasing an operational amplifier in our distortion block. This
LDO can supply up to 150mA, which is far more than we need for our purposes. Future

production of this pedal would likely use the other operational amplifier on the IC used in the



distortion block as a buffer to prevent the reference point from being loaded. This could be

implemented via PCB modifications.

Once we implemented our new design, the LEDs were “super bright” as advertised (we got them

from www.superbrightleds.com). We tested the pedal and it was making a kind of phasor-like

sound that seemed to be sweeping in frequency. We are not entirely positive what it is from, but
it could be extra noise created by all the extra wires that are connected to the board from the

bypass circuitry. These wires should stop acting as antennae after the circuitry is in the box.

The distortion block is no longer working properly. When switched on, you can hear the
distortion but there must be an intermittent connection somewhere in the several wires we have
attached now or maybe something on the board itself is partially connected. We’ve checked out a
few things and Bob has reinforced them, but we cannot currently get an output out of our
distortion block. The equalizer and the bypass functionality work perfectly. Fixing this issue is
going to involve long hours of cleaning the board and testing every single connection in between

parts that work. It’s going to be a nightmare.


http://www.superbrightleds.com/

