Keysight Technologies
Solving Design and Test Challenges

for Medical Devices

Greater accuracy. Greater performance. Design and test
next-generation medical devices with greater confidence.
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Introduction

Across the globe, the demand for medical services is growing. As the need for healthcare grows, technology
continues to play a larger role in patient care, leading to unique challenges in the design and testing of the
medical devices used.

Patient monitoring is a key example. Although a wired connection is considered the most reliable approach,
robust wireless connections are becoming more widely used for emergency, in-patient and out-patient
scenarios. In addition to wireless monitoring, technology enables new capabilities in diagnostics, therapeu-
tics, imaging and surgical robots. Present and future radio frequency (RF) wireless, digital, component and
material technologies will enable improvements in the quality of care delivered around the world.

Keysight is ready to help you address the challenges involved in the design, development and testing of
these new medical devices. Our expertise and product portfolio span the RF, microwave, wireless and digital
technologies that are the building blocks of today’s medical technology. Keysight provides solutions that
address general areas of concerns such as electromagnetic interference and battery power consumption, as
well as specific applications such as imaging organic and biological materials to elucidate the structure of a
material at the micro- or nano-scale level.

When it comes to medical care, even the smallest detail matters. Whether you are testing pacemakers or
designing devices that will help set up the next medical breakthrough, you get the accuracy, reliability and
performance you need with Keysight solutions.
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RF Wireless Challenges

Interference between devices and environment

Electromagnetic interference (EMI) or radio-frequency interference (RFI) is one of the
most critical challenges for medical device developers, and can cause electronical-
ly-controlled medical devices, such as pacemakers or hearing aids, to operate incor-
rectly. Depending on the severity of the interference and the type of affected device, the
consequences can range from inconvenient to life-threatening.

EMI occurs when the electromagnetic radiation emitted by electrical circuits causes
unwanted signals or interference in other circuits. Most electronically-controlled medical
devices do not have adequate protection against EMI, and the challenge is exacerbated
by the increase of RF sources used both in and outside the hospital. Portable wireless
communications devices, such as cellular phones and tablets, are one of the largest
sources of EMI.

Recommended Keysight solutions
Pre-compliance measurements

X-Series signal analyzer with N6141A embedded EMI measurement
application

To avoid costly delays that can result from failed compliance testing, Keysight’s EMI
measurement application on X-Series signal analyzers allows you to perform pre-com-
pliance measurements and diagnostic evaluation of your designs. Find and fix problems
before they enter the test chamber with the N6141A measurement application on the
N9030A PXA, N9O20A MXA or N9OT0A EXA, or W6141A measurement application on the
N9000A CXA for a low-cost pre-compliance test solution.

EMC compliance testing
N9038A MXE EMI receiver

In EMC compliance testing, your success depends on moving products through the test queue
quickly and efficiently. Conduct full standards-compliant testing in accordance with CISPR and
MIL-STD with the upgradeable N9O38A MXE EMI receiver. For a complete EMI test solution,
Keysight Solutions Partners provide a single point of contact for you to combine the MXE with

chambers, antennas, software, value-added integration, probes, and more.

Keysight offers design, simulation and test capability for all of your EMC/EMI design and test

needs. After designing your device, you can utilize Keysight test equipment to verify your
designs. Keysight products include X-Series signal analyzers, MXE EMI receiver, network
analyzers, signal sources and oscilloscopes.

Important considerations

- Ensure wireless coexistence

between medical devices and
other devices that operate on
the same or adjacent RF band,
to avoid interference that might
affect performance or interrupt
the transmission or reception of
signals.

Device must meet the stringent
IEC 60601-1-2 standard or
other appropriate standards
Recommended separation
distances from other devices

or sources of electromagnetic
discharge or other plans

must be put in place if EMI
susceptibility is discovered
during testing

Related medical devices

Hearing aids

Computed tomography devices
(CT scan)

Pacemakers

X-ray devices
Electro-diagnostic devices
Fitness wearables

MRIs

Ultrasound



05 | Keysight | Solving Design and Test Challenges for Medical Devices - Solution Brochure

Magnetic fields immunity test

6813B AC power source/power analyzer

Electronic devices can encounter magnetic fields at power line frequencies in many
settings, so it is important to test these devices to ensure that they can operate reliably
even when exposed to magnetic fields. The 6813B AC power source/power analyzer has
the capability of producing output voltages up to 300 Vrms and output currents up to 13
Arms, with a maximum output rating of 1750 VA in either continuous or pulsed output
waveform sine wave. The low distortion output voltage from 6813B can be used to drive
an induction coil cage directly to generate the magnetic field to test the device.

EMI/EMC Simulation

Electromagnetic Professional (EMPro)

EMPro is a 3D modeling and simulation environment for analyzing various 3-dimensional
EM problems. Simulation and analysis environment, high capacity time- and frequency
- domain simulation technologies (FDTD and FEM) and integration with ADS (Advanced
Design System), the industry’s leading RF/microwave and high-speed design environ-
ment. EMI, medical, and bio applications, for example, MRl and pacemaker designs.

By using EMPro, designers can also ensure the design passes regulatory and operator
compliances, such as Over-The-Air performance, Specific Absorption Ratio (SAR), and EMPro software
Hearing Aid Compatibility (HAC), before going into expensive physical design testing.

Keysight Solutions at a Glance

Pre-compliance measurements EMPro simulation software

30 Electromagnetic Simulation
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X-Series signal analyzer (PXA, MXA, EXA, CSA) + N6141A embedded EMI measurement
application software

EMC compliance testing Magnetic field immunity test
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Wireless Technology Design Challenges

Using wireless technologies in medical devices provides many benefits, including
always-on patient monitoring, seamless communications (person to person and machine

to machine) and wireless sensing. In addition to dedicated medical wireless technologies,

the medical industry is widely adapting off-the-shelf wireless connectivity technologies
such as WLAN, Bluetooth® Low Energy, Zigbee, Near Field Communication (NFC) and
cellular technologies including HSPA and LTE for better wireless connections among
medical devices and systems.

Wireless technologies in medical devices

The Federal Communications Commission recommends the following frequency bands
for medical devices.

Important considerations

Designs must meet the specifica-
tions of the wireless technology
used.

Related medical devices

- Hearing aids
- Fitness wearables
- Monitoring devices (wireless)

Technologies Major application Frequency Coverage (m)

Inductive coupling implants Low data rate monitoring/control with Less than T MHz Less than 1
é implanted devices
§ Medical device Medium data rate communication with 401-406 MHz 2-10
3 radiocommunication service implanted/on/near body devices
Tg Medical micropower networks Implanted micro stimulators for artificial 413-419, 426-432, 438-444, Lessthan 1
'g nervous system 451-457 MHz
(S Medical body area networks Personal Area Network (“PAN”) for 2360-2400 MHz Less than 1
32 multiple on/near body sensors for patient
5 monitoring; not for implanted sensor
'g Wireless medical telemetry The measurement and recording of 608-614, 1395-1400, 1427-1429.5 Up to 60
o physiological parameters and patient MHz

information

o WLAN 802.11a/b/g/n/ac/ad Communication within medical sensors/ 2.4/5 GHz 250
8 devices/ hubs for healthcare data systems
>
()
;; Bluetooth Low Energy Low power medical sensors/devices 2.4 GHz ~50
Q2 connection
©
£
. Zighee Low power medical sensors/devices mesh 868 MHz (EU), 915 MHz (US), 2.4 GHz  10to 20
2 connection
P
o)
*_C". NFC Low power medical sensors/devices 13.56 MHz <20cm
% connection
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Recommended Keysight Solutions

Signal generation

X-Series vector signal generators with signal studio signal creation
software

This solution enables you to create high performance signals covering a frequency range
of 9 kHz up to 6 GHz with up to 160 MHz modulation bandwidth, quickly and easily
verify the performance of devices and receivers that use broad wireless standards, verify
interference testing, and troubleshoot a device’s operation in the presence of common
wireless signals.

Signal analysis
X-Series signal analyzers and 89600 VSA software

This solution accurately measures frequency, amplitude and modulation including
distortion, spurious, phase noise, and 2G to 4G cellular communication signals as well
as various wireless connectivity signals such as WLAN, Bluetooth, Mobile WIMAX®, and
more. It also offers flexible modulation analysis software or measurement applications
so you can demodulate a broad range of standard-based and general-purpose digital
signals and formats.

Wireless connectivity

EXM wireless tester set

The EXM wireless test set provides turnkey solutions to test multi-format of wireless
connectivity signals such as 802.11a/b/g/n/j/p/ac/af/ah, WLAN MIMO 2x2/3x3/4x4,
Bluetooth Low Energy, WiIMAX, multi-satellite GNSS, FM, Zigbee and digital video.

Keysight Solutions at a Glance

Signal generation

Signal analysis
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RF signal source + signal studio
and signal creation software

Wireless connectivity

EXM wireless test set + signal studio and signal creation software or
X-Series measurement application
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RF/Wireless Components Design and Characterization

RF device and component testing requires an innovative mix of time, coverage and cost
per device-under-test (DUT). Finding your balance starts with the right combination of
speed and performance in your test system.

Recommended Keysight Solutions

Component test solution for MRI systems

Keysight provides various component test solutions including E5061B RF/LF-RF network
analyzers, LCR meters and E5052B signal source analyzer. For MRl components test,
the E5061B LF-RF network analyzer is the best choice for R&D engineers and circuit
designers to verify the amplifiers and power supply. The EB061B RF network analyzer,

a direct successor of the HP/Keysight 8712, helps MRI production engineers test RF
coils, amplifiers and filters with its fast, accurate and cost-performance balanced test
capabilities. The E5052B signal source analyzer measures MRI oscillators phase noise
with exceptionally fast and accurate test capabilities along with its easy operation and
one-box simple configuration.

R
i%?%iRFNA

DC Gradient

Magnet/Coil  Coil ~ RF Coil Pr‘egmpliﬂer

Detector ] A/D |=»

<to— ¢
Power Amplifier RF Signal %
// Source g
E4980A ’PovverSupply <
LCR Meter
Power Supply
W' (Optional)

E5061B -

LF-RF NA et E50528

MRI component test diagram

SystemVue Electronic System-Level (ESL) design software

Parallel MRl imaging using multichannel digital front-end design is a common approach
for modern advanced MRI scanners. Many MRI receivers are designed with high
performance ADCs, wideband RF amplifiers and reconfigurable digital front ends. The
challenge in MRI signal acquisition is to obtain high quality images. This revolves mostly
around the accuracy of overall signal processing. The MRI receivers require ultra-low-
noise, high SNR and high dynamic range.

SystemVue is a focused electronic design automation (EDA) environment for ESL design,
and provides design simulations for medical/bio applications. SystemVue enables
multi-channel digital MRI receiver designers to troubleshoot hardware implementations,
while still maintaining a higher-level view of system performance.

Important considerations

Each RF component should guaran-
tee its performance to secure device
level quality

Related medical devices

Hearing aids

Pacemakers

Fitness wearables
Electro-diagnostic devices
MRIs
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Advance Design System (ADS)

Advanced Design System is the world’s leading electronic design automation software
for RF, microwave and high-speed digital applications. ADS comes with a powerful and
easy-to-use interface and pioneers the most innovative and commercially successful
technologies, such as X-parameters and 3D EM simulators, used by leading companies
in the wireless communication & networking and aerospace & defense industries. ADS
provides full, standards-based design and verification with Wireless Libraries and
circuit-system-EM co-simulation in an integrated platform.

Creating the solution you need with PXI solutions

Combine Keysight quality and performance in a PXI form factor. PXI solutions accelerate
throughput by delivering new levels of speed in signal generation-fastest analog tuning,
fastune digital baseband tuning, versatile list mode, and more—to accelerate the
characterization, validation and production of RF components and devices.

Keysight PXI products include:

- PXlvector signal analyzer
PXI signal generator

PXI signal analyzer

- PXI network analyzer

Keysight Solutions at a Glance

MRI testing solutions

DC coil testing

‘B MRI RF coil, preamplifier,
S & Duibiai power amplifier, power supply

LCR meter

RF signal source

Network analyzer

SSA signal source analyzer

PXI solutions

PXI chassis

Design software

SystemVue

Electronic System-Level Design

SystemVue Electronic System Level  Advanced Design System
(ESL) design software
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Non-RF Challenges

Power consumption for battery-operated medical devices

The importance of battery life is critical for portable battery powered medical device
developers. The convergence of wireless connectivity, high-speed digital processing, and
real-time monitoring abilities requires understanding and accurately measuring battery
current drain. Long periods of sleep/idle, wakeup/active, and short RF bursts create a
tough demand on the battery.

The typical peak current consumption for wireless technologies is shown below:

Wireless technologies Peak current draw

Bluetooth Low Energy <15 mA (read and transmit)

NFC <15 mA (read)
ZigBee ~5.9mAto 34 mA
Current A
Transmit
Ad
mA
Sub pA 4
Sleep Wake Active Back to sleep N

Time = minutes, hours, days Time

Example of current drain profile.

Recommended Keysight Solutions

Keysight current drain analysis solution

This solution consists of the N6705 DC power analyzer, N6781A 2-quadrant source/
measure unit (SMU) and 14585A Control and Analysis software. This integrated solution
includes a patented innovative measurement called “Seamless Measurement Ranging.”
This capability provides you with the ability to measure dynamic current drain from
sub-microamperes to amperes in a single measurement acquisition.

The N6781A SMU module in the N6705 DC power analyzer is optimized for determining
run-time of the whole portable medical device, making this the best choice for DC
measurement with the highest sensitivity and widest dynamic range for battery drain
analysis.

Perform battery run down tests using the actual medical device battery. The N678TA
SMU module is configured as a virtual logging ammeter to digitize the current drain. The
N6781A Aux DVM input is connected across the battery to record the battery voltage.
Average current, charge (mAh), energy, (Wh), and run time, are calculated based on
14585A software markers at the start and shutdown points.

Important considerations

- Dynamic current makes
measurement and testing
difficult due to

Extremely wide dynamic
ranges

Different devices having
different current needs: low
current, pulsing current,
current with fast rise/fall
times

Rapidly changing current
signals occur depending

on what tasks the device or
sub-circuit is performing
(waking up, transmitting,
going back to sleep mode)

- Test instruments such as DC
source may impact the accura-
cy of the current measurement

Related medical devices

Hearing aids
Pacemakers
Fitness wearables
Monitoring devices
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Low current power measurement solution

The CX3300 series device current waveform analyzers is the world’s first instrument that
clearly and precisely visualizes previously undetectable low-level current waveforms.
Dedicated current sensors measure from 100 pA level dynamic current up to 10 A with

a maximum of 200 MHz bandwidth. The CX3300 series enables engineers to easily and
accurately visualize wide-band and low-level current waveforms and make quantitative
evaluations of current waveforms, while reducing the power consumption of low power
devices.

Low current measurement troubleshooting

Oscilloscope is a major tool of choice when it comes to measuring low level AC/DC
current signals as well as voltage signals. The N2820A Series High Sensitivity Current
Probes address the need for high-sensitivity current measurements with a wide dynamic
range (50UA to 5A). The probes also offer physically small connections to the device
under test since most application environment requires small form factor.

Keysight Solutions at a Glance

DC power analyzer and 2-Quadrant source unit Device current waveform analyzer

N2820A/N2821A AC/DC current probes
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High-Speed Medical Imaging

Field-programmable gate arrays (FPGAs) are integrated circuits that are intended to
be configured by a designer after manufacturing. They are used in medical imaging
equipment (such as x-rays, ultrasounds and MRIs) and other measuring and analysis
equipment for detection and image construction.

Motion control unit
—_ Sensor Image
interface processing
e Gantry circuitry
__IN - Data
- lll \ ) ADC
\ 4 FPGA
Data
Acquisition
3 l.
Memory '
Control
signal

Typical block diagram for medical imaging system

Recommended Keysight Solutions

High-speed digitizer and FPGA development kit

This solution consists of an accurate and precise 12-bit PCle digitizer with programmable
on-board processing. Benefitting from the very high data transfer rates of the PCle

2.0 interface, and occupying a single x8 slot in a host PC, this solution offers high
performance in a small footprint, making it an ideal data acquisition platform for many
commercial, industrial and aerospace & defense embedded systems and high-speed
medical imaging such as OCT and ultrasound.

To help end-users focus on solution creation, Keysight's FPGA development kit includes
the following elements: a library of building blocks, from basic gates to dual-port RAM
memories, a set of IP cores, and ready-to-use scripts that handle all aspects of the
build flow. Smooth and efficient system integration is ensured with a full-speed design
example and companion software application.

Important considerations

- Fast data acquisition is needed
for sound images and high
image quality

- Multiple receivers’ signals must
be processed in parallel

- Flexible acquisition memory is
needed at various resolutions

- Fast data throughput and signal
processing is required for image
reconstruction

Related medical devices

- Computed tomography devices
- Ultrasound
- MRI

1
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Mixed signal oscilloscopes (MSO)

Debug FPGAs faster and more effectively with a MSO. Design engineers typically take
advantage of the programmability of the FPGA to route internal nodes to a small number
of physical pins for debugging. MSOs can help users understand the behavior of their
FPGA in the context of the surrounding system by allowing them to view internal activity
of the FPGA, make multiple measurements in seconds, and leverage the work they have
done in the design environment.

The digital channels on an MSO normally limit engineers to measuring signals at the
periphery of the FPGA. With the FPGA dynamic probe, users can now access signals
internal to the FPGA and measure up to 64 internal signals for each external pin dedicat-
ed to debug.

Moving probe points internal to an FPGA used to be time consuming; a Keysight MSO
can easily measure different sets of internal signals without design changes in less than
a second. FPGA timing stays constant when new sets of internal signals are selected for
probing.

The FPGA dynamic probe maps internal signal names from the FPGA design tool to the

Keysight MSO. This automatic setup of signal and bus names eliminates unintentional
mistakes and saves hours.

Keysight Solutions at a Glance

FPGA design FPGA debugging

FPGA Development Kit
for High-Speed Digitizers

AM KEYSIGHT EiL_ESF W W W

High-speed digitizer + FPGA development kit Mixed signal oscilloscope
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Electronic Components Design and Characterization

Electrical testing or non-RF wireless testing of medical devices is equally important to
characterize medical devices. Many medical devices operate at low voltage, low current,
low frequency and high accuracy environments, and high precision test equipment is
needed to ensure that the medical device-under-test meets the required regulatory
compliance.

Recommended Keysight solutions
Digital multimeter (DMM)

Accurately measuring the load current of an implantable medical device can be quite a
challenge. Devices such as pacemakers draw very low currents (as low as microamps)
when in sleep or standby mode, but draws much higher currents during active mode.
The 34465A and 34470A Truevolt DMMs capture the current profile by running the
device-under-test multiple times to capture the sleep and standby modes separately and
then the operating mode currents.

Arbitrary waveform generator

Arbitrary waveform generators (33500B and 33600A Series) allow users to generate
complex ECG patterns. These instruments also come with a sequencing feature, allowing
them to switch seamlessly across various ECG signals stored in the arbitrary waveform
memory, and to simulate the gradual onset of various ECG signal abnormalities without
any discontinuities in the test.

Pulse generator with oscilloscope

Pulse function arbitrary noise generators can simulate distorted sensor signals in fitness
wearable devices. These instruments can generate high-precision and repeatable
simulations of any kind of clean signals overlaid with a distortion, as well as motion
artifacts in the Hz-range and acoustic signals corrupted by ambience acoustic noise.
Overshoot and other voltage level effects that occur during wake-up from sleep mode
can also be created.

With real-time bandwidth and high measurement accuracy, oscilloscopes can help you
to quickly debug any design issues in the device-under-test.

Distortion

811504/ 81160A Pulse Generator Wearable device Oscilloscope

For medical doppler sonography applications, the pulse generator can emit a continuous
sinusoidal signal in the kHz range (depending on the investigated process), which is
transmitted into an ultrasonic transducer.

811504/ 81160A Pulse Generator

Sine signal

—>» | Preamplifier ——»
Ultrasonic

transducer

DS0X2002A Oscilloscope

Important considerations

Test equipment must be able to
make low voltage measurements for
low-leakage current draw, generate
precise and accurate signals, and
generate versatile waveforms for
device simulation

Related medical devices

Hearing aids

Pacemakers

- Fitness wearables
Electro-diagnostic devices



15 | Keysight | Solving Design and Test Challenges for Medical Devices - Solution Brochure

Precision low noise voltage and current sourcing

Keysight B2961A/62A are a new generation of low noise power sources with 6.5 digit
best-in-class precision, wide bipolar voltage and current output ranges of 100 nV to
210V and 10 fA to 10.5 A. These power sources come with extremely low noise floor of
10 uVrms and 1nVrms/JHz (at 10 kHz), and offer innovative features such as graphing
capability and arbitrary waveform generation capability from 10 mHz to 10 kHz, enabling
tests and evaluation beyond conventional power sources. B2961A/62A power sources
are ideal to pair with other instruments, such as oscilloscopes, network analyzers,
spectrum analyzers, frequency counters and digital multimeters.

Captured by oscilloscope

Keysight Solutions at a Glance

Low current measurement Simulate distorted sensor signal

Performance DMM Pulse function arbitrary noise generator
Generates ECG/ EEG patterns Precision low noise voltage & current sourcing

Trueform W €N

[T —

Function/arbitrary waveform generator B2961A/B2962A low noise power source
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Service and Maintenance

Whether inside a hospital or an outside clinic, it is critical for medical device developers
and medical service providers to have the most accurate test and measurement capa-
bilities at their fingertips, allowing them to quickly and accurately install and maintain
wireless medical devices and systems to continuously address the safety of patients.

Recommended Keysight solutions

FieldFox handheld RF and microwave analyzers

These handheld solutions enable users to carry the precision of a benchtop analyzer in
the palm of their hands, making it easier to install and maintain wireless medical devices
and systems in hospitals and clinics. FieldFox’s measurement precision enables installers
to be assured that telemetry characterization will correlate with performance data from
the manufacturer. The interference analysis tools enable the biomedical and clinical
engineering teams to quickly pinpoint and mitigate electromagnetic interference.

RF power measurement kit

Accurate power measurements are critical for medical device designs to provide precise,
safe medical analysis, as well as, fast rise time, bandwidth and reading speeds. The RF
power measurement kit consists of the E4416A power meter, E9321A power sensor and
a directional coupler, and is designed calibrate MRI RF amplifiers. This solution provides
accuracy and intuitive measurements, displaying measured power in the preferred kW
or dBm units. With one single sensor, this solution can cover a wide dynamic range from
316 W to 35,500 W (55 dB to 75.5 dB), offering more than 20 dB of usable dynamic range
to support multiple types of RF platform. The E4416A (Option E22) power meter comes
with measurement speeds of more than 40 readings per second and accuracies better
than 5% over the operating frequency range of 10 MHz to 300 MHz, and can quickly and
accurately measure the average and peak power of an excitation signal in the form of a
pulse (i.e., rectangular, trapezoidal, complex sine).
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Handheld oscilloscopes

The U1620A is a battery-powered handheld digital storage oscilloscope (DSO). This
portable solution allows for safe and easy transportation from room to room or facility to
facility. Obtain clear and detailed information with the UT1620A’'s VGA display, or use the
Scope Link software to access the handheld oscilloscope from a PC via USB connection
to monitor or log data in real-time basis. The U1620A also provides 1,000,000 points per
channel, a 100 times improvement in memory capacity as compared to normal DSOs.

Keysight Solutions at a Glance

MRI RF power
measurement kit

FieldFox handheld RF
and microwave analyzer

Handheld oscilloscope
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Other Solutions

Phantoms material measurement

Phantoms (designed objects that simulate various constants of biological tissues) have
been widely used for antenna characteristic evaluation and specific absorption rate
(SAR) measurements for mobile handsets and other wireless communication devices.
The test standards require measuring dielectric properties of the phantom material, such
as relative permittivity and conductivity, prior to testing SAR. Phantoms are also increas-
ingly required for a variety of medical research purposes such as microwave imaging to
detect breast cancers. It uses the difference of microwave reflectivity between normal
tissue and cancer tissue due to different dielectric properties.

The coaxial probe method is best for liquid phantom materials and a typical measure-
ment system consists of a network analyzer or impedance analyzer, a coaxial probe and
software. Keysight offers a complete product solution consisting of the 85070E software
with the dielectric probe kit (included), and a Keysight network analyzer or the E4991A
impedance analyzer. The system provides simple, convenient and non-destructive
measurements.

For more information, refer to the application brief, Materials Measurement: Phantoms
(5991-4716EN).

EBOGE3A network analyzer

Typical system configuration

Imaging organic and biological materials with low voltage scanning
electron microscopy

Scanning electron microscopy has become a popular imaging tool in different areas

of science and engineering. Being able to elucidate the structure of a material at the
micro-and/or the nano-scale level is indeed crucial to characterizing the material,
understanding its mechanism and mode of formation and explaining/predicting its
properties and performance under a given set of environmental or load conditions.
Secondary electron imaging is commonly used to reveal surface topography, grain
morphology and size, phase composition, and fracture profile. Keysight 8500 low voltage
scanning electron microscope (FE-SEM), imaging of organic and biological materials is
strongly facilitated.

For more information, refer to the application note, Imaging Organic and Biological
Materials with Low Voltage Scanning Electron Microscopy (5991-0791EN).
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Medical pendants functional test

Wireless medical alert systems typically have two simple components: a console and

a pendant with a button, worn around the user’s neck. In the case of a fall or other
emergency, the user can summon help with the touch of a button. This sends a call over
phone lines or the internet to a service representative who can call the user’s emergency
contacts and/or emergency medical responders, depending on the situation. Because
the pendants are worn, they offer a more reliable resource than a cellular phone which
may not be readily available when needed.

Circuit Check, a Keysight Solution partner, worked with medical alert system suppliers to
design and deploy manufacturing test systems that ensure the accuracy and reliability of
the medical alert system before leaving the production factory.

The test systems were configured into two core platforms:

- Final PCA Tester: For board test early in the production process.
- Final Functional Tester: For final, finished product test.

These platforms use the following Keysight instruments

- 34980A Multifunctional Switch/Measure Unit
34921A 40-Channel Armature Multiplexer for 34980A
- Y1130A Rackmount for mainframe

- N5181A RF Analog Signal Generator (with options)
N518TA-1CM Rackmount Kit for N5181A

For more information, refer to the application brief, Ensuring Medical Alert Pendants Are
Accurate and Reliable with Modular Function Test (5992-0294EN).
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Product Solutions Summary

Interference Between Devices and Environment

X-Series Signal Analyzer

Publication Number

5992-1316EN

NB6141A Embedded EMI Measurement Application

5990-6035EN

N9038A MXE EMI Receiver

5990-7422EN

6831B AC Power Source/Power Analyzer

5989-8853EN

Electromagnetic Professional (EMPro) Simulation Software
Wireless Technology Design Challenges
X-Series Signal Source

5990-4819EN

5990-9956EN

Signal Studio and Signal Creation Software

5989-6448EN

89600 VSA Software

5990-6553EN

E4460A EXM Wireless Test Set
RF/ Wireless Components Design and Characterization
MRI Testing Solutions

- LCR Meters

- Network Analyzer
- Eb052B SSA Signal Source Analyzer

5991-4287EN

5952-1430E
5989-7603EN
5989-6388EN

SystemVue Electronic System-Level (ESL) Design Software

5992-0106EN

PXI Solutions
Power Consumption for Battery-Operated Medical Devices
DC Power Analyzer

5992-0600EN

5989-6319EN

Device Current Waveform Analyzer

5992-1430EN

N2820A/ N2821A High Sensitivity, High Dynamic Range Current Probes
High-Speed Medical Imagining
High Speed Digitizer

5991-1711EN

5989-8038EN

FPGA Development Kit

5991-2424EN

Oscilloscope
Electronic Components Design and Characterization
Digital Multimeter

5989-7650EN

5990-5315EN

Functional/Arbitrary Waveform Generators

5991-0692EN

Pulse Function Arbitrary Noise Generators

5989-6433EN

B2961A/B2962A 6.5 Digit Low Noise Power Source
Service and Maintenance
FieldFox Handheld RF and Microwave Analyzer

5991-1388EN

5990-9783EN

RF Power Measurement Kit

5989-6240EN

Handheld Test Tools

5990-5316EN
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Did You Know?

The Hawaii Center for Advanced Communications at the University of Hawaii is working with Keysight microwave instrumentation Find out more
to develop new applications in healthcare and remote patient monitoring, such as accurately measuring key vital signs from a
single microwave measurement.

Dr. Elise Fear from the University of Calgary is using the Keysight PNA-X microwave network analyzer and ADS software to Find out more
develop a new low-power, non-invasive solution for the detection of breast tumors.

The University of Utah is researching new methods to restore or provide partial vision to those affected by eye diseases, using Find out more
Keysight test equipment such as the wireless vector network analyzer. The heart of a solution is a device that would emulate the
function of lost photoreceptors, which would be implanted in a patient’s eye.

Visit the Keysight medical solution website at www.keysight.com/find/medical for more information.


http://www.keysight.com/main/editorial.jspx%3Fcc%3DMY%26lc%3Deng%26ckey%3D2212362%26nid%3D-11143.0.00%26id%3D2212362
http://www.keysight.com/main/editorial.jspx%3Fcc%3DMY%26lc%3Deng%26ckey%3D2177668%26nid%3D-11143.0.00%26id%3D2177668
http://www.keysight.com/main/editorial.jspx?cc=US&lc=eng&ckey=2298463&nid=-34792.0.02&id=2298463
www.keysight.com/find/medical
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Evolving

Our unique combination of hardware, software, support, and people can help
you reach your next breakthrough. We are unlocking the future of technology.

From Hewlett-Packard to Agilent to Keysight
I I I I I I I I

myKeysight

www.keysight.com/find/mykeysight

myKeysight i e " )
A personalized view into the information most relevant to you.

Keysight Infoline

www.keysight.com/find/Infoline

Keysight's insight to best in class information management. Free access to
your Keysight equipment company reports and e-library.

Keysight Infoline

Keysight Services

www.keysight.com/find/services

Our deep offering in design, test, and measurement services deploys an
industry-leading array of people, processes, and tools. The result? We help
you implement new technologies and engineer improved processes that
lower costs.

KEYSIGHT
SERVICES

Three-Year Warranty

www.keysight.com/find/ThreeYearWarranty

Keysight's committed to superior product quality and lower total cost

of ownership. Keysight is the only test and measurement company with
three-year warranty standard on all instruments, worldwide. And, we provide
a one-year warranty on many accessories, calibration devices, systems and
custom products.

Keysight Assurance Plans

www.keysight.com/find/AssurancePlans

Up to ten years of protection and no budgetary surprises to ensure your
instruments are operating to specification, so you can rely on accurate
measurements.

ASSURANCE PLANS

Keysight Channel Partners

www.keysight.com/find/channelpartners

Get the best of both worlds: Keysight's measurement expertise and product
breadth, combined with channel partner convenience.

Bluetooth and the Bluetooth logos are trademarks owned by Bluetooth SIG, Inc., U.S.A. and
licensed to Keysight Technologies, Inc.

WIMAX, Mobile WiMAX, WiMAX Forum, the WiMAX Forum logo, WiMAX Forum Certified,
and the WIMAX Forum Certified logo are US trademarks of the WiMAX Forum.

www.keysight.com/find/medical

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights

For more information on Keysight
Technologies’ products, applications or
services, please contact your local Keysight
office. The complete list is available at:
www.keysight.com/find/contactus

Americas
Canada
Brazil

Mexico
United States

Asia Pacific
Australia
China
Hong Kong
India
Japan
Korea
Malaysia
Singapore
Taiwan

Other AP Countries

Europe & Middle East

Austria
Belgium
Finland
France
Germany
Ireland
Israel

[taly
Luxembourg
Netherlands
Russia
Spain
Sweden
Switzerland

United Kingdom

(877) 894 4414
55113351 7010
001 800 254 2440
(800) 829 4444

1800 629 485
8008100189
800 938 693
1800 11 2626
0120 (421) 345
080 769 0800
1800 888 848
1800 375 8100
0800 047 866
(65) 6375 8100

0800 001122
0800 58580
0800 523252
0805 980333
0800 6270999
1800 832700
1809 343051
800 599100
+32 800 58580
0800 0233200
8800 5009286
800 000154
0200 882255
0800 805353
Opt. 1 (DE)
Opt. 2 (FR)
Opt. 3 (IT)
0800 0260637

For other unlisted countries:
www.keysight.com/find/contactus
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