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Advanced Technologies in Earthworks® High Definition Microphones™
overcome common problems inherent in conventional microphones.
Common Problems Using Microphones for Recording

Nearly every recording engineer faces one or more of the following problems when using conventional microphones for studio
or live recording.

• Uneven Coverage of Conventional Microphones
Conventional directional microphones typically have substantial
off-axis high frequency losses that greatly reduce the sound quality
and intelligibility at the sides of the microphone. Therefore, when
an artist sings on either side, above or below the microphone this
decrease in high frequencies reduces the clarity and quality of the
recording. This becomes most obvious when you try to place two
or three singers on a single microphone.

• Leakage of Sounds from the Rear of the Microphone
Another common problem is picking up unwanted sounds at the
rear of a directional microphone. Isolating sounds is typically very
important in studio or location recording. This becomes more
prevalent when multi-miking a drum set. More isolation at the rear
of the microphones would prevent picking up unwanted sounds
from other elements in the drum set. Having more isolation of
sounds at the rear of the microphone would be a real plus in most
recording applications.

• Overload Distortion and Splashing Cymbals
Much of today’s recording requires close miking, and the closer a
mic is placed to an instrument, the higher the sound pressure level.
This is particularly problematic when close miking brass or percussion. With a mic placed 1 or 2 inches above a drum head or 3 or 4
inches in front of a brass instrument, it will need to handle at least
140dB SPL. If you place a microphone too close to cymbals, they
will splash (which is usually the microphone distorting because it

will not handle high enough SPL). The common practice is not
placing the microphones too close to the cymbals to avoid this
problem.

• Phasing Issues When Using Multiple Microphones
When using multiple conventional microphones on drums, the
poor and varying off-axis response in certain portions of the frequency spectrum can be out of phase between one microphone
and another, which will then cause phase cancellations at those
specific frequencies. This is usually most noticable during the mixdown process. The root of this problem is the poor polar response
of conventional microphones.

Advanced Technology High Definition Microphones
David Blackmer, the engineering genius and founder of dbx® and
Earthworks, has developed a number of advanced technologies in microphone design, which overcome most of the problems typically encountered when using conventional microphones. These advances include near-perfect polar response, extended high frequency response,
significantly improved impulse response and ultra-fast diaphragm
settling time. Other benefits include a remarkable improvement in the
rear rejection of directional microphones, high SPL handling, low distortion electronics and the ability to feed long cable lengths up to 100
meters without loss of high frequencies.

The Above Listed Problems Can be Solved Using
Earthworks High Definition Microphones™
Earthworks High Definition Microphones™ incorporate David Blackmer’s advanced microphone technologies and are made differently
than any other microphones. They reproduce sound with far greater
accuracy and fidelity, while overcoming nearly all of the obstacles typically encountered when using conventional microphones.

The following pages will outline each of the previously listed problems that are typically encountered when using
conventional microphones, and show how the use of Earthworks High Definition Microphones™™ can solve them.

Figure 1. Frequency Response Chart with Extended keyboard

Frequencies and Frequency Response

To better understand the information covered in this document, a basic understanding of “frequency response” will be beneficial. Frequencies are designated in Hz, which is an abbreviation for Hertz (the unit of measurement
of the frequency in cycles per second). A frequency range of 1Hz to 100kHz
covers the full spectrum of sounds (such as a string bass or contrabassoon) to
very high sounds (such as overtones from a piccolo). Recent studies indicate
that high frequency overtones can extend to as far a 100kHz. In Figure 1 you
can see what types of sounds are present in various frequency ranges.

Sound Level and Decibels

The unit of measurement for sound level is the decibel (dB). An increase in
acoustic sound level of +10 dB is perceived by the human ear as sounding
twice as loud. To indicate a reduction in sound level, a minus sign is used.
Therefore, –10dB would be a decrease in acoustic sound level and is perceived as half as loud. In contrast, electrical signals will double every +6dB.

Uneven Coverage of Conventional
Directional Microphones

A directional microphone is the most common type used for recording applications, and in theory, is designed to pick up sound at the front and sides of
the microphone, while rejecting sounds at the rear. The polar performance of
a microphone is typically illustrated on a polar graph (see Figure 2). The pink
area in Figure 2a illustrates the front half of the microphone’s pickup area,
and the blue area indicates the area of rear rejection. The numbered circles in
Figure 2b indicate any reduction of the sound level (at specific frequencies) as
captured by the microphone at various degrees around the microphone. All
of this will become more relevant when you see a microphone’s performance
indicated on a polar chart in the following examples.

(a) Polar chart showing front and
rear areas of a microphone

(b) Polar chart showing decrease in
sound level in dB from inner circles

Figure 2. A Basic Polar Chart

Polar Response of Conventional Microphones

The lack of uniform polar response of conventional microphones contributes a number of problems in sound recording. Most microphones used for
recording are cardioid (directional) microphones. Cardioid microphones
should follow a particular cardioid (heart shaped) pattern, and ideally should
be uniform at all frequencies at varying degrees (or positions) around the
cardioid pattern. For a directional microphone to be “perfect,” all frequencies must precisely follow the exact heart-shaped pickup pattern as shown
in Figure 3a. Referring to the “Conventional Cardioid Microphone” in Figure 3b, we see that different high frequencies vary significantly in level (i.e.
4kHz, 16kHz and 20kHz). Such level disparities between the different high
frequencies correspond to peaks or dips (increases or decreases in level) in
the microphone’s overall frequency response, which causes high frequency
losses at the sides of the microphone and can also create phasing problems.

-10dB loss
at 16kHz

-17dB loss
at 20kHz

(a) Perfect Cardioid Microphone

(b) Conventional Cardioid Microphone

Figure 3. Differences Between a Perfect and Conventional Cardioid Microphone

Microphone phase anomalies can contribute to phase cancellations at certain frequencies, which is most apparent when using a number of microphones placed close together, such as in drum miking. In comparison, look
again at Figure 3a and see how the high frequencies track each other in a
perfect cardioid microphone, which will cause no high frequency losses at
the sides of the microphone as well as no peaks and dips or phase anomalies.

Earthworks Near-Perfect Polar Response

When comparing the perfect cardioid microphone (Figures 3a & 4a) to the
Earthworks microphone (Figure 4b), notice how close together the various
high frequencies are from 270° to 0° to 90°. See how close the Earthworks
polar response (Figure 4b) corresponds to the perfect microphone (Figures
3a & 4a). The uniform polar response of an Earthworks cardioid microphone will have no significant high frequency losses at the sides and virtually no phase anomalies or phase cancellations. Now compare the Earthworks
microphone (Figure 4b) to the conventional microphone (Figure 3b).

(a) Perfect Directional Microphone

(b) Earthworks Directional Microphone

Figure 4. Differences Between a “Perfect” and an Earthworks Directional Microphone

Those who have used Earthworks High Definition Microphones™ for recording are always impressed with the incredible results they obtain with
near-perfect polar response and no phasing problems.

Three Singers on a Conventional Cardioid Microphone

Anyone who has tried placing three singers on a single cardioid (directional)
microphone quickly discovers that the singer at the front of the microphone
has by far the best sound quality, while those on each side of the microphone
have a dramatic reduction in both sound quality and sound level. The reason
for this is illustrated in Figure 5. The singer directly at the front is the only
one enjoying the full frequency response of the microphone (shown in the
pink shaded area), while both singers at the sides sound like their mouths are
covered. This is due to high frequency losses (shown with the dotted blue line)
outside the pink shaded area. The two singers on the sides have a -12dB loss

of high frequencies while the singer at the front of the microphone suffers no
high frequency loss. This loss of high frequencies at the sides of the microphone causes a loss of diction, clarity and sound quality.

-12dB loss
at 16kHz

The Earthworks Solution to Rejecting Sounds
at the Rear of a Microphone

Earthworks cardioid microphones are designed to have significantly more
rejection of sounds at the rear of the microphone than conventional microphones. Notice in Figure 7a that conventional drum microphones will only
provide approximately 18dB of rear rejection. In comparison, the Earthworks
microphones (Figure 7b) will provide 32dB of rear rejection, which is 14dB
more than the conventional microphone, or nearly twice as much.

-12dB loss
at 16kHz

Approx 18dB
Rear Rejection

Figure 5. Three Singers on
a Conventional Cardioid
Microphone

At Last, Uniform Coverage using Earthworks Microphones

Earthworks High Definition Microphones™, with near-perfect polar response, utilize new microphone technologies that prevent a loss of high frequencies at the sides of a microphone. An Earthworks cardioid microphone
offers the full frequency response at full level on both the sides and front of
the microphone. When singers or instrumentalists Earthworks High Definition Microphones™ they enjoy the same high quality sound and sound level
at the front and on the sides of the microphone. Figure 6 shows the high frequencies have virtually no loss of level at the sides of the microphone (shown
with the blue dotted line). The green shaded area will provide the full uniform
frequency response of the microphone allowing those at the front and sides of
the microphone to enjoy the same sound quality.

(7a) Conventional
Drum
Microphones

Approx 32dB
Rear Rejection

No loss of high
frequencies

No loss of high
frequencies

Figure 6. Three Singers
on an Earthworks
Cardioid Microphone

Now refer back to Figure 5, which shows that conventional microphones do
not work as well with three singers on a microphone due to the loss of high
frequencies on the sides. Refer again to Figure 6, and see with three singers
on an Earthworks High Definition Microphone™ that the singer at the front
and sides of the microphone can enjoy the same sound quality without a reduction in sound level or loss of high frequencies. Now, for the first time, you
can successfully place three singers on the same microphone.

Spotlighting with Conventional Microphones

When miking vocal or instrumental groups with one or more conventional
microphones, another problem typically occurs called “spotlighting.” The
same lack of uniform polar response at various frequencies can cause voices
or instruments in certain frequency ranges to be louder than the rest, making them “stick out” which makes it difficult to blend and balance the rest of
the group or ensemble.

The Earthworks Solution to Spotlighting

The exceptionally uniform frequency response of Earthworks High Definition Microphones™ allows them to pick up sounds uniformly and accurately,
with no spotlighting. Those who use Earthworks microphones on vocal and
instrument ensembles often express great pleasure with Earthworks microphones’ lack of spotlighting, which improves the overall sound quality.

Conventional Microphones and
Rejection of Sound at the Rear of the Microphone

Rejection of sounds at the rear of the microphone is important in live
recording to keep audience sounds to a minimum. In studio recording it is often important to help keep the sounds of other instruments
out of a microphone. This is even more critical when miking drums, by
keeping cymbal and hi-hat sounds out of the snare and tom mics, etc.

(7b) Earthworks
Directional
Microphones

Figure 7. Differences in Rear Rejection of Sound Between
Conventional Microphones and Earthworks Microphones

Microphone Overload Distortion When Close Miking

In most of today’s recording practices, instruments and vocals are close
miked. Physics teaches us that the closer something is to the sound source,
the louder it is. When a microphone is placed 2 inches above a drum head
or nearly stuck down the bell of a brass instrument, what the microphone
hears is very loud. Microphones, depending upon their type (dynamic, ribbon, condenser, etc.), will have a max SPL handling capability range of 92dB
to 150dB+. To close mic instruments (especially drums or brass) your microphone should handle at least 140dB SPL or more to prevent microphone
overload distortion. So, whatever microphones you are using for close miking, be sure to check each mic’s max SPL capability to make sure it will handle
the job without microphone overload distortion. Earthworks condenser
microphone models with 48V phantom power will handle from 142dB SPL
to 150dB SPL depending upon the model. The high SPL handling of Earthworks High Definition Microphones™ makes them an ideal choice for close
miking of brass and percussion, as well as other instruments and vocals, without fear of microphone overload distortion.

Splashing or Distorted Cymbals

Anyone who has recorded drums using close miking, has most likely experienced splashing or distorted cymbals in their recordings. The word “splashing” is just a word that describes distortion when recording cymbals. In most
cases this is caused by overloading the microphone with too much sound
level. This can also be caused by overloading the input of the microphone
preamplifier, but in most cases the fault lies with the microphone. The closer
the mic is placed to the cymbals, the more likely there will be splashing
or distortion. Many recording engineers will never place a microphone too

close to cymbals to prevent this from happening. Remember, physics tells us
that the closer we are to a sound source, the louder it is, and the further from
the sound source, the lower in level it is. Using an Earthworks High Definition Microphone™ on your cymbals will be a revelation for you. You can
place the Earthworks microphone nearly on top of the cymbal and there will
be no distortion or splashing due to their high SPL handling, fast impulse
response and diaphragm settling capabilities.

Impulse Response & Diaphragm Settling Time
and How it Can Benefit You

Impulse response indicates how fast a microphone can react to fast transients, like a sharp hit on a snare drum or cymbal. A microphone with slow
transient response will not respond fast enough to capture the leading edge
or crispness of the attack, but will tend to round it off and soften the attack.
Diaphragm settling time is the amount of time it takes for a microphone
diaphragm to settle after it has been excited (vibrated). A microphone diaphragm is like a baby drum head. When sounds are present the diaphragm
vibrates and translates the vibrations into electrical signals. For example,
if a microphone picks up a sharp, loud snap from a snare drum, the loud
sound will cause a sizeable excursion of the microphone diaphragm. After
that, how long does it take for the vibrating diaphragm to settle, or come
back to rest? If a loud sound vibrates the diaphragm, and it is still vibrating from a former loud sound, it will tend to mask lower level sounds that
follow. The impulse response and diaphragm settling time of Earthworks
High Definition Microphones™ are extremely fast. A fast impulse response
will allow your recordings to capture the full crispness and detail of attacks
like percussion or brass, while the fast diaphragm settling time will allow
you to hear subtle details in your recording that have heretofore not been
possible. The impulse response charts in Figure 8 show both the impulse
response and diaphragm settling time of a typical conventional microphone
and an Earthworks High Definition Microphone™. Notice how much faster
the Earthworks microphone (Figure 8b) is at capturing the attack and how
fast the diaphragm settles (as soon as it becomes a straight line). You can see
that the conventional microphone diaphragm (Figure 8a) is still vibrating as
it goes off the chart.
(a)

(a) Phasing Issues
with conventional
microphones

-10dB loss
at 16kHz
-17dB loss
at 20kHz

(a) Minimal phasing
with Earthworks
microphones

(b)
Within 3dB at
any frequency

Figure 9. Phasing errors of Conventional and Earthworks Microphones

Conventional Microphone Impulse Response

Earthworks Microphone Impulse Response

Figure 8. Impulse response and diaphragm settling time of a conventional
microphone and an Earthworks High Definition Microphone™

ference? Visit http://www.earthworksaudio.com/sound/frequency to hear an acoustic guitar miked with various Earthworks mics, each with a different high
frequency capability in the following sequence: (1st) 20kHz, (2nd) 25kHz,
(3rd) 30kHz, (4th) 40kHz & (5th) 50kHz from first to last. Have a listen and
experience High Definition Microphones™ in action.

Phasing Issues When Using Multiple Microphones

The Earthworks Difference

Visit http://www.earthworksaudio.com/sound/multimikeddrums, where you can
hear a recording of a set of drums miked with two different sets of mics:
First, a drum set miked with 9 popular conventional microphones (2-AKG®

If you have any questions regarding Earthworks High Definition Microphones™ or would like a demonstration, or to acquire additional information,
please visit the Earthworks website or contact us with the contact information below.

The poor polar response of conventional microphones (see Figure 3b) will
cause phasing problems when using multiple microphones. It typically
takes 6 to 10 microphones to close mic a set of drums. It is common for
recording engineers to check and change phase of individual microphones
to obtain the best sound (i.e. minimize phase errors). This is illustrated
graphically in Figures 9a & 9b. The distance between the lines (shaded in
grey indicate where there are phasing errors) and is the same distance as
(drawn to scale) as on the polars in Figures 3b or 4b at 90º off axis, but instead are shown as lines with spaces in-between instead of on a polar chart.

300Bs overheads, 4-Sennheiser® 421s toms, Shure® SM57 snare, Shure® SM81 hihat & Audix® D6 on kick drum). Second, the same set of drums miked with 9
Earthworks® High Definition Microphones™ (2-SR25 overheads, 4-DP30/C
toms, DP30/C snare, SR30 hi-hat & SR30 on kick drum with KickPad™).

A number of advanced microphone technologies are utilized in all Earthworks High Definition Microphones™ which will dramatically outperform
conventional microphones. These advanced technologies include: nearperfect polar response, minimal phase errors, extended high frequency
response, ultra fast impulse response and diaphragm settling time, a remarkable improvement in the rear rejection of cardioid microphones, high
SPL handling, low distortion electronics and the ability to feed long cable
lengths up to 100 meters without loss of high frequencies. All of this combined makes the Earthworks difference.

Extended Frequency Response

Current scientific studies show that the sound of musical instruments extend as far as 100kHz. Earthworks offers microphones with extended high
frequency response. At first you may say, how can I hear or perceive the dif-
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