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(57) ABSTRACT 

A passive sound pressure level (SPL) limiter is provided that 
can be used With audio sources of varying drive levels and 
headphones or earphones of varying sensitivity. The SPL 
limiter includes a control circuit and left and right channel 
limiting circuits, each of Which includes a pair of FETS. The 
SPL limiter may include a balancing circuit that separates the 
control signal output by the control circuit into left and right 
channel control signals. The SPL limiter may also include a 
microphone, for example integrated into an earpiece cable. 

22 Claims, 10 Drawing Sheets 

. . . WIRELESS NETWORK 

/ AT E 
Q 

, 13;,” 
_...y @ 
AT 
1% 

SYSTEM TO OTHER 
CONTROLLER M NETWORKS 

1319 



US 8,515,084 B2 Sheet 1 0f 10 Aug. 20, 2013 US. Patent 

? .OE 

wxm0>>sz l ' 
meFO Oh 

a mijmPZOO Emkw>w 

Ailitiv 

a E 

mPZOm wmeO< MmIPO OP a.“ E a.“ E 

a E 



US 8,515,084 B2 Sheet 2 0f 10 Aug. 20, 2013 US. Patent 

cwow mwom 

@dlw EEO 

Maw. Ali! mowwwooml 
3/5 5 

w .OE 

_ i i l i i t I \ i l l t i i t l § i t l l 1 i 1 1 i I I 1 t I i I l i I l Q i i I I ! l I I l §I_ 

_ M W i H am Mm W m...“ 
" Eotjnaozwamriv mowwmuomm mowwwocmm 

WA VA “J 296 .ZFwam 55$ 

. n 

3% 2 55% 
W azawmooma 



US 8,515,084 B2 Sheet 3 0f 10 Aug. 20, 2013 US. Patent 



US 8,515,084 B2 Sheet 4 0f 10 Aug. 20, 2013 US. Patent 

. ||||||||||||||| iii ............... .i__ 
N _ 

_ _ u 22 n 

u m 

P ME; A H 

N3 N3. N? @3 m9“ 3..“ m? Now Sq n2 1< , n2 m? 32 m2 NZ ¢< TE 

a? 5 , EN , +3 ‘ iv , QEQm wmv <m , <§Qm EEDV H H< <H<Q @Iw m; ‘ m; NSF ‘ o; 

, , ‘ ; mi .32 M 

, VEEB 2% 5% 9? N? // w; 9? m5 Oz 15. m5 mvc, E. 
, . <m ‘ <25 Easy N Q <53 , ‘ ‘ ‘ ‘ 

@Q E“ 2w ; , . 

ao? <m <2Qw€€82< <35 , 

_\ _A 

. M Q 

. 2% .r m? 

10¢ 

a 



US. Patent Aug. 20, 2013 Sheet 5 0f 10 US 8,515,084 B2 

U1 O O 

510 —\ 
RECEWE TXR FROM AT 1 

l 
520 —\ 

SEND TXR POLL TO SUBSET OF ATS 

540 4x 
| RECEWE TXRS FROM SUBSET OF ATS 

s L ; 
550 —\ 

I SELECT ATS TC :NCLUDE LN TXOP 

560 K 
SEND sz TD SELECTED ATS 

l 
570 —\ 

RECEIVE DATA FRGM SELECTED ATS 

580 —\ 
SEND BLOCK ACK TO SELECTED ATS 

FIG. 5 



US. Patent Aug. 20, 2013 Sheet 6 0f 10 US 8,515,084 B2 

/ 530 

6H l 
RECEIVE NEXT TXR FROM An AT 

OF THE SUBSET CF ATS 

620 

TERMTNATE REQUEST 
FOR TXRs'? 

YES 

FIG. 6 



US. Patent Aug. 20, 2013 Sheet 7 0f 10 

710W 
RECENE TXR 

POLL 

720 —\ ! 
DETERMiNE 
ORDERlNG 

730 —\ ! 
SEND TXR 

ACCORDiNG TO 
ORDERiNG 

RECENE TXS 

750 —\ ! 

SEND DATA 

FIG. 7 

700 / 

US 8,515,084 B2 





US 8,515,084 B2 Sheet 9 0f 10 Aug. 20, 2013 US. Patent 

a .OE 

O 
O 
(D 

Ma. 53002 w>mowm mw<www2 jam 



US 8,515,084 B2 Sheet 10 0f 10 Aug. 20, 2013 US. Patent 

E2m>w mcwwwwuoi 

moor \\ 

momtBE momtBE 

v 25 ‘ Low: 
\ 

+ N2: + Q? 

E2qu 6380i 
w_nmumwm.._m5QEoo 

\ \ we? .32 

\ coop 



US 8,515,084 B2 
1 

PASSIVE SOUND PRESSURE LEVEL 
LIMITER WITH BALANCING CIRCUIT 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation-in-part of US. patent 
application Ser. No. 12/583,139, ?led 13 Aug. 2009, the dis 
closure of which is incorporated herein by reference for any 
and all purposes. 

FIELD OF THE INVENTION 

The present invention relates generally to audio systems 
and, more particularly, to means for limiting the sound pres 
sure level in a set of headphones or earphones. 

BACKGROUND OF THE INVENTION 

A large percentage of the population is affected by hearing 
loss or impairment. For example, the National Institute on 
Deafness and Other Communication Disorders estimates that 
in the United States, 17 percent or approximately 36 million 
adults have some degree of hearing loss. While there is a 
strong correlation between age and hearing loss, a surprising 
study by the American Medical Association reported that 
approximately 15 percent of school-aged children have a 
hearing loss. Additionally, it has been reported that hearing 
problems are on the increase in all age groups. 

The primary causes of hearing loss are heredity, aging, 
disease, trauma, ototoxic medication and long-term exposure 
to loud noises. Given that our day-to-day environment has 
become noisier in recent times, both in terms of the noise 
levels experienced at work and in our leisure time, undoubt 
edly noise induced hearing loss is the main reason that hear 
ing problems are on the rise. Additionally, given that noise 
induced hearing loss is the result of both the sound pressure 
level (SPL) and the length of exposure, the routine and in 
some cases almost constant use of headphones and earbuds is 

certainly a contributing factor to the noted increase, espe 
cially in younger age groups. 
By their very design, headphones and earbuds place the 

speaker transducers in close proximity to the user’s eardrums. 
While this con?guration may be convenient and, in some 
cases, provide an excellent listening experience, if the volume 
levels are set too high, their use can easily lead to hearing loss. 
Unfortunately, recent studies have shown that between 25 and 
50 percent of headphone/earbud users routinely listen at vol 
ume levels high enough to cause hearing loss. Further exac 
erbating this problem is the fact that most users will turn up 
the volume level in an attempt to drown out background noise 
(e.g., commuting noise, co-workers, etc.). 

In addition to educating people on the pitfalls of excessive 
volume levels, a number of products have recently come to 
market that attempt to control the SPL delivered through a 
headset. Setting the maximum SPL to an acceptable level is 
dif?cult, however, since different headphones/earbuds 
exhibit different sensitivities, and thus deliver different sound 
pressure levels for the same drive level. 
One approach to limiting the SPL is to place a resistor 

between the headphone/earbud and the audio source. The 
resistor reduces the current to the headphone/earbud, thereby 
limiting the generated SPL. Unfortunately, in order to set the 
SPL to a speci?c, desired level, the maximum drive level from 
the audio source as well as the sensitivity of the headphone/ 
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2 
earbud must be known. Therefore, this approach would 
require selecting a speci?c resistor for each source/earpiece 
combination. 

Another often-used approach for liming the SPL is to limit 
the maximum output volume, i.e., drive voltage, from the 
audio source. This feature is included in many MP3 and 
Apple® music players. This approach will only work, how 
ever, if the sensitivity of the headphone/earbud is known in 
advance of setting the maximum sound level. Otherwise, 
changing the headphone/earbud from a low sensitivity ear 
piece to a high sensitivity earpiece without changing the 
maximum output level will allow the desired SPL to be 
exceeded. Conversely, changing the headphone/earbud from 
a high sensitivity earpiece to a low sensitivity earpiece may 
yield unacceptably low volume levels. 

Yet another approach to limiting the SPL is to use a limiting 
circuit based on a combination of resistors and diodes. As this 
approach is typically only used when the sensitivity of the 
headphone/earbud is known, the limiting circuit may be per 
manently coupled to the earpiece, for example by molding the 
limiting circuit into the earpiece cabling. In addition to only 
working with a speci?c headset, most users ?nd this approach 
unsatisfactory due to the very noticeable distortion at high 
SPL levels that result from the nonlinear characteristics of the 
diode. 

While a number of approaches are currently being used to 
limit the sound pressure levels of headphones and earbuds, 
and thus prevent potential hearing damage, these approaches 
tend to have limited applicability due to their inability to take 
into account variations in source drive levels and earpiece 
sensitivities. Additionally, these approaches often create 
unacceptable levels of distortion, thus further reducing the 
number of people willing to use them. Accordingly, what is 
needed is a non-distorting SPL limiter design that can be 
applied to a wide range of source/ earpiece combinations. The 
present invention provides such a limiter design. 

SUMMARY OF THE INVENTION 

The present invention provides a passive sound pressure 
level (SPL) limiter for use with an audio source and a pair of 
headphones or earphones that include left and right earpieces. 
The SPL limiter is comprised of a control circuit that is 
connected to the audio source in order to receive left and right 
channel audio output signals, the control circuit outputting a 
control signal; a balancing circuit that receives the control 
signal from the control circuit and outputs left and right 
channel control signals; and left and right channel limiting 
circuits, each of which includes a pair of FETs and each of 
which reduces the corresponding output signal from the audio 
source in proportion to the corresponding left and right chan 
nel control signals. The SPL limiter may include a micro 
phone integrated into an earpiece cable, and an audio plug 
electrically connected to the control circuit, the left earpiece, 
the right earpiece and the microphone. The SPL limiter may 
include a microphone integrated into an earpiece cable and 
electrically coupled to a microphone plug, and a stereo plug 
electrically connected to the control circuit, the left earpiece 
and the right earpiece. The balancing circuit of the SPL lim 
iter may be comprised of a potentiometer, where the balanc 
ing circuit is con?gured to achieve a balanced output from the 
left and right channel limiting circuits. The control circuit 
may include a transformer (e. g., with a turns ratio of between 
1:10 and 1:50) and a recti?er circuit located on the secondary 
side of the transformer. The recti?er circuit may be a full wave 
recti?er comprised of four Schottky diodes. Alternately, the 
recti?er circuit may be comprised of a voltage multiplier. The 
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control circuit may further comprise a ?lter circuit, for 
example a low pass ?lter such as an RC ?lter. The control 
circuit may further comprise one or more fast limit diode 
paths, each such fast limit diode paths being comprised of one 
or more diodes. One or more than one of the fast limit diode 

paths may also comprise a current limiting resistor. The pas 
sive SPL limiter may further include at least a ?rst pad resistor 
interposed between the audio source and the left earpiece and 
at least a second pad resistor interposed between the audio 
source and the right earpiece. The passive SPL limiter may 
further include at least a ?rst channel separation resistor and 
a second channel separation resistor interposed between the 
audio source and the control circuit. The left and right channel 
limiting circuits may include left and right channel dividers, 
respectively, each of which may be comprised of a pair of 
resistors. The passive SPL limiter may further comprise a 
frequency-weighting ?lter, for example interposed between 
the audio source and the control circuit. 

In another aspect of the invention, a passive SPL limiter for 
use with an audio source and a pair of headphones or ear 
phones that include left and right earpieces is provided in 
which the SPL limiter is comprised of a control circuit that is 
connected to the audio source in order to receive left and right 
channel audio output signals, the control circuit outputting a 
control signal; and left and right channel limiting circuits, 
each of which includes a pair of FETs and each of which 
reduces the corresponding output signal from the audio 
source in proportion to the control signal from the control 
circuit. In at least one embodiment, two sets of matched FETs 
are used, with each set of matched FETs being divided 
between the left and right channel limiting circuits. 
A further understanding of the nature and advantages of the 

present invention may be realized by reference to the remain 
ing portions of the speci?cation and the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 provides a top-level view of an SPL limiter in 
accordance with the invention; 

FIG. 2 provides a modi?cation of the SPL limiter shown in 
FIG. 1; 

FIG. 3 provides a detailed diagram of a preferred embodi 
ment; 

FIG. 4 illustrates a modi?cation of the circuit shown in 
FIG. 3, the modi?ed circuit including a series of fast limiting 
diodes; 

FIG. 5 illustrates a modi?cation of the circuit shown in 
FIG. 3, the modi?ed circuit including multiple series of fast 
limiting diodes to control different spike levels; 

FIG. 6 illustrates an alternate embodiment utiliZing a volt 
age multiplier; 

FIG. 7 illustrates an alternate embodiment suitable for use 
with low sensitivity earpieces; 

FIG. 8 illustrates a modi?cation of the circuit shown in 
FIG. 3, the modi?ed circuit including a weighting ?lter; 

FIG. 9 illustrates a modi?cation of the circuit shown in 
FIG. 3, the modi?ed circuit matched sets of FETs; and 

FIG. 10 illustrates a modi?cation of the circuit shown in 
FIG. 3, the modi?ed circuit eliminating the dividers and 
increasing the resistance corresponding to the balancing cir 
cuit. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

In the following text, the terms “earphones”, “in-ear moni 
tors” and “earbuds” may be used interchangeably and may 
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4 
refer to any of a variety of different driver arrangements that 
are designed to ?t within at least a portion of the ear (e.g., 
earbuds). Similarly, the terms “headphones” and “headset” 
may be used interchangeably and may refer to any of a variety 
of different speaker arrangements that are designed to ?t over 
the ears, typically with the left and right headphones being 
held together via an over-the-head or behind-the-head strap or 
band. Similarly, the terms “audio player”, “audio source” and 
“source” may be used interchangeably. As used herein, the 
term “earpiece” may refer to either the left ear or right ear of 
either a set of earphones or headphones. Additionally, it 
should be understood that the earphones and headphones 
described herein may be used with any of a variety of audio 
sources, including music players (e. g., MP3 players, Apple® 
iPods, CD and DVD players, stereo receivers, stereo ampli 
?ers, etc.), telephones, computers, or other sources of audio 
data suitable for transmission over an earphone or headphone. 
It should be understood that identical element symbols used 
on multiple ?gures refer to the same component, or compo 
nents of equal functionality. Additionally, the accompanying 
?gures are only meant to illustrate, not limit, the scope of the 
invention and should not be considered to be to scale. 

FIG. 1 illustrates the basic elements of a sound pressure 
level (SPL) limiter in accordance with the invention. SPL 
limiter 100 is passive, i.e., not powered by a battery or other 
external power supply. As shown, audio source 101 is coupled 
to a control circuit 103 that outputs a low frequency or DC 
control signal that represents the signal level from audio 
source 101. Preferably, and as described in detail below, 
control circuit 103 includes a transformer 105 to step-up the 
signal level from audio source 101. The control signal from 
control circuit 103 is used by limiting circuit 107 to limit the 
power, more speci?cally the voltage or current, passed 
through to left earpiece 109 and right earpiece 111, thereby 
limiting the maximum SPL of each earpiece 109/ 111. Limit 
ing circuit 107 includes a balancing circuit 113 that insures 
that the output passed to the left and right earpieces is bal 
anced, i.e., circuit 113 compensates for differences between 
the left and right channel limiting circuits, for example due to 
manufacturing tolerances in the FETs. 

FIG. 2 illustrates a variation of SPL limiter 100. As shown, 
SPL limiter 200 is designed for use with an audio component 
201 that includes both an audio output and an audio input, a 
common component con?guration in many devices that may 
include a music player of some sort, a cell phone/recording 
capabilities, etc. (e. g., Apple® iPhone). Other exemplary 
audio components that may include both an audio output and 
an audio input include computers, cell phones, personal digi 
tal assistants (PDAs), etc. Typically a single plug (for 
example, a TRS connector, i.e., tip, ring, sleeve connector) is 
used to couple system 200 to audio component 201, although 
other con?gurations may be used (e. g., two plugs comprised 
of a stereo plug for coupling to a stereo output jack and a 
microphone plug for coupling to a microphone jack; three 
plugs comprised of a ?rst plug for coupling to a left channel 
output jack, a second plug for coupling to a right channel 
output jack and a microphone plug for coupling to a micro 
phone jack). In a preferred embodiment, the cable for the 
headphones/earphones and the cable for the microphone are 
combined, for example by integrating the microphone into 
one of the earpiece cables. 

FIG. 3 provides a detailed diagram of a preferred embodi 
ment of the invention. It should be understood that the present 
invention may be implemented in a stand-alone device (e. g., 
separate from the audio source and earphones/headphones, 
but intended for use with an audio source and set of ear 

phones/headphones), implemented within an audio source, or 
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implemented within a set of headphones, earphones, or cor 
responding cable. As shown, SPL limiter 300 is connected to 
a multi-channel, e.g., stereo, audio source 301. Both channels 
of audio source 301 are coupled to a control circuit 303, thus 
averaging the audio source output from both channels. The 
output from control circuit 303 controls both the left and right 
channel limiting circuits 305 and 307, respectively, afterpass 
ing through balancing circuit 309. 

Each limiting circuit 305/307 is comprised of means to 
reduce the power delivered to respective earpieces 311/313 in 
proportion to the control signal output by control circuit 303. 
Preferably, and as illustrated, each limiting circuit 305/307 
includes a pair of enhancement-mode, n-channel MOSFET 
devices 315. By using a pair of transistors, rather than a single 
transistor, each limiting circuit is provided with su?icient 
current limiting capabilities to handle a typical system. The 
control voltage on left channel signal path 317, and the con 
trol voltage on right channel signal path 319, control the 
amount of resistance in the channel of MOSFET devices 315. 
More speci?cally, as the control voltage on signal path 317/ 
319 increases, the gate voltage of the corresponding pair of 
MOSFETs increases and the resistance of the channel 
decreases. As the channel resistance decreases, more current 
?ows through MOSFET devices 315, thereby causing a volt 
age drop across corresponding pad resistors 321/323 to 
increase. As a result, the voltage to earpieces 311/313 
decreases, causing a corresponding decrease in the SPL gen 
erated by earpieces 311/313. 

The control voltage on signal paths 317/319 is generated by 
control circuit 303. Control circuit 303 is preferably com 
prised of a transformer, a diode recti?er and an RC ?lter. The 
function of transformer 325 is to step up, i.e., increase, the 
voltage generated by audio source 301. A typical turns ratio 
for transformer 325 is between 1:10 and 1:50, resulting in the 
voltage created on the secondary side of the transformerbeing 
between 10 and 50 times greater than the voltage on the 
primary, i.e., input, side. On the secondary side of transformer 
325 is a voltage recti?er 327. In the preferred embodiment, 
recti?er 327 is a full wave recti?er implemented with four 
Schottky barrier diodes 329-332. Schottky diodes are pre 
ferred in this application in order to minimize the power loss, 
i.e., as compared to ordinary PN junction diodes. The low 
forward voltage drop of the Schottky diodes allows recti?ca 
tion to start at a lower voltage on the secondary. After the 
signal is recti?ed, it passes to RC ?lter 333, which is com 
prised of resistor 335 and capacitor 337. In this embodiment, 
resistor 335 has a value of 200 kohms and capacitor 337 has 
a value of 10 pf. RC ?lter 333 is a ?rst order, low pass ?lter 
with a time constant preferably between 0.1 and 2 seconds. 
The output of RC ?lter 333 is the control voltage on signal 
path 339. 

Signal path 339 is coupled to balancing circuit 309. Bal 
ancing circuit 309 allows the control voltage on signal path 
339 to be unequally distributed to the MOSFET devices 315 
on the left and right channels, i.e., inputs 317 and 319, thereby 
allowing MOSFET device variations between left channel 
limiting circuit 305 and right channel limiting circuit 307 to 
be taken into account. In a preferred embodiment, and as 
illustrated, balancing circuit 309 is comprised of a potenti 
ometer. By utiliZing a test input signal with equal (or known) 
left and right channel signals, the output from the SPL limiter 
may be balanced utiliZing potentiometer 341. It will be appre 
ciated that while potentiometer 341 is preferred, it may be 
replaced with a pair of resistors, one interposed between 
signal paths 339 and 317, and the other interposed between 
signal paths 339 and 319. 
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6 
In SPL limiter 300, the output from audio source 301, per 

channel, is not directly coupled to earpieces 311/313. A pair 
of pad resistors 343 and 345 is interposed between the output, 
per channel, of audio source 301 and the respective earpieces 
311/313. The purpose of the pad resistors is to resist current 
?ow between audio source 301 and earpieces 311/313, 
thereby reducing the SPL generated by each earpiece. A 
second function of the pad resistors is to provide a minimum 
resistance for audio source 301 to drive when the resistance of 
the FET channel in transistors 315 approach zero. If the pad 
resistors were not inplace, MOSFET devices 315 could effec 
tively short audio source 301 to ground, creating a potentially 
large current ?ow that could damage both audio source 301 
and MOSFET devices 315. Pad resistors 343 and 345 limit 
this current ?ow. 
The ratio of resistor 343 to resistor 345 affects the perfor 

mance of control circuit 303. When the value of resistor 343 
is very low or zero, control circuit 303 is effectively driven by 
audio source 301. In this scenario, as the voltage generated by 
audio source 301 increases, the impedance of the FET chan 
nel in MOSFET devices 315 will decrease. Depending on the 
characteristics of MOSFET devices 315, this can lead to a 
situation where the SPL at earpieces 311/313 decreases as the 
output voltage of audio source 301 is increased. 

In the illustrated embodiment, preferably resistors 343 
each have a value of 27 ohms and resistors 345 each have a 
value of 0 ohms if the SPL limiter is used with headphones, 
and preferably resistors 343 each have a value of 20 ohms and 
resistors 345 each have a value of 0 ohms if the SPL limiter is 
used with earphones. The difference in the value for resistors 
343 is due to the sensitivity differences between headphones 
and earphones, the higher sensitivity of the earphones requir 
ing less voltage for a given SPL. In some embodiments, the 
value for resistors 345 may be increased from a 0 ohm value 
in order to alter the rate of increase of the SPL at earpieces 
311/313 as the output from audio source 301 is increased. 

In addition to resistors 343, control circuit 303 is separated 
from the output from audio source 301 by resistors 347, 
referred to herein as channel separation resistors. Resistors 
347 insure channel separation while maintaining audio qual 
ity. Preferably resistors 347 each have a value of 10 ohms. 

In order to further reduce and/ or eliminate distortion, pref 
erably each channel includes a divider comprised of resistors 
349 and 351. The divider reduces the nonlinear characteris 
tics of the FET channel at the high voltages found in head 
phones. Without the use of a divider, transistors 315 will turn 
on at lower audio source drive levels. Accordingly, the use of 
a divider is less important when SPL limiter 300 is used with 
a set of high ef?ciency earphones, thus allowing the divider to 
be eliminated in such situations if desired. In at least one 
preferred embodiment, resistors 349 are eliminated, or their 
value is set at 0 ohms, thus directly connecting the output 
from balancing circuit 309 to the gates of transistors 315. 
Even if resistors 349 are eliminated, preferably feedback 
resistors 351 are still included in the circuit. 

It will be appreciated that the disclosed circuit may be 
implemented in a variety of ways without departing from the 
invention. For example, in at least one preferred embodiment, 
the pair of PET devices 315 used for each channel’s limiting 
circuit, i.e., circuits 305 and 307, are adjacent FET die taken 
from the same manufacturing wafer, thereby simplifying fab 
rication. Additionally, adjacent die typically exhibit similar 
characteristics (e.g., threshold voltages). Another circuit con 
?guration that helps to reduce device cost while improving 
manufacturability is to replace balancing potentiometer 341 
with multiple resistors that are easily selectable during device 
fabrication. For example, three resistors can be interposed 
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between control signal line 339 and limiting circuit line 317, 
and three resistors can be interposed between control signal 
line 339 and limiting circuit line 319. The selection of a 
particular resistor for each channel can be made, for example, 
using selectable solder shorts. 

The circuit shown in FIG. 3 achieves low distortion by not 
clipping large, short duration audio signals from source 301. 
FIG. 4 illustrates a modi?ed circuit suitable for applications 
where it is desirable to have the limiting circuit respond faster 
to high level spikes in the audio signal. In particular, circuit 
400 modi?es the previous circuit by adding diodes in parallel 
to low pass ?lter resistor 335. In the illustrated circuit, a series 
of fast limit diodes 401, speci?cally diodes 403-405, will 
quickly suppress a loud spike in the audio signal. It should be 
understood that although the illustrated circuit shows three 
diodes 403-405, the circuit may use more or less diodes in this 
series, depending upon the level of input spike that is to be 
suppressed. The more diodes in this series, the larger the 
cumulative forward voltage drop must be before any current 
can ?ow through them to charge capacitor 337. Conversely, if 
three diodes, as shown, are limiting at too high a voltage level, 
then two diodes or even a single diode may be used. Addi 
tionally, a resistor may be added to the circuit (not shown), 
following the fast limiting diodes, thereby limiting the rate at 
which the spike is allowed to charge capacitor 337 and thus 
increase the control voltage. 

In a modi?cation of the circuit shown above, multiple 
parallel paths of diodes and resistors can be implemented to 
allow different charge rates depending on the level of the 
spike in the audio signal. In the modi?ed circuit shown in FIG. 
5, only the highest level signals can pass current through path 
501. This is because the signal must be larger than the com 
bined forward drops of diodes 503-506 plus the control volt 
age. There is no current limiting resistor in this path so the 
limit is basically the output impedance of the secondary of 
transformer 325. As a consequence, when current ?ows 
through path 501, capacitor 337 is immediately charged. 
Smaller audio signal spikes can pass through path 507. This 
path is limited by resistor 509, with a nominal resistance of 50 
kohms, and will charge capacitor 337 four times as fast as 
resistor 335, which has a nominal resistance of 200 kohms. 

FIG. 6 illustrates an alternate embodiment of the invention. 
In this embodiment, a voltage multiplier 601, acting as a 
recti?er, follows transformer 325. Voltage multiplier 601 is 
designed to convert the AC signal to a high magnitude DC 
signal through the use of diodes and capacitors. In the pre 
ferred embodiment, the capacitors in voltage multiplier 601 
each have a value of 2200 pf. A bene?t of this approach is that 
it allows a lower turn ratio transformer to be used while 
achieving the same control voltage. 

The embodiments described above may be used with either 
low or high sensitivity earpieces. If, however, the limiter of 
the invention is to be used with a low sensitivity earpiece, then 
for some high output audio sources the step-up transformer 
can be eliminated. FIG. 7 illustrates one such embodiment. In 
this embodiment, transformer 325 and voltage recti?er 327 
are replaced by Schottky diode 701. Pad resistors 343 and 345 
can be adjusted from 0 to a large value, depending upon the 
type of performance desired from limiter 700. In a minor 
variation of this embodiment, a voltage multiplier is used in 
place of diode 701. 

The operation of limiter 700 is similar to the previously 
described, current shunting circuits. Speci?cally, diode 701 
recti?es the positive voltage output by audio source 301. Pad 
resistors 343/345 limit the amount of current pulled from 
audio source 301. The voltage on capacitor 337 controls the 
amount of current that is shunted through limiting circuits 
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8 
305 and 307. As in the previous embodiments, circuit 700 
includes a feedback network to increase linear behavior, i.e., 
lineariZing the current and voltage characteristics of the 
FETs’ drain to source channel for a given gate voltage. 
Even though limiter 700 does not use a transformer, this 

circuit still achieves lower distortion than a conventional lim 
iter by using a transistor, rather than a diode, as the limiting 
device. Additionally, circuit 700 uses a DC voltage to control 
the amount of limiting performed by the circuit. 

Although the principal components of a limiter in accor 
dance with the invention have been described above, it will be 
appreciated that the inventors envision minor circuit varia 
tions to tailor its performance further. For example, a fre 
quency-weighting ?lter may be placed in any of the previ 
ously described circuits, either between the audio source and 
the transformer or after the transformer. FIG. 8 shows one 
such embodiment, based on the con?guration shown in FIG. 
3, in which a frequency-weighting ?lter 801 is positioned 
before transformer 325. As it is well known that the human 
hearing system is more sensitive to some frequencies than 
others, preferably weighting ?lter 801 is used to take into 
account perceived SPL rather than actual SPL. Filter 801 may 
be, for example, A-, B-, C-, D- or Z-weighted. By including 
frequency-weighting ?lter 801, the output of the limiter will 
be based on the weighting ?lter, e.g., perceived loudness, 
rather than the actual signal voltage. 

Regardless of the technique used to provide a control signal 
on signal line 339, the ability of limiting circuits 305 and 307 
to be relatively free of distortion depends on achieving an 
essentially linear current to voltage relationship on FETs 315. 
For small Vds voltages (i.e., the voltage between the FET 
source and drain), FETs exhibit relatively linear characteris 
tics. As the Vds increases, the current to voltage relationship 
becomes non-linear, and therefore in the circuits illustrated in 
FIGS. 3-8 each channel includes a divider comprised of resis 
tors 349 and 351. However, as previously noted, the use of a 
divider becomes less important when the SPL limiter of the 
invention is used with a set of high sensitivity earpieces (e. g., 
high sensitivity in-ear monitors). In such a situation, not only 
can resistors 349 be eliminated as previously noted, but in 
some instances resistors 351 may also be eliminated as illus 
trated in FIG. 9. 

In circuit 900, both the balancing circuit and the dividers 
are eliminated, balancing between limiting circuits 305 and 
307 being achieved via the selection of the individual FETs. 
As noted above, adjacent die taken from the same wafer will 
typically exhibit very similar device characteristics, thus per 
forming as a set of matched FETs. Therefore in circuit 900 
two sets of matched FETs are used, each matched set being 
split between the left and right channel limiting circuits 305 
and 307, respectively. In other words, FETs 901 and 902 are 
taken from one matched set, and FETs 903 and 904 from a 
second matched set. It will be appreciated that this approach 
may be used with any of the circuits shown in FIGS. 3-8. 

FIG. 10 illustrates another modi?cation of the approach 
illustrated in FIGS. 3-8. In circuit 1000, the divider for each 
limiting circuit is removed, and the value of potentiometer 
1001 of balancing circuit 1003 is increased, typically to a 
value in the range of 10’s to 100’s ofMohms. By using a high 
value potentiometer, the leakage currents on the FET gates 
become signi?cant, thus allowing for different gate voltages 
on the FETs depending upon the position of the potentiom 
eter. As in the prior circuits, the potentiometer may be 
replaced by a pair of ?xed value resistors (e.g., solder select 
able resistors, laser trimmed resistors, etc.). 
As will be understood by those familiar with the art, the 

present invention may be embodied in other speci?c forms 
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without departing from the spirit or essential characteristics 
thereof. Accordingly, the disclosures and descriptions herein 
are intended to be illustrative, but not limiting, of the scope of 
the invention which is set forth in the following claims. 
What is claimed is: 
1. A passive sound pressure level (SPL) limiter coupled to 

an audio source, a left earpiece and a right earpiece, wherein 
the passive SPL limiter limits a left channel audio output 
signal from the audio source to the left earpiece and limits a 
right channel audio output signal from the audio source to the 
right earpiece, the passive SPL limiter comprising: 

a control circuit electrically connected to the audio source 
and receiving said left channel audio output signal from 
the audio source and said right channel audio output 
signal from the audio source, wherein said control cir 
cuit outputs a control signal via a control circuit output; 

a balancing circuit electrically connected to said control 
circuit, said balancing circuit receiving said control sig 
nal from said control circuit via said control circuit out 
put, wherein said balancing circuit outputs a left channel 
control signal and a right channel control signal; 

a left channel limiting circuit electrically connected to said 
balancing circuit and con?gured to receive said left 
channel control signal from said balancing circuit, said 
left channel limiting circuit comprised of a ?rst pair of 
FETs, wherein said left channel limiting circuit reduces 
said left channel audio output signal from the audio 
source to the left earpiece in proportion to said left 
channel control signal; and 

a right channel limiting circuit electrically connected to 
said balancing circuit and con?gured to receive said 
right channel control signal from said balancing circuit, 
said right channel limiting circuit comprised of a second 
pair of FETs, wherein said right channel limiting circuit 
reduces said right channel audio output signal from the 
audio source to the right earpiece in proportion to said 
right channel control signal. 

2. The passive SPL limiter of claim 1, further comprising a 
microphone and an audio plug, wherein said microphone is 
integrated into an earpiece cable, and wherein said audio plug 
is electrically connected to said control circuit, said left ear 
piece, said right earpiece and said microphone. 

3. The passive SPL limiter of claim 1, further comprising a 
microphone, a stereo plug, and a microphone plug, wherein 
said microphone is integrated into an earpiece cable, wherein 
said stereo plug is electrically connected to said control cir 
cuit, said left earpiece, and said right earpiece, and wherein 
said microphone plug is electrically connected to said micro 
phone. 

4. The passive SPL limiter of claim 1, saidbalancing circuit 
further comprising a potentiometer, wherein said balancing 
circuit is con?gured to achieve a balanced output from said 
left and right channel limiting circuits. 

5. The passive SPL limiter of claim 1, said control circuit 
further comprising a transformer and a recti?er circuit, said 
transformer increasing the voltage corresponding to said left 
channel audio output signal and said right channel audio 
output signal, and wherein said recti?er is located on a sec 
ondary side of said transformer. 

6. The passive SPL limiter of claim 5, wherein said trans 
former has a turns ratio of between 1:10 and 1:50. 

7. The passive SPL limiter of claim 5, wherein said recti?er 
circuit is a full wave recti?er comprised of four Schottky 
diodes. 

8. The passive SPL limiter of claim 5, said control circuit 
further comprising a ?lter circuit interposed between said 
recti?er circuit and said control circuit output. 
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9. The passive SPL limiter of claim 8, wherein said ?lter 

circuit is a low pass ?lter comprised of an RC ?lter. 
10. The passive SPL limiter of claim 9, said control circuit 

further comprising a fast limit diode path in parallel with a 
resistor of said RC ?lter, wherein said fast limit diode path is 
comprised of at least one diode. 

11. The passive SPL limiter of claim 10, said fast limit 
diode path further comprising a current limiting resistor in 
series with said at least one diode. 

12. The passive SPL limiter of claim 9, said control circuit 
further comprising at least a ?rst fast limit diode path with a 
?rst charge rate and a second fast limit diode path with a 
second charge rate, wherein said at least ?rst and second fast 
limit diode paths are in parallel with a resistor of said RC 
?lter. 

13. The passive SPL limiter of claim 12, wherein at least 
one of said ?rst and second fast limit diode paths are further 
comprised of a current limiting resistor. 

14. The passive SPL limiter of claim 1, further comprising 
at least a ?rst pad resistor interposed between said audio 
source and said left earpiece and at least a second pad resistor 
interposed between said audio source and said right earpiece. 

15. The passive SPL limiter of claim 1, further comprising 
at least a ?rst channel separation resistor and a second channel 
separation resistor interposed between said audio source and 
said control circuit, wherein said ?rst channel separation 
resistor affects said left channel audio output signal and 
wherein said second channel separation resistor affects said 
right channel audio output signal. 

16. The passive SPL limiter of claim 1, said left channel 
limiting circuit further comprising a left channel divider and 
said right channel limiting circuit further comprising a right 
channel divider. 

17. The passive SPL limiter of claim 16, wherein said left 
channel divider is comprised of a ?rst pair of resistors and 
said right channel divider is comprised of a second pair of 
resistors. 

18. The passive SPL limiter of claim 1, said control circuit 
further comprising a transformer and a voltage multiplier, 
said transformer increasing the voltage corresponding to said 
left channel audio output signal and said right channel audio 
output signal, and wherein said voltage multiplier is located 
on a secondary side of said transformer. 

19. The passive SPL limiter of claim 1, further comprising 
a frequency-weighting ?lter. 

20. The passive SPL limiter of claim 19, wherein said 
frequency-weighting ?lter is interposed between said audio 
source and said control circuit. 

21. A passive sound pressure level (SPL) limiter coupled to 
an audio source, a left earpiece and a right earpiece, wherein 
the passive SPL limiter limits a left channel audio output 
signal from the audio source to the left earpiece and limits a 
right channel audio output signal from the audio source to the 
right earpiece, the passive SPL limiter comprising: 

a control circuit electrically connected to the audio source 
and receiving said left channel audio output signal from 
the audio source and said right channel audio output 
signal from the audio source, wherein said control cir 
cuit outputs a control signal via a control circuit output; 

a left channel limiting circuit electrically connected to said 
control circuit and con?gured to receive said control 
signal from said control circuit, said left channel limiting 
circuit comprised of a ?rst pair of FETs, wherein said 
left channel limiting circuit reduces said left channel 
audio output signal from the audio source to the left 
earpiece in proportion to said control signal; and 
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a right channel limiting circuit electrically connected to 
said control circuit and con?gured to receive said control 
signal from said control circuit, said right channel lim 
iting circuit comprised of a second pair of FETs, Wherein 
said right channel limiting circuit reduces said right 
channel audio output signal from the audio source to the 
right earpiece in proportion to said control signal. 

22. The passive SPL limiter of claim 21, Wherein said ?rst 
pair of FETs is comprised of a ?rst PET and a second FET, 
Wherein said second pair of FETs is comprised of a third PET 
and a fourth FET, Wherein said ?rst PET and said third FET 
comprise a ?rst pair of matched FETs, and Wherein said 
second PET and said fourth FET comprise a second pair of 
matched FETs. 

12 
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