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Designing medical devices
for isolation and safety

he use of ac-line-powered medical diagnostic,
measurement, and treatment equipment poten-
tially exposes patients and even caregivers to the
risk of electrical shock, burns, internal-organ dam-
age, and cardiac arrhythmias directly due to leak-
age current resulting from improper grounding and

electrical isolation. The electrical
conductivity of body fluids and the
presence of various conductive so-
lutions and gels in the patient care
make the treatment environment
even more potentially dangerous.
The use of gels substantially re-
duces the normally high resistance
of the skin—greater than 50Q). A
second significant hazard results
from potential electrical emissions
among the diagnostic and treat-
ment devices, which can degrade
the performance of other nearby
medical devices. As a result, many
regulations from agencies ranging
from the US FDA (Food and Drug
Administration), the EU (Euro-
pean Union), and other safety and
regulatory bodies ensure that these
medical devices comply with the
safety standards.

Standard IEC (International
Electrotechnical ~ Commission)
60601-1 defines medical-equip-
ment electrical-safety conditions
necessary to protect patients, oper-
ators, and the surroundings. Other
standards define more than just
safety requirements. For example,
the IEC 60601-1-x collateral-stan-
dard series deals with issues such
as EMC (electromagnetic compat-
ibility), X-ray protection, and pro-
grammable electrical medical sys-
tems. EMC is indeed an important
criterion for medical equipment
because the equipment cannot be
a source of EMI (electromagnetic
interference), which could pre-

vent accurate operation of other medical equipment and must
be immune to potential EMI in the operating environment.
Since November 2005, medical equipment has had to comply
with the updated IEC 60601-1-2:2001 EMC standard.

In the portions of the medical equipment transmitting dig-
ital data, designers can isolate sensitive circuitry or patients
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A front-end module in an ECG machine indicates the use of galvanic isolation
devices, or optocouplers, to isolate patient electrodes from the machine’s electronics.
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A defibrillator device uses optical isolation to separate the high-voltage-pulse section
from the device's low-voltage control electronics.
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ensures that a design is fail-safe—a mode of ,
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system termination that automatically leaves 707 500 :
system processes and components in a secure [Reinforced ‘ il o s ‘ 2S00
state when a failure occurs or when a system Basic ‘ 10.5 6 ‘ 2343
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detects a failure (Reference 1). This feature is Reinforced ‘ 21 12 0.4 ‘ 3000
critical for medlcal equipment, such as an ECG Basic ‘ - e ‘ —
(electrocardiograph) system or a defibrillator 1061 750 -
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(figures 1 and 2, respectively). Optocouplers
providing reinforced isolation are certified un- Qa4 668 Basic ‘ & ® ‘ BoSS
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mung) EN 60747-5-2, which is an internation-
al standard for optically isolated semiconductor
components.

To meet the [EC-60601-1 medical standards’
insulation requirements, optocouplers must
have UL (Underwriters Laboratories) 1577 or
IEC 60747-5-2 certification and must meet component-creep-
age, external-clearance, and test-voltage requirements de-
pending on the insulation level of the interface. The certifica-
tion defines creepage distance as the shortest surface path over
a solid dielectric between two galvanically isolated conduc-
tors. The external-clearance distance is the shortest distance
through air, or “line-of-sight” distance, between two galvani-
cally isolated conductors.

When operating at working voltages
higher than 50V rms, 71V peak, or dc
and for reinforced-insulation-level appli-
cations, the DTI (distance through isola-
tion) must be at least 0.4 mm (Reference

equipment).

' Working voltage is the voltage to which the relevant insulation is subjected in normal use and
rated supply voltage, whichever is greater.

2 Class 1 equipment uses basic insulation; Class 2 equipment uses reinforced insulation.

3 The IEC 60601-1, third edition only recently instituted the DTI requirements for medical equip-
ment, and they are identical to the DTI requirements from IEC 60950 (information-technology

quirement targets equipment that operates at voltages greater
than 70V and thus requires reinforced insulation or a similar
level of protection.

To meet EMC requirements in IEC 60601-1-2, medical de-
vices must be immune to ESD (electrostatic discharge), RFI
(radio-frequency interference) from nearby transmitters and
other sources, and power disturbances that cause device mal-

functions (Table 3). In addition to these

LED requirements, the device’s own emissions,
pistance  through either conduction or radiation,
THROUGH  may interfere with licensed communica-
INSULATION

tions sources or other equipment and thus

should be minimal (Table 4). The devic-

2). The DTI is the internal-clearance
distance between conductors inside an
insulation device, such as that between
the LED and the detector inside an opto-
coupler or optoisolator (Figure 3). To il-
lustrate the typical specification require-
ments for medical equipment, Table 1
summarizes [EC 60601-1. Table 2 shows
specifications of optocouplers that meet
the I[EC 60601 requirements for insultion.
The Type 1 requirement targets devices
operating at less than 70V, which require
only basic insulation, and the Type 2 re-

device.
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The distance through insula-
tion is the internal-clearance distance
between conductors in an insulation

es must have ESD protection as high as
8 kV through air and 6 kV on contact.
They must be immune at frequencies of
80 MHz to 2.5 GHz and 3V/m of RF elec-
tromagnetic force for non-life-supporting
equipment and 10V/m for life-support-
ing equipment. These tests are essential
performance criteria, in that they cannot
have any component failures, changes in
programmable parameters, resetting to fac-
tory defaults, changes of operating modes,
or false alarm. Properly designed optocou-
plers are more immune to EMI than are




Interface type

Type 1 requirements

Less than 70V dc

Insulation type Basic
Creepage (over-surface spacing) 4 mm
External clearance (through-air spacing) 2.5 mm
Distance through isolation (DTI) NA
Dielectric-strength level 1.5 kv

Standard required

Example

UL 1577 and IEC 60747-5

Patient-acquisition module

Type 2 requirements
More than 70V dc
Double
8 mm
5 mm
0.4 mm
4 kV
UL 1577 and IEC 60747-5

Electrocardiograph device

Example of optocouplers
meeting Type 1’

Less than 70V dc
Reinforced
4 mm or more
4 mm or more
0.08 mm or more
3.75 kV or more
UL 1577 and IEC 60747-5

Patient-acquisition module

Example of optocouplers
meeting Type 22

More than 70V
Reinforced
10 mm
9.6 mm
1 mm
5 kV
UL 1577 and IEC 60747-5

Electrocardiograph device

Reproduced with permission of Gary Powalisz, GE Healthcare.
" Example: Avago Technologies HCPL-xxxx (HCPL-0723), ACPL-xxxL series.

2 Example: Avago Technologies HCNWxxx (HCNW2611) series. Certain Avago Technologies optocouplers (wide-body-package series: HCNWixxx as well as
DIP-8 package with option -020) offer a minimum isolation voltage of 5 kV rms/1 minute per UL 15677 and CSA component acceptance notice No. 5.

Immunity test IEC 60601 test level

+6 kV contact
+8 kV air

Electrostatic discharge (ESD)
IEC 61000-4-2

Electrical fast transient/burst +2 kV for power-supply lines

IEC 61000-4-4 +1 kV for I/O lines
Surge 1 kV lines to lines
IEC 61000-4-5 +2 kV lines to lines

Voltage dips, short interrup-
tions, and voltage variations

Less than 5% U,
(greater than 95% dip in U) for 0.5 cycle

on power-supply-input lines 40% U,
IEC 61000-4-11 (60% dip in U) for five cycles
70% U

(30% dip in U) for 25 cycles
Less than 5% U
(greater than 95% dip in U) for 5 sec

Power frequency (60/60 Hz) | 3A/m
magnetic field

IEC 61000-4-8

NOTE: U is the ac-mains voltage before application of the test level.

Emissions test Guidance

RF emissions
CUSPR 11

To measure the electromagnetic energy that is
generated internally for it to perform its intended
function that may interfere with any nearby equip-
ment.

To measure the effects of emissions conducted
onto ac-power lines.

Conducted emissions
CUSPR 11

Harmonic emissions/
flicker emissions
IEC 61000-3-3

To measure the harmonic frequency injected into
the public mains network for equipment and sys-
tems with a rated input current as high as 16A per
phase and that are intended to be connected to it.

To measure the emissions, fluctuations, and flicker
injected into the public mains network for equip-
ment and systems with a rated input current as
high as 16A per phase and that are intended to be
connected to it.

Voltage fluctuations/
flicker emissions
IEC 61000-3-3

other isolation devices, such as transformers, because optocou-
plers transmit signals through optical radiation between the
LED light source and the photodiode. Tests on optocouplers
have demonstrated their ability to withstand ESD voltage as
high as 11 kV (Reference 1). Optocouplers are effective in
passing the intended differential-mode signals and blocking
the unintended common-mode currents and resulting ground-
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offset voltage that can result from ground-loop currents.

In summary, available optocouplers clearly meet the general
medical-safety requirement that [IEC 60601-1 defines. In addi-
tion, optocouplers provide excellent EMI and emit no electro-
magnetic waves, which is now an important measure for medi-
cal-equipment certification.
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