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Overcome the Challenges of

Designing Battery-Powered
Medical IoT Devices 
Based on the IoT Healthcare Market – Global Forecast to 2020 
Report, the IoT trend for implants (e.g. cardiac pacemaker) and 
wearable external devices (e.g. insulin pumps) is expected to grow 
by 30% from 2015 to 2020. This is due to the declining cost of 
RFID tags and sensors, increase demand of personal healthcare 
and fitness monitoring, and increase in number of lifestyle disease 
patients which require real-time healthcare services. Understand-
ing power consumption patterns and battery life requirements of 
medical device are the main considerations for all aspects of the
design of battery powered IoT medical devices.
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These categories of devices have some commonalities: low-pow-
er, battery-operated, small form factor, mobile, and support one 
or more wireless connectivity. For high performance devices, the 
display, processor, and wireless module, account for a large part 
of the total energy consumption. These devices are equipped with 
multiple wireless interfaces and often are required to be in ac-
tive-mode. Therefore, depending on severity of insufficient battery 
life of the device, the consequences can range from inconvenience 
to life-threatening (e.g. a pacemaker battery failure). Therefore in 
designing battery-powered IoT medical devices it is important to 
know the power consumption patterns.

A. Battery Life Testing
Battery life is a measure of battery performance and longevity, 

which can be quantified in several ways: run time on a full charge, 
manufacturer’s estimation in milliampere hours, or the number of 
charge cycles until the end of useful life. 

Battery run-time is determined by battery run-down testing 
which is the time it takes a fully-charged battery to fully deplete 
voltage and is measured. Time taken is called the “run-time”. Here 
are the top four key factors that every designer needs to consider. 
First, the battery variation. There are inconsistencies between 
batteries even if they are from the same manufacturer, often varying 
from one manufacturing batch or factory site to another.  It is 
recommended to perform the run-down test a couple of times 
with different batteries. Second, is the battery charging condition.  
If the battery is old and partially charged, it will affect the run-
time. Always use a new battery and make sure the battery is fully 
charged. Condition the battery using the battery cycler-to-cycle 

when charging the battery to make sure it holds a full charge. Third 
factor is the device use case whereby different modes of the device 
will draw different amounts of current for consumption. Hence, fix 
the test procedure and test cases as the constant variable.  During 
run-down test, this variable is constant across each test run. Lastly, 
how do you know when the device has stopped working or when 
the battery is fully discharged? Some devices have LED indicators to 
signal the battery is low on voltage. Designers can rely on the LED 
indicator. However, what about devices such as a pacemaker that 
does not have an indicator? The recommendation is to set a voltage 
threshold when the device stops functioning due to imminent 
power disruption. 

Power Supply as Battery Simulation
There are designers who use the power supply to simulate the 

battery for the run-down test. This method is neither accurate nor 
practical and in fact will introduce more errors and variables to the 
overall testing. A power supply is not suitable because it will never 
run down like a battery. However, a specialized power supply with 
controllable output resistance and excellent transient response 
on current pulses can be used to emulate the battery. This kind of 
simulation is complicated because the power supply’s output voltage 
needs to drop off as the charge is pulled from the power supply into 
the device during the run-down test. The simulation data collection 
process is time consuming and the results are questionable. The 
power supply battery simulation is not the same as testing using an 
actual battery. Until a more realistic simulation model is achieved, 
run-down test using a real battery is the preferred method.

Based on the IoT Healthcare Market – Global Forecast to 2020 Report, the IoT trend 
for implants (e.g. cardiac pacemaker) and wearable external devices (e.g. insulin 
pumps) is expected to grow by 30% from 2015 to 2020. This is due to the declining 
cost of RFID tags and sensors, increase demand of personal healthcare and fitness 
monitoring, and increase in number of lifestyle disease patients which require re-
al-time healthcare services. Understanding power consumption patterns and battery 
life requirements of medical device are the main considerations for all aspects of the 
design of battery powered IoT medical devices. 
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Figure 1
BT2152A Self-Discharge Analyzer and 
BT2191A Self-Discharge Measure-
ment Software provide a revolutionary 
reduction in the time to measure and 
characterize self-discharge performance 
of Li-Ion cells.

A solution for battery life evaluation
Keysight’s Self-Discharge Measurement Solutions consist of 

BT2152A Self-Discharge Analyzer and BT2191A Self-Discharge 
Measurement software (Figure 1). The unit provides a revolutionary 
reduction in the time to measure and characterize self-discharge 
performance of Li-Ion cells, directly measures self-discharge current 
in 1-2 hours instead of monitoring cell open circuit voltage over 
weeks or months. It quickly measures and analyzes self-discharge 
current during cell evaluation; shortened design cycle time and 
faster go-to-market. 

B. Power Consumption Patterns
The understanding of overall device power consumption pattern 

or the power consumption of each component within the device 
is important to medical device developers. The convergence of 
wireless connectivity, high-speed digital processing, and real-time 
monitoring abilities, requires understanding and accurately measur-
ing battery current drain. Long periods of sleep/idle, wakeup/active, 
and short RF bursts create a tough demand on the battery. 

The scary prospect of surgery to replace the depleted battery of 
implants underscores how crucial accurate measurement of battery 
current drain is to improving energy efficiency and battery life of a 
medical device. 

In-order to understand the power consumption patterns of either 
the component, chip level or overall device, the following key chal-
lenges need to be considered:

•  Wide range of currents – many devices spend most their time 
in standby or sleep mode and are only active at brief intervals to 
send or receive data. The device may draw hundreds of mA in 
active mode, but draw only µA while in sleep mode. Therefore, 
handling a 1,000,000-to-1 ratio between minimum and maxi-
mum current levels becomes a main challenge.

•  Fast transient effects – device switch on and off very frequently 
to reduce power consumption. The results in high narrow cur-
rent spikes that cause quick transient effects, which can drain 
unnecessary battery voltage, if undetected.

•  Low power – device designed to operate at low current to 
ensure that their small, on board battery can last for long hours 
without recharging.

•  Long operation time – devices are expected to operate for hours, 
days, or even years between charges (e.g. pacemaker must work 
for at least 15 years without failure).

Digital Multimeter? Digitizer? or  
Oscilloscope?

To measure battery voltage and current flowing through a battery 
and device, designers require:

• Digital Multimeter (DMM)
• Data Logger or Digitizer
• Oscilloscope

Battery voltage measurement is less crucial than current 
measurement. To capture a decaying voltage waveform, a normal 
DMM or Data Logger is sufficient for the job. However, capturing 
the current measurement requires a faster Digitizer.  A DMM is 
not fast enough to capture the rapid changing current waveform. 
In addition, a DMM is a burden on voltage if it is configured as an 
ammeter because there is a calibrated current shunt built inside the 
DMM. This reduces the voltage of the device under test and burdens 
the overall circuit up to hundreds of millivolts.

A Digitizer is a good choice because it can measure rapid 
changing waveforms for long periods and has enough bandwidth 
to capture any rapid changes in the waveform. However, the biggest 
issue is the size of the current shunt to be utilized; a Digitizer does 
not directly measure the current! It is difficult to select the right 
shunt for a wide dynamic current measurement that switches from 
microamperes to amperes. If the shunt size selected is to measure 
low current, then there will be a large voltage drop across the shunt 
and it will burden voltage for the circuit. This creates inaccuracies 
in low current measurements because insufficient voltage passes 
through the Digitizer. Therefore, a compromise must be made 
between burden voltage and low current inaccuracies. 

An oscilloscope is the best choice to display both current and 
voltage measurement waveforms because it has good bandwidth for 
dynamic current measurements and update rates. The oscilloscope 
has a good time correlation with digital bus and various triggering 
capabilities to accurately capture the signal. However, the oscillo-
scope has the same issue as the digitizer – it is nearly impossible to 
select the right current shunt to get good low current measurement. 
High sensitivity current probes that can go down as low as 50uA 
and maximum current range of 5A, allow testers to see both large 
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signals and details of fast and wide waveform but the only limitation 
is that it cannot perform long-term measurements. 

A Solution for Power Consumption Pattern 
(Figure 2)
For module level: Keysight’s N6781A Battery Drain Analyzer 
and 14585 Control and Analysis software (Figure 3) can perform 
run-down tests for battery-powered devices requiring up to 3A of 
current.  “Seamless ranging,” a unique feature in the N6781A, allows 
instant and automatic change range and current measurement from 
microamperes to amperes without losing data during the range 
change. This is suitable for measuring dynamic currents during 
run-down tests.  

For chip level within the module:
Keysight’s CX3300 Series Device Current Waveform (Figure 4), is 
used to perform low-level current measurement at the chip level. 
Device Current Waveform Analyzer is a new class of instrument that 
is useful for designers of low power IoT devices. It provides the most 

Figure 2
The diagram shows a typical wireless battery-op-
erated medical device module. Keysight’s DC 
Power Analyzer and Digital Multimeter target 
module level power consumption.  The Device 
Current Waveform Analyzer, Low Noise Power 
Source, and High Sensitivity Current Probe all 
address power consumption level at the chip 
level within the module.
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detailed views of low-level current waveforms that were previously 
undetectable, in both amplitude (100 nA to 10 A) and time (140 
MHz bandwidth and up to 1 GHz sampling rate). 
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Figure 3
N6781A Battery Drain Analyzer and 
14585A Control and Analysis Software 
are a turnkey solution for power con-
sumption pattern test.

Figure 4
The CX3324A Device Current 
Waveform Analyzer allows you to see 
waveform details that are previously 
hidden.
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