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BACKGROUND

Last year ITEM Update reported the
results of the University of Oklahoma
EMC Center’s Clinical Study of electro-
magnetic interference to hearing aids
from wireless phones.! That study quan-
tified the existence and severity of the
interfering buzz or static from PCS 1900
(J-STD-007), TDMA 800 MHz (I1S-54),
and CDMA 800 MHz (IS-95) phones. In
addition, the results confirmed that by-
stander interference to a hearing aid
wearer was of less concern than user
interference and that research efforts
should be directed toward the effective
use of the wireless digital phone by a
hearing aid user.2

This article provides an update of the
Center’s continuing program of research
to determine the potential for interac-
tion between wireless phones and hear-
ing aids, to evaluate the effectiveness of
proposed solutions to mitigate negative
interactions, and to develop test meth-
ods and criteria leading to EMC design
standards for hearing aids and digital
wireless devices.

The second phase of the research
program, conducted during the past
year, has provided results in three areas:
¢ Acoustic measurements of hearing aids

within a sound-isolation chamber
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e Clinical determination of a speech-to-
interference ratio that will permit ef-
fective use of digital phones by hear-
ing aid wearers

* Measurement of the RF immunity of a
variety of hearing aids in a waveguide

All of the Phase I work forms a major
contribution to the efforts of the ANSI

Accredited Standards Committee C63.19

(chaired by Stephen Berger of Siemens

Rolm and Tom Victorian of Starkey Labo-

ratories) to develop standards for meth-

ods of measurement and performance
criteria for phone emissions and hearing
aid immunity.

WIRELESS PHONE
TECHNOLOGY

The nature and cause of hearing aid
interference have been extensively in-
vestigated. The pulsing characteristics
of the digital phone RF carrier, when
picked up by the wiring in the hearing
aid (usually at the microphone) and
detected in the first amplifier stage,
produce a pulsed waveform with nu-
merous components in the audible fre-
quency range. The following factors
have been confirmed to affect the level
of electromagnetic interference (EMI):
¢ Format of the wireless device signal

* Type of hearing aid
* Specific features of the aid
* Effectiveness of EMI shxeldmg and
circuit modifications
* Hearingloss characteristics of the user
¢ Separation between the phone and
the hearing aid
* Relative orientation of the phone and
aid .
* Ipsilateral versus contralateral use
Early reports of interference in Eu-
rope, Australia and other countries con-
firmed the existence of an annoying
“buzz” in some hearing aids exposed to
digital phones in the Global System for
Mobile communications (GSM; TDMA at
217 Hz), but did not examine other
phone technologies.3" Wireless phone
technologies can be most easily identi-
fied by three distinguishing characteris-
tics:
* The carrier frequency at whxch the
phone operates
* Whether the phone uses an analog or
digital format for the voice channel
* The specific signal format or protocol
used _
Within the United States, wireless
systems operate in one of two basic
carrier frequency bands. The North
American Digital Cellular (NADC) phone
transmits in the range of 824 to 849 MHz
and the Personal Communication Ser-
vices (PCS) phone transmits between
1850 and 1910 MHz. Analog (AMPS)
systems using Frequency Division Mul-
tiple Access (FDMA) allow multiple us-
ers to access the system by assigning a
separate channel to each user in the cell.
Time Division Multiple Access (TDMA)
systems assign users both a specific
channel and a time slot so that multiple
users can share time on a single channel.
This results in the pulsed (digital) signal
at one of a number of possible repeti-
tion rates, such as TDMA-50 Hz (IS-136)
or TDMA-217 Hz (J-STD-007, known as
PCS 1900 in the United States, GSM at
900 MHz, and DCS at 1800 MHz in other
parts of the world). Code Division Mul-
tiple Access (CDMA) systems employ a
spread-spectrum type of technology
governed by IS-95 and J-STD-008. The
repetition rate and structure of each
technology determine the nature of the
interfering noise.

87



MEDICAL ELECTRONICS

PHASE I1-A: LABORATORY
ACOUSTIC MEASUREMENTS
IN ASOUND CHAMBER

Phase II-A involved the development
and evaluation of a repeatable test
method for characterizing the audible
interference. It also afforded the oppor-
tunity to compare the magnitude and
pattern of interference as a function of
hearing aid type, phone technology,
separation distance, and the relative
alignment and orientation of the hearing
aid and the phone. Testing was con-
ducted to determine the repeatability of
the measurements as a contribution to
the ANSI ASC C63.19 standards working
group.

The acoustic test equipment used for
the measurements included an acoustic
sound-isolation chamber, B&K couplers,
microphones, pre-amplifiers and a real-
time acoustic spectrum analyzer. Actual
phones representing the three basic
digital signal formats described above
were used in all tests. To ensure the RF
immunity of the test equipment, includ-
ing the microphones and the sound
analyzer, and to avoid disturbance of the
RF field, the acoustic coupler was sepa-
rated from the hearing aid by Tygon®
tubing.

An input referenced interference
spectrum (IRIS) approach was devel-
oped at the Oklahoma EMC Center to
examine differences between phone
technologies while eliminating differ-
ences due to hearing aid features and
settings. This approach examines the
entire spectrum of interference and
generates an equivalent acoustic input
to represent the interference generated
by a specific phone technology.

PHASE 1I-A RESULTS

Three basic IRIS patterns were identi-
fied for the three wireless phone tech-
nologies. These patterns were deter-
mined to be consistent across a variety
of hearing aids and gain settings. In
other words, the TDMA-50 Hz phone
produced the same pattern of interfer-
ence at the input to the first amplifier
stage independent of the hearing aid
being used. The level of interference
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was sensitive to the separation distance
between the hearing aid and the phone
(4, 16, and 60 cm), and very sensitive to
small changes in relative alignment and
rotation of the phone about two or-
thogonal axes.

Repeatability tests indicated that the
interference measurement did not
change appreciably as a function of
measurement settling time, time of day,
repeated phone removal and place-
ment in the test fixture, repeated hear-
ing aid removal and placement in the
test fixture, and system calibration.

PHASE 11-B: CLINICAL
DETERMINATION OF THE
SPEECH-TO-INTERFERENCE
RATIO '

Phase II-B, a clinical study of 24 hearing
aid wearers, was designed to determine
the range of speech-to-interference ra-
tios (signal-to-noise ratios in dB) that
allow the effective use of digital phones
by hearing aid wearers. Measurements
of speech recognition (words identified
correctly from a standard audio-taped
NU-6 monosyllabic word list) and an-
noyance (quantified on a 0 - 5 scale; 0
indicating no interference; 5 indicating
unbearable interference) were made
with five different levels of the IRIS
signal for each phone technology, mixed
with speech at 65 dB sound pressure
level (SPL).

The five interference levels resulted
in speech-to-noise ratios of 30, 20, 10,0
and -10 dB SPL. Annoyance ratings were
obtained at the beginning and end of
each complete test session as well as
following each individual test during the
session.

Alltesting was conducted atthe Hough
Ear Institute in Oklahoma City using an
audiometric booth and Beltone 2000
audiometer. Overall SPL, A-weighted
SPL, C-weighted SPL, Speech Interfer-
ence Level (SIL), and the Articulation
Index (AI) associated with each mixed
sound source were determined in order
to identify the single measure that best
represents the impact of the interfer-
ence on speech recognition, indepen-
dent of the phone technology source.

PHASE 1i-B RESULTS

In general, there was only a slight de-
cline in speech recognition (6.5% of the
“no interference” baseline) for speech-
to-noise ratios of 30 or 20 dB SPLand the
pattern was similar for COMA, TDMA-50
Hz,and TDMA-217 Hz. Atlower speech-
to-noise ratios, speech recognition
dropped substantially (up to an 87%
loss with respect to baseline). Due to
the higher 217-Hz repetition rate which
produces larger harmonics in the au-
dible speech frequencies, the PCS 1900
phone signal produced a greaterloss in
intelligibility at 0 and -10 dB SPL com-
pared with the CDMA and TDMA-50 Hz
signals at those same speech-to-noise
ratios.

Annoyance ratings obtained before,
during and after the test session ap-
peared to increase linearly with an in-
crease in the interference level from 35
dB SPL (average rating of 0.2) through
75 dB SPL (average rating of 4.0) in 10
dB steps. Ratings collected prior to the
speech recognition test session were
lower than those collected after the
session, which in turn were lower than
those collected at the end of each test
during the session.

Of the various sound spectrum
weighting schemes used to provide a
single numerical representation of the
different interference signals, the Ar-
ticulation Index (AD) yielded the highest
correspondence to the speech recogni-
tion scores across all three phone sig-
nals. Based on this result, it is believed
that the Al is a good indicator of the
effectiveness of speech communication
for a hearing aid wearer using a digital
wireless phone and that the Al can be
applied to the evaluation of future digi-

" tal signal formats in addition to its use for

current schemes. It is likely that some
form of the Al will be incorporated into
the ANSI ASC C63.19 standard.

PHASE Ii-C: WAVEGUIDE
TESTING

A total of 34 hearing aids from various
manufacturers were tested in a 900-
MHz waveguide on loan from the Na-
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tional Acoustic Laboratories of Australia
(NAL).5 Tests were conducted with both
a 900-MHz RF carrier that was 80%
amplitude modulated with a 1-kHz sine
wave anda TDMA-50 Hz (IS-136) phone.
Using the acoustic measurement equip-
ment described in Phase II-A above, the
input referenced interference level
(IRIL) was plotted as a function of RF
field strength and alignment of the hear-
ing aid in the RF field. Full 360° rotation
on three orthogonal axes was made
possible by a gimbals mechanism de-
signed by NAL.

PHASE I1-C RESULTS
The Phase II-C results confirmed those
reported by the NAL with respect to the
shape of the curve depicting interfer-
ence magnitude as a function of the RF
field strength, and with respect to the
square-law detection property which
statesthata 1 dB increase in field strength
results in a 2 dB increase in the IRIL.
Hearing aid immunity was scored by
determining the field strength required
to produce an acoustic (microphone)
IRIL of 40 dB SPL (ILM40 - Immunity
Level Microphone 40 dB). A broad range
of immunity to the RF signals was found
across the different aids, with some aids
yielding good immunity and others ex-
hibiting very poor immunity. One hear-
ing aid that demonstrated good immu-
nity to the RF signal had a microphone
with built-in RF filtering.
Phase II-C also verified the impor-
tance of:
» Identifying the factors that affect mea-
surement variability (repeatability)
* Determining the criticality of orienta-
tion
¢ Confirming the use of the proper test
measures and their value in achieving
successful compatibility
* Developing solid, scientifically-based
test procedures using the proper
equipment

RESEARCH PROGRAM
SUMMARY

Results of the Phase I clinical study
suggested that bystander interference is
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not a serious issue. Although there isthe
potential for some bystander interfer-
ence, research should focus on phone
user interference.

The Phase II-A acoustic measure-
ments provided valuable information
for establishing standardized methods
of measurement as set forth in the
proposed ANSI ASC C63.19 standard,
while the Phase II-B study of speech-to-
interference ratios has provided input
on the required performance criteria for
phone emissions and hearing aid immu-
nity included in the ANSI standard.

Finally, the Phase II-C waveguide
testing confirmed the NAL results with
respect to the square-law detection prop-
erty and the shape of the response
curve of interference magnitude as a
function of RF field strength. Updates
on the progress of the current research
as well as information on detailed re-
ports for each study can be accessed
through the EMC Center’s Website at:
http://www.ou.edu/engineering/emc
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RC AND LC LOWPASS FILTERS . ..
Continued from page 50

CONCLUSION

The key to filter selection is to compare
apples with apples. If the filter exhibits
good response in the 50-ohm environ-
ment, the filter will perform in a 50-ohm
environment, but the filter response will
definitely be changed in a different
environment. There are several ways to
check if the filter is suitable. One way is
to check values via transfer function.
Another way is to simulate filter re-
sponse in a given environment. It is
important to understand the environ-
ment and filter requirements in order to
make an effective filter selection.

MIKE JU is a senior applications engineer at
California Micro Devices. Mike received BSEE and
MSEE degrees from Santa Clara University in 1986
and 1989 respectively. He has over 10 years of
experience in the field of RF and microwave
design that includes computer, communications,
and wireless applications. (408) 263-3214.

ITEM Update 1997






