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1. FUNCTIONAL DESCRIPTION  

1.1 THE GOAL 

To create a pair of studio monitoring speakers that will be used for a multitude of musical mixing projects, and that 

have the ability to produce an accurate frequency response in different acoustic spaces. 

1.2 WHAT ENVIRONMENT WILL THEY BE USED IN? 

The environment in which the speakers will be used will vary quite frequently, although for the foreseeable future 

it will be that of a small apartment bedroom. Background noise may consist of roommates (talking, walking, or 

working), and HVAC ventilation. The speakers need to be portable and durable. As such, the speakers should be able 

to withstand riding in a vehicle amongst other objects. The speakers will be covered with packing blankets to help 

protect the enclosure and drivers during transportation.  

1.3 WHAT IS THE LISTENING PURPOSE? 

The listening purpose will be to mix recordings of music, meaning that the monitors will be used to listen backwards1. 

In order to accurately evaluate a recording, the speakers need to reproduce the sound exactly as it was intended to 

be heard. This system is not for casual listening or enjoyment, but to precisely evaluate the quality of a recording in 

order to mix properly. For this reason, these speakers will exhibit a Hi-Fidelity response as opposed to a high 

enjoyment one.  

1.4 VISUAL AESTHETICS 

The enclosure will be constructed out of Baltic birch plywood and MDF, both ½” thick materials. The total thickness 

of 1” (interior & exterior) will provide considerable structural support for these speakers while keeping the overall 

weight relatively low. North Creek Music Systems, in their publication The Cabinet Handbook, recommends this 

combination in their speaker enclosures due to the stability of the birch and acoustic properties of the MDF on the 

inside (George E. Short III 1992). Materials such as plywood or maple hard wood have also been considered for the 

exterior design. Since the speakers will sit on a desk, weight will not be an overly concerning issue. The speakers will 

be inside 99% of the time (the other 1% being during transportation), so any protective cases or grilles will be 

unnecessary.  

1.5 SPL OUTPUT GOALS 

The SPL output of these speakers should operate at a level suitable for long periods of mixing. The standard work 

day is 8 hours; therefore, the speakers will need to operate a consistent mixing level (which will be discussed later) 

for 8 hours a day. They should also be able to perform consistently at lower and slightly higher monitoring levels (for 

various monitoring needs). The monitors will not need to operate consistently at ear-blistering levels like a line array 

                                                                 

1 As defined in Total Recording (Moulton 2000): The act of clearly monitoring a recording for its sonic quality. This is 

very important in mixing speakers so that we get an accurate reproduction of the recording which will influence how 

the song is mixed.  
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or frat party speaker would. They will be used in a near-field application, so the SPL level should be comfortable from 

20” away.   

1.6 PRIORITIES 

John Murphy, in his book Introduction to Loudspeaker Design, gives a few pie chart representations of different 

loudspeaker design priorities. A typical PA loudspeaker may have more emphasis on SPL, therefore sacrificing the 

bass response and the size of the enclosure, while a typical hi-fi speaker may put more emphasis on bass response 

than a PA speaker. (Murphy 2014). Murphy also states that an impossible speaker would be one that has the 

following specs: 100 dB SPL, -3dB at 20Hz, and a volume of .25 cubic feet. It is physically impossible for an enclosure 

of such a small size to produce that kind of SPL level with such extensive low frequency response (Murphy 2014).  
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Both graphs taken from An Introduction to Loudspeaker Design (Murphy 2014). 

The figure below is a graphical representation of my priorities for these speakers. Focus should be on size and 

frequency bandwidth, as the speakers need to be portable and fix on my desk and any other future desks, as well as 

produce an even frequency response.  
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2. TECHNICAL SPECIFICATIONS 

2.1 CABINET SPECIFICATIONS 

2.1.1 DIMENSIONS & SHAPE 
In an Introduction to Loudspeaker Design, John Murphy states that, “The worst box you could make would be one 

with identical height, width, and depth (a cube)” (Murphy 2014). If a cube were to be built, standing waves would 

be formed between each parallel surface inside the box, thus causing unwanted resonances feeding out through the 

driver. Murphy also recommends a few different build ratios to use in enclosure design to combat standing wave 

buildup (Murphy 2014): 

     1.62: 1: 0.62 (The golden ratio) 

     1.49: 1.04: 0.648 

     1.25: 1: 0.8 

 

David Moulton recommends a ratio of 1: 1.414: 1.782 (Width | Height | Depth) for speaker enclosures (Moulton 

2000). With a width of 12” and using Moulton’s “Minor 7th” ratio, box dimensions would be (in inches): 

12: 21.384: 16.968 (interior volume = 2.52 cubic ft.) 

The minor 7th ratio will be referenced in this design in order to reduce standing waves within the enclosure. 

Accounting for available desk space and construction abilities, the internal values are rounded to the following: 

12: 21: 16 (units in inches, interior volume = 2.333 cubic ft.) 

2.1.2 WEIGHT & BRACING 
Because of the smaller size of the enclosure and based on discussions had with other students and the article 

published by North Creek Music Systems (George E. Short III 1992), no internal bracing will be used in this design. At 

this size any bracing would simply not be necessary. However, Short gives a very specific range of distances each 

opening in the brace should be from each other, if braces were needed (George E. Short III 1992).  

2.1.3 DRIVER REQUIREMENTS  
The drivers for this system must meet three requirements: 1) Provide even, low frequency response down to 40Hz, 

2) Provide crisp, clean mid-high frequency response up to 20kHz, and 3) Be able to handle fast, isolated transients. 

An 8” diameter woofer will be preferred for this system in order to achieve the correct low frequency response. A 

ribbon tweeter will be used which will be able to provide a consistent high frequency response well past 20kHz. 

Drivers should made of a compliant material in order to handle fast transients. The spacing of the drivers will depend 

on the desired cutoff frequency. For example, if the cutoff frequency were to be set at 2kHz (2000 Hz), the maximum 

allowable distance between the center of the two drivers would be 6.75” (using 343 m/s as the speed of sound, 

divided by 2000 wavelengths) (Murphy 2014). Any distance beyond this would produce inaccurate off-axis frequency 

response measurements.  
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2.1.4 INTERNAL/EXTERNAL REFLECTIONS 
With any rectangular enclosure, internal reflections will be an issue that one must be aware of. To deal with this, 

different kinds of absorptive material can be used to diffuse and diffract the sound waves within the enclosure. The 

most common of these materials is fiberglass insulation, which is what will be used in this system. Overdamping, or 

using too much absorptive material, can result in a “dead” or “boxy” sound from the system. This should be avoided 

here. External reflections are just as important as internal reflections. Edge diffraction, which is the reflection of 

sound waves off the same surface as the driver during emission, can lead to blurred frequency response on and off 

axis, and should be avoided. To combat this, the distance from the edge of the 8” woofer to the edge of the baffle 

will need to be minimal, while retaining the correct dimensions listed above. Each edge of the front baffle will be 

rounded, which will help combat further edge diffraction. Reflections through the port will occur as well, and while 

there is no concrete way to eliminate this, Murphy explains that placing the vent at the rear of the speaker will 

eliminate any upper frequency leakage that would exist on the front (Murphy 2014). While doing so would 

technically bring the vent out of phase from the drivers, it will be unnoticeable at such low frequencies.  

2.2 SPL SPECIFICATIONS 

2.2.1 LISTENING RESEARCH  
Below are some charts detailing the different SPL listening levels measured with a variety of genres. 
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2.2.2 MIXING STANDARDS 
The K-System is a set of level measuring scales to be used for various types of sound reproductions (Katz 2000). The 

system was created in order to combat the loudness wars and set a standardized reference level for various 

productions purposes (broadcast, large dynamic range, hi-fidelity) in the home. The idea is that because different 

types of audio work have different headroom levels, there should be standardized metering levels implemented to 

account for those variations. For example, an orchestra recording is going to have a much wider dynamic range than 

a modern compressed pop mix, and thus will require a louder overall listening environment in order to properly mix 

those nuances. That is what K20, K14, and K12 were created for. The reference level for K20 is the lowest of the 

three, which is why it is used when mixing orchestral music. Bob Katz (creator) states in the publication that the 

standard level for music mixing has been 85 dB SPL for quite some time and will continue to be that for the 

foreseeable future. Based on personal experience and the chart data from earlier, 85 dB is incredibly loud for near-

field monitors, and in my situation the speakers will be closer than normal near-field monitors might be. For that 

reason, these speakers should be able to operate comfortable at 78-85 dB SPL to meet my needs.  

A chart published by OSHA (Occupational Safety and Health Safety Administration) states that a level of 85 dBa can 

be listened to for 16 hours, while each increase of 5dB cuts the listening time in half (Piel n.d.).  
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2.2.3 DISPERSION 
The dispersion pattern for this system will be relatively wide. The horizontal distance between each speaker will be 

3-5 feet, and the measured listening position is from 20” away. Ribbon tweeters are often known for their wide 

horizontal dispersion, which is why they are a great option for this system.  

2.3 FREQUENCY BANDWIDTH 

A flat frequency response of 40Hz – 20kHz is desired for these speakers. Based on measurements that have been 

taken listening to various pieces of music and adjusting a high-pass filter, the determined cutoff frequency (F3) is 

40Hz.  

  

 

A 24db/Oct slope at 50Hz was relatively noticeable when listening. 
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A 24dB/Oct slope at 60Hz was far too noticeable.  

 

 

A 24dB/Oct slope at 40Hz was far less noticeable than previous settings and will be suitable for this system. 

 

A box volume of at least 2-2.5 cubic feet will be able to produce a response accurately down to 40Hz (all models use 

the SB Acoustics SB23NBACS45 8” Woofer): 
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A 2 cubic feet ported enclosure. 

 

A 2.118 cubic feet ported enclosure. 
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A 2.5 cubic feet ported enclosure. 

2.4 AMPLIFIER REQUIREMENTS 

2.4.1 MIX POSITION DISTANCE 
The mix position will be around 20-26” away from the speakers. As the distance from the sound source increases 

the level of direct sound decreases, thus the level of reverberant sound increases (Toole 2013). In a graphical 

analysis, the result is a logarithmic curve, known as the “draw-away” curve. The draw away curve details the rate at 

which the directivity of sound decreases at a given distance. As a result, the critical distance (distance at which the 

level of direct sound and reverberant sound is equal) of the given space is shown. For this system, critical distance 

will be negligible as the mixing environment will be quite small. However, it is important to keep in mind the inverse 

square law, which states that any doubling of distance from a sound source results in a loss of 6dB at different ranges 

of the frequency spectrum. The result is the “baffle-step” phenomenon, seen below (King 2005): 
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For example, when using a baffle 9” wide, a 1500Hz (wavelength = 9”) signal will diffract at the edge of the baffle, 

leading to a slight increase in levels at the listening position. What this also means is that at half the wavelength of 

the original frequency, so in this case 750Hz, the signal actually travels around to the back of the speaker (lower 

frequencies become more omnidirectional in directivity) (Salk 2010). This results in a roll off of 3dB for two octaves 

at the listening position. The solution to this is to design a crossover that can attenuate this baffle step as it occurs.  

2.4.2 AMPLIFIER SENSITIVITY & POWER 
Most driver sensitivity ratings are given as: “__ dB @ 1Watt/1meter”. For example, if a driver was listed as having a 

sensitivity of 85 dB @ 1W/1m, that would mean at a listening position of 1m and 1W of power, the driver would 

produce a level of 85 dB. To increase dB by 3, an amplifier’s power must double (Lilly 2017). While the listening 

position of 1-2 meters will not be exceeded, it is important to keep in mind. I have found that most drivers require 

an average power handling of approximately 60-75W. Some ribbon tweeters, for example the Fountek NeoX 2.0, 

requires 25W of power. The ideal amplifier for this system will be able to produce 80 SPL at a 2-4ft distance and 

supply a minimum of 70W per channel. Headroom is an important factor in amplifier choice as the system should 

able to handle fluctuations in power output. 15W of headroom will give enough variety in output power for louder 

listening requirements. Below is a chart detailing various dBw (Decibel-Watt) conversions for various power ratings 

that may be used in this system.  

Watts dBw 

10 10 

20 13 

30 14.77 

40 16.02 

50 16.99 

60 17.78 

70 18.45 

80 19.03 

90 19.54 

100 20 
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3. ENCLOSURE DESIGN 

3.1 CARPENTRY SKILLS EVALUATION 

Carpentry skills played a large role in making design choices for this system. One of the main construction goals for 

the system was to be challenged but not so much as to halt overall progress. Due to timeline restrictions and other 

limitations, the construction design should be relatively simple in order to save overall labor hours. Decisions were 

made based on previous construction knowledge and experience so that the build process would go as smooth as 

possible. For these reasons rabbet joints will be used to connect each of the panels. Rabbet joints will be used in 

construction for their structural strength and stability, and they are easy to design.  

3.2 DRIVER/PORT PLACEMENT & TIME ALIGNMENT 

The listening position sits at about a 60” height, therefore the tweeter should sit at 60” above ground in mix position. 

The listening axis will be located in alignment with the speakers in an equilateral triangle. Time alignment between 

the tweeter and woofer will be necessary and will be calculated during the tuning process. Taking impulse response 

measurements from the mix position out of the tweeter & woofer separately will make this possible. The port will 

be located on the front face of the speaker. Contrary to what Murphy discusses, the visual appeal of the speaker is 

greater with the port on the front. Below is a picture of the port calculations when using the Fountek FW200 8” 

woofer, as well as the WinSpeakerz modeling: 
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3.3 DRAFTING 
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4. DRIVER RESEARCH 
In this section, a variety of drivers will be researched following the required specifications listed in section 2. Tables 

4.1 and 4.2 list the different drivers that were considered for this system, 10 of which will be discussed in further 

detail. 

4.1 WOOFERS 

    Table 4.1 

Woofers Diameter Price Fs (Hz) Qts Sensitivity (dB) Brand 

6" SB17CRC35-8 6" $93.95 28 0.34 87 SB acoustics 

6" SB17NAC35-8 6" $93.95 31.5 0.42 86.5 SB acoustics 

6" SB17NRXC35-8 6" $57.85 32 0.34 89 SB acoustics 

6" SB17MFC35-8 6" $57.85 33 0.37 88 SB acoustics 

DC160-8 6-1/2" 6-1/2" $21.78 34 0.34 86.1 Dayton 

DC160S-8 6-1/2" 6-1/2" $26.60 32 0.3 85.3 Dayton 

DC200-8 8" 8" $25.57 30.2 0.42 87 Dayton 

8" SB23NACS45-8 8" $109.45 25 0.37 87.5 SB acoustics 

8" SB23NBACS45-8 8" $91.85 25 0.4 87.5 SB acoustics 

8" SB23NRXS45-8 8" $91.85 27 0.38 88.5 SB acoustics 

FW200 Midwoofer 8" $60.45 35.7 0.525 88 Fountek 

21W/8555-10 8" $218.90 20 0.31 87 Scanspeak 

FW168 6.5" $45.95 45 0.397 87.3 Fountek 
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4.1.1 SB ACOUSTICS SB17NAC35-8 
 

 

 

The frequency response of this driver is quite impressive for being a 6” cone, although the peak at 40Hz seems to be 

a result of the resonant frequency (31.5Hz). The response is relatively smooth across the mids and highs, up to 3k 

where it begins to fall off. Specification-wise, this driver was a consideration, but the price of $93.35 was a bit higher 

than what was willing to be spent. 
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4.1.2 SB ACOUSTICS SB23NAC45-8 

 

  

Just as the SB17NAC35-8, this driver has a relatively even mid response, with the highs dipping down around 1.5kHz 

and the lows dipping out around 100Hz. The response of this driver is too narrow for this system, as a cutoff 

frequency of 2kHz is desired. This driver would not be able to reach up past 2kHz reasonably, and it is too expensive 

for this project.  
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4.1.3 FOUNTEK FW200 MIDWOOFER 

 

 

This driver is advertised as a midwoofer, which can be soon by its frequency response. The upper mid/high frequency 

response is quite impressive, maintaining a nearly constant SPL level up to 2kHz. The low frequency extension does 

appear to suffer a bit because of this, so that is something to consider. Rated at 88 dB sensitivity, this driver produces 

a louder output than the previous drivers. The price of $60.05 is reasonable for this system and it is also visually 

pleasing to look at. This driver would look good with the natural Baltic birch plywood color.   
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4.1.4 DAYTON AUDIO DC200-8 
 

 

 

 

 

This driver has a decent low frequency extension, maintaining around 85 SPL until 40Hz. The high frequency 

response, however, suffers significantly at 1kHz and onwards. The all black color of the driver isn’t as pleasing as the 

FW200, and the low price suggests a sub-par performance. This system will require drivers of high quality than 

Dayton Audio. 
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4.1.5 SCANSPEAK 21W/8555-10 
 

 

 

This driver has the best frequency response of the 5 selected. It also has to lowest resonant frequency of the 5 drivers 

researched (20Hz). This driver would have no problem extending in to the low frequencies, however it seems to have 

issues above 1kHz. Because this system will use a ribbon tweeter, a woofer with a greater high frequency response 

is required. However, those specs come at a price ($218.50). Obviously well beyond the budget of this project, this 

driver could be a great option for future projects.  
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4.1.6 FOUNTEK FW168 

 

 

The frequency response of this driver is decent, with a bit of a downward slope from 200 to 5kHz. The specs for the 

driver state that vented enclosure volume of 0.44 cubic ft. would result in an F3 of 46Hz. Based off that, this driver 

would operate fine in this system, although the response chart shows a steep decline in low frequency response. It 

looks great like the FW200, although the phase plug is a little unappealing. This provides slightly less quality than the 

FW200 in terms of response and aesthetics.  
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4.2 TWEETERS 

Table 4.2 

Tweeters  Diameter Price Fs (Hz) Qts Sensitivity Brand 

SB19ST-C000-4  ¾” $19.80 980 1.22 88.5 SB acoustics 

SB29RDC-C000-4  1” $51.40 600 0.64 93 SB acoustics 

DC28F-8 1-1/8" 1-1/8" $25.99 834 0.5 89 Dayton 

CX150-8 5-1/4" 5-1/4" $59.90 63.9 0.46 88.8 Dayton 

D2905/990000 1" $235.60 500 0.63 91 Scanspeak 

D2008/851100 3/4" $72.40 650 0.57 89 Scanspeak 

NeoCD1.0 Ribbon 

Tweeter 12mm $52.80  n/a n/a 90 Fountek 

Fountek Neo X 2.0 Ribbon 12mm $86.80  n/a  n/a 94 Fountek 

NeoX3.0 Ribbon tweeter  12mm $129.80 n/a n/a 95 Fountek 
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4.2.1 SB ACOUSTICS SC19ST-C000-4 
 

 

 

 

The on-axis frequency response for this tweeter is quite even, with a slip dip in the 2k-3kHz range. The frequency 

response begins to drop significantly below 1kHz, and off axis the response begins to vary quite a bit in the upper 

frequencies. The sensitivity of 88.5 SPL is quite similar to the woofers researched, which could be beneficial during 

tuning. The price is also quite low, which causes some weariness about performance strength. Visually, the flat 

mount is less appealing than others. 
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4.2.2 DAYTON AUDIO CX150-8 

 

 

The 2-in-1 driver features a 5 1/4” woofer and 1” silk dome tweeter. The frequency response for the woofer is 

relatively flat, but once the tweeter crossover occurs, the response jumps around a bit and becomes scattered. Due 

to its combination of tweeter and woofer, this driver will not be used but was worth researching.  
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4.2.3 SCANSPEAK D2008/8511 
 

 

 

 

The frequency response for this driver is quite unstable, as it consistently rises from 1kHz to 6kHz. This would be 

difficult to use in a system where flat response is required, and for a price of $72.40 this driver does not meet the 

requirements for this system. Out of all the drivers that have been researched this far, the frequency response of 

the D2008/8511 has been the least consistent, which is surprising given it is a Scanspeak model. 
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4.2.4 FOUNTEK NEO X 2.0 RIBBON (SILVER) 
 

 

 

 

This tweeter demonstrates the best frequency response seen thus far during tweeter research. The response is 

nearly flat all the way from 2k to 7kHz, and beyond that the SPL only increases by 2 or 3dB. The sensitivity is quite 

higher than previous tweeters, at 94 SPL, so balancing the tweeter and the woofer during tuning will be important 

is this driver was used. The silver plate is very appealing and would work well with the Baltic birch plywood. $86.80 

is a bit expensive, however this driver seems to be worth it.  
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4.2.5 FOUNTEK NEO X 3.0 RIBBON 
 

 

 

The big brother to the Neo X 2.0, this tweeter exhibits similar frequency response trends and actually seems to be a 

little more irregular than the 2.0. This tweeter is also much larger than the 2.0 which could be problematic in this 

system. It is also $40 more expensive than the 2.0, moving out of the price range for this project. This tweeter may 

be largely beneficial in larger systems, but for this system a small driver should be used.  
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4.2.6 SCANSPEAK D2905/990000 

 

 

 

This driver provides a pretty consistent SPL across the high frequencies, although the off-axis response is quite poor. 

This driver is far too expensive for this project, although the revelator series is known for their high performance 

ratings.  
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4.3 FINAL DRIVER CHOICES 

The drivers used in this system will be the Fountek Neo X 2.0 and the Fountek FW200. The ribbon tweeter was the 

clear winner out of the 5 tweeters researched. It provided much better high frequency response from 1kHz to 

beyond 20kHz, which will provide great response in the full system. The SB Acoustics SB23NAC45-8 was a close 

contender for the woofer, but ultimately the Fountek FW200 was chosen. The FW200 reaches higher up into the 

frequency range, allowing for a crossover at 2000 Hz with the tweeter, while still achieving decent low frequency 

response. As shown in the WinSpeakerz models from earlier, the addition of a vented enclosure will produce and F3 

of 40Hz for this system. These drivers will fit perfectly in the enclosure, leaving additional space for the port and 

insulation. In addition to technical specifications, the two drivers look great together, due in part to the silver finish.  
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5. CROSSOVER DESIGN & TUNING  

5.1 CROSSOVER DESIGN 

Below is a schematic detailing the system topology. The active crossover capabilities in the miniDSP 2x4 unit will be 

used (along with the Mac OS application) for all signal processing and time alignment.  

 

Figure 5.1.1 (miniDSP Ltd. 2017) 

A crossover frequency of 2000 Hz will work best with the Fountek Neo X 2.0 & FW200 drivers (based on specifications 

in previous section). These two drivers work well together because the FW200 has a considerable high frequency 

range, allowing it to reach up to 2000 Hz where the Neo X 2.0’s response begins to flatten out. Based on the F3 

testing done prior, I believe a gradual slope (1st or 2nd order) will work best for the crossovers. Another important 

consideration will be adding a high pass filter onto the woofers, as they cannot accurately reproduce frequencies 

below 40 Hz. This will help reduce over excursion and distortion in the woofers. The slope for the high pass filter 

should be similar to that of the crossover frequency. At 2000 Hz with an 8 Ohm tweeter, the suggested capacitor 

value would be 9.94 microfarads (Online ConneXions Inc. 2006). For practicality, 10 microfarad capacitors will be 

used in series with the tweeters.  

5.2 TUNING PLANNING & GOALS 

The plan for the tuning process is to be as careful and precise as possible, and to learn. As such, the process will be 

well documented and reproduced in a way that is educational and enjoyable for readers. The passband response 

should reach no further than +/- 3dB, while a range of +/- 1.5dB would be ideal. This will allow for a flat frequency 

response as described in previous design goals. Because the tweeter will be at ear height (60” above ground), signal 

from the woofer will take more time to arrive at the ear, therefore the tweeter will need to be time aligned to the 

woofer. At a cutoff frequency of 2000 cycles, and with 6.75” between the center of the drivers, the time delay for 

the tweeters should be 0.5ms (miniDSP Ltd. n.d.). Tuning will be completed using Fuzz Measure and will take place 

in McArdle Theatre on Michigan Tech’s campus.  
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5.3 TUNING 

All tuning measurements were taken using an Earthworks m50 calibration microphone (serial #: 3630), placed at 20” 

from the speaker at the woofer surround height (45”). The speaker was placed on a table which sat 29.5” above the 

ground. The remaining configuration notes can be seen from the picture below. An absorption panel was also placed 

at the base of the table, extending to underneath the microphone. This was to prevent unwanted reflections off of 

the ground into the microphone. Tuning took place in McArdle Theatre, a moderately sized Blackbox theatre, on 

Michigan Tech’s campus over the course of 1 week.  
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 5.3.1 TUNING PROCESS 
Below is the frequency response of the first measurement taken.  

 

There were many noticeable issues upon initial measurement. First was the large dB spike at 450Hz. This indicated 

an internal reflection and most likely be solved with some acoustic absorptive material. There are some other large 

spikes or drops throughout, which again would be cured with some absorptive material. The second noticeable issue 

was the large dip in dB around the crossover area (2kHz). This was most likely a result of the crossover locations and 

slopes for the tweeter and driver.  
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Upon moving the woofer crossover to 2.5kHz, this issue was significantly improved. After adding a single layer of 

fiberglass insulation to the rear baffle some the reflection issues were cleared up. 

 

For the most part, the low frequencies (from 60Hz to 400Hz) were flat. There is a bump from 450-500Hz and the 

crossover positions are not as perfect as they could be. The tweeter also spikes significantly around 9kHz-10.25kHz. 

Some further EQ and crossover work resulted in the following graph. Here the tweeter is crossed over at 1.8kHz and 

the woofer is crossed over at 2.2kHz. Having room to adjust these points was very convenient during tuning. 

 

This was an acceptable point to be at given previous graph readings. There are still some reflection issues occurring 

which prompted me to added small amounts of fiberglass and acoustic foam to the enclosure. The graph below is 

the result of adding more insulation and further EQ tweaking in it’s final state.  
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Final tuning shows a frequency response with an F3 of 40Hz and +/- 1.5dB from 50Hz – 20kHz, which is very 

acceptable for this projects goals. 

 

 

5.3.2 ON-AXIS FREQUENCY RESPONSE 

 

Full Range Frequency Response – 20dB Amplitude Range 
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Full Range Frequency Response – 60dB Amplitude Range 

 

 

 

 

Fountek Neo X 2.0 Ribbon Tweeter Frequency Response – 40dB Amplitude Range 
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Fountek FW200 Midwoofer Frequency Response – 40dB Amplitude Range 

 

 

 

 

Integrated Frequency Response – 60dB Amplitude Range 
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5.3.3 OFF-AXIS FREQUENCY RESPONSE 

 

Full Range Horizontal Off-Axis Response @ 9, 15, 30, 45, and 60 degrees – 40dB Amplitude Range 

 

 

 

Full Range Vertical Off-Axis Response @ 9, 15, 30, 45, and 60 degrees – 40dB Amplitude Range. 
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5.3.4 IMPULSE RESPONSE 

 

Full Range Impulse Response 

 

 

 

Fountek Neo X 2.0 Ribbon Tweeter Impulse Response 

 

 

 

 

3 4

0

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0.1

0.2

0.3

0.4

Time (ms)

V
o

lt
s
/V

o
lt
s

Impulse Response

3 4

0

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0.1

0.2

0.3

0.4

0.5

0.6

Time (ms)

V
o

lt
s
/V

o
lt
s

Impulse Response



Loudspeaker Design Binder 43 

 

Fountek FW200 Midwoofer Impulse Response 

 

 

 

5.4.5 STEP RESPONSE 

 

Full Range Step Response 
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Integrated Neo X 2.0 Tweeter and FW200 Midwoofer Step Response 

 

 

5.4.6 HARMONIC DISTORTION 
 

 

Full Range Harmonic Distortion 
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Fountek Neo X 2.0 Ribbon Tweeter Harmonic Distortion 

 

 

 

 

Fountek FW200 Midwoofer Harmonic Distortion 
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5.4.7 FFT WATERFALL PLOT 
 

 

Full Range FFT Waterfall  

 

 

 

 

500Hz – 50kHz FFT Waterfall 
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5.4.8 TUNING DOCUMENTATION & NOTES 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Test # Date Changes Notes

1 4/17/18 Xover at 2kHz on woofer & tweeter. No EQ

Mic calibrated to 94dB SPL. 20" from surround, 45" above ground. McArdle Theatre, some 

curtains pulled multiple objects in room, speaker at edge of table, isolation pads direclty 

underneath front edge. Using EW M50. Noticeable tweeter noise from tweeter amp 

when at full level. mic serial #: 3630

2 4/17/18

Tweeter Xover moved to 1.8kHz, woofer Xover moved to 2.2kHz. Added 

high pass at 37Hz, 4th order to woofer all Xovers 4th order 24dB/oct

3 4/17/18 Tweeter: EQ5 @10kHz -4dB 0.5Q better, could come down more

4 4/17/18 EQ5 -1.5dB

5 4/17/18 EQ5 -.5dB

6 4/17/18 EQ5 -1.5dB good enough for now

7 4/17/18 Tweeter EQ4: 5.5kHz +2dB 1Q

8 4/17/18 EQ4 +1.5dB good   

9 4/17/18 Tweeter EQ3: 2.7kHz +2dB 2Q

10 4/17/18 EQ3 +0.5dB good

11 4/17/18 Woofer EQ5: 1.2kHz +2dB 2Q

12 4/17/18 EQ5 - 0.5dB

13 4/17/18 EQ5 5Q

14 4/17/18 EQ5 to 1.1kHz

15 4/17/18 EQ5 to 1.3kHz

16 4/17/18 EQ5 +1.5dB good

17 4/17/18 Woofer EQ4: 550Hz -2dB 1Q

18 4/17/18 EQ3 to Q2 good

19 4/17/18 Woofer EQ3: 450Hz -0.5dB 6Q good

20 4/17/18 Woofer EQ2: 380Hz +2.5dB 5Q good

21 4/17/18 EQ3 -1dB 8Q good

22 4/17/18 Woofer EQ1: 250Hz +1.5dB 3Q good

23 4/17/18 Test with added fiberglass on rear wall (top) added more issues - removed added insulation

24 4/23/18 Test measurement

25 4/23/18

1st test with foam added to bottom baffle. Same test settings as 

before. Added fiberglass to side baffles For most part freq. looks flatter, except in mids.

26 4/23/18 bad

27 4/23/18 test measurement

28 4/23/18 test measurement

29 4/23/18 test measurement

30 4/23/18 test measurement

31 4/23/18 test measurement

32 4/23/18 test measurement

33 4/23/18 test measurement fixing setup issues

34 4/23/18 Woofer: Added low shelf @50Hz +4dB 0.5Q

35 4/23/18 +6dB not much difference, will leave it there.

36 4/23/18 added +1.5dB @2kHz .5Q too much of a peak at 3.5k

37 4/23/18 1Q not much change

38 4/23/18 Tweeter: EQ3 +3.5dB much better

39 4/23/18 Woofer: 700Hz -1dB 10Q slight change, not really where I'd like it

40 4/23/18 800Hz +4dB 9Q too much

41 4/23/18 change to +2.7dB good

42 4/23/18 Tweeter: 3.5kHz -1dB 7Q

not much change. Overall looks pretty good, roughly +/- 1.5dB. Im too much of a 

perfectionist. 

43 4/23/18

Beginning binder measurements - 85dB SPL @ 20" on axis. 20dB 

amplitude, 2 sweeps 3s long huge peak at 850Hz

44 4/23/18 re-test 

45 4/23/18 re-test 

46 4/23/18 re-test 

47 4/23/18 re-test mostly better

48 4/23/18 Re-test Good - full range on axis 

49 4/23/18 Tweeter only on axis good

50 4/23/18 Woofer only on axis good

51 4/23/18 Full range horizontal off axis 9 degrees

52 4/23/18 tweeter only off axis 9

53 4/23/18 woofer only off axis 9

54 4/23/18 Full range horizontal off axis 15 degrees

55 4/23/18 Tweeter only off axis 15

56 4/23/18 Woofer only off axis 15

57 4/23/18 Full range off axis 30 

58 4/23/18 Tweeter only off axis 30

59 4/23/18 Woofer only off axis 30

60 4/23/18 Full range off axis 45

61 4/23/18 Tweeter only off axis 45

62 4/23/18 Woofer only off axis 45

63 4/23/18 Full Range off axis 60

64 4/23/18 Tweeter off axis 60

65 4/23/18 Woofer off axis 60 Horizontal axis measurements complete

66 4/23/18 Full range vertical off axis 9 Vertical axis measurements start

67 4/23/18 tweeter only off axis 9

68 4/23/18 woofer only off axis 9

69 4/23/18 Full range off axis 15

70 4/23/18 Tweeter off axis 15

71 4/23/18 woofer off axis 15

72 4/23/18 Full range off axis 30 

73 4/23/18 tweeter off axis 30

74 4/23/18 woofer off axis 30

75 4/23/18 Full range off axis 45

76 4/23/18 tweeter off axis 45

77 4/23/18 woofer off axis 45

78 4/23/18 Full range off axis 60

79 4/23/18 Tweeter off axis 60

80 4/23/18 Woofer off axis 60 vertial axis measurements complete
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6. BUDGET AND SPENDING 
The estimated budget for this project was $1000. This estimate was created assuming around $200 for each portion 

of the project (lumber, drivers, amplifiers, DSP, and misc.). Total spending came in at $882.62 as seen below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Staining will occur at a later date, and those expenses are expected to be approximately $40. Stands will also be 

purchased, which will most likely be around $150.  

 

 

 

 

 

DSP Price Qty. URL/Supplier DSP Total Total Price $882.62

miniDSP 2x4 Balanced $105.00 1.00

https://www.parts-express.com/minidsp-2x4-digital-signal-

processor--230-320 $115.00

2 way Advanced 2.1 plugin $10.00 1.00

https://www.minidsp.com/products/plugins/2x4-plug-ins/2x4-

advanced-detail

Drivers Price Qty. URL/Supplier Driver Total

Fountek Neox 2.0 $86.60 2.00

https://www.parts-express.com/fountek-neo-x-20-ribbon-

tweeter-black--296-709 $308.08

Fountek FW200 $50.00 2.00

https://www.parts-express.com/fountek-fw200-8-aluminum-

midwoofer-speaker--296-731

2" Port $25.23 1.00

2" Port $9.65 1.00

https://www.parts-express.com/precision-port-2-flared-

speaker-cabinet-port-tube-kit--268-348

Amplifier Price Qty. URL/Supplier Amp Total

Lepai LP7498E $84.98 2.00

https://www.parts-express.com/lepai-lp7498e-200w-class-d-

stereo-amplifier-with-bluetooth-aptx-and-power-supply--310-

298 $207.79

Lepai LP-2020TI $37.83 1.00

Lumber Price Qty. URL/Supplier Lumber Total
1/2" x 4 x 8 Baltic Birch $67.00 1.00 McGanns Building Supply $100.50
1/2" x 4 x 8 MDF $33.50 1.00 McGanns Building Supply

Cable Price Qty. URL/Supplier Cable Total

6' RCA Cable $1.16 2.00

https://www.parts-express.com/rca-patch-cable-6-ft-nickel-

plated--240-030 $34.76

Banana Plugs $3.50 4.00

https://www.parts-

express.com/Controls/Default/Account/parts-express-banana-

plug-pair-compression-type--091-330

16 AWG 100' Speaker Wire $18.44 1.00

https://www.parts-express.com/audtek-electronics-skrl-16-100-

16-awg-ofc-speaker-wire-100-ft--100-017

Paint/Stain Price Qty. URL/Supplier Paint Total
$0.00

Stands Price Qty. URL/Supplier Stands Total
$0.00

Misc. Supplies Price Qty. URL/Supplier Misc. Supplies Total
Tape Measure $11.79 1.00 McGanns Building Supply $116.49

10uF capacitor X 10 pack $10.78 1.00

https://www.jameco.com/z/10UF-25V-4X5-R-10uF-25V-20-

Radial-Capacitor-85C-4x5x1-5mm_94212.html

Terminal Plate $13.45 1.00

Terminal Plate $6.50 1.00

https://www.parts-

express.com/Controls/Default/Account/parts-express-gold-

plated-bi-amp-speaker-wire-terminal-cup-banana-binding-post-

-260-304

#10 screws 100 pack $7.99 1.00

https://www.amazon.com/gp/product/B076RGKW6R/ref=oh_

aui_detailpage_o01_s00?ie=UTF8&psc=1

Gasket tape $14.99 1.00

https://www.amazon.com/gp/product/B0002ZPLPM/ref=oh_a

ui_detailpage_o02_s00?ie=UTF8&psc=1

Fuzz Measure $49.99 1.00

https://sites.fastspring.com/rodemicrophones/order/invoice/R

OD180413-8966-94134
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7. FINAL ASSESSMENTS 
These speakers have fulfilled the functional and technical goals set out earlier in the paper. The enclosures turned 

out to be slightly larger than visualized, but these size dimensions allowed for the technical goals to be met. For an 

enclosure of an internal volume of 2.333 cu. ft., the bass response is very controlled and clear. One worry was that 

the enclosures would resonate too much across low frequencies. While the FFT plots doe show significant low-end 

resonance, these readings are not noticeable when listening. There is some slight blurring due to the port, however 

that was an expected trade off. The most noticeable quality of this system is the stereo imaging/phantom image 

creation. The combination of ribbon tweeters produces an extremely wide axial response, creating a very large sound 

stage when the speakers are placed relatively close together. The depth of the sound stage is another notable 

feature. This trait is most likely due to the internal width and depth of the enclosures, which in turn allows for a 

much more balanced frequency response across the full spectrum. These characteristics will most likely change when 

the speakers are placed on stands and wider apart from one another, which will be important to analyze. Overall 

this project has been a success and most, if not all, of the goals set out at the beginning of this process have been 

met. 
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