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• Type B (body) applied part can deliver a cur-
rent to the patient, though that is not its intended 
function. Examples include automated pill dispens-
ers at nurses’ stations and operationg room lights. 

• Type BF (body floating) applied part has a 
patient connection, intended to deliver electrical 
energy or an electrophysiological signal to or from 
the patient. Examples include ECG equipment. 

• Type CF (cardiac floating) applied part has a 
patient connection, intended to deliver electrical 
energy or an electrophysical signal to or from the 
patient and is specified as being suitable for di-
rect cardia application. Examples include dialysis 
equipment.

Changing safety standards 
The special requirements of medical equipment 

are reflected in international standards.  For most 
of the world, including Europe and North America, 
safety standards for medical power supplies are 
contained in the IEC60601-1 standards. (IEC is the 
International Electrotechnical Committee. UL, CSA 
and EN standards are derived from the IEC stan-
dards.) The present version of IEC60601-1 (as of 
this writing) is the 2nd edition (originated in 1988). 
A 3rd edition of the IEC 60601-1 (originated in 2005) 
is under review by power-supply manufacturers 
and global safety certifying agencies for future ad-
aptation. There are many differences between the 

Modern switch-mode power sup-
plies are used in a wide range 
of devices that include MRI, X-
ray, CT and PET scanners, blood 

analyzers, patient monitors, and robotic surgical 
devices. As with all electronics, the trend in med-
ical equipment is to make them smaller, lighter, 
more efficient, more reliable, and competitively 
priced. An added challenge is medical-equipment 
safety standards that vary according to applica-
tion, proximity to patients and operators, and 
location and environment of equipment. 

Patient and operator safety takes precedence 
over all other design considerations when it comes 
to medical equipment. While it might be tempting 
to think power supplies that have been designed 
and certified safe in industrial applications might 
be suitable for use in medical equipment, this usu-
ally is not the case because the risks involved are 
much different. Much of the electronic equipment 
used in hospitals, such as patient monitors, oper-
ates with low-level signals. Such medical equip-
ment tends to be more sensitive to electromag-
netic interference (EMI) than most of industrial 
equipment, which also makes EMC (electromag-
netic compatibility) compliance and performance 
a key concern in medical applications.

Protecting patients and operators
Hospital patients are often physically weak, so 

exposure to even small leakage currents can have 
an adverse effect on their well-being. The same 
small leakage currents could have little to no ef-
fect on a healthy person and might be acceptable 
in industrial applications. The “allowed leakage 
current” from the end-product medical equipment 
(not the power supply alone) can vary from a few 
µA to a few hundred µA. “Leakage current” can be 
defined as the unintended and potentially harmful 
electric current that may pass through the human 
body. Obviously, medical equipment that has direct 
physical contact with patients must limit its leak-
age current to the lowest prescribed levels. At one 
time, medical equipment that was classified on its 
application, but now it is the applied parts of the 
medical equipment. For example: 

Changing safety and 
environmental standards are 
added to an already long list 
of factors. 
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1, 2nd edition, are difficult to achieve while keeping 
the RFI low. The maximum permissible earth leak-
age is 300µA for worldwide approvals, but this figure 
applies to the end-product as a whole, not just the 
power supply. To allow for additional leakage from 
other components, it is best for the power supply to 
have an even lower leakage current, or for the medi-
cal OEM to install additional layers of insulation and 
isolation within its end product, or both. 

Low current leakage leads to an interesting chal-
lenge because EMC performance is another crucial 
issue for medical power supplies. All modern power 
supplies are of the switch-mode type because as 
these are smaller and more efficient than old linear 
versions. Switch-mode supplies, however, gener-
ate electromagnetic interference (EMI), conducted 
and radiated, and require use of EMI filters to limit 
unwanted electrical noise. Capacitors in these EMI 
filters allow a small amount of leakage current. The 
more effective the filter at suppressing the interfer-
ence, the more leakage it is likely to produce. So it 
seems designers may have to accept a trade-off be-
tween EMC performance and leakage current. 

For conventionally designed switch-mode sup-
plies this is indeed true, but EMC performance can 
be improved by methods other than simply provid-
ing more filtering. A better approach minimizes the 
amount of interference the power supply generates 
in the first place. To explain this,  it’s necessary to 
understand a little about how switch-mode power 
supplies work. 

Essentially, they first convert ac power from the 
mains into dc. This dc is then converted or switched 
on and off to provide pulsed-dc, but at a much higher 
frequency than the mains supply, so it can be applied 
to a lightweight and compact transformer to pro-
duce the required output voltages. This dc-to-pulsed-
dc conversion is carried out by a switching circuit, 
which is why these products are called switch-mode 
supplies. The output from the transformer is con-
verted back to dc and fed to regulators, which ensure 
that the output voltages remain stable as the current 
drawn from the supply varies.  Current limiters, to 
protect against overloads, are also usually incorpo-
rated. From the EMC point of view, however, it is the 
switching circuit which is of most interest. 

Improving power supplies
Economic and environmental factors are playing 

an ever-increasing part in the drive to improve effi-
ciencies and reduce pollution from electronic equip-
ment. Towards this goal, a number of voluntary and 
mandatory initiatives have been established. Among 
these are EMC standards for reducing and control-
ling radiated and conducted electrical noise, the En-
ergy Star efficiency improvement program, and the 
expanding RoHS (controls hazardous substances) 
and WEEE (waste controls and recycling) direc-
tives. Up to now “medical devices” and “monitoring 
and control instruments” have been exempt from 

2nd and 3rd editions, fore-
most of which is the require-

ment in the 3rd edition for the 
establishment of a “Risk Man-
agement Process” and record-
file retention in compliance 
with the ISO14971 standards. 

It is therefore expected that fu-
ture product certifications to the 
IEC60601-1, 3rd edition, may in-

clude an audit of the manufacturer’s compliance 
with ISO14971 (Risk Management Process). The 
exact date that the 3rd edition of IEC60601-1 may 
replace the 2nd has not been set, but some predict 
it will occur as early as 2010.    

It is not possible in this article to cover all the 
specifications of IEC60601-1’s 2nd and 3rd editions, 
but it’s important to consider how these standards 
affect the design and specification of power supplies 
used in medical applications. The first and foremost 
requirement of the IEC60601-1 (both editions) is for 
the effective and reliable isolation between the ac 
input to the power supply, its internal high voltage 
stages, and its dc output  because any shortcoming 
in isolation risks electric shock. Several factors con-
tribute to effective isolation including the spacing 
between conductors and electronic components.  
The IEC60601-1, 2nd edition sets minimum distances 
for spacing between these elements and it is impor-
tant to note that these are greater than the spacing 
distances prescribed within the relevant standards 
for ITE (Information Technology Equipment) and 
industrial power supplies, covered by IEC60950-1. 

In addition to adequate spacings between conduc-
tors and components, effective isolation depends on 
reliable insulation. Most modern medical power 
supplies use double or reinforced insulation,  the ef-
fectiveness of which is verified by dielectric strength 
testing. This means subjecting the insulation to a 
higher voltage than that at which it operates, and 
ensuring no failures. 

Other differences from standard power supplies 
include reinforced or double insulation. This allows 
operating from a 240 Vac mains, for example, and so 
must withstand a dielectric test at 4 kVac for medi-
cal applications. The corresponding figure for ITE/
industrial use is only 3kVac. Power supplies that are 
approved to less than 4kVac may be used in medi-
cal applications as part of a reinforced barrier, pro-
vided that the insulation within the power supply 
is regarded as a lesser “basic” or “supplementary” 
barrier. In this case, additional isolation must be 
provided within the end-product medical equipment 
by the equipment’s manufacturer to achieve the 
requirements of a reinforced barrier between the 
ac mains supply and patient. The 3rd edition of the  
IEC60601-1 separates the requirements for the pa-
tient and operator whereas the 2nd edition treated 
them as equal. 

The leakage current requirements of the IEC60601-
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voltages on the secondary side of the trans-
former allow using low-voltage synchronous 
rectifiers with much lower losses, thus im-
proving efficiency. This topology allows use 
of smaller inductors and transformers. The 
use of MRT over traditional regulation meth-
ods can provide up to 5% efficiency improve-
ment for multiple output power supplies. 

Digital control 
The most recent advance in medical power 

supplies implements digital control technolo-
gies. Many power-supply manufacturers have 
introduced new digitally controlled power sup-
plies for medical applications. With a 4 kVac rein-
forced input to output isolation and other speci-
fications such as an output-to-ground isolation 
of 1,500 Vac, these supplies meet the rigorous 
international safety standards of IEC 60601-1 for 
medical equipment, making them suitable for use 
in B and BF type medical applications. 

The use of digital control (microcontroller-
based) allows making these power supplies 
smaller and more efficient, consistent with the 
trend towards greener and earth-friendlier prod-
ucts. In addition to medical equipment, these dig-
itally controlled power supplies can be built to 
industrial and commercial designs where space 
is limited, providing a smaller and cooler operat-
ing end-product.   

Many of these new designs include “integrated 
magnetics” in which multiple transformer and in-
ductor windings are wound on the same magnetic 
core. This results in efficiencies on the order of 
90% or better. The digital control portion of these 
supplies use small microcontrollers that replace 
bulky and less efficient analog circuits. Digital 
control is needed to regulate the dc outputs and 
handle housekeeping routines that are intrinsic 
to all power supplies. In a typical supply, digital 
control reduces parts count by 25%, size by 45%, 
and weight by 56%. Typical power densities of up 
to 16.6 W/in3 are possible at peak load conditions 
and 12.5 W/in3 under continuous loading. 

Digital power supplies include active power 
factor correction, which ensures EN61000-3-2 
compliance and operation from a wide input 
range input from 90 to 264Vac for global applica-
tions. Earth leakage current is less than 300µA at 
up to 264Vac input, complying with most medi-
cal safety requirements. Other EMC improving 
design features include use of low-loss, silicon 
carbide Schottky diodes that ensure confor-
mance with EN55022 Class B EMC. The new 
digital power supplies are certified per the IEC 
or UL 60601-1 standards for medical equipment 
and may also be approved to IEC/EN/UL 60950-1 
for general purpose (ITE) and industrial appli-
cations, and IEC/EN61010-1 for laboratory and 
process control applications.

the RoHS and WEEE directives.
 However, a planned change to these direc-

tives will remove the exceptions for many medical 
devices, and monitoring and control instruments. 
These changes are expected to be mandatory 
sometime between 2010 and 2012.  Many medi-
cal equipment manufacturers have already com-
pleted or are in the process of modifying their 
products to comply with these directives, which 
are especially important for international and EU 
(European Union) sales.  Among the factors medi-
cal OEMs should keep in mind is that the power 
supply they use in their equipment must also com-
ply with the RoHS directives, which may not have 
been the case in the past if their products were 
sold or used primarily in North America.  

How to improve power supplies  
The electronic switches in modern switch-

mode power supplies are typically FETs (field 
effect transistors) and are usually configured to 
switch as quickly as possible because it helps 
minimize losses. Unfortunately, the faster the 
FETs switch the more interference the switch-
ing circuit generates. Some of the best mod-
ern power-supply designs deliberately slow the 
switching using special ‘zero-voltage switching’ 
or ‘ZVS’ circuits. These still allow a fast tran-
sistor switching while achieving much slower 
voltage transitions (rise and fall times).  These 
transitions in a ZVS circuit may be 100 ns (nano- 
seconds) compared to 20 ns in a conventional 
power supply. 

Zero-voltage-switching circuitry lets power-
supply designers achieve the slower switching 
without compromising the power supply’s ef-
ficiency. The amount of electromagnetic inter-
ference generated is greatly reduced and only a 
small EMI filter is needed for these supplies to 
meet the EMC requirements of even the most de-
manding medical applications. With only a small 
amount of filtering, leakage currents are also 
kept low, satisfying another important require-
ment.  A further benefit is that the new circuitry 
eliminates the need for an interwinding shield 
within the transformer, a technique traditionally 
employed to improve EMC performance. Elimi-
nating this shield allows using a smaller trans-
former, thereby reducing the size of the power 
supply, which increases the design’s efficiency. 

Multi-resonant topology (MRT)
Another technique used in designing high-

efficiency, switch-mode power supplies is 
called Multi-Resonant Topology or MRT.  
Rather than using traditional regulation cir-
cuits, MRT uses closed-loop control of the 
main outputs, a single conversion stage and 
auxiliary channels with high efficiency dc-dc 
post regulation. The inherent low internal 


