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Paul A. LaViolette (Chief Operating Officer), Brenda Becker (Senior Vice President, Global
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waiver previously granted to BSC. Copies of the attached paper were distributed at the meeting
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LICENSING OF INDUCTIVE TELEMETRY DEVICES
IN THE 90-110 KHZ FREQUENCY BAND

(ET Docket No. 06-135, RM-11271, ET Docket No. 05-213, ET Docket No. 03-92)

Implantable cardiac devices, such as pacemakers, defibrillators, and cardiac
resynchronization therapy devices, deliver enormous public health benefits, and the Commission
appropriately understands and has embraced medical use of electromagnetic-based telemetry
systems in such devices. The Commission should continue on this path by licensing by rule
implantable cardiac devices that emit low levels of radio frequency (“RF”) energy in the 90-110
kHz band as a byproduct of inductive telemetry. Under the Commission’s rules, the 90-110 kHz
band is restricted to the Radionavigation Service (“LORAN-C”) for Federal and non-Federal
users.! However, there is simply no reason to prohibit the use of cardiac devices on a non-
interfering basis. Indeed, in none of the Commission’s rulemaking proceedings relating to
medical devices has either the federal government or any other party objected to licensing the
use of cardiac devices or other medical therapy implants at 90-110 kHz. In fact, commenters in
this proceeding strongly support the use of medical devices that produce low-level radiation in
this band.”

This paper provides an overview of the overwhelming public interest benefits of
authorizing cardiac devices that use inductive telemetry in or across the 90-110 kHz frequency

band, either by licensing such devices on a non-interfering basis or some other permanent

' 47 CFR. §2.106. The term “LORAN?” refers to LOng Range Aids to Navigation.

2 See e.g, Partners Healthcare System, Inc., ET Docket No. 06-135, RM-11271, ET Docket No. 05-213,
ET Docket No. 03-92 at 9 (filed Oct. 31, 2006). Partners Healthcare System, Inc. (“Partners”) is a not-
for-profit health care organization founded by Brigham and Women’s Hospital and Massachusetts
General Hospital.



means.’ Additionally, the attached Technical Report demonstrates that the risk of interference
from inductive telemetry devices into LORAN-C communications in the 90-110 kHz band is

= 4
nonexistent.

I LICENSING INDUCTIVE TELEMETRY DEVICES IN THE 90-110 KHZ BAND
WILL STRONGLY PROMOTE THE PUBLIC INTEREST

Implantable medical devices deliver critical, life-saving treatment options for a
wide range of diseases and health conditions, offering benefits to hundreds of thousands of
patients in the United States.” Such devices have produced important advances in therapeutic
treatment options and improvements in the quality of life for patients suffering from debilitating
medical conditions. The Commission has broadly acknowledged the need to allocate additional
spectrum for medical devices and properly seeks to adapt its rules to accommodate the fast pace
of development of newer and more sophisticated medical devices that use RF spectrum.®
Additionally, commenters in this proceeding uniformly recognize the benefits of implantable

devices that use RF technologies.’

* In the NPRM, the Commission sought comment on whether inductive telemetry operations should be
licensed by rule or authorized under an exception to the restricted band spurious emission limits for
unlicensed medical devices that use inductive coupling in the 90-110 kHz band. Investigation of the
Spectrum Requirements for Advanced Medical Technologies, ET Docket No. 06-135, Amendment of
Parts 2 and 95 of the Commission’s Rules to Establish the Medical Device Radio Communications
Service at 401-402 and 405-406 MHz, RM-11271, DexCom, Inc. Request for Waiver of the Frequency
Monitoring Requirements of the Medical Implant Communications Service Rules, ET Docket No. 05-
213, Biotronic, Inc., Request for Waiver of the Frequency Monitoring Requirements for the Medical
Implant Communications Service Rules, ET Docket No. 03-92, Notice of Proposed Rulemaking Notice
of Inquiry and Order, FCC 06-103 § 34 (rel. July 18, 2006) (“NPRM”). As discussed further below,
while licensing by rule appears to be the most straightforward option, permanent authorization by
whatever means the Commission deems appropriate will advance the public interest. See infra § 1.C.

4 See Dr. J. Neil Birch, DEE, Analysis of the Potential for Adverse Interference with LORAN-C From
Implantable Medical Devices (Feb. 21, 2007) (“Technical Report™), attached hereto.

5 NPRM { 1.
¢ d 2.

7 See e.g., Comments of Partners Healthcare System, Inc., ET Docket No. 06-135, RM-11271, ET
Docket No. 05-213, ET Docket No. 03-92 at 2 (filed Oct. 31, 2006) (observing the increasing need to



By increasing flexibility in the spectrum available for use by implantable medical
devices, the Commission would help ensure the availability of the broadest range of treatments
that medical technology has to offer. The Commission should adopt a rule affording medical
devices flexibility to emit low levels of RF energy on a non-interfering basis in the 90-110 kHz
band. Cardiac devices using inductive telemetry offer life-saving benefits without any risks of
harmful interference to or from LORAN-C communications. Granting clear, long-term authority
for low-level emissions in this band will maintain the availability of a range of cardiac and other
medical devices for the treatment of cardiovascular and other diseases and will promote the
development of new medical devices that use inductive telemetry.

A. The Commission Properly Has Recognized the Need for Additional
Spectrum for Medical Devices

In launching this proceeding, the Commission correctly recognized that “the pace
and nature of development of newer, more capable, and more sophisticated devices may be
inadequately accommodated by’ the current rules governing wireless medical
radiocommunication technologies.® As Commissioner McDowell stated, this proceeding seeks
“to create an environment that fosters continuing improvements in medical devices through

’,9

flexible sbectrum allocations and minimum regulatory requirements.”” Indeed, the Commission

broadly recognized the need to expand spectrum available for use by medical devices by seeking

integrate wireless communications systems within medical devices); Dr. Richard Mellish, Medicines
and Healthcare Products Regulatory Agency, United Kingdom, ET Docket No. 06-135 (filed Aug. 1,
2006) (supporting flexibility for cochlear implants, implanted pacemakers and other medical devices
using short range inductive coupling); Comment of Biotronik, Inc., RM No. 11271 at 1-2 (filed Sept.
23, 2005) (describing benefits of cardiac implant devices); Comments of Medtronic, Inc., ET Docket
No. 06-135, RM-11271 at 2-3 (filed Oct. 31, 2006) (describing new therapeutic and diagnostic
capabilities of a wide range of implanted radio devices). '

¥ NPRM ¢ 2.
? NPRM, Statement of Commissioner Robert M. McDowell.



comment on whether to open the 401-402 MHz and 405-406 MHz bands for medical devices, as
well as the 90-110 kHz band."’

Any new rules that the Commission adopts in this proceeding must accommodate
future generations of devices. The Commission appropriately sought information on evolving
trends in medical radio devices, which is vital to identifying suitable additional spectrum for the
operation of future devices.'' As Commissioner Tate recognized, the Commission must ensure
that it “properly facilitate[s] the promises of biomedical engineering in a manner that protects
patients while still giving doctors and innovators the flexibility they need to continue to make
even more stunning advances in the future.”'?> The need for additional spectrum will continue to
grow as physicians demand higher-speed delivery of increasing amounts of information from
implanted devices. As the population of implant patients expands and other medical therapies
rely on implantable devices, spectrum availability and interference among devices will become
pressing regulatory concerns. Authorizing the use of medical implants at 90-110 kHz will
advance all of these important objectives.

It will also be critical for the Commission to enhance collaborative efforts with
the U.S. Food and Drug Administration (“FDA”). As the Commission proposes, the agencies
should reach out to the medical device manufacturing and RF wireless technology industries
regarding the compatibility and coexistehce of medical radio devices in an RF environment."?
As Chairman Martin noted, “[a]s demand for more advanced medical devices increases, [the

Commission] should also be prepared to facilitate next-generation solutions and to work with the

1 NPRM 9 20, 23, 34.

" 1d. 992, 36-7.

2 NPRM, Statement of Commissioner Deborah Taylor Tate.
3 NPRM 11 4, 47.



Food and Drug Administration and other agencies that play a role in their evolution.”"* The
Commission and the FDA presently work together conceming various aspects of medical radio
device issues, including coordination of spectrum use and interference immunity issues. '
Furthermore, the FDA has recognized that implantable wireless medical devices perform critical
public health functions and that wireless technology will be a mainstay in the development of
future medical devices. Accordingly, the FDA has issued draft guidance for device
manufacturers regarding product design and the implementation of RF technology in medical
devices.'® With complementary safeguards in place from the Commission and the FDA,
allowing medical devices to operate in the 90-110 kHz band will deliver enormous public health

benefits without any countervailing harms.

B. Authorizing Use of Inductive Telemetry Devices at 90-110 kHz Will Deliver
Critical Benefits to Cardiac Patients

Implantable cardiac devices have revolutionized medical care for patients with
cardiovascular disease, which is the leading cause of death in the United States. These devices—
including pacemakers, defibrillators, and cardiac resynchronization therapy devices—can save
the lives of patients by delivering electrical stimuli to manage and resynchronize abnormal heart
rhythms. Such devices have prolonged the lives of hundreds of thousands of Americans. And
they are more critical today than ever: With the aging baby boomer population, the already-
substantial use of implantable cardiac devices will continue to increase. Medical professionals

can better control a patient’s cardiac disease using implantable cardiac devices, reducing the

4 NPRM, Statement of Kevin J. Martin.
15> NPRM { 46.

16 See generally, Draft Guidance for Industry and FDA Staff, “Radio Frequency Wireless Technology in
Medical Devices,” FOOD AND DRUG ADMIN. (rel. Jan 3, 2007) (available at
http://www.fda.gov/cdrh/osel/guidance/1618.pdf).



need for emergency care, and thereby reducing health care costs.'” Therefore, cardiac patients
and the public more generally will experience substantial benefits from the adoption of rules that
increase the availability and the range of choices of cardiac devices.

Implanted medical devices rely on electromagnetic telemetry systems for
monitoring and therapy changes. Certain implantable cardiac devices, including Boston
Scientific’s leading products, use inductive telemetry to communicate with heart monitoring
equipment. A physician can monitor a patient’s heart function by downloading from the
implanted device information regarding a patient’s cardiac events as well as the functioning of
the device. Inductive telemetry has been a cost-effective solution for implantable devices
because the low energy requirements of this technology preserve the battery energy and prolong
the useful life of the device. While the newest generation of implantable cardiac devices use
Ultra High Frequency (“UHF’’) RF communications for these critical aspects of their
functionality, all devices still produce Low Frequency (“LF”’) emissions as a byproduct of their
legacy inductive telemetry transmission.

Although inductive cardiac devices emit incidental signals in various bands, some
implantable cardiac devices on the market today employ inductive telemetry that emits low-level
RF energy in the range of 50-200 kHz, including the restricted 90-110 kHz frequencies.
Approximately 600,000 people in the United States currently rely on these devices, with

thousands more expected to use them in coming years.

' See NPRM, Statement of Commissioner Robert M. McDowell (“facilitating competition in the medical
device market is particularly important given the ageing [sic] U.S. population . . . and the corresponding
need for an increased number of our citizens to participate in more frequent health monitoring. Iam
hopeful that a proliferation of devices will lead to decreased health care prices and improved quality of
care, while also allowing patients the ability to lead more independent lives.”).



Inductive telemetry in the 90-110 kHz band has been incorporated into several
cardiac device models. Authorizing their use in this band well into the future will enable
continued use of cardiac device models that have a history of proven benefits. Therefore,
licensing the use of such devices in the 90-110 kHz band will provide cardiac device
manufacturers with a broader LF spectrum to develop higher bandwidth devices and support
systems without avoiding this gap in the spectrum. As a result, patients and their physicians will
be afforded maximum flexibility to choose the cardiac device best suited to their needs. When
selecting the most appropriate course of treatment, cardiac patients and their physicians may take
into account the various functionalities and price points of different cardiac devices, as well as
other crucial factors. Ultimately, the selection of a cardiac implant should be a medical decision
that is unaffected by the frequency band in which the device happens to emit RF energy, as long
as the emissions produce no harmful interference—as is indisputably the case here.'® Certain
devices should not be precluded as an option merely due to the limitation in the frequency band
in which the device emits ultra-low levels of RF energy.

C. Precluding Use of the 90-110 kHz Band by Cardiac and Other Medical
Devices Would Be Detrimental to Patients and the Public Generally

The benefits to the public interest discussed above would not be realized if
medical devices are precluded from emitting low levels of RF energy in the 90-110 kHz band.
Furthermore, maintaining the restriction in this band would diminish treatment options and
choices for patients at a time when a growing segment of the population would benefit from
implantable devices and as new applications for such devices are proliferating. The inductive
telemetry technology that emits in the 90-110 kHz band was developed based on a good-faith

interpretation of the rules regarding incidental emissions from induction devices in the restricted

'® See infra § 1.D.



band. In the absence of a rule authorizing cardiac devices to emit low levels of RF energy in the
90-110 kHz band, however, leading cardiac device models could be phased out of use
prematurely.

Curtailing use of such devices would needlessly remove an invaluable tool from
cardiac physicians’ arsenal and would diminish patient choices. A reduction in the treatment
options available to cardiac patients could weaken market competition in cardiac devices,
resulting in harm to public health. Unfortunately, device manufacturers cannot easily or quickly
introduce into the marketplace alterative cardiac devices emitting in different bands due to a
long product development cycle, rigorous testing, and the intensive approval process of the FDA,
to which medical devices are subject.

The development of next-generation cardiac devices can cost into the hundreds of
millions of dollars, and as the device technologies become more complex, design and testing can
extend over a period of years, thus creating relatively long product cycles. Implantable medical
devices undergo design and testing cycles that can last over five years. Any changes to products
in the development stage can significantly delay completion of design and testing. These
products are extremely complex and must meet extraordinary reliability standards. Each device
contains a number of subsystems that must interact precisely and that are packaged into a
remarkably small unit. After completion of testing to verify design reliability, the FDA must
review and approve the device. FDA approval typically requires at least six months and can run
considerably longer if the device implements new or novel design features. Due to the lengthy
product development and testing cycle and the FDA approval process, device manufacturers
require the certainty of a rule authorizing low-level emissions in the 90-110 kHz band. A limited

waiver therefore is not sufficient to justify continued use of these inductive telemetry devices.



As a technical matter, cardiac device models cannot simply be redesigned to emit
in alternative bands. Redesigning the inductive telemetry technology would subject device
manufacturers to the high level of scrutiny to which novel designs are subject, as mentioned
above, and would also necessitate changes to other systems within the device, potentially
requiring redesign and retesting of those systems. Additionally, all of the external monitoring
and support equipment used for patient care would need to be redesigned. Moreover, because
the incidental induced emissions occur on a bandwidth wider than the 90-110 kHz band, unless
the induced emissions are shifted significantly away from the restricted band, the signals from
these devices cannot easily avoid the 90-110 kHz band. As a result, the restricted portion of the
bandwidth into which these devices radiate RF impedes the continuing use of this inductive
telemetry technology.

Licensing inductive cardiac devices emitting in the 90-110 kHz band would allow
device manufacturers to bring such devices currently in the design and approval process to
market and to ensure that such devices could remain available to patients in the long term.
Further, permanent authority to emit low-power emissions in this band would enable medical
device manufacturers to incorporate existing inductive telemetry technology into future product
designs and use a broader spectrum of the LF band, thereby reducing costs and the time period it
takes to bring these products to market. Thus, permitting incidental RF emissions from inductive
telemetry devices in this band would expand the treatment alternatives available to cardiac
patients and their physicians. Such a licensing rule is fully consistent with the Commission’s
goal in this proceeding “to better accommodate new medical devices immediately and

imminently available.”'® Therefore, the Commission should take éxpedited action to adopt a rule

' NPRM { 3 (emphasis added).



authorizing inductive telemetry devices in the 90-110 kHz band in order to ensure access to
inductive telemetry devices that will enter the marketplace in the near future.

D. Licensing Inductive Telemetry Devices by Rule Poses No Threat of Harmful
Interference or Any Other Costs e

Based on their inherent characteristics, inductive telemetry devices pose no threat
of causing harmful interference to LORAN-C receivers, for which the 90-110 kHz band is
currently allocated.”” The primary users of LORAN-C frequencies include the U.S. Coast Guard
and non-federal aviation”' and Private Land Mobile services.”” In general, inductive telemetry
inherently produces extremely low levels of byproduct RF emissions in various frequency bands.
For instance, the field strength of the cardiac devices at issue is typically 50-70 dB below the
Commission’s power limit for spurious emissions in the 90-110 kHz band.”> Emissions from the
device are further attenuated by the device’s titanium casing and the surrounding human tissue.
Therefore, the physician’s monitoring device must be located within close proximity (e.g., within
six inches) to inductively couple with the implanted device and to receive the low-power

magnetic signal.

2 The Department of Homeland Security and Department of Transportation have sought comment on the
potential elimination of the LORAN-C Radionavigation System, as a result of new GPS services and
other alternatives. See Long Range Aids to Navigation (LORAN) Program; Office of Navigation and
Spectrum Management, Notice, 72 Fed. Reg. 796 (Jan. 8, 2007). If the LORAN-C program is
decommissioned, there would plainly be no reason to exclude medical devices from operating at 90-110
kHz. But, in any event, cardiac devices can coexist with the LORAN-C service without any adverse
effects, as the attached Technical Report by Dr. J. Neil Birch shows. Laboratory tests establish that the
Boston Scientific implantable device and its programmer will not adversely affect the LORAN-C
navigation accuracies for E field or H field equipped receivers. The inductively based implant
transmission is simply too low to cause any adverse interference in the LORAN-C band given any
reasonable use scenario.

21 47 CF.R. Part 87.
22 47 C.F.R. Part 90.
2 See 47 C.FR. § 15.209; Technical Report at 11.
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Additionally, inductive cardiac devices emit signals in the 90-110 kHz band only
under very limited circumstances and for very short periods of time. The inductive signals
generated by these cardiac devices can only be received from a distance of a few inches, and the
communication function of these devices operates in controlled environments such as a hospital
or doctor’s office. By contrast, LORAN-C receivers operate on mobile air, land, and marine
platforms, far from the vicinity of any medical office.”* Older cardiac implants typically use
inductive coupling to communicate with a monitoring device for a total of only a few minutes a
year. Newer generations of cardiac devices with UHF telemetry subsystems only use inductive
coupling to initiate a communications session, and thus will operate for even shorter periods of
time—approximately two seconds per device per year.

The history of inductive telemetry devices confirms that they pose no threat of
harmful interference to licensed users of adjacent spectrum bands or to unlicensed devices.
There have been no reported instances of interference from cardiac devices into LORAN-C
receivers. Neither the Coast Guard, which operates LORAN-C receivers, nor any of the
commenters in this proceeding, opposes the use of inductive telemetry devices at low power
levels in the 90-110 kHz band. Moreover, in related proceedings, the National
Telecommunications and Information Administration (“NTIA”) has made clear that it does not
object to the use of inductive devices that emit in the 90-110 kHz band.”® In fact, comments in

this proceeding fully support the authorization of low-level radiation in this band.?

24 See Technical Report at 7-8.

% See Boston Scientific Corporation, Petition for a Limited Waiver of Section 15.205 of the
Commission’s Rules, ET Docket No. 05-331 at 11, n.18 (filed June 6, 2006).

6 See e.g., Partners Healthcare System, Inc., ET Docket No. 06-135, RM-11271, ET Docket No. 05-213,
ET Docket No. 03-92 at 9 (filed Oct. 31, 2006).
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Furthermore, there are no identifiable risks of interference to implantable devices
from LORAN-C operations. Implantable medical devices are designed to tolerate
electromagnetic interference, and there is no realistic prospect that LORAN-C transmitters (or
any other 90-110 kHz spectrum usage) could interfere with the proper functioning of cardiac
implants. Typically, an external cardiac monitoring device (e.g., a “programmer”) queries the
implanted device using an induced signal before a communications session is initiated. The
implanted device must receive the appropriate “keying pattern” in the initiating signal before
responding to any communication signals. The keying pattern establishes a “handshake”
between the implanted device and the programmer. The initiation handshake is important to
assure the security of patient information, and transmissions between the device and the
programmer must be within six inches to guarantee that the responding implant is the intended
target of the communications. Additionally, the keying patterns required to initiate
communications with a cardiac device are much more complex than LORAN-C timing signals.
Therefore, impulses from a LORAN-C transmitter could not inadvertently trigger a
communications session with a cardiac implant device.

As a result of these factors, there has never been a reported instance in which an
implanted cardiac device experienced interference from a LORAN-C signal. These devices have
been used for years to provide effective medical treatment without any adverse implications for
the LORAN-C service. The general exclusion of cardiac devices from the 90-110 kHz band is
wholly unnecessary due to the ability of these devices to operate without interference to primary
LORAN-C users. There are no harms to weigh against the public interest benefits in connection

with secondary use of the LORAN-C band by inductive cardiac devices. Therefore, authorizing
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inductive telemetry devices to operate in the 90-110 kHz band on a secondary basis
unquestionably promotes the public interest.
1L LICENSING INDUCTIVE TELEMETRY DEVICES IN THE 90-110 KHZ BAND

ENJOYS STRONG SUPPORT FROM THE COMMISSION’S SPECTRUM
POLICY

Authorizing inductive telemetry devices in the 90-110 kHz band would advance
the Commission’s overarching policy of promoting greater spectrum sharing and flexibility. In
this proceeding, the Commission recognizes the need to open more bandwidth for medical
devices and proposes to authorize the use of low-power, low duty-cycle devices in the Medical
Device Radiocommunication Service (“MedRadio) frequencies of 401-402 MHz and 405-406
MHz (“wing bands”).”” Adoption of a similar rule for inductive telemetry devices in the 90-110
kHz band would be consistent with the MedRadio proposal and would further the Commission’s
spectrum policy goals. Allowing non-interfering services to share spectrum with existing uses
would help satisfy the growing demand for RF spectrum suitable for implantable devices. As
demonstrated herein, inductive telemetry devices can coexist in this band with the primary users
without any interference concerns. Thus, authorizing these devices on a secondary basis in the
LORAN-C band will promote efficient use of the spectrum and maximize the benefits from this

spectrum resource.

A. The Commission’s Promotion of Spectrum Sharing and Flexible Use
Supports Secondary Use of Medical Devices in the 90-110 kHz Band

Authorizing use of medical devices in the 90-110 kHz band would directly
advance the Commission’s interest in promoting increased sharing of spectrum and more flexible

allocations. In recent years, the Commission has abandoned the rigid allocations of spectrum

# NPRM 1 20.
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that it adoptéd under the command-and-control model. Instead, the Commission has embraced
more flexible allocations and encouraged spectrum sharing to promote greater efficiency. As
Chairman Martin has explained, “promoting spectrum sharing is a fundamental part of
encouraging efficient spectrum usage” and “is a crucial means to get more mileage out of this

s Indeed, the Commission has made spectrum sharing and increased

important resource.
flexibility more generally overarching principles in its spectrum-related proceedings. ? While
recognizing the importance of protecting existing services from interference, the Commission
seeks to maximize the potential benefits of radio communications by allowing secondary uses of
spectrum, both licensed and unlicensed.*

The Commission has added allocations or approved new uses of spectrum where
it found that services have the capability to coexist without harmful interference. In recent years,

the Commission has adopted and proposed rules for shared use of spectrum in a variety of

communications services that expand the uses of bands beyond historical allocations.”’ The

* Separate Statement of Commissioner Kevin J. Martin, Facilitating Opportunities for Flexible, Efficient,
and Reliable Spectrum Use Employing Cognitive Radio Technologies; Authorization and Use of
Software Defined Radios (ET Docket Nos. 00-47, 03-108), Notice of Proposed Rulemaking and Order,
FCC 03-322 (rel. Dec. 30, 2003); see also U.S. Spectrum Policy: Convergence or Co-Existence?,
Remarks by Kevin J. Martin to the FCBA Policy Summit & CLE (Mar. 5, 2002).

? See, e.g., Spectrum Policy Task Force Report, ET Docket No. 02-135, at 16 (Nov. 2002) (calling for
“grant[ing] both licensed and unlicensed device operators the maximum possible autonomy to
determine the highest valued use of their spectrum, subject only to those rules that are necessary to
afford reasonable opportunities for access by other spectrum users and to prevent or limit interference
among multiple spectrum users™); see also, Letter from Kevin J. Martin, Chairman, FCC, to the
Honorable John D. Dingell, Chairman, Committee on Energy and Commerce, and the Honorable
Edward J. Markey, Chairman, Subcommittee on Telecommunications and the Internet, Committee on
Energy and Commerce 10-12 (Feb. 7, 2007) (regarding response to pre-hearing question relating to the
Commission’s spectrum management policies).

® See, e.g., Facilitating Opportunities for Flexible, Efficient, and Reliable Spectrum Use Employing
Cognitive Radio Technologies; Authorization and Use of Software Defined Radios, Report and Order,
20 FCC Rcd 5486 18 (2005).

3 See e.g., Service Rules and Procedures to Govern the Use of Aeronautical Mobile Satellite Service
Earth Stations in Frequency Bands Allocated to the Fixed Satellite Service, Notice of Proposed
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Commission has recognized that different uses of spectrum can coexist on the same frequencies,
either through advances in technology, or because the nature of the use and the characteristics of
the signals are such that users can adequately manage any interference potential.

That precedent and the Commission’s spectrum sharing principles provide strong
support for licensing low-power, low-duty-cycle medical devices to operate on a secondary, non-
interfering basis at 90-110 kHz. In the case of inductive telemetry devices in the 90-110 kHz
band, as demonstrated above, there is no potential for harmful interference due to the nature of
LORAN-C and inductive telemetry signals and operations. Therefore, the Commission would
continue on its path of advancing flexible and efficient spectrum usage by adopting this proposed
secondary use of the 90-110 kHz band.

In addition to the public benefits cited above, opening the LORAN-C band to
low-power inductive devices would diminish congestion in other bands currently available for
medical devices, such as the 900 MHz band. Authorizing new uses of the 90-110 kHz band will
encourage the development of new technologies that will allow the realization of increased
potential benefits of the spectrum. The Commission’s goal in the MedRadio proceeding is “to
create an environment that fosters continuing advances in medical devices through flexible RF

spectrum allocations with the minimum FCC regulatory requirements that are necessary for

Rulemaking, 20 FCC Red 2906 9 1-2 (2005) (proposing to allow mobile operations in the fixed
satellite service bands to promote more efficient use of the spectrum to meet growing demand for
broadband communications); Flexibility for Delivery of Communications by Mobile Satellite Service
Providers in the 2 GHz Band, the L-Band, and the 1.6/2.4 GHz Bands, Report and Order, 18 FC Rcd
1962 qf 1-2 (2003) (permitting flexibility to use spectrum allocated to mobile satellite service to
integrate ancillary terrestrial components, thus “balancing the traditional goals of effective and efficient
use of spectrum with preserving the optimal amount of spectrum from the provision of international
satellite services™); Revision of Part 15 of the Commission’s Rules Regarding Ultra-Wideband
Transmission Systems, First Report and Order, 17 FCC Red 7435 § 1 (2002) (“UWB devices can
operate using spectrum occupied by existing radio services without causing interference, thereby
permitting scarce spectrum resources to be used more efficiently”).
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efficient use of the spectrum and to ensure patient safety.”> Commenters in this proceeding
broadly recognize the value in promoting increased flexibility.”> As Biotronik notes, for
example, “[b]y permitting flexible but non-interfering spectrum use . . . the Commission would
let the medical device manufacturers decide which technology or technologies are better suited
for their devices and give them the flexibility they need to design a variety of devices that meet

¥ Thus, in keeping with the Commission’s spectrum

important medical and therapeutic needs.
sharing policy, the Commission should eliminate the exclusive allocation of the 90-110 kHz
band for LORAN-C services, which was adopted under an obsolete model of spectrum
allocation.
B. Allowing Secondary Use of the 90-110 kHz Band by Inductive Cardiac

Devices Is Consistent With the Commission’s Proposal to Expand MedRadio

Bands in This Proceeding

In launching the MedRadio proceeding, the Commission recognized the high
demand for medical devices that rely on radiocommunications.®> To address these growing
needs, the Commission in this proceeding proposes to allow low-power, low-duty-cycle
operations by medical implants and body-worn devices in the MedRadio wing bands (401-402

MHz and 405-406 MHz). In that context, the Commission proposes to authorize such non-

interfering uses by rule on a secondary basis. Just as allowing operation subject to reasonable

*2 NPRM 1 4.

33 See e.g., Reply Comments of Intel Corporation, RM-11271 at 4 (filed Oct. 11, 2005) (supporting
MEDS radio allocation in spectrum currently designated for meteorological weather balloons);
Comments of Dr. Richard Mellish, Medicines and Healthcare Products Regulatory Agency, United
Kingdom, ET Docket No. 06-135 (filed Aug. 1, 2006) (commenting that implanted devices using short
range inductive coupling should be permitted to operate in any band and with any bandwidth suitable
for intended medical purposes, subject only to limits for incidental emissions); Comment of Biotronik,
Inc., RM No. 11271 at 1, 3 (filed Sept. 23, 2005) (supporting the authorization of “a wider range of
devices that may operate on MICS frequencies”).

3% Comments of Biotronik, Inc. ET Docket No. 06-135, RM-11271, ET Docket No. 05-213, ET Docket
No. 03-92 at 4 (filed Oct. 31, 2006).

3 NPRM{ 1.
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power and duty-cycle limits in those bands would “reflect a reasonable balance between the
operational capabilities needed for devices to function properly and the need to minimize the risk
of interference to other devices in the band,*® so too would such usage at 90-110 kHz promote
the Commission’s goals.

Today, there are numerous medical devices using frequencies available for
licensing under Part 95, as well as on an unlicensed basis under Part 15 (including the 900 MHz
frequencies). In addition to opening the MedRadio frequencies for medical devices, opening the
90-110 kHz band for secondary licensing of such devices would be appropriately responsive to
the increasing use of spectrum by health practitioners and would help diminish congestion in
other bands as the use of medical devices continues to grow. Further, inductive cardiac devices
have proven capable of sharing these frequencies with LORAN-C services with no ill effects.
Because the risk of interference with LORAN-C devices is nonexistent as a practical matter, and
hundreds of thousands of patients already rely on implants that emit at 90-110 kHz, the case for
permitting the use of implants at 90-110 kHz is considerably stronger than the proposal

regarding the MedRadio wing bands.

III. CONCLUSION

The Commission should move promptly to authorize the use of inductive cardiac
devices in the 90-110 kHz on a long-term basis. Neither the federal government nor any other
party has objected to licensing the use of cardiac devices or other implants in these frequencies.
Granting permanent authorization for induced emissions in the band will provide flexibility in
treatment options for cardiac patients without posing a risk of harmful interference to LORAN-C

services. The selection of a cardiac implant should be a medical decision that is unaffected by

% 1d. § 25.
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the frequency band in which the implant happens to emit ultra-low levels of RF energy.
Adopting the proposed secondary use of the LORAN-C band is consistent with the
Commission’s aims in the MedRadio proceeding and would advance the Commission’s
overarching policy goals of greater spectrum sharing and flexibility. In light of the substantial
benefits and the complete absence of countervailing harm, the public interest overwhelmingly
favors licensing inductive telemetry devices by rule or by authorizing such use through other

long-term means.
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I Introduction

This report assesses the potential for adverse interference effects on LORAN-C
navigation performance from an inductive telemetry system used by implantable medical
devices. As examples, this report considers implants from Boston Scientific Corporation that
operate within the body to monitor heart functions and treat arrhythmias, as well as an external
programmer device used to interrogate and retrieve information from the implanted device.

Technical analysis provided herein demonstrates that the inductive telemetry system in
implantable devices will not interfere with the LORAN-C system. Independently-directed
laboratory measurements of Boston Scientific devices also demonstrate that the in-band electric
field emissions from an implantable device are significantly below the in-band spurious
emissions produced by the programmer and will not affect LORAN-C performance. The actual
implant signal levels are presented in this report. Because the Commission has approved the use
of the programmer as meeting its spurious in-band specification and the implant in-band signals
are far below the in-band spurious levels from the programmer, and since the implant and
programmer are used in a time division duplex manner and in close proximity, it follows that the
use of the implant will not cause any adverse effects.

This report concludes that inductive telemetry systems within the implantable medical

devices in question will not affect the LORAN-C system, which operates at 90-110 kHz.



II. Expert Qualifications

I am J. Neil Birch and I reside at 8831 Mustang Island Circle, Naples, FL 34113. I have
a Doctorate in Electrical Engineering from the Catholic University of America (1965) and was
selected in 1986 to be a Fellow of the Institute of Electronic and Electrical Engineers for
Contributions to Military Communications. My complete resume is attached to this document in
Exhibit C.

My association with LORAN-C dates back to 1967 when I joined the Magnavox Co. in
their Washington, D.C. facilities. Magnavox proposed to the U.S. Navy a scheme by which
binary encrypted data would be imposed on LORAN-C pulses to affect a one-way (simplex)
communication link to vessels within the LORAN-C coverage areas. The data was to be
imposed by phase shifting LORAN-C pulses + 45 degrees. My principal task was to assess the
effects of atmospheric noise on the data transmission. Magnavox was able to demonstrate that
its approach did not degrade the navigation performance of LORAN-C. The data transmission
technique works as a result of the sampling and averaging process within the LORAN-C
receiver. That is, random low-level phase perturbations around the zero crossing designated for
sampling are averaged out. This early proposal by Magnavox is similar to the two-pulse
communication mode found in LORAN-C.

Shortly after arriving at Magnavox I established their Advanced Systems Analysis Office,
where I conducted research on the effects of continuous wave (CW) interference on a variety of
digital modulation techniques such as amplitude shift keying, binary phase shift keying, quadri-
phase shift keying and continuous phase binary frequency modulation. I was able to show that

low-level CW interference 20 dB below the desired signal power levels, with Gaussian noise,



had minimal effect on the error probabilities, e.g. .5 dB. Furthermore, at -30 dB, there were no
discernable adverse effects.

I joined the U.S. Navy, Chief of Naval Operations in 1973, at the Pentagon, as Chief
Scientist for Naval Communications and Command and Control. LORAN-C and other
navigation systems were within my technical oversight. In 1975, I became the Chief Scientist
for the office of the Secretary of Defense (Telecommunications) and subsequently, the Deputy
Assistant Secretary of Defense for Command Control, Communications and Intelligence (C1)
As such, I was responsible for the well-being of LORAN-C and new navigation programs such
as the Global Positioning Satellite System. Subsequent to the Deputy Assistant Secretary of
Defense position in the Pentagon, I formed my own company in 1979. As part of my consulting
activities for U.S. Industry I researched the effect of jamming on GPS and recommended

solutions.



III. The LORAN-C Signal

The LORAN-C system employs a large number of groups of antennae to propagate
LORAN-C pulses so that a receiver can measure the time difference of arrival of at least three of
the pulses from a group of antennas (stations) to obtain a position fix. One of the stations within
a grouping of stations serves as the master station. There are also two or more secondary
stations within a group of stations used to obtain a position fix.

The latitude and longitude of the station are precisely known and individual groups of
stations are identified via the phase coding of designated LORAN-C pulses. The master station
is identified through a particular phase coding of LORAN-C pulses and has a distinctive
arrangement of eight pulses within each transmission cycle. The master station’s transmission is
followed by the time ordered non-overlapping transmissions from the secondary station, each
transmission consisting of eight LORAN-C pulses. A transmission cycle is complete when the
master station and all secondary stations have transmitted and the master station begins to
transmit again.

By observing the time of arrival of the master signal followed by a similar observation of
the arrival of the secondary signals, a LORAN-C receiver can compute the location of the
receiving equipment and display it in latitude and longitude.

The LORAN-C pulse is precisely time generated so that a designated zero crossing of the
100 kHz carrier within the pulse envelope can serve as the time measurement point (sampling
point) for subsequent time difference of arrival observations and calculations. The ideal

LORAN-C radio frequency pulse is shown below in Figure 1.



Stondard Zero Crossing

Time of Zero Crossing (us)

Figure 1 - LORAN-C Signal (Source: COMDINST 16562.4A p. 2-5)

The LORAN-C pulse is described mathematically as

)=0; for t< T

~2(t - ,
O . [__(_ggﬂ] SIN (0.2t + PC) ; for T <1< 65+ T

where: . :
A is a normalization constant related to the magnitude of

the peak antenna current in amperes.

t is time measured in microseconds.

tau is the envelope-to-cycle differenca (ECD) in
microseconds. The range is -5 < tau £ +5 usec.

PC is the phase-code parameter (in radians) which is 0O
for positive phase code and pi for negative phase code.

Source: COMDINST 16562.4A
The LORAN-C pulses can be sampled and averaged over many pulses to reduce the time

jitter resulting from ambient noise and other sources of interference. The LORAN-C pulse shape

is designed to ensure that 99% of the power is contained in the 90-110 kHz band. Typical peak



power levels for LORAN-C pulse depend on station capabilities and are a few hundred kilowatts
to over 1 mega watt.

LORAN-C coverage is described for each group of stations by means of contours which
indicate locations around the group of stations where position accuracies of 500°, 1000” and
1500’ can be anticipated. LORAN-C receivers are designed to acquire and track a master station
when the received signal to noise ratios is 0 dB to -10 dB. This is accomplished by averaging
over many pulses, and a maximum acquisition time should be equal to or less than 7.5 minutes at
the lowest SNR values.

The range of LORAN-C signal levels anticipated at a LORAN-C receiving site is
expected to be 17.8 microvolt/meter to 316 millivolt/meter, or 25dB microvolt/meter to 110dB
microvolt/meter above a 1 microvolt/meter reference.

A limiting factor to LORAN-C coverage is the ambient noise levels present at a LORAN-
C receiving site. The well-known CCIR-322 report and other sources provide us with a range of
expected noise levels that vary diurnally, over the year and with latitude. These noise levels are
generally measured in a one kHz band and presented as xxdB above one microvolt/meter. The
published noise levels for typical LORAN-C coverage contours varies from 43 to 58 dB
microvolts/meter depending on location. The lower latitudes generally experience the higher
noise levels resulting from frequent and intense thunderstorms.

Annual noise level variation can be 20 dB, again depending on the time of day and
latitude. Again, any in-band interference should be kept well below the minimum expected

ambient noise levels so as not to decrease the LORAN-C coverage.



IV. Inductive Telemetry Systems in Implantable Devices

It is my understanding that inductive telemetry circuits in implantable devices are
designed to magnetically couple with an external, non-implanted coil that is attached to an
external monitoring device, such as a programmer. The telemetry system in an implantable
device consists of a circuit that drives a low current through a small inductive coil that is a few
centimeters in diameter and is encased in the titanium housing of the implanted device. The
inductive system is typically designed to operate using very low power levels so as to limit the
drain on the battery in the implanted device.

It is also my understanding that the telemetry system is in use only when interrogated by
the external device such as a programmer, and then for only a short period of time.' These
interrogations are very infrequent, e.g. days and or months apart, thus resulting in an extremely
low duty factor transmission from any given implant.

Furthermore, it is my understanding that the combination of the programmer and an
implantable device employ inductively coupled magnetic loops which are in close proximity, e.g.
< 20 cm, during the interrogation/data retrieval cycle. The programmer/implanted device
combination will typically be employed by a physician or a highly trained medical technician
such as a physician’s assistant.

The close proximity to an external device and the need for trained personnel necessary to
operate the system severely restrict, in my opinion, the use scenarios for this medical
instrumentation. For example, the programmer/device combination could be used in a medical

land-based mobile van facility, or perhaps on board a large vessel with medical facilities. In

! The programmer/implant combination operates in a time division duplex mode or “ping-pong” mode.
The programmer interrogates for a short period of time followed by the implant’s transmission. The
typical interrogate response cycle time is about 150 bytes every 100 milliseconds.
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either case, the device combination would be remote from and shielded from any LORAN-C
receiving antenna where any significant fields from the implant could be of concemn. Perhaps a
large VIP aircraft is another option — however, the LORAN-C antenna would be external to the
aircraft, remote from and shielded from any conceivable on-board medical facility.

Boston Scientific has informed me that its programmer, which utilizes
interrogation/programming transmissions outside the 90-110 kHz LORAN-C band, has been
approved by the Commission since spurious emissions in the 90-110 kHz band from the
programmer are below the prescribed limits. Thus, the remaining technical issue is whether or
not the transmission within the LORAN-C band from an implanted device can possibly degrade
the navigation performance of the LORAN-C signal given realistic use scenarios of the implant.

It is shown in this report that there is no possibility of this happening.

V. Analysis
I'understand that a medical device inductive telemetry signal is generated by passing a
modulated current through a small coil associated with the implant. Since the coil represents an

inductive or magnetic antenna, the fields about a magnetic loop antenna can be shown to have

the following form:

)= L2z - o) Vim

2r?

)= (2 J 7 Bl 58)-(a P binle)s 2+ s costo) Am

Anr?

27

The wave number g = = 27 orvier | B o€, €0 Tadians/m, where i, and ¢, are the relative

permeability and permittivity respectively; the permeability of free space pg=4nx10" H/m;

8028.85}(10"2 F/m 1s the permittivity of free space; famier 1s the modulation carrier frequency, and



A is the wavelength in the propagating medium. The spherical coordinate system referenced by

the unit vectors, 0 and r is illustrated in Figure 2.

<
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Fig. 2 Spherical coordinate system used for field equations

For a single turn loop of radius R, the dipole moment is defined as m=IA where 1 is the
AC current flowing at frequency fcamier and A is the cross sectional area of the circular loop, or
nR% In more general terms, it can be shown for an antenna circumferences less than ~1/5 of a
wavelength (or about 2 Km for 100 kHz in air), A can be replaced with the actual cross sectional
area of the magnetic field antenna, whether it is a perfect circle or not. This is typically the case
for the small implantable devices.

Unlike the LORAN-C’s transverse electromagnetic wave, in the far field, where a vertical
electric (E) fields and horizontal magnetic (H) fields are present, the equations above for the
small implant coil is an H field in the near field, and is a non-propagating closed inductive H
field.

An implanted device’s telemetry link performance is typically quantified as axial distance

normal to its housing surface — therefore 0 is at or near 0 degrees and the E4 & Hp field



components go to zero. Under this assumption, the RF field magnitude reduces to only the axial

field component:

m

H =[—-2;?}- 1-}-(,5’)2 Al z(};gj A/m for small values of (£r)

Note this is not the typical transverse (TEM) wave found in the far field of LORAN-C,
e.g. there is no orthogonal electric and magnetic field perpendicular to its propagation direction.
In general this near field is best described as a non-propagating or “static” induction field set up
by the current flowing in the small implant antenna coil.

In sum, for any reasonable use scenario, the likelihood that the implant would induce
unacceptable signal levels in a LORAN-C E-field antenna is very remote for any reasonable
distance from the implant, e.g. > 1 meter. The magnetic inductive field decreases rapidly with
distance from the implant (see Figure 3), and while the field can be detected by the programmer
in close proximity to the implant, the rapid decrease in the H field with added distance mitigates
against inducing signals into even H field sensors not near the implant, as shown in later in the
report. For any reasonable distance from the implant, e.g. > 1 meter, emissions from the implant
are virtually undetectable. In other words, for any reasonable use scenario, the implant will not

1induce unacceptable signal levels in a LORAN-C E-field antenna.
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Magnetic Field Decay
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Figure 3 — Magnetic (H) Field relative propagation loss in air

Comparison of actual emissions from implanted devices to the ambient noise in the 90-
110 kHz band yields a similar conclusion: In any realistic use scenarios, electric field emissions
from a medical implant inductive system are well below the ambient noise in the LORAN-C
band and far below out-of-band spurious emissions thresholds for the LORAN-C band
established by FCC rules.

As described above, the ambient noise in the LORAN-C band is on average 43 dB
microvolts/meter in a one-kilohertz bandwidth and under extreme conditions 23 dB above one
microvolt/meter. At a distance of 300 meters, the measurement distance prescribed by the FCC
rule governing in-band spurious emissions, the electric field from an implanted device is
approximately -50 dB microvolts/meter, i.e. totally undetectable by a LORAN-C receiver. Test
data is shown later in this report to substantiate that the emissions from a programmer/implant
combination produce minimal or inconsequential interference within the 90-110 kHz LORAN-C

band at the prescribed measurement distance. Likewise, as expected from theory, a LORAN-C
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field antenna is essentially non-responsive to an implant transmission at distances of one meter

Oor more.

Transmissions from Boston Scientific’s Implantable Device

I understand that for one of Boston Scientific’s products, the implant transmission takes
the form of a quadriphase signal. The data rate is 102.4 kbps and the carrier frequency is also
102.4 kHz. Since the signal is quadriphase the symbol rate is 51.2 kilosymbols/sec and results in

power frequency spectrum as shown below.

SinfW T
‘ = 2 Where T is the duration
" ( WT )2 of a symbol (1/51.2 kHz)
2 W = 2nf
90-110kHz

4 ———<=——r frequency
i 102.4kHz !
< >

102.4 kHz

Figure 4 — Implant spectrum with in-band emissions identified

Much of the implant power is concentrated within the main lobe of the spectrum centered

on 102.4 kHz. The measured power spectrum is shown in Exhibit B of this report as verification

of the spectrum shape.

If one assumes that the implant transmission is somehow induced into a Loran-C antenna
at some very low level, only a portion of the implants power spectrum is contained in the 90-110
kHz band. Thus, a significant portion of the potential interference from the implant can be

rejected by the Loran-C receiver.

12



VL Test Configuration and Results

Boston Scientific, through an independent laboratory, had emission measurements made
of the implant operating alone and of the implant/programmer operating in the time division
duplex mode. The complete test document is included in this report as Exhibit A. To quote the
individual conducting the tests, Mr. Jonathon Peng, “Emission levels were very low, therefore
testing was done at one meter and two meter antenna to EUT [device] distance.”

The tests were conducted using an H-field loop antenna whose orientation could be
changed to ensure that the maximum H-field emission would be measured at 1 and 2 meters.
Using FCC recommended procedures, the test results at 1 and 2 meters were extrapolated to find
the field strengths at 300 meters, the distance which conforms to the specifications in section
15.209 of the Commission’s rules.

Scan test results are shown in figures on pages 14 to 29 of the document in Exhibit A,
covering the spectrum 85 kHz to 115 kHz. The last three right-most columns on these pages
reflect the distance-adjusted fields, the section 15.209 specification limits and the net comparison
of the adjusted fields to the specification limits. As can be seen in the right-most column, the
fields are 80 to 105 dB below the specification.

In anticipation that there may be questions concerning the effects of the implant and the
programmer on a LORAN-C receiver equipped with an E-field antenna, I developed a test and
directed Boston Scientific engineers to conduct a series of measurements. Boston Scientific
procured a standard eight foot-long LORAN-C E-field antenna made by Shakespeare, Inc., and
with a highly sensitive spectrum analyzer made by Rhode & Schwartz, a world-class instrument,
made scan measurements over a 160 kHz band centered at 102.4 kHz with a resolution

bandwidth of 1 kHz.
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Like the tests conducted by the independent laboratory, the Boston Scientific tests were
conducted in an anechoic chamber. These test results, which are included in this report as
Exhibit B, show that the implant transmits at a level that is 40 dB lower than the programmer,
which is already approved by the FCC. The fields picked up by the LORAN-C E-field antenna
are virtually at the spectrum analyzer’s noise floor when implant fields are measured at three feet
(approx 1 meter) and six feet (approx 2 meters) from the device.

Also shown in the test results (Exhibit B) is the time domain operation of the programmer
and the implant illustrating the time division duplex or “ping-pong” operation. Finally, the tests
show the spectrum of the implant with its characteristic sin’x/x* power spectrum and how much
of its spectrum would fall within the 90-110 kHz band.

In sum, the data demonstrate that even in the extremely unlikely event that the telemetry
system in an implanted device is operating in close proximity to a LORAN-C receiver, the
extremely low-level E-fields picked up by the LORAN-C antenna cannot possibly interfere with

LORAN-C navigation.
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VII. Conclusions

Thus, it has been established through independent laboratory tests and through recent
outside direcied tests that the Boston Scientific implantable device and its programmer will not
adversely affect the LORAN-C navigation accuracies for E ficld or H field equipped receivers.
The inductively based implant transmission is simply too low to cause any adverse interference
in the CORAN-C band g;ive;1 any reasonable use scenaria. The programmer operates outside the

LORAN-C band and meccts or cxceeds the spurious emission level tolerated within the LORAN-

C band.
Given that the implantable device transmit power level is far below that of the

programmer and near the 90-110 kHz noise floor, it is recommended that the implantable devices

be allowed to operate in the LORAN-C band.

WQ:Z&/éa

Dr. J. Neil Birch
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Frontier | Inductive Telemetry Analysis

Intfroduction
Guidant's new Frontier is an implantable medical device. Generically referred to as a
PG (Pulse Generator), its' different configurations can contain both pacing and
defibrillation functions. Programming of this device will be accomplished using two
different methods. One method uses the ISM band at 902-928 MHz, that method of
communication will be certified under 15.249. The other method, refemed to as inductive
telemetry, is the focus of the discussion. The wireless telemetry is designed to operate at
a nominal frequency of 102.5 kHz. The rule part most applicable for the approval of this
type of device is 15.201(a):

Intentional radiators operated as carrier current systems, devices operated under the
provisions of §§ 15.211, 15.213 and 15.221, and devices operating below 490 kHz in
which all emissions are at least 40 dB below the limits in Section 15.209 shall be verified

pursuant to the procedures in Subpart J of Part 2 of this Chapter prior to marketing.

In the present configuration, the PG requires a Programmer to be within a very close
proximity to operate, it cannot transmit continuously without a programmer. The
programmer has much higher emission levels and will not meet the requirements above
as a verified device, (and hence it will be cerfified under 15.209). To measure the
emissions from just the PG, a test unit was configured. This special “Test PG" {QPSK-driven
PG) has the antenna coil connected to an external generator. That generator was set
up to provide the same signal to the PG antenna, as it would normally receive from the
internal radio.

The attached data was all acquired using a 10-meter semi-anechoic chamber. The
chamber meets the ANSI Cé3.4 volumetric site attenuation requirements for an alternate
test site. The chamber is listed with the FCC as an acceptable radiated emissions test
facility.

The data is broken up into different sections, for ease of review. The first section is
broadband scans. These broadband scans were performed to characterize the devices.
That characterization allowed determination of worst-case antenna and EUT position as
well as placement for the balance of the testing. Emission levels were very low, in order
to actually measure the low levels of emissions, the antenna was placed at a two meter
antenna to EUT distance. Data for the broad band scans has been extrapolated as
specified in 15.31(f)(1):

Measurements performed below 30 MHz, when performing measurements at a closer
distance than specified, the results shall be extrapolated to the specified distance by
using the square of an inverse linear distance extrapolation factor (40 dB/decade).

Section 15,205 Restricted bands of operation; (a) Except as shown in paragraph (d) of this
section, only spurious emissions are permitted in any of the frequency bands listed below:

.090 - .110 MHz

With the device operating in this restricted band, further scan data was acquired
focusing on the restricted band of 90— 110 kHz. Scans were made at both 1 meter and 2
meter antenna to EUT distances. The results were extrapolated to the specified distance
by using the square of an inverse linear distance extrapolation factor (40 dB/decade)
specified in 15.31 below 30 MHz.



The maximized data is used to show precise values compared to the limits. For the
maximized data, measurements were made at 2 distances to determine the comrect
extrapolation factor, as specified in 15.31. Final data was acquired using a Quasi Peak
detector as specified for the restricted band. This final maximized data demonstrates the
equipment meets the 15.201 verification requirements of having margins greater than 40
dB below the 15.209 specification limits.

Next data is shown with the Programmer and the PG as one system. In normal operation,

the PG must have a Programmer there to continuously communicate. That data, as may
be referenced, demonstrates the entire system meets the requirements of 15.209.
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The following data (pages 4 - 12) represents broadband scans of the entire 10 kHz - 30 MHz frequency band.
These broadband scans were performed to characterize the devices. That characterization allowed
determination of worst-case antenna and EUT position as well as placement for the balance of the testing.
Emission levels were very low, in order to actually measure the low levels of emissions, the antenna was placed
at a two meter antenna to EUT distance. Data for the broad band scans has been extrapolated as specified in
15.31(H)(1):

Measurements performed below 30 MHz, when performing measurements at a closer distance than specified,

the results shall be extrapolated to the specified distance by using the square of an inverse linear distance
extrapolation factor (40 dB/decade).
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TEST SPECIFICATIONS

FCC 15.209:2003 m ANSI C63.4:2001

AMPLE CALCULATIONS

Lavai + Ant

COMMENTS

Field S

gl Factor + Cable Factor - Amplifier Gain + Distance Adj
Conducted Emissions: Adjusted Level = Measured Level + Transducer Factor + Cable Attenuation Factor + External Attenuator

Factor +

‘slemetry operating using QPSK waveform directly connected to Frontier 1 PG to Induce transmission; Loop Z-Axis, PG Z-Axis; Actual test distance 2m.

EUT OPERATING MODES
PG Transmitting Telemetry

DEVIATIONS FROM TEST STANDARD

Test Distance (m)

Run #

Tested By:

dBuV/m

MHz
Polarity/
External Transducar Distance Compared o
Freq Ampiitude Preamp Chamber | Transducer Cable Attenuation Type Detector | Adjustment | Adjusted | Spec. Limit Spec.
(MHz) (dBuV) (dB) (dB) (dB) (dB) (dB) ﬂ :':‘: (dB) dBuvim dBuVim (dB)
0.754 352 0.0 0.0 10.3 0.2 0.0 v -47.0 -1.3 30.1 314
0.737 35.0 0.0 0.0 103 0.2 0.0 v -47.0 -1.5 303 317
0.518 378 0.0 0.0 10.4 0.2 00 v -47.0 14 333 -32.0
0.606 36.5 0.0 0.0 10.2 0.2 00 N -47.0 -0.1 320 =320
0.988 321 0.0 0.0 103 0.2 00 v 47.0 4.4 217 =321
0.664 354 0.0 0.0 103 0.2 0.0 v -47.0 -1.1 3.2 =322
0.866 33.2 0.0 0.0 10.1 0.2 0.0 v -47.0 -3.5 289 -32.3
0.585 364 0.0 0.0 10.2 0.2 0.0 v -47.0 0.2 323 -32.4
0.822 335 0.0 0.0 10.2 0.2 0.0 v -47.0 -31 293 -32.4
0.847 33.2 0.0 0.0 10.2 0.2 0.0 v 47.0 -3.4 29.1 -32.5
0.637 355 0.0 0.0 103 0.2 0.0 v 47.0 -1.0 s =325
0.648 353 0.0 0.0 103 0.2 0.0 v -47.0 -1.2 314 -32.6
0.956 LR 0.0 0.0 10.2 0.2 0.0 v -47.0 4.7 28.0 -32.7
0.709 343 0.0 0.0 10.4 0.2 0.0 v -47.0 =21 30.6 -32.7
0.829 331 0.0 0.0 10.2 0.2 0.0 v -47.0 -3.5 29.2 -32.8
0.701 343 0.0 0.0 10.4 0.2 0.0 v 470 =21 30.7 -328
0.795 333 0.0 0.0 10.2 0.2 0.0 A 47.0 -3.3 29.6 -32.9
0.686 344 0.0 0.0 10.4 0.2 0.0 v 47.0 2.0 308 =329
0.879 324 0.0 0.0 10.1 0.2 0.0 v -47.0 4.3 287 -33.0
4/49
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EMC RADIATED EMISSIONS DATA SHEET

EUT:|Frontier Work Order:|GDMNOO70
Serial Number:|N/A Date:|04/29/05
Customer:{Guidant Inc. ___ Temperature:|20
Attendees:|Yogendra Shah imidity:|49%
Cust. Ref. No.: Barometric Pressure|30.15
Tested by:|Jonathan Peng Powar:|Internal Batte Job Site:]OC08
TEST SPECIFICATIONS

SAMPLE CALCULATIONS
Radiated Emissions: Field Strength = Measured Level + Antenna Factor + Cable Factor - Amplifier Gain + Distance Adjus! Factor + Extt
Conducted Emissions: Adjusted Level = Measured Level + Transducer Factor + Cabla Attenuation Factor + Extarnal Atenuator
COMMENTS
elamatry operating using QPSK waveform directly connected to Frontier 1 PG to induce transmission; Loop Z-Axis, PG Y-Axis; Actual test distance 2m.

EUT OPERATING MODES
PG Transmitting Telametry

DEVIATIONS FROM TES

[No deviations.

RESULTS Test Distance (m) Run #
Evaluati 2 2

Other

Tested By:

110 L

dBuV/m

0.01 01 1 10 100
MHz
Polarity/

External Transducar Distanca Compared fo

Freq Amplitude Preamp Chambar | Transducar Cable Aftanuation Type Deatector | Adjustment | Adjusted | Spec. Limit Spac.

(MHz) (dBuv) (dB) (aB) (aB) (aB) (aB) pe-srovarlosny (¢B) dBuVim dBuVim (dB)
0.884 34.0 0.0 0.0 10.1 0.2 0.0 v -47.0 2.7 287 -314
0.586 36.7 0.0 0.0 10.2 0.2 0.0 v -47.0 0.1 322 =321
0.565 36.9 0.0 0.0 10.3 0.2 0.0 v 47.0 0.4 326 =322
0.922 326 0.0 0.0 101 0.2 0.0 v -47.0 4.1 283 -324
0.680 349 0.0 0.0 10.4 0.2 0.0 \' 47.0 -1.5 31.0 -32.5
0.741 34.0 0.0 0.0 10.3 0.2 0.0 v -47.0 -25 30.2 -32.7
0.718 34.2 0.0 0.0 10.4 0.2 00 v -47.0 -2.2 30.5 -32.7
0.708 343 0.0 0.0 104 0.2 0.0 v 47.0 =21 306 -32.7
0.802 334 0.0 0.0 10.2 0.2 0.0 v -47.0 -3.2 295 -32.7
0.994 314 0.0 0.0 103 0.2 0.0 \' -47.0 5.1 277 -32.8
0.640 35.2 0.0 0.0 103 0.2 00 M -47.0 -1.3 31.5 -32.8
0.832 329 0.0 0.0 102 02 0.0 v -47.0 -3.7 29.2 -32.9
0.912 32.0 0.0 0.0 101 0.2 0.0 v -47.0 47 284 -331
0.823 328 0.0 0.0 10.2 0.2 0.0 v 47.0 -38 293 -33.1
0.868 322 0.0 0.0 10.1 0.2 0.0 v 47.0 4.5 288 -333
0.987 308 0.0 0.0 10.3 0.2 0.0 v -47.0 5.7 277 -335
1.819 244 0.0 0.0 10.2 0.2 0.0 v 470 -12.2 29.5 -41.7
1.927 244 0.0 0.0 10.2 0.2 0.0 v -47.0 -12.2 29.5 417
2.197 232 0.0 0.0 10.2 0.2 0.0 v -47.0 -13.4 295 -42.9
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EMC RADIATED EMISSIONS DATA SHEET

EUT:|Frontier Work Order:]|GDMNOO70
Serial Number:|N/A Date:|04/29/05
Customer:| Guidant Inc. Temperature:|20
Attandees:|Yogendra Shah Humidity:|49%
Cust. Rel. No.: Barometric Pressure|30.15
= Tested by:|Jonathan Peng Power:|internal Ba Job Site:|OC08
TEST SPECIFICATIONS

FCC 15.209:2003 W ANSI C63.4:2001

SAMPLE CALCULATIONS
Radiated E i Fleid Strangth = Laval + Anti Factor + Cable Factor - Amplifier Gain + Distance Adj t Factor + Exth
Conducted Emissions: Adusted Level = Measured Level + Transducer Factor + Cable Attenuation Factor + External Attenuator
COMMENTS

‘slemetry operating using QPSK waveform directly connected to Frontier 1 PG to Induce transmission; Loop Z-Axis, PG X-Axis; Actual test distance 2m.

EUT OPERATING MODES

DEVIATIONS FROM TEST STANDARD

{No deviations.

RESULTS Test Distance (m}) Run #
Evaluation 2 3
Other

Tested By:

dBuV/m

0.01 0.1 1 10 100

MHz
Polarity/
External Transducer Distance Compared to|
Freq Amplitude Preamp Chamber | Transducer Cable Attenuation Type Datector | Adjustment | Adjusted | Spec. Limit Spec.
("HZ} (dBuV) (dB) (dB) (dB} {dB} (dB) m;"’: (dB) dBuVim dBuVim (dB)

0.662 36.3 0.0 0.0 10.3 0.2 0.0 v 47.0 0.2 31.2 =314
0.872 34.0 0.0 0.0 10.1 0.2 0.0 v -47.0 =27 28.8 =315
0.732 350 0.0 0.0 10.3 0.2 0.0 v -47.0 -1.5 30.3 -31.8
0.626 364 0.0 0.0 10.3 0.2 0.0 v -47.0 -0.1 3.7 -31.8
0.698 35.0 0.0 0.0 10.4 0.2 0.0 v -47.0 -1.4 307 -321
0.606 36.3 0.0 0.0 10.2 0.2 0.0 v 47.0 0.3 320 =323
0.718 M6 0.0 0.0 104 0.2 0.0 \' -47.0 -18 305 =323
0.672 351 0.0 0.0 10.3 0.2 0.0 v 47.0 14 3141 -324
0.600 36.2 0.0 0.0 10.2 0.2 0.0 v 47.0 0.4 321 =324
0.726 343 0.0 0.0 10.3 0.2 0.0 v 47.0 21 304 =325
0.584 36.3 0.0 0.0 10.2 0.2 0.0 v -47.0 0.3 323 =326
0.561 38.5 0.0 0.0 10.3 0.2 0.0 v -47.0 0.0 328 -326
0.893 326 0.0 0.0 10.1 0.2 0.0 v 47.0 4.1 2886 -32.7
0.935 320 0.0 0.0 10.2 0.2 0.0 v 47.0 4.6 282 -32.8
0.771 335 0.0 0.0 10.3 0.2 0.0 v 47.0 -3.0 298 -329
1.261 292 0.0 0.0 10.3 0.2 0.0 \" -47.0 7.3 2586 =329
0.543 36.4 0.0 0.0 103 0.2 0.0 v -47.0 0.1 329 -33.0
0.824 329 0.0 0.0 10.2 0.2 0.0 v 47.0 =37 293 -33.0
0.997 M 0.0 0.0 103 0.2 0.0 v -47.0 54 217 =331
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KAL) L [ ] 0 ) O A

EUT:|Frontier Work Order:| GDMNO0070
Serlal Number: |N/A
Customar:|Guidant Inc.
Attondees:| Yogendra Shah

by:|Jonathan Peng
TEST SPECIFICATIONS

FCC 15.209:2003 W ANSI C63.4:2001

SAMPLE CALCULATIONS
Field Strength = M Leval + Ar Factor + Cable Factor - Ampiifier Gain + Distance Adj Factor +
Adjusied Level = Measured Level + Transducer Factor + Cable Attenuation Facior + External Attenuator

COMMENTS
‘elametry operating using QPSK waveform directly connected to Frontier 1 PG to induce transmission; Loop Y-Axis, PG X-Axis; Actual test distance 2m.

EUT OPERATING MODES
PG Transmitting Telematry

DEVIATIONS FROM TEST STANDARD

Test Distance (m) Run #

Tested By:

dBuV/m

MHz
Polarity/
Externa! Transducer Distanca Compared lo|
Freq Ampiitude Preamp Chamber | Transducar Cable Attanuation Type Detector | Adjustmant | Adjusted | Spec. Limit Spec.
(MHz) (dBuv) (aB) (dB) (dB) (dB} (dB) e (aB) dBuV/m dBuVim (aB)

0.566 383 0.0 0.0 10.3 0.2 0.0 v -47.0 1.8 326 -30.8
0.647 36.8 0.0 0.0 10.3 0.2 0.0 v 47.0 0.3 314 =311
0.554 371 0.0 0.0 10.3 0.2 0.0 v -47.0 0.6 327 =321
0.544 372 0.0 0.0 10.3 0.2 0.0 v 47.0 0.7 329 -32.2
0.768 M2 0.0 0.0 10.3 0.2 0.0 v 47.0 -23 299 =322
0.593 36.1 0.0 0.0 10.2 0.2 0.0 v -47.0 0.5 321 =326
0.731 341 0.0 0.0 10.3 0.2 0.0 A 47.0 -24 303 =327
0.856 329 0.0 0.0 10.1 0.2 0.0 v 47.0 38 29.0 -32.7
1.234 296 0.0 0.0 103 0.2 00 v -47.0 £.9 258 -32.7
0.680 348 0.0 0.0 10.4 0.2 0.0 v 47.0 -1.8 31.0 -32.8
0.687 M5 0.0 0.0 104 0.2 00 v 47.0 -1.9 30.9 -32.8
0.910 323 0.0 0.0 10.1 0.2 0.0 v 47.0 -4.4 284 =328
1.432 282 0.0 0.0 10.3 0.2 0.0 v 47.0 83 245 -328
0611 356 0.0 0.0 10.2 0.2 0.0 v 47.0 -1.0 319 -32.9
0614 355 0.0 0.0 10.2 0.2 0.0 v -47.0 -11 318 -329
0.941 31.8 0.0 0.0 10.2 0.2 0.0 v -47.0 48 282 -33.0
0.754 336 0.0 0.0 10.3 0.2 0.0 v 47.0 29 301 -33.0
0.946 N7 0.0 0.0 10.2 0.2 0.0 v 47.0 49 281 -33.0
0.927 319 0.0 0.0 10.2 0.2 0.0 v -47.0 47 283 -33.0
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L N .

EUT:|Frontier

A

Work Order:|GDMN0070

Serial Number:|N/IA

Customer:|Guidant Inc.

Attandees:|Yogendra Shah

SAMPLE CALCULATIONS

Radiated

Level + Anb

COMMENTS

slematry cperating using QPSK waveform directly connected to Frontier 1 PG to Induce transmission; Loop Y-Axls, PG Y-Axis; Actual test distance 2m.

Fietd

EUT OPERATING MODES
PG Transmitting Telemetry

DEVIATIONS FROM TEST STANDARD

g Factar + Cable Factor - Amplifier Gain + Distance
Adjusied Level = Measured Level + Transducer Faclor + Cable Attenuation Factor + External Attenuator

Factor +

Test Distance (m)

Run #

Tested By:
110 1
E
>
=3
1]
©
= ol —
10 100
Polarity/
External Transducar Distance Compared lo|
Freq Ampiitude Preamp Chamber | Transducer Cable Attenuation Type Detector | Adjustment | Adjusted | Spec. Limit Spec.
(MHz) (dBuv) (dB) (dB) (dB) (dB) (dB) “;::":‘_' (dB) dBuVim dBuvim (dB)
0.553 377 0.0 0.0 103 0.2 0.0 v -47.0 1.2 328 -31.6
0.692 354 0.0 0.0 104 0.2 0.0 v 47.0 -1.0 30.8 -31.8
0.658 358 0.0 0.0 103 0.2 0.0 v -47.0 .6 31.2 -31.8
0777 343 0.0 0.0 10.2 0.2 0.0 v -47.0 22 29.8 -32.1
0.794 34.1 0.0 0.0 10.2 0.2 0.0 v 47.0 -25 296 =321
0.649 357 0.0 0.0 103 02 0.0 v 47.0 0.8 314 -32.2
0.501 317 0.0 0.0 104 0.2 0.0 \'s 47.0 1.3 3386 =323
0.586 36.5 0.0 0.0 10.2 0.2 0.0 \' -47.0 0.1 322 -32.3
0.726 345 0.0 0.0 10.3 02 0.0 \'s 47.0 -19 304 -32.3
0.538 370 0.0 0.0 10.3 0.2 0.0 \' 47.0 0.5 33.0 -32.5
0.527 371 0.0 0.0 10.3 0.2 0.0 \' -47.0 0.6 33.2 -32.5
0.766 338 0.0 0.0 10.3 0.2 0.0 \' 470 27 289 =327
0.732 34.1 0.0 0.0 10.3 0.2 0.0 v -47.0 24 30.3 -32.7
0.705 343 0.0 0.0 10.4 0.2 0.0 v -47.0 -21 306 -328
0.635 35.3 0.0 0.0 10.3 0.2 0.0 v -47.0 -1.2 316 -32.8
0.936 320 0.0 0.0 10.2 0.2 0.0 v -47.0 4.6 28.2 -328
0.684 34.5 0.0 0.0 104 0.2 0.0 v 47.0 -1.8 309 -328
0.941 9 0.0 0.0 10.2 0.2 0.0 \ -47.0 4.7 281 -32.9
0.774 335 0.0 00 103 0.2 0.0 v 47.0 -3.0 298 -329
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Serlal Number: |N/A

Customer:|Guidant Inc.

TEST SPECIFICATI

Attendees:| Yogendra Shah
Cust. Ref. No.:

ONS

L N ki

SAMPLE CALCULATIONS

COMMENTS

Level + Ant
Conducted Emissions: Adusted Level = Measured Level + Transducer Factor + Cable Aftenuation Faclor + Extarnal Attenuator

Factor + Cable Factor - Amplifier Gain + Distance A

Factor +

slematry operating using QPSK waveform directly connected to Frontier 1 PG to induce transmission; Loop Y-Axis, PG Z-Axis; Actual test distance 2m.

EUT OPERATING MODES
PG Transmitting Telemetry

DEVIATIONS FROM TEST STANDARD

Test Distance (m)
2

Run #

Tested By:
110 1
90 1
70
E
3
m 50
©
30 4
0.01 0.1 1 10 100
MHz
Polarity/
External Transducer Distance Compared o
Freq Amplilude Preamp Chambar | Transducer Cable Attenuation Type Detector | Adjustment | Adjusted | Spec. Limit Spec.
{MHz) (dBuv) (dB) (dB) {dB) (dB) (dB) ﬁ’_‘:“: (dB) dBuVim dBuVim (dB)
0.737 355 0.0 0.0 10.3 0.2 0.0 v 47.0 -1.0 303 -31.2
0.725 353 0.0 0.0 10.3 0.2 0.0 v 47.0 -1.1 304 -31.5
0.831 343 0.0 0.0 10.2 0.2 0.0 v 47.0 2.3 292 -316
0.491 385 0.0 0.0 104 0.2 0.0 v -47.0 21 338 -31.7
0.573 36.8 0.0 0.0 103 0.2 0.0 v 47.0 03 324 -32.2
0.698 349 0.0 0.0 104 0.2 0.0 v -47.0 -1.5 307 -32.2
0.514 375 0.0 0.0 10.4 0.2 0.0 v 47.0 1.1 334 -32.3
0.840 334 0.0 0.0 10.2 0.2 0.0 v 47.0 3.2 291 -324
0.750 342 0.0 0.0 10.3 0.2 0.0 v -47.0 23 30.1 -32.4
0.623 35.8 0.0 0.0 10.2 0.2 0.0 \'A 47.0 0.7 N7 -325
0.559 36.7 0.0 0.0 10.3 0.2 00 v -47.0 0.2 327 -325
0.890 32.8 0.0 0.0 10.1 0.2 0.0 v -47.0 -39 28.6 -32.5
0.951 321 0.0 0.0 10.2 0.2 00 \' 47.0 45 281 -32.6
0.793 33.5 0.0 0.0 10.2 0.2 0.0 Vv 47.0 =31 29.6 -32.7
0.605 358 0.0 0.0 10.2 0.2 0.0 \ 47.0 0.8 320 -328
0.681 M6 0.0 0.0 104 0.2 0.0 v -47.0 -1.8 30.9 -32.8
0.904 324 0.0 0.0 10.1 0.2 0.0 v 47.0 4.3 285 -32.8
0.538 366 0.0 0.0 103 0.2 0.0 v -47.0 0.1 33.0 -32.9
0.776 333 0.0 0.0 10.2 0.2 0.0 v 47.0 -3.2 298 -33.1
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TEST bPEC{FiCA'ﬂONS

_ FCC 15.209:2003 - ANSI C63.4:2001

SAMPLE {‘ALCULRTION::

=M d Lewval + Ank Facior + Cable Factor - Amplifier Gain + Distance Adj Factor +
Conducted Emissions: Adjusted Lm! Measured Level + Transducer Factor + Cable Attenuation Factor + External Attenuator
COMMENTS

‘alemetry operating using QPSK waveform directly connected to Frontier 1 PG to Induce transmission; Loop X-Axis, PG Z-Axis; Actusl test distance 2m

EUT OPERATING MODES
PG Transmitting Telemetry

DEVIATIONS FROM TEST STANDARDO

No deviations.
Test Distance (m) Run #
Tested By:
110 -
E
>
=
m
-]
10 100
Polarity/
External Transducar Distanca Compared to
Freq Amplitude Preamp Chamber | Transducer Cable Aftenuation Type Detector | Adjustment | Adjusted | Spec. Limit Spec,
(MHz) (dBuV) (dB) (d8) (dB) (dB) (dB) Pk v s (dB) dBuVIm dBuVim (dB)
0.619 364 0.0 0.0 10.2 0.2 0.0 v -47.0 0.2 31.8 -31.9
0.644 359 0.0 0.0 10.3 0.2 0.0 v -47.0 06 314 -32.0
0.712 349 0.0 0.0 10.4 0.2 0.0 v -47.0 -1.5 306 =321
0.631 36.0 0.0 0.0 10.3 0.2 0.0 v -47.0 0.5 318 -32.1
0.504 378 0.0 0.0 10.4 0.2 0.0 v 47.0 14 3386 -322
0.499 37.8 0.0 0.0 10.4 0.2 0.0 v -47.0 14 3386 -32.2
0.908 329 0.0 0.0 10.1 0.2 0.0 v -47.0 -3.8 28.5 -322
0.520 374 0.0 0.0 10.4 0.2 0.0 v 47.0 1.0 333 -323
0.555 368 0.0 0.0 103 0.2 00 v -47.0 03 327 -32.4
0.668 35.1 0.0 0.0 10.3 0.2 0.0 v 47.0 -14 311 -325
0.686 a7 0.0 0.0 10.4 0.2 00 \' -47.0 -1.7 309 -32.6
0.607 359 0.0 0.0 10.2 0.2 0.0 v -47.0 0.7 319 -326
0.748 339 0.0 0.0 10.3 0.2 0.0 v -47.0 -2.6 30.1 =327
0.895 324 0.0 0.0 101 0.2 0.0 v 47.0 4.3 286 -328
0.924 319 0.0 0.0 10.1 0.2 0.0 v 47.0 4.7 283 -33.0
0.994 310 0.0 0.0 10.3 0.2 0.0 v 47.0 5.5 277 -33.2
0.846 325 0.0 0.0 10.2 0.2 0.0 v 47.0 41 291 -33.2
0.878 319 0.0 0.0 10.1 0.2 0.0 v 47.0 48 28.7 -33.5
1.585 26.3 0.0 0.0 10.2 0.2 0.0 v 47.0 -10.2 236 -339
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TEST SPECIFICATIONS

FCC 15.209:2003 m (ANS| C63.4:2001

SAMPLE CALCULATIONS

Radlated

Fiald

Laval + Anl

Factor + Cable Faclor - Amplifier Gain + Distance Adjustment Factor + External Atlenuation

Conducted Emissions: Adjusted Level = Measured Level + Transducer Factor + Cable Aftenuation Factor + External Attenuator

COMMENTS

Telemetry operating using QPSK waveform directly connacted to Frontler 1 PG to Induce transmission; Loop X-Axis, PG Y-Axis; Actual test distance 2m.

EUT OPERATING MODES

DEVIATIONS FROM TEST STANDARD

Test Distance (m)

Run #

Tested By:
E
>
3
1]
©
10 k|
-10 " 1
0.01 01 1 10 100
MHz
Polarity/
External Transducer Distance Comparad to
Freq Amplitude Praamp Chamber | Transducer Cable Attenuation Type Detector | Adjustment | Adjusted | Spec. Limit Spec.
(MHz) {dBuV) (dB) (dB) (dB) (dB) (dB) ";:::";:’ {dB) dBuVim dBuVim (dB)
0.849 342 0.0 0.0 10.2 0.2 0.0 v <47.0 -24 29,0 -315
0.595 37.0 0.0 0.0 10.2 0.2 0.0 v -47.0 04 321 -31.7
0918 333 0.0 0.0 10.1 0.2 0.0 v -47.0 =34 284 -31.7
0.518 38.0 0.0 0.0 10.4 0.2 0.0 v 47.0 16 333 -31.8
07111 35.1 0.0 0.0 10.4 0.2 0.0 v -47.0 -1.3 306 -31.9
0.538 374 0.0 0.0 10.3 0.2 0.0 v 47.0 09 33.0 -321
0.639 35.9 0.0 0.0 10.3 0.2 0.0 v -47.0 0.6 31.5 -32.1
0.614 36.2 0.0 0.0 10.2 0.2 0.0 v 47.0 04 318 -32.2
0.785 340 0.0 0.0 10.2 0.2 0.0 v 47.0 -26 29.7 -32.3
1.045 314 0.0 0.0 10.3 02 0.0 v -47.0 5.1 27.2 -32.3
0.702 34.7 0.0 0.0 104 0.2 0.0 v 47.0 17 30.7 -324
0.680 35.0 0.0 0.0 10.4 0.2 0.0 v -47.0 -14 31.0 -32.4
0.669 35.1 0.0 0.0 10.3 0.2 0.0 v 47.0 -14 311 -32.5
0.746 341 0.0 0.0 103 0.2 0.0 v -47.0 -24 30.2 -32.5
0.890 326 0.0 0.0 101 0.2 0.0 v -47.0 4.1 286 -32.7
0.583 36.1 0.0 0.0 102 0.2 0.0 v -47.0 05 323 -328
0.998 30.8 0.0 0.0 103 0.2 0.0 v -47.0 5.7 276 -33.3
0.960 31.0 0.0 0.0 102 0.2 0.0 \' 47.0 5.6 28.0 -33.5
0.983 307 0.0 0.0 103 0.2 00 v -47.0 5.8 278 -33.6
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EMC

EUT:|Frontier

RADIATED EMISSIONS DATA SHEET

Work Order:| GDMNOOT70

Serial Number: |NJA

Date:|04/29/05

Customer:|Guidant Inc.

Te :]20

Attendees:|Yogendra Shah

Humidity:|49%

Cust. Ref. No.

Barometric Pressure|30.15

Tested by:{Jonathan Peng
TEST SPECIF[CATLON‘S
Specificatl

SAMPLE CALCULAT#ONS

Field St =M

COMMENTS

EUT OPERATING MODES
PG Transmitting Telemetry

DEVIATIONS FROM TEST STANDARD
o deviations.

Level + A
Conducted Emissions: Adjusted Lm] = Measured Level + Transducer Facior + Cable Attenuation Faclor + External Attenuator

Powar:|Internal Batte

Job Site:]OC08

Factor + Cabla Factor - Amplifier Gain + Distance A,

Factar +

‘slemetry operating using QPSK waveform directly connected to Frontier 1 PG to Induce transmission; Loop X-Axis, PG X-Axis; Actual test distance 2m.

RESULTS Test Distance (m) Run #
Evaluati 2 ]
(o=
Tested By:
110 1
80 i)
70
E
2
m 50
°
30
10 =
-10 !
0.01 0.1 1 10 100
MHz
P
External Transducer Distance Compared lo
Freq Amplitude Preamp Chamber | Transducer Cable Attenuation Type Datector | Adjustment | Adjusted | Spec. Limit Spec.
(“HZ) (dBuV) (dB) (dB) (dB) (dB) (dB) m::::::‘ (dB) dBuVim dBuVim (dB)
0.527 384 0.0 0.0 10.3 0.2 0.0 v 47.0 19 33.2 -31.2
0.498 385 0.0 0.0 104 0.2 0.0 v -47.0 21 337 -316
0.692 355 0.0 0.0 10.4 0.2 0.0 v -47.0 08 30.8 =31.7
0.669 357 0.0 0.0 10.3 0.2 0.0 v -47.0 0.8 311 -31.8
0.708 35.0 0.0 0.0 10.4 0.2 00 v 47.0 -1.4 30.6 -32.0
0.720 348 0.0 0.0 10.4 0.2 0.0 v -47.0 -1.6 30.5 -32.1
0.563 37.0 0.0 0.0 10.3 02 0.0 v 47.0 0.5 326 -32.1
0.624 36.1 0.0 0.0 10.2 0.2 0.0 v 47.0 0.4 31.7 -32.1
0.770 342 0.0 0.0 10.3 0.2 0.0 v -47.0 -2.3 299 -32.2
1.018 ny 0.0 0.0 10.3 0.2 0.0 v 47.0 48 275 -32.3
0.799 338 0.0 0.0 10.2 0.2 0.0 v -47.0 -28 296 -32.4
0.674 35.0 0.0 0.0 10.3 0.2 0.0 v -47.0 -1.4 31.0 -32.5
0.634 356 0.0 0.0 10.3 0.2 0.0 v -47.0 0.9 3186 =325
0.887 328 0.0 0.0 10.1 0.2 0.0 v 470 -39 287 =325
0.930 320 0.0 0.0 10.2 0.2 0.0 v -47.0 46 282 =329
1.342 286 0.0 0.0 10.3 0.2 0.0 v 47.0 -7.8 251 -33.0
0.992 311 0.0 0.0 10.3 0.2 0.0 v 47.0 54 277 -33.1
0.882 322 0.0 0.0 10.1 0.2 0.0 v 47.0 4.5 287 -33.2
0.918 318 0.0 0.0 101 0.2 0.0 v 47.0 49 284 -332

Test Report No. GDMNO0070



The data provided (pages 14 - 29) is preliminary scan data. It was used to characterize the device, such that
maximum positions of the EUT and the antennas could be determined. The transmit frequency is at 102 kHz, so
the scans were focused on the Restricted Band, 90 kHz - 110 kHz. Emissions levels were very low, therefore
testing was done at a 1 meter and 2 meter antenna to EUT distance. As specified in 47 CFR 15.31 (f)(2), for the
scan data, the 40 dB/decade exptrapolation was used for comparing the emissions to the limits. The information
acquired here was used to determine test positions for the maximized data.
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AT A [ ] ® py: A
EUT: Frontier Work Order:|GDMNO070
Serial Numbar:|N/A Date:|04/29/05
Customer:|Guidant Inc. Ti 1120
Attendees:|Yogendra Shah Humidtity:[49%
Cust. Ref. No.: Barometric Pressure|30.15
Tested by:|Jonathan Pen Power:|Internal B Job Site:|0C08
Specification:|FCC 15.209:2003 Method:| ANSI C63.4:2001
A 0
Radiated Emissions: Fleld Strength = Measured Leval + Antenna Factor + Cable Factor - Amplifier Gain + Distance Adjustment Factor +
Conducted Emissions: Ad Level = Measured Level + Transducer Factor + Cable Attenuation Factor + Extemal Attenualor
O
Telemetry operating using QPSK wavsform directly connected to Frontier 1 PG to Induce transmission; Loop X-Axis, PG X-Axis
OPER 0D
Transmitiing Telemetry
» 0 RO DAR
o deviations.
q 0 e
Evaluation 2 18
Other
Tested By:
120
100
80
80
40
20
0 T .
-20 ! i I i I
0.085 0.09 0.085 0.1 0.105 0.1 0.115
Polarity/
External Transducer Distance Compared fo)
Freq Amplitude | Preamp | Chamber | Transducer | Cable | Attenuation Type Detector | Adjustment | Adjusted | Spec, Limit Spec.
(MHz) (dBuv) (dB) (eB) (¢B) (dB) (dB) m::‘::,- (dB) dBuVim dBuV/m (aB)
0.087 324 0.0 0.0 10.6 0.2 0.0 v 47.0 -3.8 8g.8 -92.6
0.091 315 0.0 0.0 10.7 0.2 0.0 v -47.0 4.6 88.4 -93.1
0.092 313 0.0 0.0 10.7 0.2 0.0 v 47.0 48 88.4 -93.2
0.112 298 0.0 0.0 10.4 0.2 0.0 v 47.0 5.6 86.6 -93.2
0.100 303 0.0 0.0 10.4 0.2 0.0 v 47.0 6.1 87.6 -83.7
0.092 30.7 0.0 0.0 10.6 0.2 0.0 v 47.0 5.5 88.3 -93.8
0.099 303 0.0 0.0 104 0.2 0.0 v 47.0 6.1 87.7 -93.8
0.105 298 0.0 0.0 10.4 0.2 0.0 v 47.0 5.6 ar.2 -83.8
0113 28.7 0.0 0.0 104 0.2 0.0 v -47.0 1.7 86.6 -84.3
0.087 30.3 0.0 0.0 106 0.2 0.0 v 47.0 59 88.8 -84.6
0.113 282 0.0 0.0 10.4 0.2 0.0 v -47.0 8.2 8B.5 -84.7
0.093 297 0.0 0.0 10.6 02 00 v -47.0 €5 88.3 947
0.100 281 0.0 0.0 10.4 0.2 0.0 v -47.0 7.3 a7.6 849
0.091 2086 0.0 0.0 10.7 0.2 0.0 v -47.0 6.5 88.4 -94.9
0.104 287 0.0 0.0 10.4 0.2 0.0 v -47.0 1.7 87.3 -85.0
0.105 283 0.0 0.0 10.4 0.2 0.0 v -47.0 -8.1 87.1 -85.2
0.085 298 0.0 0.0 106 02 0.0 v -47.0 6.4 89.0 <954
0.113 275 0.0 0.0 10.4 0.2 0.0 v -47.0 89 86.5 954
0.106 280 0.0 0.0 104 0.2 0.0 v 47.0 84 87.1 955
Test Report No. GDMN0070 14/49



Work Order:| GDMNO070
Date:|04/29/05
Temperature:|20
Humidity:|49%
Barometric Pressure|30.15
Tested by:|Jonathan Pe Power:|Internal Batte, Job Site:|OC08
P ATIO
Specification:{FCC 15.209:2003 Method:|ANS| C63.4:2001
Radiated Emissi Fiaid Strangth = M; Loval + A Factor + Cable Factor - Amplifier Gain + Distance Ad,ustment Factor + External Attanuation
Conducted Emissions: Adjusted Level = Measured Leve! + Transducer Factor + Cable Attenuation Factor + External Attenuator
O
“slemetry operating using QPSK waveform directly connected to Frontler 1 PG to Induce transmission; Loop X-Axis, PG X-Axis
OPERA oD
PG Tranamltting Telemstry
D ATIO RO ANDARD
No deviatlons.
= Dista =
Evaluation 1 21
Other
Tested By:
120
100
80
60 4
40
20
0 R T -
0.095 0.1

-20
0.085 0.09 0.105 0.11 0.115
Potarity/

External Transducar Distance Compared to
Freq Amplitude Preamp Chamber | Transducer Cable Attanuation Type Detector | Adjustment | Adjusted | Spec. Limit Speac.
(MHz) (dBuV) (dB) (dB) (dB) (dB) (dB) ot (dB) dBuVIm dBuVim (dB)

0.091 48.2 0.0 0.0 10.7 0.2 0.0 v -58.0 0.1 88.4 -88.4

0.112 46.3 0.0 0.0 10.4 0.2 0.0 v -58.0 -2.1 86.6 -88.7

0.099 469 0.0 0.0 10.4 0.2 0.0 v -598.0 -15 817 -89.2

0.092 472 0.0 0.0 10.7 0.2 0.0 v -58.0 0.9 884 -89.3

0.100 464 0.0 0.0 10.4 0.2 0.0 v -58.0 -2.0 87.6 -B9.6

0.113 452 0.0 0.0 104 0.2 0.0 A -58.0 -3.2 86.5 -89.7

0.105 45.2 0.0 0.0 10.4 0.2 0.0 v -59.0 3.2 871 -80.3

0.100 455 0.0 0.0 104 0.2 0.0 v -59.0 =289 87.6 -90.5

0.092 46.0 0.0 0.0 10.6 0.2 0.0 v -59.0 -2.2 883 -80.5

0.104 450 0.0 0.0 10.4 0.2 0.0 v -59.0 -34 87.3 -90.7

0.087 46.0 0.0 0.0 10.6 0.2 0.0 v -59.0 -2.2 888 -90.9

0.087 46.0 0.0 0.0 10.6 0.2 0.0 v -59.0 -2.2 8s.s -91.0

0.105 442 0.0 0.0 10.4 0.2 0.0 v -59.0 42 a7.2 914

0.087 455 0.0 0.0 10.6 0.2 0.0 A -59.0 =27 888 -91.5

0.113 434 0.0 0.0 10.4 0.2 0.0 v -59.0 5.0 86.6 -91.6

0.086 452 0.0 0.0 10.6 0.2 0.0 v -59.0 -3.0 88.9 -91.9

0.091 443 0.0 0.0 10.7 0.2 0.0 Vv -59.0 -3.8 88.4 -92.2

0.106 427 0.0 0.0 104 0.2 00 v -59.0 5.7 87.1 -928

0.094 43.0 0.0 0.0 10.6 0.2 0.0 v -59.0 5.2 88.1 -93.3
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5 Guidant Inc.
ogendra Shah

TEST SPECIF!CATI.ONb

:|FCC 15.209:2003 m [ANSI C63.4:2001

SAMPLE CALCULATIONS
Radiated Emissions: Field Strength = Measured Level + Antenna Factor + Cable Factor - Ampiifier Gain + Distance Adj
Conducted Emissions: Adjusted Level = Measured Level + Transducer Factor + Cable Aftenuation Factor + External Attenuator
COMMENTS

slemetry operating using QPSK waveform directly connected to Frontier 1 PG to induce transmission; Loop Y-Axls, PG Y-Axis vertical

EUT OPERATING MODES
Transmitting Telametry

DEVIATIONS FROM TEST STANDARD

Test Distance (m) Run #

Tested By:
120
100 A
80
60
40
20 4
0 T
-20
0.085 0.09 0.095 0.1 0.105 0.1 0.115
Polarity/
External | Transducer Distanca Compared to)
Freq Amplitude Preamp Chamber | Transducer Cable Attenuation Type Detectar | Adjustment | Adjusted | Spec. Limit Spec.
(MHz) (dBuV) {aB) (dB) (aB) (dB) (dB) m:::::- (aB) dBuvim dBuVim (dB)
0.112 322 0.0 0.0 10.4 0.2 0.0 v -47.0 4.2 BE.6 -90.8
0.091 33z 0.0 0.0 10.7 0.2 0.0 v -47.0 -2.9 884 914
0.092 331 0.0 0.0 10.7 0.2 0.0 v -47.0 -3.0 884 914
0.100 N7 0.0 0.0 10.4 0.2 0.0 v 47.0 47 8786 923
0.105 307 0.0 0.0 104 0.2 00 v -47.0 5.7 87.1 -02.8
0.113 30,0 0.0 0.0 10.4 0.2 0.0 v 47.0 £4 86.5 929
0.091 386 0.0 0.0 10.7 0.2 00 v 47.0 4.5 88.4 -92.9
0.104 305 0.0 0.0 10.4 0.2 0.0 v -47.0 -59 873 -93.2
0.100 305 0.0 0.0 104 0.2 0.0 v 47.0 -5.9 87.6 -93.5
0.092 309 0.0 0.0 10.6 0.2 0.0 v -47.0 5.3 88.3 -93.6
0.099 304 0.0 0.0 104 0.2 0.0 v 47.0 5.0 87.7 -93.7
0.087 311 0.0 0.0 106 0.2 0.0 v -47.0 5.1 88.8 -93.8
0.087 311 0.0 0.0 10.6 0.2 0.0 v -47.0 5.1 88.8 939
0.105 294 0.0 0.0 104 0.2 0.0 v -47.0 -1.0 87.2 -84.2
0.087 30.5 0.0 0.0 106 0.2 0.0 v 47.0 57 88.8 -84.5
0.113 28.0 0.0 0.0 104 0.2 0.0 v 47.0 B84 86.6 -85.0
0.094 291 0.0 0.0 10.6 0.2 0.0 \' -47.0 -7 88.1 -95.3
0.106 28.2 0.0 0.0 10.4 0.2 0.0 A" 47.0 82 87.1 -95.3
0.098 288 0.0 0.0 10.5 0.2 0.0 v 47.0 -5 ar.8 -85.3
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FCC 15.209:2003 ANSI C63.4:2001

SAMPLE CALCULATIONS
Radi issi Fieid Strength = M Level + Factor + Cable Factor - Amplifier Gain + Distance Adjustment Factor +
Conducted Emissions: Adjusted Level = Measured Level + Transducer Factor + Cable Attenvuation Factor + External Attenuator
COMMENTS
‘alametry operating using QPSK waveform directly connected to Frontier 1 PG to induca transmission; Loop Y-Axis, PG Y-Axis vertical

EUT OPERATING MODES
PG Transmitting Telemetry

DEVIATIONS FROM TEST STANDARD
[No deviations.
RESULTS Test Distance (m) Run #

Tested By:

120

100 1

40

20 1

P
External Trann:'::ar Distanca Compared
Freq Amplitude Preamp Chamber | Transducer Cable Attenuation Typa Detector | Adjustment | Adusted | Spec. Limit Spec,
(MHz) (dBuV) {dB} (dB) (dB) (dB) {dB) m:’:ﬂ"' (dB) dBuVim dBuVim (dB)
0.091 48.5 0.0 0.0 107 02 0.0 v -59.0 04 88.4 -88.1
0.112 46.8 0.0 0.0 104 0.2 0.0 v -59.0 -16 B6.6 -88.2
0.092 478 0.0 0.0 10.7 0.2 0.0 v -59.0 0.3 88.4 -88.7
0.099 473 0.0 0.0 10.4 0.2 0.0 v -59.0 -1.1 87.7 -88.8
0.100 47.0 0.0 0.0 104 0.2 0.0 v -59.0 -14 87.6 -89.0
0.113 455 0.0 0.0 10.4 0.2 0.0 v -59.0 2.9 86.5 -89.4
0.105 45.9 0.0 0.0 10.4 0.2 0.0 v -58.0 25 87.1 896
0.092 46.8 0.0 0.0 10.6 0.2 0.0 v -59.0 14 88.3 -89.7
0.100 46.2 0.0 0.0 104 0.2 0.0 \' -58.0 2.2 87.6 -89.8
0.104 455 0.0 0.0 104 0.2 0.0 v -59.0 29 87.3 -80.2
0.087 46.6 0.0 0.0 10.6 0.2 0.0 \' -59.0 -1.6 88.8 -90.4
0.087 46.4 0.0 0.0 10.6 0.2 0.0 v -50.0 -18 88.8 -80.5
0.087 46.4 0.0 0.0 10.6 0.2 0.0 N -59.0 -1.8 88.8 -90.6
0.105 45.0 0.0 0.0 104 0.2 0.0 A% -59.0 -3.4 87.2 -80.6
0.091 452 0.0 0.0 10.7 0.2 0.0 \' -59.0 -2.9 88.4 813
0.086 457 0.0 0.0 10.6 0.2 0.0 v -58.0 -2.5 88.9 914
0.113 431 0.0 0.0 104 0.2 0.0 v -58.0 5.3 86.6 -919
0.106 429 0.0 0.0 104 0.2 0.0 v -58.0 5.5 87.1 -92.6
0.098 43.3 0.0 0.0 104 0.2 0.0 v -59.0 -5.1 87.7 -928
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TEST bPECJFICATIONq

:|FCC 15.209:2003 m ANSI C63.4:2001

Conducted Emissions: Adjusted Lml =

COMMENTS

d Lavel + Ant
Measured Level + Transducer Factor + Cable Aftenuation Factor + External Attenuator

Facior + Cable Factor - Amplifier Gain + Distance Adjust

t Factor +

‘slematry operating using QPSK waveform directly connected to Frontier 1 PG to induce transmission; Loop Y-Axis, PG Y-Axis horizontal;

EUT OPERATING MODES
PG Transmitting Telemetry

DEVIATIONS FROM TEST STANDARD

Test Distance (m}

Run #

Tested By:
120
100
80 4
60 4
40
20
0
-20
0.085 0.09 0.085 0.1 0.105 0.1 0.115
Paolarity/
External Transducar Distance Compared to
Freq Amplitude Praamp Chamber | Transducar Cable Attenuation Type Detector | Adjustment | Adjusted | Spec. Limit Spec.
(MHz) (dBuV) (dB) (dB) (dB) (dB) (dB) i sy (aB) dBuVim dBuVim (dB)
0.091 328 0.0 0.0 10.7 0.2 0.0 \'s 47.0 -3.3 884 -91.8
0.087 329 0.0 0.0 10.6 0.2 0.0 v 47.0 -3.3 88.8 -92.1
0.105 31.0 0.0 0.0 10.4 0.2 0.0 V' 47.0 5.4 87.1 -92.5
0.100 31.0 0.0 0.0 10.4 0.2 0.0 v -47.0 5.4 87.6 -93.0
0.089 31.0 0.0 0.0 104 0.2 0.0 \'A 47.0 5.4 87.7 -93.1
0.092 313 0.0 0.0 10.6 0.2 0.0 \'4 -47.0 4.9 88.3 -93.2
0.112 298 0.0 0.0 104 0.2 0.0 \' 47.0 66 B6.6 -83.2
0.094 309 0.0 0.0 10.6 0.2 0.0 v 47.0 53 88.1 -93.5
0.087 34 0.0 0.0 106 02 0.0 \ -47.0 4.8 88.8 -93.5
0.092 30.9 0.0 0.0 107 0.2 0.0 v 47.0 52 88.4 -93.6
0.100 30.2 0.0 0.0 104 0.2 0.0 v -47.0 6.2 87.6 -93.8
0.104 299 0.0 0.0 104 0.2 0.0 v 470 £.5 87.3 -93.8
0.113 29.1 0.0 0.0 10.4 0.2 0.0 v -47.0 7.3 86.6 -93.9
0.087 31.0 0.0 0.0 10.6 0.2 0.0 A% 47.0 5.2 88.8 -84.0
0.113 28.9 0.0 0.0 10.4 0.2 0.0 v 47.0 7.5 86.5 -94.0
0.105 294 0.0 0.0 104 0.2 0.0 v -47.0 -7.0 87.2 -94.2
0.106 283 0.0 0.0 10.4 0.2 0.0 v 47.0 -74 87.1 942
0.111 288 0.0 0.0 10.4 0.2 0.0 v 47.0 -7.6 86.7 -94.3
0.091 299 0.0 0.0 10.7 0.2 0.0 v 47.0 6.2 884 946

Test Report No. GDMN0070
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TEST SPECIFICA

stomer:|Guidant Inc.

Attandees:|Yogendra Shah

j
Cust. Ref. No.:

TI

ONS

FCC 15.209:2003 ANSI C63.4:2001

SAMPLE CALCULATIONS

Lavel + A

COMMENTS

Factor + Cable Factor - Ampiifier Gain + Distance Adj
ed Level = Measured Level + Transducer Factor + Cable Attenuation Factor + External Attanuator

lemetry operating using QPSK waveform directly connected to Frontier 1 PG to induce transmission; Loop Y-Axis, PG Y-Axls horizontal; Actual test distance Zm, adjusted data
fiects Incorrected distance factors

EUT OPERATING MODES
|PG Transmitting Telemstry

DEVIATIONS FROM TEST STANDARD

RESULTS

Test Distance (m)

Run #

Tested By:

120

100 -

40

20 1

0.085 0.09 0.095 0.1 0.105 0.11 0.115
Folarity/
External Transducer Distance Caompared lo
Freq Amplitude Preamp Chamber | Transducer Cable Aftenuation Type Datactor | Adjustment | Adjusted | Spec. Limit Spec.
(MHz) (dBuv) (dB) (dB) (dB) (dB) (dB) pbenlecnd (dB) dBuVim dBuVim (dB)
0.091 483 0.0 0.0 10.7 0.2 0.0 v -59.0 02 e84 -88.3
0.112 46.7 0.0 0.0 10.4 0.2 0.0 v -59.0 1.7 86.6 -88.3
0.099 474 0.0 0.0 10.4 0.2 0.0 v -59.0 1.0 8r.7 -88.7
0.092 4786 0.0 0.0 10.7 0.2 0.0 v -59.0 0.5 884 -88.9
0.100 468 0.0 0.0 104 0.2 0.0 \'s -58.0 -16 876 -89.2
0.105 458 0.0 0.0 104 0.2 0.0 v -59.0 26 87.1 -89.7
0.100 46.2 0.0 0.0 10.4 0.2 0.0 \' -58.0 -2.2 876 -89.8
0.092 46.7 0.0 0.0 106 0.2 0.0 v -59.0 -1.5 88.3 -B9.8
0.113 45.1 0.0 0.0 104 0.2 0.0 v -58.0 =33 86.5 -89.8
0.104 453 0.0 0.0 104 0.2 0.0 \' -59.0 -31 87.3 -90.4
0.087 46.5 0.0 0.0 106 0.2 0.0 v -59.0 1.7 8g.8 -80.5
0.087 46.4 0.0 0.0 108 0.2 0.0 v -58.0 -1.8 888 -80.6
0.087 46.2 0.0 0.0 10.6 0.2 0.0 v -58.0 20 ga.s -80.7
0.105 447 0.0 0.0 104 0.2 0.0 v -58.0 -3.7 87.2 -90.9
0.091 455 0.0 0.0 10.7 0.2 0.0 v -58.0 26 88.4 -81.0
0.088 458 0.0 0.0 106 0.2 0.0 v -59.0 2.4 889 91.3
0.113 434 0.0 0.0 104 02 00 v -59.0 5.0 86.6 -91.6
0.106 431 0.0 0.0 10.4 0.2 0.0 v -59.0 5.3 87.1 824
0.098 433 0.0 0.0 104 0.2 0.0 v -59.0 -5.1 87.7 -92.8
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L7 I .

EUT:{Frontier Work Order:|GDMNOO70
Serlal Numbar:|N/A Date:|05/02/05
Customar:| Guidant Inc. Tom| re:|20
Attendees:|Y dra Shah Humidity:|49%
Cust. Ref. No.: Barometric Pressure|30.15
Testad by:|Jonathan Pen Power: [Internal Batte Job Site:|OCOB
P ATIO
Specification:(FCC 15.209:2003 Method:|ANS| C63.4:2001
D A ATIO
Radiated Fiald gth = M Levei + Factor + Cable Factor - Amplifier Gain + Distance Adj Factor + E
Conducted Emissions: Adjusted Leve! = Measured Level + Transducer Factor + Cable Aftenuation Factor + External Attenuator
O
‘alemetry operating using QPSK waveform dirsctly connected to Frontier 1 PG to Induce transmission; Loop Y-Axis, PG Z-Axis hortzontal;
PERA oD
PG Transmitting Telemetry
D ATIO RO ANDAR
No deviations.
B D =
Evaluation 2 24
IEthnr
Tested By:
120
100 4
80 -
60
40
20
4]
-20
0.085 0.09 0.095 0.1 0.105 0.11 0.115
Polarity/
External Transducar Distance Caompared to
Freq Ampiitude Preamp Chamber | Transducer Cable Aftenuation Type Detector | Adjustment | Adjusted | Spec. Limit Spec.
(MHz) (dBuV) (dB) (dB) (dB) (dB) (aB) o v e (dB) dBuV/m dBuVIm (dB)
0.112 26.3 0.0 0.0 10.4 0.2 0.0 Vv -47.0 -10.1 86.6 86.7
0.113 254 0.0 0.0 10.4 0.2 0.0 v -47.0 -11.0 8B.5 -87.5
0.089 270 0.0 0.0 10.7 0.2 0.0 v -47.0 8.1 88.7 -87.8
0.115 250 0.0 0.0 10.4 0.2 0.0 v -47.0 -11.4 86.4 -87.8
0.098 259 0.0 0.0 10.5 0.2 0.0 v -47.0 -10.4 87.8 -88.2
0.091 262 0.0 0.0 10.7 0.2 0.0 v 47.0 -8.9 88.4 -88.4
0.092 261 0.0 0.0 10.8 0.2 0.0 v -47.0 -10.1 883 -88.4
0.100 255 0.0 0.0 10.4 0.2 0.0 v 47.0 -10.8 87.6 -98.5
0.088 263 0.0 0.0 10.7 0.2 0.0 v -47.0 -5.8 88.7 -88.5
0.091 260 0.0 0.0 10.7 0.2 0.0 v 47.0 -10.1 884 -98.5
0.088 263 0.0 0.0 10.7 0.2 0.0 v 47.0 98 a8y 886
0.091 26.0 0.0 0.0 10.7 0.2 0.0 v 47.0 -10.1 885 -98.6
0.101 253 0.0 0.0 10.4 0.2 0.0 v 47.0 -11.1 875 -88.6
0.104 250 0.0 0.0 10.4 0.2 00 v 47.0 -11.4 ar3 -08.7
0.114 242 0.0 0.0 10.4 0.2 0.0 v 47.0 -12.2 86.5 -98.7
0.111 244 0.0 0.0 10.4 0.2 0.0 v -47.0 -12.0 86.7 -98.7
0.090 259 0.0 0.0 107 0.2 00 v 47.0 -10.2 88.5 -98.8
0.088 28.0 0.0 0.0 10.7 0.2 0.0 v -47.0 -10.1 887 -98.9
0.114 239 0.0 0.0 104 0.2 0.0 v 47.0 -125 864 -98.9
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RADIATED EMISSIONS DATA SHEET

Serial Numbar: |N/A

Customer:|Guidant Inc.
Attendees:| Yogendra Shah
Cust. Ref. No.:

TEST SPECJFICATEGNS

:[FCC 15.209:2003 :|ANSI C63.4:2001

SAMPLE CALCULATIONS
Radlated Emissions: Fiald Strangth = Measured Level + Antenna Factor + Cable Facior - Amplifier Gain + Distance
Conducted Emissions: Adiusted Level = Measured Level + Transducer Factor + Cable Attenuation Factor + External Attenuator
COMMENTS

‘slemetry operating using QPSK waveform directly connscted to Frontier 1 PG to Induce transmission; Loop Y-Axis, PG Z-Axis horizontal

EUT OPERATING MODES
PG Transmitting Telemetry

DEVIATIONS FROM TEST STANDARD

Test Distance (m) Run#

Tested By:
120
100 -
80 -
60
40 4
20 |
0 T
-anlklllj]h nl. ~ Jihluﬁlnl ﬂl i ﬁh."uh.l Il" " |J Llll A Lk ﬁ“ lll
0.085 0.095 0.105 on 0.115
Polarity/
External Transducar Distance Compared o
Freq Amplitude Preamp Chamber | Transducer Cabla Attenuation Typa Detector | Adjustment | Adjusted | Spec. Limit Spac.
(MHz) (dBuV) (dB) (¢8) (dB) (e8) (¢8) el (dB) dBuVim dBuVim (a8)
0.112 371 0.0 0.0 10.4 0.2 0.0 v -58.0 -11.3 86.6 -g7.9
0.113 35.8 0.0 0.0 10.4 0.2 00 v -59.0 -128 B6.5 -99.1
0.091 374 0.0 0.0 10.7 0.2 0.0 v -59.0 -10.7 88.4 -99.2
0.092 37.2 0.0 0.0 10.7 0.2 0.0 v -59.0 -10.9 88.4 -99.3
0.105 36.2 0.0 0.0 10.4 0.2 0.0 v -59.0 -12.2 871 -89.3
0.099 36.7 0.0 0.0 10.4 0.2 0.0 v -59.0 -11.7 87.7 -99.4
0.100 36.5 0.0 0.0 104 0.2 00 v -59.0 -11.8 87.6 -89.5
0.104 35.7 0.0 0.0 104 0.2 0.0 A -59.0 -12.7 87.3 -100.0
0.100 357 0.0 0.0 104 0.2 0.0 \ -59.0 -127 87.6 -100.3
0.092 35.8 0.0 0.0 10.6 0.2 0.0 v -59.0 -124 88.3 -100.7
0.105 AT 0.0 0.0 104 0.2 0.0 v -58.0 -13.7 87.2 -100.9
0.113 335 0.0 0.0 104 02 0.0 v -59.0 -149 86.6 -101.5
0.087 355 0.0 0.0 106 0.2 0.0 v -59.0 -12.7 88.8 -101.5
0.087 354 0.0 0.0 10.6 02 0.0 v -59.0 -128 88.8 -101.5
0.091 4.7 0.0 0.0 10.7 0.2 0.0 v -59.0 -13.4 88.4 -101.8
0.087 M8 0.0 0.0 106 0.2 0.0 v -59.0 -13.4 88.8 -102.2
0.098 335 0.0 0.0 104 02 0.0 v -59.0 -14.9 B7.7 -102.6
0.113 323 0.0 0.0 104 0.2 0.0 v -59.0 -16.1 86.5 -102.6
0111 324 0.0 0.0 104 02 0.0 v -59.0 -16.0 B6.7 -102.7
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TEST SPECIFICATIONS

FCC 15.209:2003 ANSI C63.4:2001

SAMPLE CALCULATIONS
i gth = M d Lavel + A Factor + Cable Facior - Ampifier Gain + Distance Adjustment

Conducted Emissions: Adjusted Lavel = Measured Level + Transducer Factor + Cable Attenuation Faclor + External Attenuator
COMMENTS
"‘slemastry operating using QPSK waveform directly connected to Frontier 1 PG to induce transmission; Loop Y-Axis, PG Z-Axis vertical;

EUT OPERATING MODES

PG Transmitting Telematry
DEVIATIONS FROM TEST STANDARD
No deviations.
RESULTS Test Distance (m) Run #
Tested By:
120
100
80 4
60 .
40
20
0 T T T pe— R e
-20 | I I ' l ¥ ! I 4 I { l L
0.085 0.09 0.095 0.1 0.105 0.1 0.115
Polarity/
Extenal | Transducer Distanca Compared to
Freq Amplitude Preamp Chambar | Transducer Cabla Ananuation Type Detactor | Adjustment | Adjusted | Spec. Limit Spec.
{“"!} (dBuV) {dB) (aB) (dB) (dB) (dB) ﬂ;’: (dB) dBuV/m dBuVim (dB)
0.085 276 0.0 0.0 10.6 0.2 0.0 v -47.0 886 89.0 876
0.098 259 0.0 0.0 10.5 0.2 0.0 v 47.0 -10.4 878 -88.2
0.111 248 0.0 0.0 10.4 0.2 0.0 v -47.0 -11.6 86.7 -88.3
0.110 247 0.0 0.0 10.4 0.2 0.0 v 47.0 117 86.8 -98.4
0.095 258 0.0 0.0 10.5 0.2 0.0 v -47.0 -10.5 88.0 -88.5
0.090 26.1 0.0 0.0 10.7 0.2 0.0 v -47.0 -10.0 8a.s -98.5
0.088 262 0.0 0.0 10.7 0.2 0.0 v 47.0 8.9 88.7 -88.6
0.091 259 0.0 0.0 10.7 0.2 0.0 v -47.0 -10.2 88.5 -98.7
0.097 254 0.0 0.0 10.5 0.2 00 v 47.0 -10.9 87.9 -88.8
0.099 251 0.0 0.0 10.4 0.2 0.0 v -47.0 -11.3 87.7 -99.0
011 241 0.0 0.0 10.4 0.2 0.0 \' -47.0 -12.3 86.7 98.0
0.108 243 0.0 0.0 10.4 0.2 0.0 v 47.0 -121 86.9 -88.0
0.108 243 0.0 0.0 10.4 0.2 0.0 v -47.0 =121 87.0 -89.1
0.097 250 0.0 0.0 10.5 0.2 0.0 v 47.0 -11.3 87.8 89,2
0.100 248 0.0 0.0 10.4 0.2 0.0 v -47.0 -11.6 87.6 -89.2
0.092 252 0.0 0.0 10.6 0.2 0.0 v -47.0 -11.0 88.3 983
0.095 250 0.0 0.0 10.5 0.2 0.0 v 47.0 -11.3 88.0 -89.3
0.115 234 0.0 0.0 10.4 0.2 0.0 v 47.0 -13.0 86.4 -99.4
0.085 257 0.0 0.0 10.6 0.2 0.0 v 47.0 -10.5 88.0 -89.5
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Job Site:|OC08
TEST SPECIFECATIONS

ki m

SAMPLE CALCULATIONS

Leval + Ant Factor + Cable Factor - Ampiifier Gain + Distance
ad Level = Measured Level + Transducer Factor + Cable Attenuation Factor + External Attenuator

COMMENTS

‘slemetry operating using QPSK waveform directly connected to Frontler 1 PG to induce transmission; Loop Y-Axis, PG Z-Axis vertical

EUT OPERATING MODES
PG Transmitting Telemetry

DEVIATIONS FROM TEST STANDARD

Test Distance (m) Run #

Tested By:
120
100 |
80 4
60 4
40
20 A
D = s T — e R T — e
=20 _Lh.l_ll i : All | Py e I Y 1= __._L‘L_._L_
0.085 0.09 0.085 0.1 0.105 0.11 0.115
Polarity/
External Transducer Distanca Compared to
Freq Amplitude Preamp Chamber | Transducer Cable Aftenuation Type Detector | Adjustment | Adjusted | Spec. Limit Spec.
(MHz) (dBuV) (dB) (dB) (dB) (dB} (dB) *‘;‘::: (dB) dBuVim dBuVim (dB)
0.113 333 0.0 0.0 104 0.2 0.0 v -59.0 -15.1 86.5 -101.6
0.112 334 0.0 0.0 10.4 0.2 0.0 \' -59.0 -15.0 86.6 -101.6
0.091 345 0.0 0.0 10.7 0.2 0.0 v -59.0 -13.6 884 -102.1
0.099 335 0.0 0.0 104 0.2 0.0 v -59.0 -14.9 87.7 -102.6
0.092 335 0.0 0.0 10.7 0.2 0.0 v -59.0 -14.6 884 -103.0
0.113 31.8 0.0 0.0 104 0.2 0.0 v -59.0 -16.6 86.6 -103.2
0.100 327 0.0 0.0 104 0.2 0.0 v -59.0 -15.7 87.6 -103.3
0.105 322 0.0 0.0 10.4 0.2 0.0 v -58.0 -16.2 87.2 -103.4
0.087 333 0.0 0.0 10.6 0.2 0.0 v -59.0 -14.9 888 -103.7
0.087 33.0 0.0 0.0 10.6 0.2 0.0 v -59.0 -15.2 88.8 -104.0
0.105 315 0.0 0.0 104 0.2 0.0 v -59.0 -16.9 871 -104.0
0.113 30.8 0.0 0.0 10.4 0.2 0.0 v -59.0 -17.6 86.5 -104.1
0.092 323 0.0 0.0 10.6 0.2 0.0 v -59.0 -15.9 88.3 -104.2
0.104 314 0.0 0.0 10.4 0.2 0.0 v -59.0 -17.0 87.3 -104.3
0.100 315 0.0 0.0 10.4 0.2 0.0 v -59.0 -16.9 87.6 -104.5
0.106 304 0.0 00 10.4 0.2 00 v -59.0 -18.0 871 -105.1
0.087 31.8 0.0 0.0 10.6 0.2 0.0 v -58.0 -16.4 88.8 -105.1
0.086 N7 0.0 0.0 10.6 0.2 0.0 A -58.0 -18.5 88.9 -105.4
0.091 31.0 0.0 0.0 10.7 0.2 0.0 v -59.0 1741 884 -105.5
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d Laval + Ante.

Factor + Cabla Factor - Ampiifiar Gain + Distanca A

COMMENTS

ad Level = Measured Level + Transducer Factor + Cable Attenuation Factor + External Attenuator

‘slametry operating using QPSK waveform directly connected to Frontler 1 PG to Induce transmission; Loop Z-Axls, PG Z-Axis vertical;

EUT OPERATING MODES
PG Transmitting Telemetry

DEVIATIONS FROM TEST STANDARD

No deviatlons.

Test Distance (m)

Run #

Tested By:
120
100
80 1
E 60
—
>
2
T 40
20 -
D R T
-20
0.085 0.09 0.085 0.1 0.105 0.11 0.115
MHz
Polarity/
External Transducar Distance Compared fo
Freq Amplitude Preamp Chamber | Transducer Cable Aftenuation Type Detector | Adjusiment | Adjusted | Spec. Limit Spec.
(MHz) (dBuv) (aB) (dB) (dB) (dB) (98) m:ﬂ"‘: (dB) dBuVim dBuVim (dB)
0.099 355 0.0 0.0 10.4 0.2 0.0 v 47.0 0.9 87.7 -88.6
0.091 357 0.0 0.0 10.7 0.2 0.0 v -47.0 0.4 8B4 -88.9
0.100 47 0.0 0.0 104 0.2 0.0 v 47.0 1.7 87.6 -89.3
0.092 347 0.0 0.0 10.7 0.2 0.0 v -47.0 -14 884 -89.8
0.105 336 0.0 0.0 10.4 0.2 0.0 v -47.0 -28 87.1 -89.9
0.087 35.0 0.0 0.0 10.6 0.2 0.0 v -47.0 -1.2 88.8 -90.0
0.087 346 0.0 0.0 10.6 0.2 0.0 v 47.0 -16 888 -80.3
0.112 327 0.0 0.0 104 0.2 0.0 \'s 47.0 -3.7 B6.6 -80.3
0.092 341 0.0 0.0 10.6 0.2 0.0 v 47.0 =21 88.3 -90.4
0.104 332 0.0 0.0 104 0.2 0.0 \" 47.0 3.2 87.3 -80.5
0.113 32.0 0.0 0.0 10.4 0.2 0.0 v -47.0 44 86.5 -90.9
0.105 325 0.0 0.0 104 0.2 0.0 v 47.0 -39 87.2 -91.1
0.100 328 0.0 0.0 10.4 0.2 0.0 v -47.0 -3.6 87.6 -91.2
0.088 338 0.0 0.0 106 0.2 0.0 \ 47.0 -24 88.9 913
0.094 324 0.0 0.0 10.6 0.2 0.0 v -47.0 -3.8 88.1 -92.0
0.087 33.0 0.0 0.0 10.6 0.2 0.0 v -47.0 -3.2 88.8 -92.0
0.113 309 0.0 0.0 10.4 0.2 0.0 v 470 5.5 86.6 -82.1
0.106 312 0.0 0.0 104 0.2 0.0 v -47.0 -5.2 87.1 -92.3
0.091 322 0.0 0.0 10.7 02 o0 v -47.0 -39 884 -892.3
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TEST SPEFEHCATIONS

SAMPLE CALCULATIDNS

i Level + Factor + Cable Factor - Amplifier Gain + Distance Ad;
Conducted Emissions: Adjusted me Measured Level + Transducer Factor + Cable Attenuation Factor + External Attenuator
COMMENTS

Telemetry operating using QPSK waveform directly connacted to Frontier 1 PG to Induce transmission; Loop Z-Axis, PG Z-Axis vertical

EUT OPERATING MODES
Transmitting Telemetry

DEVIATIONS FROM TEST STANDARD

(No deviations.
RESULTS Test Distance (m) Run #
Other
Tested By:
120
100 A
80
60 4
40
20
0 H T T T
| I
§ U1 (] | - ! 1 U0k A I | I A |
.20 ! | | WY i o il
0.085 0.09 0.085 0.1 0.105 0.1 0.115
Polarity/
External | Transducer Distance Compared to
Freq Amplitude Praamp Chamber | Transducaer Cable Attenuation Typa Detector | Adjustment | Adjusted | Spec. Limit Spac.
(MHZ) (dBuv) (dB) (dB) (dB) {dB) (dB) m:;'::;' (dB) dBuVim dBuVim (dB)
0.112 489 0.0 0.0 104 02 00 v -59.0 0.5 86.6 -86.1
0.091 50.4 0.0 0.0 10.7 0.2 0.0 v -59.0 23 884 -86.2
0.089 494 0.0 0.0 10.4 0.2 00 v -59.0 1.0 87.7 -86.7
0.092 497 0.0 0.0 10.7 02 0.0 v -59.0 16 88.4 -86.8
0.100 49.0 0.0 0.0 104 0.2 0.0 v -59.0 0.6 87.6 -87.0
0.113 475 0.0 0.0 10.4 02 0.0 \' -59.0 08 86.5 -87.4
0.105 4718 0.0 0.0 10.4 0.2 0.0 v -59.0 0.5 871 -87.6
0.100 483 0.0 0.0 10.4 0.2 0.0 v -59.0 0.1 a76 -87.7
0.092 48.7 0.0 0.0 10.6 0.2 0.0 v -59.0 0.5 883 -87.8
0.104 478 0.0 0.0 104 0.2 0.0 v -59.0 0.5 87.3 -87.8
0.087 485 0.0 0.0 10.6 0.2 0.0 v -59.0 03 88.8 -88.4
0.087 485 0.0 0.0 10.6 0.2 0.0 A -59.0 0.3 888 -88.5
0.087 482 0.0 0.0 10.6 0.2 0.0 v -59.0 0.0 888 -88.8
0.105 48.8 0.0 0.0 10.4 0.2 0.0 v -59.0 -1.6 ar.2 -88.8
0.091 472 0.0 0.0 10.7 0.2 0.0 v -59.0 0.9 884 -89.3
0.113 45,6 0.0 0.0 10.4 0.2 0.0 v -59.0 -2.8 B6.6 -89.4
0.086 47.5 0.0 0.0 10.6 0.2 0.0 v -59.0 0.7 88.9 -89.6
0.106 450 0.0 0.0 10.4 0.2 0.0 v -58.0 3.4 871 -80.5
0.098 454 0.0 0.0 10.4 0.2 0.0 v -58.0 -3.0 87.7 -80.7
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KR AA (1] (8] | ) [ A
EUT:|Frontier Work Order:| GDMNOO70
Serial Number: |[N/A Date:|05/02/05
Customer:|Guidant Inc. Tem) re:|20
: Attendees:|Yogendra Shah Humidity:|49%
Cust. Ref. No.: . Barometric Pressura|30.15
Tested by:|Jonathan Pe Power: |Internal Batte: Job Site:]OC08
D ATIO
Specification:|FCC 15.209:2003 Method:|ANSI C63.4:2001
Radiated Emissi Fiald Strangth = M; d Level + A Factor + Cable Faclor - Ampiifier Gain + Distance Adjust it Factor +
Conducted Emissions: Adjusted Level = Measured Leve! + Transducer Factor + Cable Attenuation Factor + External Attenuator
O
Talemetry operating using QPSK waveform directly connected to Frontier 1 PG to Induce transmission; Loop Z-Axis, PG Z-Axis horizontal
PERA 0D
G Transmitting Telematry
D ATIO RO ANDAK
o deviations.
= 0 o
Evaluation 2 27
her
Tested By:
120
100
BO
60 .
40 |
20 4
4]
-20
0.085 0.09 0.095 0.1 0.105 0.11 0.115
Polarity/
External Transducer Distance Compared o
Freq Amplitude Preamp Chamber | Transducar Cabla Attenuation Type Detector | Adjustment |  Adjusted Spac. Limit Spec.
(MHz) (dBuV) (dB) (6B) (aB) (aB) (dB) L rtosstea (d8) dBuVim | dBuVim (dB)
0.091 364 0.0 0.0 10.7 0.2 0.0 v 47.0 03 88.4 -88.2
0.092 358 0.0 0.0 10.7 0.2 0.0 v 47.0 03 88.4 -88.7
0.099 348 0.0 0.0 10.4 0.2 0.0 A" 47.0 -16 87.7 -89.3
0.100 344 0.0 0.0 10.4 0.2 0.0 v 47.0 -2.0 87.8 -89.6
0.112 334 0.0 0.0 10.4 0.2 0.0 v 47.0 -3.0 86.6 -89.6
0.100 M2 0.0 0.0 10.4 0.2 0.0 v -47.0 -2.2 87.6 -89.8
0.104 338 0.0 0.0 10.4 0.2 0.0 v -47.0 26 87.3 -89.9
0.087 346 0.0 0.0 10.6 0.2 0.0 v 47.0 -16 888 -80.4
0.087 344 0.0 0.0 10.8 0.2 0.0 v -47.0 -1.8 88.8 -80.6
0.092 338 0.0 0.0 10.6 0.2 0.0 v 47.0 24 88.3 -80.7
0.113 320 0.0 0.0 10.4 0.2 0.0 v -47.0 -4.4 86.5 -80.9
0.105 325 0.0 0.0 10.4 0.2 00 v 47.0 -39 871 81.0
0.105 323 0.0 0.0 10.4 0.2 0.0 v -47.0 4.1 87.2 -81.3
0.087 336 0.0 0.0 10.6 0.2 00 v 47.0 26 888 913
0.113 314 0.0 0.0 10.4 0.2 0.0 v 47.0 5.0 86.6 916
0.091 328 0.0 0.0 10.7 0.2 0.0 v 47.0 -3.2 88.4 916
0.106 318 0.0 0.0 10.4 0.2 0.0 v 47.0 46 87.1 91.7
0.086 33.0 0.0 0.0 10.6 0.2 0.0 v 47.0 -3.2 88.9 -92.1
0.093 321 0.0 0.0 10.6 0.2 0.0 v 47.0 4.1 88.3 -92.3
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RADIA ) () DATA

EUT:|Frontier Work Order:|GDMNO070

Sorial Number:|N/A Data:|05/02/05
Customer:|Guldant Inc. Tem) ;120
Attendees:| Yogendra Shah Humidity:|49%

Cust. Ref. No.: Barometric Pressure|30.15
Tested by:|Jonathan Pen Power: |Internal B Job Site:|OC08

= ATIO
Specification:(FCC 15.209:2003 Mathod:| ANSI C63.4:2001
A 0
Radialed Emissi Field Strength = M Level + Antenna Factar + Cable Factor - Amplifier Gain + Distance Factor +

Conducted Emissions: Adjusted Level = Measured Level + Transducer Factor + Cable Attenuation Factor + Extarnal Aftenuator
O
Talemstry operating using QPSK waveform directly connectad to Frontier 1 PG to induce tranamission; Loop Z-Axis, PG Z-Axls horizontal

OPER 0D
Transmitting Telemetry
D ATIO O AMDAR
o deviations.
Distance R !
Evaluation 1 28
Other
Tested By:
120
100 -
80 4
60 -
40
20 -
0 i r - —_— S —— .
PP Moty A
0.085 0.09 0.085 0.1 0.105 0.11 0.115
Polarity/
External Transducer Distanca Compared to:
Freq Amplitude Praamp Chambar | Transducer Cable Attenuation Type Detector | Adjustment | Adjusted Spec. Limit Spec.
(MHz) (dBuV) (dB) (dB} (dB) (dB) (dB) ok s gk (dB) dBuVim dBuV/m (dB)
0.091 50.3 0.0 0.0 10.7 0.2 0.0 v -59.0 22 884 -86.3
0.112 48.3 0.0 0.0 10.4 0.2 0.0 v -59.0 0.1 86.6 -86.7
0.099 49.0 0.0 0.0 104 0.2 0.0 v -59.0 0.6 87.7 -87.1
0.082 494 0.0 0.0 10.7 0.2 00 v -59.0 1.3 884 -87.1
0.100 484 0.0 0.0 10.4 0.2 0.0 v -59.0 0.0 87.6 -87.6
0.113 46.9 0.0 0.0 104 0.2 00 \' -59.0 -1.5 86.5 -88.0
0.092 484 0.0 0.0 10.6 0.2 00 v -59.0 0.2 88.3 -88.1
0.105 474 0.0 0.0 10.4 0.2 0.0 v -59.0 -1.0 87.1 -88.1
0.100 477 0.0 0.0 10.4 0.2 0.0 v -59.0 0.7 876 -88.3
0.104 471 0.0 0.0 10.4 0.2 00 v -59.0 -1.3 87.3 -88.6
0.087 48.2 0.0 0.0 10.6 0.2 0.0 v -59.0 0.0 888 -88.7
0.087 48.0 0.0 0.0 10.6 0.2 00 v -59.0 0.2 88.8 -89.0
0.105 46.6 0.0 0.0 10.4 0.2 00 v -59.0 -1.8 87.2 -89.0
0.087 47.8 0.0 0.0 10.6 0.2 0.0 v -59.0 04 88.8 -89.2
0.086 474 0.0 0.0 10.6 0.2 0.0 v -59.0 0.8 88.9 -89.7
0.091 46.7 0.0 0.0 107 0.2 0.0 v -59.0 -1.4 88.4 -89.8
0.113 45.0 0.0 0.0 104 0.2 0.0 v -59.0 -3.4 86.6 -80.0
0.106 448 00 00 10.4 0.2 0.0 v -59.0 -3.6 87.1 -90.7
0.085 459 0.0 0.0 10.6 0.2 0.0 v -59.0 -23 89.0 -91.3
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EMC

RADIATED EMISSIONS DATA SHEET

Work Order:|GDMNO075
Date:

EUT:|Frontier HE Model
Serfal Number:|N/A

05/12/05

Customer:|Guidant Inc.

Temp

Attendees:| Yogendra Shah

Humid

:j20
:149%

Barometric Pressure|30.15

by:|Jonathan Peng
TEST SPECIFICATIONS

Power: [Internal Batte

Job Site:]OC08

SAMPLE CALCULATIONS

COMMENTS

Field St

EUT OPERATING MODES
PG Transmitting Telemetry

Level + Ant

DEVIATIONS FROM TEST STANDARD

g Factor + Cable Factor - Amplifier Gain + Distance Adjustment Factor + Extarna’ Attenuation
Caonducted Emissions: Adjusted Level = Measured Leve! + Transducer Facior + Cable Attenuation Factor + External Attenuator

Telematry operating using QPSK waveform dirsctly connected to Frontier 1 PG to induce transmission; Loop Z-Axis, PG Z-Axis vertical; HE Model;

No deviations.
RESULTS Test Distance (m) Run #
Evaluatl 2 12
[
Tested By:
120
100
80
E
3 60
[+1]
-
40
20
0
0.085 0.09 0.085 0.1 0.105 0.11 0.115
MHz
Polarity/
Extarnal Transducer Distance Compared to)
Freq Amplitude Preamp Chamber | Transducer Cable Attenuation Type Datector | Adjustment | Adjusted | Spec. Limit Spec,
t“m} (dBuV) {dB) (dB) {dB) {dB) (dB) _P::: (dB) dBuvim dBuVim (dB)
0.092 354 0.0 0.0 10.7 0.2 0.0 v -47.0 0.7 884 -89.1
0.091 354 0.0 0.0 10.7 0.2 0.0 v -47.0 07 884 -89.2
0.112 328 0.0 0.0 104 0.2 0.0 v 47.0 -3.6 86.6 -80.2
0.100 337 0.0 0.0 104 0.2 0.0 v 47.0 2.7 8786 -90.3
0.098 337 0.0 0.0 104 0.2 0.0 v -47.0 27 87.7 -90.4
0.087 342 0.0 0.0 108 0.2 0.0 v 47.0 -2.0 888 -90.8
0.100 33.0 0.0 0.0 10.4 0.2 0.0 v -47.0 -34 87.6 -91.0
0.092 333 0.0 0.0 10.6 0.2 0.0 v 47.0 -29 88.3 -91.2
0.113 317 0.0 0.0 10.4 0.2 0.0 v 47.0 47 86.5 -91.2
0.105 320 0.0 0.0 104 0.2 0.0 v 47.0 44 87.1 915
0.087 331 0.0 0.0 10.6 0.2 0.0 v -47.0 =31 888 918
0.104 314 0.0 0.0 10.4 0.2 0.0 v -47.0 -5.0 B7.3 <923
0.086 328 0.0 0.0 10.6 0.2 0.0 v 47.0 -34 88.9 -923
0.105 31.2 0.0 0.0 10.4 0.2 0.0 v -47.0 -52 87.2 -924
0.087 325 0.0 0.0 10.6 0.2 0.0 v -47.0 3.7 888 8924
0.106 31.0 0.0 0.0 10.4 0.2 0.0 v -47.0 54 87.1 -82.5
0.113 304 0.0 0.0 10.4 0.2 0.0 v 47.0 6.0 86.6 826
0.085 322 0.0 0.0 10.6 0.2 0.0 v -47.0 40 88.0 -83.0
0.091 31.2 0.0 0.0 10.7 0.2 00 v -47.0 49 884 -93.3
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TEST SPELIF!LAT!ONS

s |

SAMPLE CALCULATIONS

Radialed Emissions: Field Strength = Measured Leve! + Antenna Factor + Cable Factor - Amplifier Gain + Distance A

Conducted Emissions: Adjusted Leve! = Measured Level + Transducer Faclor + Cable Attenuation Factor + External Attenuator

COMMENTS

slematry operating using QPSK waveform directly connected to Frontier 1 PG to induce transmission; Loop Z-Axls, PG Z-Axis vertical; HE Model

EUT OPERATING MODES
PG Transmitting Telemetry

DEVIATIONS FROM TEST STANDARD

tment Faclor

Test Distance (m)

Run #

Tested By:
120
100
80
E
>
= 60
m
°
40
20
0
0.085 0.09 0.095 0.1 0.105 0.11 0.115
MHz
Polarity/
External Transducer Distanca Compared io|
Freq Amplitude Preamp Chamber | Transducer Cabla Aftenuation Typa Detector | Adjustment | Adjusted | Spec. Limit Spec,
(MHz) {dBuV) (dB) (dB) (dB) (dB) (dB) m:'::' (dB) dBuVim dBuVim (dB)
0.091 47.3 0.0 0.0 10.7 0.2 0.0 v -59.0 0.8 88.4 -89.3
0.112 45.3 0.0 0.0 104 02 0.0 v -59.0 =31 B6.6 -89.7
0.092 464 0.0 0.0 10.7 02 0.0 v -59.0 -1.7 88.4 -90.1
0.099 459 0.0 0.0 10.4 0.2 0.0 v -59.0 -2.5 87.7 -80.2
0.100 457 0.0 0.0 104 0.2 0.0 v -59.0 27 87.6 -80.3
0.105 447 0.0 0.0 10.4 0.2 0.0 v -59.0 =37 87.1 -90.8
0.113 439 0.0 0.0 104 0.2 0.0 v -59.0 45 86.5 -81.0
0.100 446 0.0 0.0 10.4 0.2 0.0 v -59.0 -3.8 87.6 -914
0.092 451 0.0 0.0 10.6 0.2 0.0 \'s -58.0 =31 88.3 -91.4
0.104 442 0.0 0.0 104 0.2 0.0 v -59.0 4.2 87.3 -91.5
0.087 453 0.0 0.0 10.6 0.2 0.0 V' -59.0 -29 88.8 917
0.087 452 0.0 0.0 106 0.2 0.0 v -59.0 -3.0 88.8 917
0.087 45.1 0.0 0.0 1086 0.2 0.0 ¥ -59.0 -3.1 88.8 919
0.105 43.5 0.0 0.0 104 0.2 0.0 \'A -59.0 49 87.2 921
0.091 43.8 0.0 0.0 10.7 0.2 0.0 v -59.0 43 88.4 927
0.086 443 0.0 0.0 10.6 0.2 0.0 v -59.0 -39 88.9 -928
0.113 418 0.0 0.0 10.4 0.2 0.0 v -59.0 6.6 86.6 -93.2
0.106 420 0.0 0.0 10.4 0.2 0.0 v -59.0 6.4 87.1 -935
0.094 42.0 0.0 0.0 10.6 0.2 0.0 v -59.0 6.2 88.1 844
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The following maximized data (pages 31 - 42) is used to show precise values compared to the limits. For the
maximized data, measurements were made at 2 distances to determine the correct extrapolation factor, as
specified in 15.31. Final data was acquired using a Quasi Peak detector as specified for the restricted band.
This final maximized data demonstrates the equipment meets the 15.201 verification requirements being greater
than 40 dB below the 15.209 specification limits.
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TEST SPECiFFr‘ATJONS

m

SAMPLE CALCULATIONS

Factor + Cable Factor - Amplifier Gain + Distanca Ad)

it Factor +

Conducted Emissions: Adjusted Lml = Measured Level + Transducer Factor + Cable Aftenuation Factor + Extemnal Attenuator

COMMENTS

Telemetry operating using QPSK waveform directly connected to Frontier 1 PG to Induce transmission; Loop X-Axis, PG X-Axis;

EUT OPERATING MODES
PG Transmitiing Telemetry

DEVIATIONS FROM TEST STANDARD

Tested By:
50.0
30.0
10.0
£ T
o
= 10.0
=
!
-30.0
-50.0
L
-70.0 * *
. ’ s
*
-80.0
0.080 0.085 0.080 0.095 0.100 0.105 0.110 0.115 0.120
MHz
External Distance Comparad to
Freq Amplitude Factor Azimuth Height Distance | Attenuation | Polarity Detector | Adjustment | Adjusted | Spec. Limit |  Spec.
"‘":l {dBuV) (dB) g ) (dB) (aB) dBuV/m dBuV/m (dB)
0.087 297 10.8 0.0 1.0 2.0 00 Loop PK -115.7 -75.1 48.8 -123.8
0.091 N2 10.8 0.0 1.0 2.0 0.0 Loop PK -122.9 -80.8 284 -108.2
0.099 314 10.6 0.0 1.0 2.0 0.0 Loop PK -112.0 -70.0 277 877
0.104 305 10.6 0.0 1.0 20 0.0 Loop PK -106.3 55.2 273 -82.5
0.105 304 10.6 0.0 1.0 2.0 0.0 Loop PK -108.4 574 272 846
0.087 324 10.8 0.0 1.0 20 00 Loop arP -112.0 -58.8 288 -87.6
0.091 333 10.8 0.0 1.0 20 00 Loop QP -116.4 722 284 -100.6
0.099 326 10.6 0.0 1.0 2.0 0.0 Loop QP -116.4 -73.2 217 -100.9
0.104 313 10.6 0.0 1.0 2.0 0.0 Loop QP -1128 -70.9 27.3 -98.2
0.105 N7 10.6 0.0 1.0 20 00 Loop QpP -110.6 -68.3 27.2 -95.5
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TEST aPEC}Ff{.ATIONS

SAMPLE CALCULATIONS

Radiated Emissions: Field Strength = Measured Level + Anfenna Factor + Cable Factor - Amplifier Gain + Distance

Faclor +

Conducted Emissions: Adjusted Level = Measured Lavel + Transducer Factor + Cable Attenuation Factor + External Attenuator

COMMENTS

‘slemetry operating using QPSK waveform directly connected to Frontier 1 PG to induce transmission; Loop X-Axls, PG X-Axis

EUT OPERATING MODES
PG Transmitting Telemetry

DEVIATIONS FROM TEST STANDARD

Mo deviations.

Tested By:
50.0
30.0
10.0
€ -
S -10.0 |
3
g
-30.0
-50.0
*
-70.0 * *
. ¢ $
*
-90.0 = .
0.080 0.085 0.080 0.085 0.100 0.105 0.110 0.115 0.120
MHz
External Distance Compared to
Freq Amplitude Factor Agimuth Height Distance | Attenuation |  Polarity Detector | Adjustment | Adjusted | Spec. Limit |  Spec.
(MHz) (dBuV) (dB) grees) | ( ) (¢B) (dB) dBuVim dBuV/m (@B)
0.087 457 10.8 0.0 1.0 1.0 0.0 Loop PK 1317 -75.2 48.8 -124.0
0.091 48.2 10.8 0.0 1.0 1.0 0.0 Loop PK -139.9 -80.8 284 -109.2
0.099 48.7 1086 0.0 1.0 1.0 0.0 Loop PK -127.5 -70.2 217 -897.9
0.104 452 106 0.0 1.0 1.0 0.0 Loop PK -121.0 -65.2 273 -82.5
0.105 454 10.8 0.0 1.0 1.0 0.0 Loop PK -123.4 £7.4 272 -94.6
0.087 47.9 10.8 0.0 1.0 1.0 0.0 Loop QP -127.5 -68.8 288 -87.6
0.091 494 108 0.0 1.0 1.0 00 Loop QP -132.5 -72.2 284 -100.6
0.099 48.7 1086 0.0 1.0 1.0 00 Loop QP -1325 -73.2 277 -100.9
0.104 469 10.6 0.0 1.0 1.0 00 Loop QP -128.4 -710.9 273 -88.2
0.105 47.0 106 0.0 1.0 1.0 00 Loop QP -125.9 -£68.3 27.2 -85.5
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Distance Adjustment Factor for Radiated Emissions below 30 MHz

Method: Per 47 CFR 15.31(f)(2), the data was extrapolated based upon a the measured fall-off (at each frequency / polarity).
EUT: Frontier
SIN:
Date: 5/2/2005
Job Number: GDMNOQ070
Extrapolation Distance
Loop Antenna Adjusted | Fall-Off from 1 Factor for Test Distance
Freguancy Polarity Defector | Teat Distarion Level to2m Specification |of Spec. Limit Adjustment
Limit Factor
MHz (meters) dBuVim (dB) (dB / decade) (meters) (ﬂ
Maximum 2 29.7 115.7
0.087 Position PK 1 457 -16.0 53.2 300.0 317
Maximum 2 31.2 1229
0.091 Position PK 1 282 -17.0 56.5 300.0 139.9
Maximum 2 312 . 112.0
0.099 Position PK 3 467 15.5 515 300.0 575
Maximum 2 30.5 106.3
L Position S 1 452 147 488 LY 121.0
Maximum 2 30.4 108.4
Qi Position i 1 454 HE 480 LY 1234
Maximum > 2 324 112.0
0.087 Position QP 3 279 -15.5 515 300.0 1575
Maximum 2 333 116.4
o Position &2 1 49.4 161 535 302 1325
Maximum 2 326 116.4
0.099 Position QP 1 287 -16.1 535 300.0 1355
Maximum 2 313 112.8
0.104 Position QP 7 260 -15.6 51.8 300.0 1584
Maximum 2 31.7 110.6
s Position er 1 47.0 153 508 L 125.9
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R A)IA [ ] @ [ ) O A
EUT:{Frontier Work Order:| GDMNO070
Serial Number:|N/A Date:|05/02/05
Customer:|Guidant Inc. Temperature: |20
Attendees:|Yogendra Shah Humidity:149%
Cust. Ref. No.: Baromstric Pressurs|30.15
Tested by:|Jonathan Pe Power:|Internal Batte Job Site:]OC08
p ATIO
Spacification:[FCC 15.209:2004 Mathod:[ANSI C63.4:2003
= - ATIO
Fisld Strength = M Level + Antenna Factor + Cable Factor - Amgiifier Gain + Distance A Factor +
Canducted Emissions: Adjusted Level = Measured Lavel + Transducer Factor + Cable Altenuation Factor + External Attenuator
O
Telsmetry operating using QPSK waveform directly connected to Frontier 1 PG to induce transmission; Loop Y-Axis, PG Y-Axis vertical;
PERA oD
PG Transmitting Telemetry
D & 0 R
No deviations.
Evaluation 3
Other
Tested By:
50.0
30.0
10.0
3 I S ! S - . _ |
> - T = T ]
=}
@ -10.0 |
©
-30.0 -
-50.0 b
* ¢ - *
< L * *
*
-70.0 — =
0.080 0.085 0.080 0.095 0.100 0.105 0.110 0.115 0.120
MHz
Extamal Distanca Compared to
Freq Amplitude Factor Azimuth Haight Distanca | Attsnuation Polarity Detactor | Adjustment | Adjusted | Spec. Limit Spec.
{MHz) (dBuv) (dB) grees) ) ) (dB) (dB) dBuVim dBuVim (dB)
0.105 328 10.6 0.0 1.0 20 0.0 Loop PK 954 -51.9 272 -79.1
0.104 325 108 0.0 1.0 2.0 00 Loop PK -96.9 -53.8 273 -81.1
0.099 340 106 0.0 1.0 20 00 Loop PK -98.3 -53.7 27.7 -B81.4
0.091 351 10.8 0.0 1.0 20 0.0 Loop PK -99.8 -53.8 284 -82.2
0.099 350 10.6 oo 1.0 20 00 Loop QapP -104.1 -58.5 277 -86.2
0.105 333 10.6 0.0 1.0 2.0 0.0 Loop QP -103.4 -59.5 272 -86.7
0.091 358 10.8 0.0 1.0 20 00 Loop QP -105.5 -58.8 284 -87.2
0.087 M6 10.8 0.0 1.0 20 00 Loop aP -104.1 -58.7 288 -87.5
0.104 33.1 10.8 0.0 1.0 20 0.0 Loop QP -107.0 £3.3 273 -80.6
0.087 337 10.8 0.0 1.0 20 00 Loop PK -92.5 48.0 48.8 -96.8
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RADIATED EMISSIONS DATA SHEET

Serial llumblr:lN.fA
Ci |Guidant Inc.

Attandees:|Y: Shah
Cust. Ref. No.

Tesated by:|Jonathan Peng
TEST SPECIFICATIONS

FCC 15.209:2004 m ANSI C63.4:2003

SAMPLE CALCULATIONS
Radiated Emissions: Field Strength = Measured Leve! + Antenna Factor + Cable Factor - Amplifier Gain + Distance Adjust

t Factor +

ad Level = Measured Lavel + Transducer Factor + Cable Attenuation Factor + Extarnal Attenuator

COMMENTS

elemetry operating using QPSK waveform directly connected to Frontier 1 PG to Induce transmission; Loop Y-Axis, PG Y-Axis vertical

EUT OPERATING MODES
PG Transmitting Telemetry

DEVIATIONS FROM TEST STANDARD

Tested By:
50.0
30.0
10.0
§ T - T - T > T T
=1
@ -10.0 A
©
-30.0
-50.0 *
L + L
* L 3 L ]
» [
-70.0 i
0.080 0.085 0.090 0.095 0.100 0.105 0.110 0.115 0.120
MHz
External Distance Compared to
Freq Amplitude Factor Azimuth Height Distance | Attenuation | Polarity Detector | Adjustment | Adjusted | Spec. Limit Spec.
{MH;} {dBuV, (dB) (degreas) (metars) (meters}) (dB) {dB) dBuVim dBuVim (dB)__J
0.105 46.1 10.6 0.0 10 1.0 00 Loop PK -108.6 519 272 791
0.104 459 10.6 0.0 1.0 1.0 00 Loop PK -110.3 53.8 273 -84
0.099 476 10.6 0.0 1.0 1.0 00 Loop PK 1118 537 277 -814
0.091 489 10.9 0.0 1.0 1.0 00 Loop PK 11386 53.8 284  -822
0.099 49.4 10.6 0.0 1.0 1.0 00 Loop QP -1185 585 277 862
0.105 4786 106 0.0 1.0 1.0 00 Loop aP 177 595 272 867
0.091 50.4 10.9 0.0 1.0 1.0 00 Loop QP -120.1 58.8 284  -87.2
0.087 49.0 10.8 0.0 1.0 1.0 00 Loop QP -1185 58.7 288 875
0.104 479 10.6 0.0 1.0 1.0 00 Loop QP 1218 633 273 -906
0.087 465 10.8 0.0 1.0 1.0 00 Loop PK -105.3 48.0 488  -968
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Distance Adjustment Factor for Radiated Emissions below 30 MHz

Method: Per 47 CFR 15.31(f)}(2), the data was extrapolated based upon a the measured fall-off (at each frequency / polarity).
EUT: Frontier
SIN:
Date: 5/2f2005
Job Number: GDMNOO70
J Extrapolation Distance
Loop Antenn : Adjusted Fall-Off from 1 Factor for Test Distance
Frequency | pojarity Deiadior: {TextDiimcs] ™o to2m Specification |of Spec. Limit| Adustment
Limit Fadtor
!MHz! (meters) (dBuV/m) (dB) (dB / decade) (meters) (dB)
Maximum 2 33.7 92.5
0.087 Position PK 1 265 -12.8 425 300.0 1053
Maximum 2 35.1 99.8
0.091 Position PK 7 280 -13.8 45.8 300.0 113.6
Maximum 2 34.0 98.3
0.099 Position PK 1 276 -13.6 452 300.0 1119
Maximum 2 325 96.9
Gl Position s 1 459 134 A3b 500 110.3
Maximum 2 32.9 95.4
0.105 Position PK 1 26 1 -13.2 43.8 300.0 7086
Maximum 2 34.6 104.1
0.00% Position &F 1 49.0 ) 48 SL 1185
Maximum 2 35.8 105.5
0.091 Position QP 1 504 -14.6 48.5 300.0 120.1
Maximum 2 35.0 104.1
0.099 Position QP 3 294 -14.4 47.8 300.0 T18.5
Maximum 2 331 107.0
0.104 Position QP 1 779 -14.8 49.2 300.0 1278
Maximum 2 333 103.4
(Rl Position 9 1 476 =R 873 S 7.7
36/49
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TEST SPEC!F!C.AT!ONS

e “s'mm

SAMPLE CALCULATIONS

Radiated Emissions: Field Strength = Measured Level + Antenna Factor + Cable Factor - Amplifier Gain + Distance A

Conducted Emissions: Adjusted Level = Measured Leve! + Transducer Factor + Cable Attenuation Factor + External Attenuator

COMMENTS

‘slemetry operating using QPSK waveform directly connected to Frontisr 1 PG to Induce transmisslon; Loop Z-Axis, PG Z-Axls vertical;

EUT OPERATING MODES
PG Transmitting Telematry

DEVIATIONS FROM TEST STANDARD

RESULTS
Tested By:
60.0
|
40.0 '
20.0 4
E
3
m W T Y e
- |
-20.0 |
-40.0 +
& ® »
* ®
-60.0 L — = : P
0.080 0.085 0.090 0.095 0.100 0.105 0.110 0.115 0.120
MHz
External Distancs Compared to
qu Amplitude Factor Azimuth Height Distance | Attenuation Polarity Datacior | Adjustment | Adjusted Spec. Limit Spec.
(MHz) (dBuV) (¢B) (degrees) | | ) (dB) (¢B) dBuVim dBuV/m (4B)
0.091 arse 10.9 0.0 1.0 2.0 00 Loop PK -96.9 -48.1 284 -76.5
0.099 36.6 10.6 0.0 1.0 20 00 Loop PK -96.9 49.7 277 -T7.4
0.105 M8 106 0.0 1.0 20 00 Loop PK 998 -54.4 27.2 816
0.104 347 10.6 0.0 1.0 20 0.0 Loop PK -99.8 -54.5 273 -81.8
0.091 38.1 10.9 0.0 1.0 20 00 Loop QP -105.5 -56.5 284 -849
0.087 36.8 10.8 0.0 1.0 20 0.0 Loop QP -104.8 57.2 28.8 -86.0
0.099 371 106 0.0 1.0 20 00 Loop QP -106.3 -58.6 277 -86.3
0.105 355 10.6 0.0 1.0 20 00 Loop QP -105.5 -59.4 272 -86.6
0.104 356 10.6 0.0 1.0 2.0 00 Loop QP -105.5 -59.3 273 -86.6
0.087 356 10.8 0.0 1.0 20 00 Loop PK -96.9 -50.5 488 -98.3
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TEST SPEC!FICA'HONS

:[FCC 15.209:2004 m ANSI C63.4:2003

SAMPLE CALCULATIONS

COMMENTS

Level + Anty
Conducted Emissions: Adjusted Level = Measured Level + Transducer Factor + Cable Attenuation Faclor + Extarnal Attenuator

Factor + Cable Factor - Amplifier Galn + Distance Adjustment Factor + External Altenuation

lemetry operating using QPSK waveform directly connected to Frontier 1 PG to Induce transmission; Loop Z-Axis, PG Z-Axls vertical

EUT OPERATING MODES
Transmitting Telemstry

DEVIATIONS FROM TEST STANDARD

Tested By:
60.0
40.0
20.0
E
3
@ 00
©
-20.0 |
-40.0
* L J
* L J L 4
-60.0 - e e = — -
0.080 0.085 0.090 0.085 0.100 0.105 0.110 0.115 0.120
MHz
External Distanca Compared 1o
Freq Amplitude Factor Azimuth Haight Distance | Attenuation | Polarity Detector | Adjustment | Adjusted | Spec. Limit Spec.
!MH;} (dBuv) (dB) g 4] {i ] {dB) {dB) dBuVim dBuV/m (dB)
0.091 51.3 10.8 0.0 1.0 1.0 0.0 Loop PK -110.3 -48.1 284 -76.5
0.099 50.0 10.8 0.0 1.0 1.0 0.0 Loop PK -110.3 -49.7 21.7 -77.4
0.105 486 10.8 0.0 1.0 1.0 00 Loop PK -113.6 -54.4 27.2 -81.6
0.104 485 10.6 0.0 1.0 1.0 0.0 Loop PK -113.6 -54.5 273 -81.8
0.091 52.7 10.9 0.0 1.0 1.0 0.0 Loop QP -120.1 -56.5 284 -84.9
0.087 513 10.8 0.0 1.0 1.0 0.0 Loop apP -119.3 -57.2 288 -86.0
0.098 51.8 10.6 0.0 1.0 1.0 0.0 Loop QP -121.0 -58.6 21.7 -86.3
0.105 50.1 10.6 0.0 1.0 1.0 00 Loop QpP -120.1 -59.4 272 -86.6
0.104 50.2 10.6 0.0 1.0 1.0 00 Loop QP -120.1 -59.3 273 -B6.6
0.087 49.0 10.8 0.0 1.0 1.0 0.0 Loop PK -110.3 -50.5 488 -99.3
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Distance Adjustment Factor for Radiated Emissions below 30 MHz

Method: Per 47 CFR 15.31(f)(2), the data was extrapolated based upon a the measured fall-off (at each frequency / polarity).
EUT: Frontier
SIN:
Date: 5/2/2005
Job Number: GDMNO0070
al Extrapolation Bistarice
Fiacitgi Loop Antenn Detect Test Dista Adjusted Fall-Off from 1 Factor for Test Distance Adjustment
quency | pofarity or |Testiistancel ) ovel to2m Specification |of Spec. Limit
Limit Factor
(MHz) (meters) (dBuV/m) (dB) (dB / decade) {meters) (dB)
Maximum 2 356 96.9
0.087 Position PK 1 290 -13.4 445 300.0 1703
Maximum 2 37.9 96.9
0.091 Position PK 3 513 -13.4 445 300.0 1103
Maximum 2 36.6 96.9
0.099 Position PK 1 500 -13.4 44.5 300.0 1103
Maximum 2 a7 99.8
0.104 Position PK 3 465 -13.8 458 300.0 1136
Maximum 2 348 99.8
0.105 Position PK 1 286 13.8 458 300.0 1136
Maximum 2 36.8 104.8
0.087 Position QP 1 513 -14.5 48.2 300.0 1193
Maximum 2 38.1 105.5
0.091 Position QP 1 57 -14.6 48.5 300.0 1201
Maximum 2 371 106.3
0.099 Position QP n 518 -14.7 48.8 300.0 1210
Maximum 2 356 105.5
0.104 Position QP 1 502 -14.6 48.5 300.0 120 1
Maximum 2 35.5 105.5
0.105 Position QP 7 50.1 -14.6 48.5 300.0 120 1
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RADIATED EMISSIONS DATA SHEET

EUT:|Frontier - HE Model

Serlal Number: [N/A :
Cust Guidant Inc. Tem re:|20

Attendees:|Yogendra Shah Humidity:|49%
Cust. Ref. No.: Barometric Pressura|30.15
Tested by:|Jonathan Pen Powaer:|Internal Batte Job Site:|OC08
P ATIO
Specification:| FCC 15.209:2004 Method:| ANS| C63.4:2003
O
Field = Level + Ant Factor + Cable Factor - Amplifier Gain + Distanca Ad) Factor + E Attenuath

Conducted Emissions: Adjusted Leval = Measured Leval + Transducer Factor + Cable Atenuation Factor + External Attenuator
O
elemetry operating using QPSK waveform directly connscted to Frontier 1 PG to Induce transmission; Leop Z-Axis, PG Z-Axls vertical; HE Model;

OPERA oD
Transmitting Telematry
D ATIO R
No deviations.
Evaluation 5
Other
Tested By:
70.0
50.0
30.0
E
—
3
m 10.0
©
-10.0 4
-30.0
L
° e o s
E b4 9 @
-50.0 —
0.080 0.085 0.090 0.095 0.100 0.108 0.110 0.115 0.120
MHz
External Distance Compared lo
Freq Amplitude Factor Azimuth Height Distance | Attenuation Polarity Deteclor | Adjustment | Adjusted | Spec. Limit Spec.
1““:1 (dBuv) {dB) (deg ) { ] (dB) (dB) dBuVim dBuVim (dB)
0.105 33.7 10.6 0.0 1.0 20 00 Loop PK -79.5 -35.2 27.2 -62.4
0.091 358 10.9 0.0 1.0 20 00 Loop PK -83.1 -36.4 284 -64.8
0.104 330 106 0.0 1.0 2.0 0.0 Loop PK 81.7 -38.1 273 -65.4
0.088 345 10.9 0.0 1.0 20 00 Loop QP -85.3 -39.9 28.7 -68.6
0.098 344 10.6 0.0 1.0 2.0 00 Loop PK -86.0 41.0 217 -68.7
0.112 340 10.6 0.0 1.0 20 00 Loop QP -88.2 43.6 26.7 -70.3
0.105 3386 10.6 0.0 1.0 2.0 00 Loop QP -87.5 433 27.2 -70.5
0.091 366 108 0.0 1.0 20 00 Loop QP -89.6 421 284 -70.5
0.099 35.1 10.6 0.0 1.0 20 00 Loop QP -89.6 439 21.7 -71.6
0.104 342 10.8 0.0 1.0 20 0.0 Loop QP -91.8 -47.0 273 -74.3
0.112 346 10.6 0.0 10 20 00 Loop PK -81.0 -35.8 46.7 -82.5
0.088 344 10.8 0.0 1.0 20 00 Loop PK -79.5 -34.2 48.7 -82.9
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e RADIATED EMISSIONS DATA SHEET

EUT:|Frontier - HE Model Work Order:| GDMN0075

__Serlal Number:|N/A Date:|05/12/05
Customer:|Guidant Inc. Temperature:| 20
Attendees:|Yogendra Shah Humidity:|49%

Cust. Raf. No.: Barometric Pressure|30.15
Tested by:|Jonathan Peng Powaer:|Internal Battes Job Site:|OCO8
TEST SPECIFICATIONS

SAMPLE CALCULATIONS
Radiated Emissi Field gth = M Leve! + Ant Factar + Cabla Factor - Amplifier Gain + Distanca Adj
Conducted Emissions: Adjusted Level = Measured Level + Transducer Factor + Cable Attenuation Factor + Extarnal Attenuator

COMMENTS

elametry operating using QPSK waveform directly connected to Frontier 1 PG to induce transmission; Loop Z-Axis, PG Z-Axis vertical; HE Modsl

EUT OPERATING MODES
PG Transmitting Telematry

Factor +

DEVIATIONS FROM TEST STANDARD

(No deviations.
RESULTS Run #
Evaluation 4
Othes
Tested By:
70.0
50.0
30.0
S
=
@ 10.0 -
-
-10.0 4
-30.0
: ® * *
® 4 * °
-50.0 - _——
0.080 0.085 0.090 0.085 0.100 0.105 0.110 0.115 0.120
MHz
External Distance Compared to
Freq Amplitude Factor Azimuth Height Distance | Attenuation |  Polarity Detector | Adjustment | Adjusted | Spec. Limit | Spec.
(MHz) (dBuV) (dB) (deg [ ) ) (dB) (dB) dBuMim dBuV/m (dB)
0.105 47 10.6 0.0 1.0 1.0 00 Loop PK -80.5 -35.2 27.2 -62.4
0.091 473 10.8 0.0 1.0 1.0 0.0 Loop PK -84.6 -36.4 284 -64.8
0.104 443 106 0.0 1.0 1.0 00 Loop PK -93.0 -38.1 273 -65.4
0.088 46.3 10.9 0.0 1.0 1.0 00 Loop QP 971 -38.9 287 -68.6
0.099 46.3 10.6 0.0 1.0 1.0 00 Loop PK 97.9 41.0 217 -68.7
0.112 46.2 10.6 0.0 1.0 1.0 00 Loop QP -100.4 436 26.7 -70.3
0.105 45.7 10.6 0.0 1.0 1.0 00 Loop QP -99.6 43.3 27.2 -70.5
0.091 490 10.9 0.0 1.0 1.0 00 Loop QP -102.0 421 284 -70.5
0.099 475 10.6 0.0 1.0 1.0 00 Loop QP -102.0 439 217 -71.6
0.104 46.9 106 0.0 1.0 1.0 00 Loop QP -104.5 47.0 273 -74.3
0.112 458 10.6 0.0 1.0 1.0 00 Loop PK 922 -35.8 46.7 -82.5
0.088 454 10.8 0.0 1.0 1.0 00 Loop PK -00.5 342 487 -82.9
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Distance Adjustment Factor for Radiated Emissions below 30 MHz

Method: Per 47 CFR 15.31(f)(2), the data was extrapolated based upon a the measured fall-off (at each frequency / polarity).

EUT: Frontier

S/N:

Date: 5/2/2005

Job Number: GDMNOO70

Extrapolation ] Distance
Frequency Loo:m::'l;nna Detector |Test Distance A‘I,_j:::d Fal!gl';f'r:m 1 S:::}t‘;l,cr:::;n ::::pg:t:::; Ad]Fustmenl
Limit actor

(MHz) (meters) (dBuV/m) (dB) {dB / decade) {meters) (dB)
0.087 oy PK f 43;:: 1.0 365 300.0 =2
0.091 Nepun PK f f’g:g 115 382 300.0 Ll
0.099 ”;Z’:;‘;: PK f 2‘;:; A11.9 395 300.0 gf,:g
0.104 “’Lﬂ:‘;;‘;" PK f ﬁ:g 1.3 375 300.0 g;f;
0.105 hediam PK f 32; 1.0 365 300.0 =
0.112 Meynam PK f 43;:2 112 37.2 300.0 o
0087 | “ogin | @ : s e 302 000 553
0.091 ”F'f:;‘sii':i‘:nm QP f :g:g 124 41.2 300.0 1‘:)92‘%
0.099 “';1’::::;“ QP f 2?; 124 412 300.0 1?2'%
0.104 “';Z’::t'::;“ QP ‘13 z:g 127 422 300.0 19{'}14"85
0.105 “‘;‘;’::::r QP ? 43"5’?, 12,1 402 300.0 g;:g
0112 “;1";’:';: QP f 43;:: 122 405 300.0 1?3%.%1
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The following data (pages 43 - 49) demostrates the emissions profile of the Programmer and the PG as one
system. In normal operation, the PG must have a Programmer there to continuously communicate. That data,
as may be referenced, demonstrates the entire system meets the requirements of 15.209. For the maximized

data, measurements were made at 2 distances to determine the correct extrapolation factor, as specified in
15.31.
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= ALIA | ] . [ ) D A
EUT:|NGP / Frontier ‘Work Order:|GDMNO070
Serlal Numbar:[610502 H303 Date:|05/04/05
Customer:|Guidant Inc. T ;120
Attandees:|Yogendra Shah Humidity:|49%
Cust. Ref. No.: - Barometric Pressure|30.15
Tested by:|Jonathan Pen Power:|Internal Batte Job Site:|OCO08
P ATIO
Specification:|FCC 15.209:2003 Method:| ANS| C63.4:2001
Rad| [3 Flald = M d Level + A Factor + Cable Factor - Amplifier Gain + Distance Adj Factor + E
Conducted Emissions: Adjusted Level = Measured Level + Transducer Faclor + Cable Attenuation Factor + Extemal Attenuator
‘elemetry operating using Red Hat Linux Inductive Link Sesslon; Loop antenna - Z-Axls, PG Z-Axls vertical; SE Model [HMTBE1718); 3m distance
OPERA oD
G Transmitting Telametry
D ATIO RO DARD
o deviations.
Evaluation 6
Tested By:
80.0
60.0 1
40.0 1
g 200
>
a
T 00 s ——%
*
L ]
» *
-20.0 ®
*
$
-40.0 s
@ ¢
* o
*
-60.0 ————
0.010 0.100 1.000 10.000 100.000
MHz
External Distance Comparad lo)
Freq Amplitude Faclor Azimuth Height Distance | Attenuation Polarity Detector | Adjustment | Adjusted | Spec. Limit Spec.
(MHz) (dBuV) (dB) (i ) ) (dB) (dB) dBuVIim dBuV/m (dB)
0.629 50.5 10.5 268.0 1.0 3.0 00 Loop PK 62.7 1.7 316 -333
0.629 48.9 10.5 268.0 1.0 3.0 00 Loop QP 62.7 =33 316 -34.9
0.184 62.8 10.6 360.0 1.0 3.0 0.0 Loop PK 79.3 5.9 423 482
0.102 48.5 10.8 190.0 1.0 3.0 00 Loop PK 60.4 1.3 474 -48.7
0.184 383 10.6 360.0 1.0 3.0 00 Loop AV 793 -30.4 223 -52.7
0.349 59.3 10.8 258.0 1.0 3.0 0.0 Loop AV 108.2 -38.3 16.7 -55.0
0.210 63.7 10.6 260.0 1.0 3.0 00 Loop AV 110.0 -35.7 211 -56.8
0.103 340 10.6 190.0 1.0 3.0 0.0 Loop QP 60.4 -15.8 474 -63.2
0.061 795 1.0 360.0 1.0 3.0 00 Loop PK 102.8 -12.3 51.8 -64.1
0.041 836 11.8 360.0 1.0 3.0 0.0 Loop PK 105.5 -10.1 55.3 -65.4
0.082 714 10.7 0.0 1.0 3.0 0.0 Loop PK 104.6 =225 49.3 -71.8
0.349 608 10.6 259.0 1.0 3.0 0.0 Loop PK 108.2 -36.8 38.7 -73.5
0.021 76.4 13.9 0.0 1.0 3.0 0.0 Loop PK 102.8 -12.5 614 -73.9
0.210 66.1 10.6 260.0 1.0 30 00 Loop PK 110.0 =333 411 -T4.4
0.070 741 10.8 256.0 1.0 3.0 0.0 Loop AV 1316 46.7 307 -TT4
0.061 408 11.0 360.0 1.0 3.0 0.0 Loop AV 102.8 51.2 318 -83.0
0.082 3rs 10.7 0.0 1.0 3.0 0.0 Loop AV 104.6 -56.4 203 -85.7
0.041 431 1.8 360.0 1.0 3.0 0.0 Loop AV 105.5 -50.6 353 -B85.9
0.021 422 138 0.0 1.0 3.0 0.0 Loop AV 102.8 -46.7 414 -88.1
0.070 753 10.8 256.0 1.0 3.0 0.0 Loop PK 1316 -45.5 50.7 -96.2
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RADIATED EMISSIONS DATA SHEET

EUT:|NGP / Frontier

Serial Numbar:|610502 H303

Customer:|Guidant Inc.
Attendees:| Yogendra Shah
Cust. Ref. No.:

Tasted by:
TEST SPECIFICATIONS

:[FCC 15.209:2003 - ANSI C63.4:2001

SAMPLE CALCULATiONS

Radiated gth = Level + Ant Factor + Cabla Factor - Amplifier Gain + Distance Adjusiment Factar +

Conducted Emissions: Adjusted Level = Measured Level + Transducer Factor + Cable Attenuation Factor + Extarnal Attenuatar
COMMENTS

EUT OPERATING MODES
PG Transmitting Telamatry

DEVIATIONS FROM TEST STANDARD

Other
Tested By:
70.0
50.0
30.0 a
E ~
—
3
m 100
° *
L ] 2
®
-10.0 » ¥ 3 {
]
* @
-30.0 1
. L
L 4
L S N L
$e
-50.0
0.010 0.100 1.000 10.000 100.000
MHz
External Distance Compared fol
Freq Amplitude Factor Azimuth Heght Distance | Attenuation |  Polarity Detector | Adjustment | Adjusted | Spec. Limit |  Spec.
{“HEJ (dBuV) (dB) (degrees) {maters) (meters) (dB) {dB) dBuVim dBuVim (dB)
0.629 414 10.5 268.0 1.0 5.0 0.0 Loop PK 48.8 31 316 -28.5
0.629 368 10.5 268.0 1.0 5.0 0.0 Loop QP 488 -1.7 318 -33.3
0.184 360 10.6 360.0 1.0 5.0 0.0 Loop AV 705 -23.9 223 -46.2
0.184 54.0 10.6 360.0 1.0 5.0 0.0 Loop PK 705 5.9 423 -48.2
0.103 418 10.6 120.0 1.0 5.0 0.0 Loop PK 53.7 1.3 47.4 487
0.349 449 10.6 259.0 1.0 5.0 0.0 Loop AV 96.2 -40.7 18.7 -57.4
0.210 48.2 10.6 260.0 1.0 5.0 00 Loop AV ars8 -38.0 21.2 -59.2
0.061 68.1 11.0 360.0 1.0 5.0 0.0 Loop PK 91.4 -12.3 51.8 -84.1
0.103 28.1 10.6 190.0 1.0 5.0 00 Loop QP 53.7 -17.0 474 -64.4
0.041 718 11.8 360.0 1.0 5.0 0.0 Loop PK 938 -10.1 55.3 -65.4
0.082 59.8 10.7 0.0 1.0 5.0 00 Loop PK 93.0 -22.5 49.3 -71.8
0.349 48.8 10.6 258.0 1.0 5.0 0.0 Loop PK 96.2 -36.8 38.7 -73.5
0.021 65.0 138 0.0 1.0 50 0.0 Loop PK 914 -12.5 61.3 -73.8
0.061 38.2 1.0 360.0 1.0 5.0 0.0 Loop AV 914 422 318 -T4.0
0.210 53.9 10.6 260.0 1.0 5.0 0.0 Loop PK a7.8 -33.3 412 -T4.5
0.082 355 10.7 0.0 1.0 50 0.0 Loop AV 893.0 -46.8 29.3 -76.1
0.041 41.0 11.8 360.0 1.0 50 0.0 Loop AV 93.8 -41.0 353 -76.3
0.070 59.6 10.8 256.0 1.0 5.0 00 Loop AV 117.0 -46.6 30.7 -77.3
0.021 40.2 139 0.0 1.0 5.0 0.0 Loop AV 914 -37.3 413 -78.6
0.070 60.7 10.8 256.0 1.0 5.0 00 Loop PK 117.0 -45.5 50.7 -86.2
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Distance Adjustment Factor for Radiated Emissions below 30 MHz

Method: Per 47 CFR 15.31(f)(2), the data was extrapolated based upon a the measured fall-off (at each frequency / polarity).
EUT: Frontier/NGP
SIN: 610502 H303
Date: 5/2/2005
Job Number: GDMNO0070
=
Extrapolation Distancs
Loop Antennal Measured | Fall-Off from 3 Factor for Test Distance <
Frequency | oo rarity Delnchor: |TestDistance) ™ o) to5m Specification |of Spec, Limit| Adiustment
Limit Factor
MHz (meters) (dBuV/m) {dB) (dB / decade) (meters) (dB)
Maximum 3 76.4 102.8
0.021 Position PK 3 550 114 51.4 300.0 914
Maximum 3 83.6 105.5
0.041 Position PK s 719 1.7 527 300.0 938
Maximum 3 79.5 102.8
0.061 Position PK s 8.1 11.4 514 300.0 914
Maximum 3 75.3 131.6
0.070 Position PK 5 50.7 146 65.8 300.0 1170
Maximum 3 71.4 104.6
0.082 Position PK g 598 11.6 523 300.0 93.0
Maximum 3 48.5 60.4
albe Position A 5 41.8 d i LY 53.7
Maximum 3 62.8 79.3
0.184 Position PK 3 =30 88 39.7 300.0 70.5
Maximum 3 66.1 110.0
0.210 Position PK 5 530 122 55.0 300.0 97 8
Maximum 3 60.8 108.2
0.349 Position PK 3 256 12.0 541 300.0 965
Maximum 3 50.5 62.7
0.629 Position PK 5 366 13.9 62.7 30.0 288
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Customer:|Guidant Inc.

Attendees:|Yogendra Shah

Cust. Raf. No.:

Tested by:|Jonathan Pen Powsr:|Internal Job Site:|OCO8
P ATIO
Specification:|FCC 15.209:2003 Method:| ANS| C63.4:2001
0
Radiated : Fieid gth =M Level + Antenna Factor + Cable Factor - Ampiifier Gain + Distance Adj Factor+ E
Conducted Emissions: Adjusted Level = Measured Leve! + Transducer Factor + Cable Altenuation Factor + External Attenuator
‘slametry operating using Red Hat Linux Inductive Link Session; Loop antenna - Z-Axis, PG Z-Axis vertical; HE Model (H17861777); 3m distance
OPERA oD
Transmitting Talemetry
D ATIO RO ANDA
No deviations.
Evaluation 1
Other
Tested By
80.0 e T
1 |
60.0 |
40.0
E 200 1
S $' |
@
T 00 * - —
*
L & L
-20.0 °
*
*
-40.0 $
* L ]
-60.0 * -
0.010 0.100 1.000 10.000 100.000
MHz
External Distance Compared to
Freq Amplitude Factor Azimuth Height Distanca | Attenuation Polarity Detector | Adjustment | Adjusted | Spec. Limit Spec.
(MHz) (dBuV) (dB) (degreas) | (metars} (matars) (dB) (dB) dBuV/im dBuV/m (dB)
0629 50.9 105 2640 1.0 30 00 Loop PK 451 163 316 -15.3
0.627 49.0 10.5 264.0 1.0 3.0 00 Loop QP 451 14.4 317 -17.3
0.102 49.1 10.6 171.0 1.0 3.0 00 Loop PK 58.6 1:1 474 46.3
0.183 63.0 10.6 360.0 1.0 30 00 Loop PK B2.0 -84 423 -50.7
0.349 59.5 106 256.0 1.0 3.0 00 Loop AV 107.3 -37.2 16.7 -53.9
0.186 373 10.6 3680.0 1.0 3.0 00 Loop AV 82.0 =341 22 -56.3
0.210 63.7 10.6 257.0 1.0 3.0 00 Loop AV 1109 -36.6 21.2 -57.8
0.102 33.2 10.6 171.0 1.0 3.0 0.0 Loop aP 58.6 -14.8 474 -62.2
0.061 796 1.0 360.0 1.0 30 00 Loop PK 106.4 -158 518 -67.6
0.070 741 10.8 254.0 1.0 3.0 0.0 Loop AV 1226 377 30.7 -68.4
0.041 84.0 11.8 360.0 1.0 3.0 00 Loop PK 110.9 -15.1 553 -70.4
0.349 60.9 106 256.0 10 30 0.0 Loop PK 107.3 -358 36.7 -72.5
0.210 66.2 10.8 257.0 1.0 3.0 0.0 Loop PK 1109 =341 41.2 -75.3
0.082 71.8 10.7 0.0 1.0 30 00 Loop PK 110.0 -27.5 493 -76.8
0.020 771 13.9 0.0 1.0 3.0 00 Loop PK 110.9 -19.9 61.4 -81.3
0.061 404 11.0 380.0 1.0 3.0 00 Loop AV 106.4 -55.0 31.8 -86.8
0.070 75.3 108 2540 1.0 3.0 0.0 Loop PK 1226 -36.5 50.7 -87.2
0.082 37.8 10.7 0.0 1.0 3.0 0.0 Loop AV 110.0 £1.5 293 -90.8
0.041 421 18 360.0 1.0 30 00 Loop AV 1109 -57.0 353 -92.3
0.020 422 138 0.0 1.0 3.0 0.0 Loop AV 1109 -54.8 414 -96.2
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TEST .:PE CiF!CATtONﬁ

:|FCC 15.209:2003 W ANSI| C63.4:2001

SAMPLE CALCULATIONS

Radiated Emissions: Field Strength = Measured Level + Antenna Factor + Cable Factor - Amplifier Gain + Distanca A
Adjusted Level = Measured Level + Transducer Factor + Cable Attenuation Factor + External Attenuator

Conducted Emissions:
COMMENTS

‘elametry operating using Red Hat Linux Inductive Link Session; Loop antenna - Z-Axis, PG Z-Axis vertical; HE Model (HMTBE1TTT); 5m distance

EUT OPERATING MODES
PG Transmitting Telemetry

DEVIATIONS FROM TEST STANDARD

Factor + E

Tested By:
80.0 —
-
60.0 1
r
40.0
£ 200
*
> .
Q
T 00 * e
Y
L ] & L J
-20.0 ®
Y L ]
* e
-40.0 b * L 4
* ® &
*
-60.0 b—m —
0.010 0.100 1.000 10.000 100.000
MHz
External Distanca Comparned fo|
Freq Amplitude Factor Azimuth Height Distance | Attenuation | Polarity Detector | Adjustment | Adjusted | Spec, Limit Spec.
I“Hzl (dBuV) (dB) (dB} (dB) dBuV/m dBuVim (dB)
0.629 409 10.5 264.0 1.0 5.0 0.0 Loop PK 351 16.3 316 -15.3
0.628 3.7 10.5 264.0 1.0 5.0 0.0 Loop QP 35.1 121 316 -19.5
0.103 426 10.6 171.0 1.0 5.0 0.0 Loop PK 521 11 474 -46.3
0.184 36.0 10.6 360.0 1.0 5.0 00 Loop AV 729 -26.3 223 -48.6
0.184 539 106 360.0 1.0 50 00 Loop PK 729 84 423 -50.7
0.349 448 10.6 256.0 1.0 5.0 00 Loop AV 954 -40.0 16.7 -56.7
0.210 49.0 106 2570 1.0 5.0 00 Loop AV 98.6 -39.0 212 -60.2
0.103 26.2 10.8 171.0 1.0 5.0 00 Loop QP 521 -15.3 474 -62.7
0.061 67.8 11.0 360.0 1.0 5.0 00 Loop PK 94.6 -15.8 51.8 -67.6
0.070 504 10.8 254.0 1.0 5.0 00 Loop AV 109.0 -38.8 307 -89.5
0.041 AN 118 360.0 1.0 5.0 00 Loop PK 98.6 -15.1 553 -70.4
0.349 49.0 10.6 256.0 1.0 5.0 00 Loop PK 95.4 -35.8 36.7 -72.5
0.210 53.9 10.6 257.0 1.0 5.0 00 Loop PK 28.6 -34.1 41.2 -75.3
0.082 59.6 10.7 0.0 1.0 5.0 00 Loop PK 978 =275 49.3 -76.8
0.061 383 11.0 360.0 1.0 50 00 Loop AV 946 453 318 =771
0.021 648 13.9 0.0 1.0 50 00 Loop PK 986 -19.9 61.3 -81.2
0.041 408 11.8 360.0 1.0 50 00 Loop AV 986 -46.0 353 -81.3
0.082 350 10.7 0.0 1.0 5.0 0.0 Loop AV a7.8 521 293 -81.4
0.020 402 139 00 1.0 5.0 00 Loop AV 9886 445 41.4 -B5.9
0.070 61.7 10.8 254.0 1.0 5.0 0.0 Loop PK 109.0 =365 507 -87.2

Test Report No. GDMN0070

48/49



Distance Adjustment Factor for Radiated Emissions below 30 MHz

Method: Per 47 CFR 15.31(f)(2), the data was extrapolated based upon a the measured fall-off (at each frequency / polarity).
EUT: Frontier/NGP
SIN: 900705 H309
Date: 5/2/2005
Job Number: GDMNOO70
Extrapolation Distinée
Loop Antenna Measured | Fall-Off from 3 Factor for Test Distance
Erequency Polarity Dufector: | TnstDistance Level to5m Specification |of Spec. Limit Ad,li:uslment
Limit i
(MHz) meters’ (dBuV/m) (dB) {dB / decade) (meters) (dB)
Maximum 3 771 110.9
0.021 Position PK 3 646 12.3 55.4 300.0 98.6
Maximum 3 84.0 110.9
0.041 Position PK 3 T 12.3 55.4 300.0 586
Maximum 3 79.6 106.4
0.061 Position PK 5 578 11.8 53.2 300.0 946
Maximum 3 75.3 122.6
0.070 Position PK 5 817 13.6 61.3 300.0 705.0
Maximum 3 71.8 110.0
0.082 Position PK 5 506 12.2 55.0 300.0 578
Maximum 3 49.1 58.6
0.102 Position PK 5 226 6.5 29.3 300.0 52.1
Maximum 3 63.0 82.0
0.184 Position PK s 539 9.1 41.0 300.0 759
Maximum 3 66.2 110.9
0.210 Position PK 3 530 12.3 55.4 300.0 986
Maximum 3 60.9 107.3
0.349 Position PK s 290 11.9 53.6 300.0 954
Maximum 3 50.9 451
0.629 Position PK 5 %00 10.0 451 30.0 351
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EXHIBIT B



Test Setup Information:

The following plots were acquired with an 8ft. long Loran antenna from Shakespeare model
number 4208 connected to a Rohde & Schwarz FSU spectrum analyzer.

The measurements were acquired in Boston Scientific’s anechoic chamber.

The Programmer was in a typical telemetry session with the PG using only inductive
telemetry.

The spectrum plots for the telemetry wand were acquired with the spectrum analyzer in free
run mode.

The spectrum plots for the Cognis (Frontier) implantable device were acquired by gating the
spectrum analyzer sweep so the sweep only occurred during the inductive telemetry response
from the implant.

Typical spectrum analyzer settings: center frequency = 102.4KHz

span = 160KHz

RBW = 1KHz

maximum hold
The OVLD marker was caused by out of span emissions picked up by LORAN antenna.
Implantable device tested in air (not implanted) as worst-case emissions scenario.



Cognis implantable device at 1 foot from Loran antenna
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Programmer telemetry wand at 1 foot from Loran antenna

® *RBW 1 kHz
*VBW 1 kHz

Ref -40 dBm Att 5 dB SWT 320 ms
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Cognis implantable device at 3 feet from Loran antenna

® “RBW 1 KHz
*VBW 1 kH=z
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Programmer telemetry wand at 3 feet from Loran antenna

® *RBW 1 kHz
*VBW 1 kHz

Ref -40 dBm Att 5 dB SWT 320 ms
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Cognis implantable device at 6 feet from Loran antenna
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Programmer telemetry wand at 6 feet from Loran antenna

® *RBW 1 kHz Marker 1 [T1 ]
*VBW 1 kH=z 27 .99 dBm
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Programmer telemetry wand at 6 feet from Loran antenna

® “RBW 1 kHz
“VBW 1 kHz

Ref -40 dBm Attt 5 dB SWT 320 ms
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Background noise with the antenna connected and the
telemetry session ended

® * RBW 1 kHz
*VBW 1 kH=z

Ref -40 dBm Attt 5 dB SWT 320 ms
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Spectrum analyzer noise level with no antenna connected

® * RBW 1 kHz
*VBW 1 KkHz
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Telemetry spectrum from Cognis implantable device as measured
with a nearby magnetic pickup coil (not LORAN antenna)

® *RBW 1 kH=z

*WVBW 1 kHz 59, 1
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Example timing from a BSC Cognis implantable device telemetry session
(both implant and programmer) using a nearby magnetic pickup coil

Programmer

query

|l Implant
"7 response

20 MSrs cge ‘ositive
2/15/2007 6:17:26 PM



EXHIBIT C



DR. NEIL BIRCH

Dr. Birch holds Ph.D. and M.S. degrees In Electrical Engineering from the Catholic University of
America and a B.S. degree in Electrical Engineering from North Carolina State University. Dr. Birch is
President of Birch Assodiates, Inc. which specializes in the field of Communications, Command,
Control and Intelligence (C3I).

Previous positions held by Dr. Birch have included: Principle Director and Deputy Assistant Secretary
of Defense, Office of the Assistant Secretary Advisor to the Director, Telecommunications and
Command and Control Systems (DTACCS), Office of the Secretary of Defense and Assistant Director
for Systems and Advance Technology; Chief Scientist, U.S. Navy command, control and
Communications Programs, Office of the Chief of Naval Operations; Director of Advanced Systems
Analysis Office, Magnavox Company; Division Chief, National Security Agency; Staff Engineer,
Westem Electrical Company.

Dr. Birch has experience in the following areas: World Wide Military Command and Control System;
European Command and Control; Tactical Command and Control Systems and TRI-TAC; Defense
Communication System; Military and Domestic Systems; Digital voice Coding; Secure and Privacy
Communications; Spread Spectrum and Eror Control Coding; Navigation Aids; HF and Meteor Burst;
Advanced Tactical Communications and Interfaces, Communications Channel Modeling; Remote
Monitoring; Telecommunications Technology Forecasting; Maritime, Aeronautical and Meteorological
Satellite Systems; and Intelligence and Intelligence Related Program.

Dr. Birch is the author of numerous publications and is active on a number of DOD panels.

PERSONAL DATA

Bom: Birmingham, Alabama, 19 November 1936 Residence:
8831 Mustang Island Circle; Maples, F1 34113 Marital Status:

Married with three children Telephone:
Home (239) 793-3055

EDUCATION
Doctor of Electrical Engineering - Catholic University. 1965

Master of Science of Electrical Engineering - Catholic University. 1951

PROFESSIONAL AFFILIATIONS

Institute of Electrical Engineers (IEEE)

Professional Group of Aerospace & Electronics Systems (IEEE) to 1975
Communications Society (IEEE)

Sigma XI, CUA Chapter

Association of Old Crows

Armed Forces Communications & Electronics Association

Elected Fellow of IEEE (January, 1986)




Dr. Birch graduated with a B.S. In Electrical Engineering from North Carolina State in 1958
and after working for Westem Electric for a short period of time was assigned to the National Security
Agency as an engineering officer in the U.S. Air Force. Durnng this period of time he worked on
advanced H.F. intercept equipment, microwave amplifiers and receivers and interpretation of new and
unusual signals. Also, during this period of time he obtained his M.S. in Electrical Engineering from
Catholic University and began working on the doctoral degree. He taught a microwave measurements
laboratory and a course in electromagnetism to undergraduate students at CUA.

He received his Doctorate in Electrical Engineering from CUA during the fall of 1965 with
formal graduation in the spring of 1966. Meanwhile, he continued teaching at CUA, developing a
course in analog and digital communications, which he taught at the graduate level. At NSA he
continued research in voice processing and the effects of time perturbations on voice quality and
intelligibility.

He was promoted to branch chief responsible for spread spectrum communications and
conventional military tactical communications. He was responsible for the commissioning and
oversight of the first definitive widely distributed document on spread spectrum communications. He
was also responsible for the establishment of certain U.S. and Allied communications standards which
ensure radio interoperability among military allies and near optimum radio performance. He performed
fundamental research into the performance of electronic timing circuits in digital secure radio
equipment.

After his promotion to division chief at NSA, he left government service to join the Magnavox
Co. in 1967. He created and was placed in charge of the Magnavox Advanced Systems Analysis
Office, a Washington based research facility that worked for NASA, the
Department of Defense, and the Advanced Research Project Agency. While at Magnavox, Dr. Birch
led new business activities in the areas of spread spectrum communications, satellite transponder
designs, voice coding and intelligibility testing, time varying multi-path communications channel
modeling and communications packages for environmental sensor systems. Operational NASA
satellite employ modulation and transponders based on this design work. He continued to teach a
communications course at CUA and developed a course in space communications which he taught
intemationally.

In 1973 he retumed to govemment service as Chief Scientist for the U.S. Navy for
Telecommunications, Command and Control Systems. His duties within the Chief of Naval Operations
included the coordination research and development programs in Telecommunications within the U.S.
Navy and joint satellite programs, submarine communications and task force communications.

He accepted the position as Chief Scientist with the Office of the Secretary of Defense for
Telecommunications, Command and Control Systems in 1975 and subsequently became the Deputy
Assistant Secretary of Defense for Communication, Command and Control of Intelligence programs for
the U.S. Military Services. He was responsible for technical guidance and budget matters for all
electronic U.S. Depariment of Defense activities that supported strategic, theater and tactical forces.
He was instrumental in bringing to fruition a number of electronic systems that were subsequently used
by U.S. forces in "Desert Storm".

In 1979, Dr. Birch left the Pentagon to form Birch Associates Inc., a Washington based
consulting firm dealing in Command Control, Communications and Intelligence matters. The company
assisted U.S. and foreign corporations and govemmental operations in activities relating to electronic
communications, security and surveillance. He served on a number of U.S. Govemment defense
oriented committees and participated as a member of the board of directors for several high
technology firms. Dr. Birch is also a Senior Vice President and the Chief Technical Officer for Samanco
Intemational Ltd., a company that provides telecommunications and security products, systems and
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services to govemments and industry in Africa, the Middle East and the Far East.

He is an active member of the Amed Forces Communication Electronic Association for which
he has developed a number of continuing engineering education courses. He has assisted the Catholic
University of America over the past several years by conducting seminars, consulting on electrical
engineering curriculum, obtaining summer jobs for engineering students and by recommending ways
to equalize enrollment in engineering at CUA.

In addition to receiving two distinguished civilian service awards while in the U.S. Govemment,
Dr. Neil Birch was elected Fellow of the Institute of Electronic and Electrical Engineers in 1986 for his
contributions to U.S. Military Communications.

He has been an expert witness on several communications legal cases, some of which
involved advanced digital wireless technologies. He is co-inventor and patent holder for a technigue to
counter cellular telephone fraud.

Dr. Birch developed and taught a number of courses in telecommunication which he has
presented in the U.S. and abroad over the past twenty-five years. These include "Advanced
Communications," "High Frequency Radio," "Spread Spectrum Communications," "Military Command,
Control, Communications, and Intelligence," "Space Communications,” "Integrated Services Digital
Networks,” "Data Links," and "Voice Coding".
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