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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
______________ 

 
MEDICAL ELECTRICAL EQUIPMENT – 

 
Part 2-37: Particular requirements for the basic safety 

and essential performance of ultrasonic medical 
diagnostic and monitoring equipment 

 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

DISCLAIMER 
This Consolidated version is not an official IEC Standard and has been prepared for 
user convenience. Only the current versions of the standard and its amendment(s) 
are to be considered the official documents. 

This Consolidated version of IEC 60601-2-37 bears the edition number 2.1. It consists of 
the second edition (2007-08) [documents 62B/624/CDV and 62B/657/RVC] and its 
amendment 1 (2015-06) [documents 62B/978/FDIS and 62B/988/RVD]. The technical 
content is identical to the base edition and its amendment. 

In this Redline version, a vertical line in the margin shows where the technical content 
is modified by amendment 1. Additions and deletions are displayed in red, with 
deletions being struck through. A separate Final version with all changes accepted is 
available in this publication. 
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International standard IEC 60601-2-37 has been prepared by IEC subcommittee 62B: 
Diagnostic imaging equipment, of IEC technical committee 62: Electrical equipment in medical 
practice. 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 

In this standard, the following print types are used: 
– Requirements and definitions: roman type. 
– Test specifications: italic type. 

– Informative material appearing outside of tables, such as notes, examples and references: in smaller type. 
Normative text of tables is also in a smaller type. 

– TERMS DEFINED IN CLAUSE 3 OF THE GENERAL STANDARD, IN THIS PARTICULAR STANDARD OR AS 
NOTED: SMALL CAPITALS. 

In referring to the structure of this standard, the term 

– “clause” means one of the seventeen numbered divisions within the table of contents, 
inclusive of all subdivisions (e.g. Clause 7 includes subclauses 7.1, 7.2, etc.); 

– “subclause” means a numbered subdivision of a clause (e.g. 7.1, 7.2 and 7.2.1 are all 
subclauses of Clause 7). 

References to clauses within this standard are preceded by the term “Clause” followed by the 
clause number. References to subclauses within this particular standard are by number only.  

In this standard, the conjunctive “or” is used as an “inclusive or” so a statement is true if any 
combination of the conditions is true. 

The verbal forms used in this standard conform to usage described in Annex H of the ISO/IEC 
Directives, Part 2. For the purposes of this standard, the auxiliary verb: 

– “shall” means that compliance with a requirement or a test is mandatory for compliance 
with this standard; 

– “should” means that compliance with a requirement or a test is recommended but is not 
mandatory for compliance with this standard; 

– “may” is used to describe a permissible way to achieve compliance with a requirement or 
test. 

An asterisk (*) as the first character of a title or at the beginning of a paragraph or table title 
indicates that there is guidance or rationale related to that item in Annex AA. 

A list of all parts of the IEC 60601 series, published under the general title: Medical electrical 
equipment, can be found on the IEC website 
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The committee has decided that the contents of the base publication and its amendment will 
remain unchanged until the stability date indicated on the IEC web site under 
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the 
publication will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct 
understanding of its contents. Users should therefore print this document using a 
colour printer. 
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INTRODUCTION 

In this particular standard, safety requirements additional to those in the general standard are 
specified for ULTRASONIC DIAGNOSTIC EQUIPMENT. 

A general guidance and rationale for the requirements of this particular standard are given in 
Annex AA. 

Knowledge of the reasons for these requirements will not only facilitate the proper application 
of this particular standard but will, in due course, expedite any revision necessitated by 
changes in clinical practice or as a result of developments in technology. 

The approach and philosophy used in drafting this particular standard for safety of 
ULTRASONIC DIAGNOSTIC EQUIPMENT are consistent with those in standards of the 
IEC 60601-2-xx series that apply to other diagnostic modalities, such as X-ray equipment and 
magnetic resonance systems.  

In each case, the safety standard is intended to require increasing sophistication of output 
display indicators and/or controls with increasing energy levels in the interrogating field of 
diagnosis. Thus, for all such diagnostic modalities, it is the responsibility of the OPERATOR to 
understand the risk of the output of the ULTRASONIC DIAGNOSTIC EQUIPMENT, and to act 
appropriately in order to obtain the needed diagnostic information with the minimum risk to the 
PATIENT. 

 
 INTRODUCTION TO AMENDMENT 1 

The second edition of IEC 60601-2-37 was published in 2007. Since that publication, the 
parent standard, IEC 60601-1:2005, entered maintenance,  under which an amendment 
(IEC 60601-1:2005/AMD1:2012) and a consolidated edition 3.1 (IEC 60601-1:2005 and 
IEC 60601-1:2005/AMD1:2012) were published.  This amendment to IEC 60601-2-37:2007 
addresses three issues: 

1) technical changes proposed by National Committees as a result of 4 years of practical 
usage, 

2) technical and editorial changes resulting from the amended general standard 
IEC 60601-1:2005 and IEC 60601-1:2005/AMD1:2012 and its collateral standards 
IEC 60601-1-xx, and 

3) technical changes as a result of maintenance to normative references. 
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MEDICAL ELECTRICAL EQUIPMENT – 
 

Part 2-37: Particular requirements for the basic safety 
and essential performance of ultrasonic medical 

diagnostic and monitoring equipment  
 
 
 

The clauses and subclauses of the general standard apply except as follows: 

201.1 Scope, object and related standards 

Clause 1 of the general standard applies, except as follows: 

201.1.1 *Scope 

Addition Replacement: 

This International Standard applies to the BASIC SAFETY and ESSENTIAL PERFORMANCE of 
ULTRASONIC DIAGNOSTIC EQUIPMENT as defined in 201.3.217, hereinafter referred to as ME 
EQUIPMENT.  

If a clause or subclause is specifically intended to be applicable to ME EQUIPMENT only, or to 
ME SYSTEMS only, the title and content of that clause or subclause will say so. If that is not the 
case, the clause or subclause applies both to ME EQUIPMENT and to ME SYSTEMS, as relevant. 

HAZARDS inherent in the intended physiological function of ME EQUIPMENT or ME SYSTEMS 
within the scope of this standard are not covered by specific requirements in this standard 
except in 7.2.13 and 8.4.1 of this standard. 

NOTE See also subclause 4.2 of this standard. 

This particular standard does not cover ultrasonic therapeutic equipment. Equipment used for 
the imaging or diagnosis of body structures by ultrasound in conjunction with other medical 
procedures is covered. 

201.1.2 Object 

Replacement: 

The object of this particular standard is to establish particular BASIC SAFETY and ESSENTIAL 
PERFORMANCE requirements for ULTRASONIC DIAGNOSTIC EQUIPMENT as defined in 201.3.217. 

201.1.4 Particular standards 

Replacement: 

In the IEC 60601 series, particular standards may modify, replace or delete requirements 
contained in the general standard as appropriate for the particular ME EQUIPMENT under 
consideration, and may add other BASIC SAFETY and ESSENTIAL PERFORMANCE requirements. 

A requirement of a particular standard takes priority over the general standard. 

For brevity, IEC 60601-1 is referred to in this particular standard as the general standard. 
Collateral standards are referred to by their document number. 
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The numbering of sections, clauses and subclauses of this particular standard corresponds to 
that of the general standard with the prefix “201” (e.g. 201.1 in this particular standard 
addresses the content of Clause 1 of the general standard) or applicable collateral standard 
with the prefix “20x” where x is the final digit(s) of the collateral standard document number 
(e.g. 202.6 in this particular standard addresses the content of Clause 6 of the 60601-1-2 
collateral standard, 203.4 in this particular standard addresses the content of Clause 4 of the 
60601-1-3 collateral standard, etc.). The changes to the text of the general standard are 
specified by the use of the following words: 

"Replacement" means that the clause or subclause of the general standard or applicable 
collateral standard is replaced completely by the text of this particular standard. 

"Addition" means that the text of this particular standard is additional to the requirements of 
the general standard or applicable collateral standard. 

"Amendment" means that the clause or subclause of the general standard or applicable 
collateral standard is amended as indicated by the text of this particular standard. 

Subclauses, figures or tables which are additional to those of the general standard are 
numbered starting from 201.101, additional annexes are lettered AA, BB, etc., and additional 
items aa), bb), etc. 

Subclauses or figures which are additional to those of a collateral standard are numbered 
starting from 20x, where “x” is the number of the collateral standard, e.g. 202 for IEC 60601-
1-2, 203 for IEC 60601-1-3, etc. 

The term "this standard" is used to make reference to the general standard, any applicable 
collateral standards and this particular standard taken together. 

Where there is no corresponding section, clause or subclause in this particular standard, the 
section, clause or subclause of the general standard or applicable collateral standard, 
although possibly not relevant, applies without modification; where it is intended that any part 
of the general standard or applicable collateral standard, although possibly relevant, is not to 
be applied, a statement to that effect is given in this particular standard. 

201.2 Normative references 

Clause 2 of the general standard applies except as follows: 

Addition: 

IEC 60601-1:2005, Medical electrical equipment – Part 1: General requirements for basic 
safety and essential performance  
IEC 60601-1:2005/AMD1:20121 

IEC 60601-2-18:2009, Medical electrical equipment – Part 2-18: Particular requirements for 
the basic safety and essential performance of endoscopic equipment 

IEC 62127-1:2007, Ultrasonics – Hydrophones – Part 1: Measurement and characterization of 
medical ultrasonic fields up to 40 MHz  
IEC 62127-1:2007/AMD1:20132  

                                                      
1 There exists a consolidated edition (3.1) including IEC 60601-1:2005 and its Amendment 1 (2012). 

2 There exists a consolidated edition (1.1) including IEC 62127-1:2007 and its Amendment 1 (2013). 
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IEC 62359:2010, Ultrasonics – Field characterization – Test methods for the determination of 
thermal and mechanical indices related to medical diagnostic ultrasonic fields  

201.3 Terminology Terms and definitions 

For the purposes of this document, the terms and definitions given in the general standard 
and in IEC 62359, as well as the following additions apply: 

NOTE 1 An index of defined terms is given after the Bibliography.  

NOTE 2 A list of symbols used in this particular standard is found in Table 201.101. 

201.3.201 
BONE THERMAL INDEX 
TIB 
THERMAL INDEX for applications such as foetal (second and third trimester) or neonatal 
cephalic (through the fontanelle) applications, in which the ultrasound beam passes through 
soft tissue and there is bone close to a focal region is in the immediate vicinity of bone  

Unit: None 

NOTE See IEC 62359 for methods of determining the BONE THERMAL INDEX. 

[SOURCE: IEC 62359:2010, 3.17, modified – The definition no longer refers to neonatal 
cephalic applications, and the original notes have been deleted] 

201.3.202  
COMBINED-OPERATING MODE 
mode of operation of ULTRASONIC DIAGNOSTIC EQUIPMENT that combines more than one 
DISCRETE-OPERATING MODE 

201.3.203 
CRANIAL-BONE THERMAL INDEX 
TIC  
THERMAL INDEX for applications, in which the ultrasound beam passes through bone near the 
beam entrance into the body, such as paediatric and adult cranial or neonatal cephalic 
applications 

Unit: None 

NOTE See IEC 62359 for methods of determining the CRANIAL-BONE THERMAL INDEX 

[SOURCE: IEC 62359:2010, 3.21, modified – The definition now includes a reference to 
neonatal cephalic applications, and the original notes have been deleted.] 

201.3.204 
DEFAULT SETTING 
specific state of control the ULTRASONIC DIAGNOSTIC EQUIPMENT will enter upon power-up, new 
PATIENT select, or change from non-foetal to foetal applications 

201.3.205 
DISCRETE-OPERATING MODE 
mode of operation of ULTRASONIC DIAGNOSTIC EQUIPMENT in which the purpose of the excitation 
of the ULTRASONIC TRANSDUCER or ULTRASONIC TRANSDUCER element group is to utilise only 
one diagnostic methodology 

201.3.206 
FULL SOFTWARE CONTROL OF ACOUSTIC OUTPUT 
means by which the ULTRASONIC DIAGNOSTIC EQUIPMENT manages the acoustic output 
independent of direct OPERATOR control  
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201.3.207 
INVASIVE TRANSDUCER ASSEMBLY  
a transducer which, in whole or in part, penetrates inside the body, either through a body 
orifice or through the surface of the body 

201.3.208  
MECHANICAL INDEX  
the displayed parameter representing potential cavitation bioeffects 

Symbol: MI 
Unit: None 

NOTE See IEC 62359 for methods of determining the MECHANICAL INDEX. 

201.3.209 
MULTI-PURPOSE ULTRASONIC DIAGNOSTIC EQUIPMENT 
ULTRASONIC DIAGNOSTIC EQUIPMENT that is intended for more than one clinical application 

201.3.210 
NON-SCANNING MODE 
mode of operation of ULTRASONIC DIAGNOSTIC EQUIPMENT that involves a sequence of 
ultrasonic pulses that give rise to ultrasonic scan lines that follow the same acoustic path 

201.3.211 
PRUDENT USE STATEMENT 
affirmation of the principle advising avoidance of high exposure levels and long exposure 
times while acquiring only information which is clinically required that only necessary clinical 
information should be acquired and that high exposure levels and long exposure times should 
be avoided 

[SOURCE: IEC 62359:2010, 3.40, modified – The definition has been reworded.] 

201.3.212 
SCANNING MODE 
mode of operation of ULTRASONIC DIAGNOSTIC EQUIPMENT that involves a sequence of 
ultrasonic pulses that give rise to scan lines that do not follow the same acoustic path 

201.3.213 
SOFT TISSUE THERMAL INDEX 
TIS  
THERMAL INDEX related to soft tissues 

Unit: None 

NOTE 1 See IEC 62359 for methods of determination of the SOFT-TISSUE THERMAL INDEX. 

NOTE 2 For the purposes of this document, “soft tissue“ includes all body tissues and fluids but excludes skeletal 
tissues. 

[SOURCE: IEC 62359:2010, 3.52, modified – The original notes have been deleted.] 

201.3.214 
THERMAL INDEX 
TI  
ratio of ATTENUATED ACOUSTIC OUTPUT POWER at a specified point to the ATTENUATED ACOUSTIC 
OUTPUT POWER required to raise the temperature at that point in a specific tissue model 
by 1 °C.  

Unit: None  
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NOTE See IEC 62359 for methods of determining the THERMAL INDEX 

[SOURCE: IEC 62359:2010, 3.56, modified – The term "ATTENUATED ACOUSTIC POWER" has 
been replaced twice by the term "ATTENUATED OUTPUT POWER", and the original note has been 
deleted.] 

201.3.215 
TRANSDUCER ASSEMBLY 
the transducer housing (probe), any associated electronic circuitry, the active ultrasonic 
transducer module, and any liquids contained in the housing and the integral cable that 
connects the transducer probe to an ultrasound console  
those parts of ULTRASONIC DIAGNOSTIC EQUIPMENT comprising the ULTRASONIC TRANSDUCER 
and/or ULTRASONIC TRANSDUCER ELEMENT GROUP, together with any integral components, such 
as an acoustic lens or integral stand-off 

Note 1 to entry: The TRANSDUCER ASSEMBLY is usually separable from the ultrasound instrument console. 

[SOURCE: IEC 62127-1:2007, 3.69, modified – the original term "medical diagnostic 
ultrasound equipment" has been replaced by "ULTRASONIC DIAGNOSTIC EQUIPMENT" in the 
definition.] 

201.3.216 
TRANSMIT PATTERN 
combination of a specific set of transducer beam-forming characteristics (determined by the 
transmit aperture size, apodisation shape, and relative timing/phase delay pattern across the 
aperture, resulting in a specific focal length and direction), and an electrical drive waveform of 
a specific fixed shape but variable amplitude 

[SOURCE: IEC 62359:2010, 3.58] 

201.3.217 
ULTRASONIC DIAGNOSTIC EQUIPMENT 
MEDICAL ELECTRICAL EQUIPMENT that is intended for ultrasonic medical examination 

201.3.218 
ULTRASONIC TRANSDUCER 
device capable of converting electrical energy to mechanical energy and/or mechanical 
energy to electrical energy, both within the ultrasonic frequency range  
device capable of converting electrical energy to mechanical energy within the ultrasonic 
frequency range and/or reciprocally of converting mechanical energy to electrical energy 

[SOURCE: IEC 62127-1:2007/AMD1:2013, 3.73] 

201.3.219 
ATTENUATED PULSE-AVERAGE INTENSITY 
Ipa, 
value of the acoustic PULSE-AVERAGE INTENSITY after attenuation and at a specified point, and 
given by 

 
dB)/10awf(

papa, )10(
zf

zII






 

where 

 is the ACOUSTIC ATTENUATION COEFFICIENT as defined in IEC 62359:2010, definition 3.1; 
z is the distance from the EXTERNAL TRANSDUCER APERTURE to the point of interest; 

fawf is the ACOUSTIC WORKING FREQUENCY as defined in IEC 62359:2010, definition 3.4; 
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Ipa(z) is the PULSE-AVERAGE INTENSITY measured in water as defined in IEC 62127-1:2007 

and IEC 62127-1:2007/AMD1:2013, definition 3.47.   
Unit: W m–2 

201.3.220 
NUMBER OF PULSES PER ULTRASONIC SCAN LINE 
the number of acoustic pulses travelling along a particular ULTRASONIC SCAN LINE 

Note 1 to entry: Here ULTRASONIC SCAN LINE refers to the path of acoustic pulses on a particular BEAM AXIS in 
SCANNING and NON-SCANNING MODES. 

Note 2 to entry: This number can be used in the calculation of any ultrasound temporal average value from 
HYDROPHONE measurements. 

Note 3 to entry: The following shows an example of the NUMBER OF PULSES PER ULTRASONIC SCAN LINE and the 
NUMBER OF ULTRASONIC SCAN LINES (“;” indicates the end of a frame): 

1 2 3 4; 1 2 3 4; 1 2 3 4… npps =1; nsl = 4 

1 1 2 2 3 3 4 4; 1 1 2 2 3 3 4 4; … npps =2; nsl = 4 

1 1 1 1 2 2 2 2 3 3 3 3 4 4 4 4; 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4 4; … npps = 4; nsl = 4 

1 1 2 2 3 3 4 4 1 1 1 2 2 2 3 3 3 4 4 4; 1 1 2 2 3 3 4 4 1 1 1 2 2 2 3 3 3 4 4 4; … npps = 5; nsl = 4  (within one frame 
the pulses down each line may not occur contiguously).   

Within one frame, all scan lines may not have the same npps value. An example is:  1 2 2 3 3 4; 1 2 2 3 3 4; … avg 

npps =1,5; max npps = 2; nsl= 4  

[SOURCE: IEC 61157: 2007/AMD1:2013, 3.45, modified – The fourth example in the Note 3 to 
entry has been corrected.] 

201.3.221 
ULTRASOUND ENDOSCOPE 
ENDOSCOPE with built-in ULTRASOUND TRANSDUCERS. 

201.3.222 
ENDOSCOPE 
medical instrument having viewing means, with or without optics, introduced into a body cavity 
through a natural or surgically created body opening for examination, diagnosis or therapy 

Note 1 to entry: ENDOSCOPES may be of rigid, flexible or capsule type, each of which may have different image 
pick-up systems (e.g. via lenses or electronic/ultrasonic sensors) and different image transmission systems (e.g. 
optical (via lenses or fibre bundles), or electrical/electronic).   

Note 2 to entry: Note 1 to entry differs from NOTE 1 of definition 3.1 in ISO 8600-1 in order to include 'capsule' 
endoscopes. 

[SOURCE: IEC 60601-2-18:2009, 201.3.203] 

201.3.223 
DEPTH FOR PEAK PULSE-INTENSITY INTEGRAL 
zpii 
position of maximum SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY for NON-SCANNING MODE 
components, determined beyond the BREAK-POINT DEPTH, zbp, on the BEAM-AXIS 

201.3.224 
DEPTH FOR PEAK ATTENUATED PULSE-INTENSITY INTEGRAL 
zpii,  
position of maximum ATTENUATED SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY for NON-
SCANNING MODE components, determined beyond the BREAK-POINT DEPTH, zbp, on the BEAM-
AXIS 
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Unit: m 

Note 1 to entry: BEAM-AXIS and BREAK-POINT DEPTH are defined in IEC 62359. 

201.3.225 
DEPTH FOR PEAK SUM OF PULSE-INTENSITY INTEGRALS  
zsii 
position of maximum SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY for SCANNING MODE 
components, determined beyond THE BREAK-POINT DEPTH, zbp, on the BEAM-AXIS 

Unit: m 

Note 1 to entry: BEAM-AXIS and BREAK-POINT DEPTH are defined in IEC 62359. 

Note 2 to entry: The subscript ‘sii’ indicates the scan intensity integral (sii). The sii for SCANNING MODE 
components at a particular point is determined from the sum over a complete scan frame of the PULSE-INTENSITY 
INTEGRALS of the ULTRASONIC SCAN LINES that make up the scanning components of a combined mode. Non-
scanned components are excluded from the sum. See IEC 62359 and IEC 62127-1 for more details. 

201.3.226 
DEPTH FOR PEAK SUM OF ATTENUATED PULSE-INTENSITY INTEGRALS 
zsii,α 
position of maximum ATTENUATED SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY for SCANNING 
MODE components, determined beyond the BREAK-POINT DEPTH, zbp, on THE BEAM-AXIS 

Unit: m 

Note 1 to entry: BEAM-AXIS and BREAK-POINT DEPTH are defined in IEC 62359. 

Note 2 to entry: The subscript “sii” indicates the “Scan Intensity Integral” that is the sum at a particular point of 
the PULSE-INTENSITY INTEGRALS of the ULTRASONIC SCAN LINES comprising a SCANNING MODE component. See 
IEC 62359 and IEC 62127-1 for additional details. 

201.3.227 
DEPTH FOR MECHANICAL INDEX  
zMI 
depth on the BEAM-AXIS from the EXTERNAL TRANSDUCER APERTURE to the plane of maximum 
ATTENUATED PULSE INTENSITY INTEGRAL (pii) 

Unit: m 

[SOURCE: IEC 62359:2010, 3.23] 
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Table 201.101 – List of symbols 

Symbol Term Reference 

Aaprt = –12dB OUTPUT BEAM AREA  IEC 62359, 3.25 

deq = EQUIVALENT BEAM DIAMETER IEC 62359, 3.22 

fawf  = ACOUSTIC WORKING FREQUENCY IEC 62359, 3.2 

 Ipa,a = ATTENUATED PULSE-AVERAGE INTENSITY IEC 62359, 3.5 

Ipi pii = PULSE-INTENSITY INTEGRAL IEC 62359, 3.32 

Ipi,α piia = ATTENUATED PULSE-INTENSITY INTEGRAL IEC 62359, 3.6 

Isppa,a = ATTENUATED SPATIAL-PEAK PULSE-AVERAGE INTENSITY  

Ispta = SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY IEC 62359, 3.38 

Ispta,a = ATTENUATED SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY  

Ita,a (z) = ATTENUATED TEMPORAL-AVERAGE INTENSITY IEC 62359, 3.8 

MI = MECHANICAL INDEX IEC 62359, 3.23 

P = OUTPUT POWER IEC 62359, 3.27 

Pa 
= ATTENUATED OUTPUT POWER IEC 62359, 3.3 

Pr, a = ATTENUATED PEAK-RAREFACTIONAL ACOUSTIC PRESSURE IEC 62359, 3.4 

Pr = PEAK-RAREFACTIONAL ACOUSTIC PRESSURE IEC 62359, 3.28 

npps = NUMBER OF PULSES PER ULTRASONIC SCAN LINE IEC 61157 

prr = PULSE REPETITION RATE IEC 62359, 3.34 

srr = SCAN REPETITION RATE IEC 62127-1 

TI = THERMAL INDEX IEC 62359, 3.41 

TIB = BONE THERMAL INDEX IEC 62359, 3.11 

TIC = CRANIAL-BONE THERMAL INDEX IEC 62359, 3.15 

TIS = SOFT-TISSUE THERMAL INDEX IEC 62359, 3.37 

td = PULSE DURATION IEC 62359, 3.31 

X, Y = –12dB OUTPUT BEAM DIMENSIONS IEC 62359, 3.26 

zb = DEPTH FOR BONE THERMAL INDEX IEC 62359, 3.17 

zbp = BREAK-POINT DEPTH IEC 62359, 3.13 

zpii = DEPTH FOR PEAK PULSE-INTENSITY INTEGRAL  

zMI = DEPTH FOR MECHANICAL INDEX IEC 62359 

zpii,α = DEPTH FOR PEAK ATTENUATED PULSE INTENSITY INTEGRAL  

zsii = DEPTH FOR PEAK SUM OF PULSE INTENSITY INTEGRALS  

zsii,α = DEPTH FOR PEAK SUM OF ATTENUATED PULSE INTENSITY INTEGRALS  

zs = DEPTH FOR SOFT-TISSUE THERMAL INDEX TIS IEC 62359, 3.18 

 

201.4 General requirements 

Clause 4 of the general standard applies except as follows: 
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201.4.1 Conditions for application to ME EQUIPMENT or ME SYSTEMS 

Addition: 

An ULTRASOUND ENDOSCOPE where the imaging means is limited to ultrasound shall be 
considered an ULTRASOUND TRANSDUCER and shall meet the requirements of this particular 
standard. 

NOTE Examples of such ULTRASOUND TRANSDUCERS include transvaginal, transesophageal (TEE), rectal, 
laparoscopic and other similar intra-cavity probes. 

An ULTRASOUND ENDOSCOPE having imaging means in addition to ultrasound shall also meet 
the requirements of 201.11.6.5 of IEC 60601-2-18:2009. 

NOTE Examples of such additional imaging means include optical and CCD. 

201.4.3 ESSENTIAL PERFORMANCE 

Addition: 

201.4.3.101 Additional ESSENTIAL PERFORMANCE requirements 

Table 201.102 lists the potential sources of unacceptable risk identified to characterize the 
ESSENTIAL PERFORMANCE of ULTRASONIC DIAGNOSTIC EQUIPMENT and the subclauses in which 
the requirements are found. 

Table 201.102 – Distributed essential performance requirements 

Requirement Subclause 

Free from noise on a waveform or artefacts or distortion in an image or error of a displayed 
numerical value which cannot be attributed to a physiological effect and which may alter the 
diagnosis. 

202.6.2.1.10 

Free from the display of incorrect numerical values associated with the diagnosis to be 
performed a. 202.6.2.1.10 

Free from the display of incorrect safety-related indications.a 
201.12.4.2 

202.6.2.1.10 

Free from the production of unintended or excessive ultrasound output. 
201.10.101 

202.6.2.1.10 

Free from the production of unintended or excessive TRANSDUCER ASSEMBLY surface 
temperature. 202.6.2.1.10 

Free from the production of unintended or uncontrolled motion of TRANSDUCER ASSEMBLIES 
intended for intra-corporeal use. 202.6.2.1.10 

a  “incorrect” in the sense that the displayed value differs from what is calculated (having been altered during data 
transfer), or the calculation itself is not correct. 

 

NOTE In some circumstances the need for the repetition of an ultrasound examination should be evaluated as a 
potential hazard, for example, intra-corporeal investigation and stress testing for cardiopathic PATIENTS. 

201.5 General requirements for testing ME EQUIPMENT 

Clause 5 of the general standard applies. 

201.6 Classification of ME EQUIPMENT and ME SYSTEMS 

Clause 6 of the general standard applies. 
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201.7 ME EQUIPMENT identification, marking and documents 

Clause 7 of the general standard applies, except as follows:  

201.7.2.9 IP classification 

Addition: 

If the specified IPX classification is applicable for only part of the TRANSDUCER ASSEMBLY, the 
marking of the IPX code on the TRANSDUCER ASSEMBLY is not required. 

201.7.2.13 *Physiological effects (safety signs and warning statements) 

Addition: 

A description of the means used to limit the surface heating of INVASIVE TRANSDUCER 
ASSEMBLIES to no more than 43 °C in the event of a SINGLE FAULT CONDITION shall be provided 
in accordance with the requirements of Clause 12. 

201.7.2.101 *Acoustic output 

For ULTRASONIC DIAGNOSTIC EQUIPMENT capable of generating output levels subject to 
201.12.4.2 and which allows the OPERATOR to directly vary the output levels, the effect of 
adjusting the control which varies the output level shall be clear. The marking shall be of the 
nature of an active display. 

A display of THERMAL INDEX and MECHANICAL INDEX shall be provided in accordance with the 
requirements of Clause 201.12, together with the declaration of accuracy described in 201.7.9 
and Clause 201.12. 

A display relevant to ultrasound output levels (Clause 201.12) shall be clearly visible from the 
OPERATOR’S position, with the full name(s) or abbreviation(s) of the index (indices) displayed. 

201.7.9.2.2 *Warning and safety notices 

Addition: 

For ULTRASONIC DIAGNOSTIC EQUIPMENT capable of generating output levels subject to Clause 
201.12, information shall be provided to the OPERATOR on how to interpret the displayed 
ultrasonic exposure parameters, THERMAL INDEX (TI) and MECHANICAL INDEX (MI) according to 
the guidance given in Annex CC. 

The procedures necessary for safe operation shall be provided, drawing attention to the 
safety hazards that may occur as a result of an inadequate electrical installation when the 
APPLIED PART of the ULTRASONIC DIAGNOSTIC EQUIPMENT is a TYPE B APPLIED PART. 

Instruction on the safe use of TRANSDUCER ASSEMBLIES shall be provided, and, in particular, 
instructions to ensure that the ULTRASONIC DIAGNOSTIC EQUIPMENT is of the correct type for its 
intended application; for TRANSDUCER ASSEMBLIES intended for intra-corporeal use, a warning 
in the instructions not to activate the TRANSDUCER ASSEMBLY outside the PATIENT’S body if the 
TRANSDUCER ASSEMBLY, when so activated, would not comply with electromagnetic compliance 
requirements and may cause harmful interference with other equipment in the environment. 
The identification of interference with other equipment and mitigation techniques shall be 
included in the ACCOMPANYING DOCUMENTS if the MANUFACTURER claims a reduction in test 
levels. 

A notice shall be provided if the ULTRASONIC DIAGNOSTIC EQUIPMENT or parts thereof are 
provided with protective means against burns to the PATIENT when used with high frequency 
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(HF) surgical equipment. If no such means are incorporated, notice shall be given in the 
ACCOMPANYING DOCUMENTS and advice shall be given regarding the location and use of the 
TRANSDUCER ASSEMBLY to reduce the hazard of burns in the event of a defect in the HF 
surgical neutral electrode connection. 

A PRUDENT USE STATEMENT shall be provided for ULTRASONIC DIAGNOSTIC EQUIPMENT capable of 
generating output levels subject to 201.12.4.2. 

Descriptions shall be provided of any display or means relevant to ultrasound output by which 
the OPERATOR may modify the operation of the ULTRASONIC DIAGNOSTIC EQUIPMENT. These 
descriptions shall be in a separate section. 

A description of any display or means by which the OPERATOR may modify the operation of the 
ULTRASONIC DIAGNOSTIC EQUIPMENT relevant to surface temperature for INVASIVE TRANSDUCER 
ASSEMBLIES intended for trans-oesophageal use shall be provided. 

A description of those parts of the TRANSDUCER ASSEMBLY that are permitted to be immersed in 
water or other liquids either for NORMAL USE or performance assessment purposes shall be 
provided. 

A recommendation calling the OPERATOR’S attention to the need for regular testing and 
periodic maintenance including inspection of the TRANSDUCER ASSEMBLY for cracks that allow 
the ingress of conductive fluid shall be provided. 

Instructions shall be provided regarding the avoidance of unintended control settings and 
acoustic output levels. 

Output limits selected according to 201.12.4.5.1 shall be declared in the ACCOMPANYING 
DOCUMENTS. For MULTI-PURPOSE ULTRASONIC DIAGNOSTIC EQUIPMENT the output limits shall be 
declared for each application.  

Transesophageal probes shall be removed from the PATIENT prior to application of a 
defibrillator. 

The outer surface of the portions of TRANSDUCER ASSEMBLY which is intended to be inserted 
into a PATIENT should be checked to ensure that there are no unintended rough surfaces, 
sharp edges or protrusions which may cause harm. 

As the use of ULTRASONIC DIAGNOSTIC EQUIPMENT is increasing in the home care area, special 
attention should be paid to provide information to this type of user. How this is addressed 
should be documented in the RISK MANAGEMENT FILE. See IEC 60601-1-11. 

201.7.9.2.10 Messages 

Replacement of  the first paragraph: 

The instructions for use shall list all system messages, error messages and fault messages 
that are generated and are visible to the OPERATOR, unless these messages are self-
explanatory. 

201.7.9.2.12 Cleaning, disinfection and sterilization 

Addition: 

After first dashed item, add: 

NOTE This list of parameters is neither exhaustive nor mandatory. 
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After second dashed item, add: 

− a list of the pertinent parts, components and/or functions that should be checked after 
each cleaning, disinfection or sterilization cycle, and method(s) of inspection. 

NOTE This list of parameters is neither exhaustive nor mandatory. 

201.7.9.3 Technical description 

Addition: 

201.7.9.3.101 *Technical data regarding acoustic output levels (see also Table 201.103) 

For each mode, provide the maximum value of each THERMAL and MECHANICAL INDEX (as well 
as the associated parameters listed for the operating condition resulting in the maximum 
index value), for which the operating mode in question is the largest (or sole) contributor. 
These data shall be provided following Table 201.103 and listed in the ACCOMPANYING 
DOCUMENTS. 

For a TRANSDUCER ASSEMBLY and ultrasound instrument console that satisfies all of the 
exemption conditions cited in 201.12.4.2 a) and b), information declared in the ACCOMPANYING 
DOCUMENTS shall state that the THERMAL INDICES and the MECHANICAL INDEX are below 1,0 or 
less for all device settings. 

NOTE 1 For table 201.103, see Annex AA for a description of “Maximum Index Value’ and (for TIS and TIB) ‘Index 
Component Values’ 

NOTE 2 An operating mode can be interpreted to be any DISCRETE-OPERATING MODE (like B, M) as well as any 
COMBINED-OPERATING MODE (like B+D+CFM). 

NOTE 3 Per IEC 62359:2010, the zs and zb values are entered for non-scanned (component) modes. 

NOTE 4 Annex EE provides an example table to allow 3rd parties to recalculate the TI and MI values for each 
operating mode, including the contributions from each mode in COMBINED-OPERATING MODES. 
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Table 201.103 – Acoustic output reporting table 

Index label MI 

TIS TIB 

TIC 
Scan 

Non-scan Non- 
scan Aaprt ≤ 1 cm2 Aaprt > 1 cm2 

Maximum index value         

Associated 
acoustic para-
meters 

pr,a        

P        

min of [Pa(zs),Ita,a(zs)]       

zs        

zbp        

zb        

z at max Ipi a        

deq (zb)        

fawf        

Dim of Aaprt X       

 Y       

Other 
information 

td        

prr        

pr at max Ipi         

deq at max Ipi        

Ipi α at max MI        

Focal 
Length 

FLx       

FLy       

Operating 
control 
conditions 

Control 1        

Control 2        

Control 3        

…  … … … … … … 

NOTE 1 Data should only be entered in one of the columns related to TIS 
NOTE 2 Information need not be provided regarding TIC for any TRANSDUCER ASSEMBLY not intended for transcranial 
or neonatal cephalic uses 
NOTE 3 If the requirements of 201.12.4.2a) are met, it is not required to enter any data in the columns related to TIS, 
TIB or TIC. 
NOTE 4 If the requirements of 201.12.4.2b) are met, it is not required to enter any data in the column related to MI. 
NOTE 5 Focal Length is a NOMINAL value 

NOTE 6 “” indicates cells where a numerical value should be entered 
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MODE _______________ 

Index label 
MI TIS TIB TIC 

  
At  

surface 
Below  

surface 
At  

surface 
Below  

surface   

Maximum index value     

Index component value         

Acoustic 
Parameters 

pr,α at zMI (MPa)            

P (mW)      

P1x1 (mW)       

zs  (cm)        
 

  

zb (cm)     
 

     

zMI   (cm)            

zpii,α (cm)       

fawf (MHz)     

Other 
Information 

prr (Hz)            

srr (Hz)            

npps             

Ipa,α at zpii,α  (W/cm2)            

Ispta,α at zpii,α or zsii,α (mW/cm2)            

Ispta at zpii or zsii  (mW/cm2)            

pr at zpii  (MPa)             

 
                

Operating 
control 

conditions 

Control 1          

Control 2          

Control 3          

Control 4          

Control 5          

   …          

Control x          

NOTE 1 Only one operating condition per index. 

NOTE 2 Data should be entered for “at surface” and “below surface” both in the columns related to TIS or TIB. 

NOTE 3 Information need not be provided regarding TIC for any TRANSDUCER ASSEMBLY not intended for 
transcranial or neonatal cephalic uses. 

NOTE 4 If the requirements of 201.12.4.2a) are met, it is not required to enter any data in the columns related 
to TIS, TIB or TIC. 

NOTE 5 If the requirements of 201.12.4.2b) are met, it is not required to enter any data in the column related 
to MI. 

NOTE 6 “” indicates cells where a numerical value should be entered. The equipment setting related to the 
index has to be entered in the operating control section. 

NOTE 7 The depths zpii and zpii,α apply to NON-SCANNING MODES, while the depths zsii  and zsii,α apply to 
SCANNING MODES. 
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201.8 Protection against electrical HAZARDS from ME EQUIPMENT 

Clause 8 of the general standard applies except as follows: 

201.8.7.4.7 Measurement of the PATIENT LEAKAGE CURRENT 

Addition: 

aa) For testing the TRANSDUCER ASSEMBLIES, the APPLIED PART shall be immersed in a 0,9 % 
saline solution.  

201.8.7.4.8 Measurement of the PATIENT AUXILIARY CURRENT 

Addition: 

For testing the TRANSDUCER ASSEMBLIES, the APPLIED PART shall be immersed in a 0,9 % saline 
solution. 

201.8.8.3 Dielectric strength 

Addition: 

aa) For testing the TRANSDUCER ASSEMBLIES, the APPLIED PART shall be immersed in a 0,9 % 
saline solution.  

201.8.9.3.4 Thermal cycling 

Addition, at the end of the first paragraph:: 

and, for ultrasonic transducer assemblies only, where T1 is  

– 10 °C above the maximum allowable temperature specified in the ACCOMPANYING 
DOCUMENTS for cleaning, disinfection, sterilization, normal use or storage. 

201.8.10.4 Cord-connected HAND-HELD parts and cord-connected foot-operated control 
devices 

Addition: 

This subclause does not apply to ULTRASONIC TRANSDUCER ASSEMBLIES. 

201.9 Protection against MECHANICAL HAZARDS of ME EQUIPMENT and ME SYSTEMS 

Clause 9 of the general standard applies. 

201.10 Protection against unwanted and excessive radiation HAZARDS  

Clause 10 of the general standard applies except as follows: 

Additional subclause: 

201.10.101 *Ultrasonic energy 

The MANUFACTURER shall address the RISKS associated with ultrasonic energy in the RISK 
MANAGEMENT PROCESS as described in the text of this standard. 
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Compliance is checked by inspection of the RISK MANAGEMENT FILE. 

Acoustic output shall be switched off when the signal acquisition is stopped (i.e.: the "freeze" 
feature is enabled). 

201.11 Protection against excessive temperatures and other HAZARDS 

Clause 11 of the general standard applies, except as follows: 

201.11.1.2.2 *APPLIED PARTS not intended to supply heat to the PATIENT 

Addition: 

TRANSDUCER ASSEMBLIES applied to the PATIENT shall have a PATIENT contact surface 
temperature not exceeding 43 °C in NORMAL CONDITIONS when measured under test conditions 
201.11.1.3.1.1. 

TRANSDUCER ASSEMBLIES applied to the PATIENT shall have a PATIENT contact surface 
temperature not exceeding 50 °C when measured under test conditions 201.11.1.3.1.2.  

Compliance is checked by operation of the ULTRASONIC DIAGNOSTIC EQUIPMENT and 
temperature tests as described in 201.11.1.3. 

NOTE PATIENT contact surface includes any part of the APPLIED PART, not just the radiating surface, but excluding 
the cable. 

201.11.1.3 *Measurements 

Amendment:  

Replace the third paragraph and the remaining text of the subclause with the following: 

Addition: 

For the applied part of the TRANSDUCER ASSEMBLY, replace the third paragraph and the 
remaining text of the subclause with the following: 

Compliance with the requirements of 11.1.1 and 11.1.2 is checked by inspection of the RISK 
MANAGEMENT FILE. 

201.11.1.3.1 Test conditions 

The TRANSDUCER ASSEMBLY shall be tested under the following conditions:  

201.11.1.3.1.1 Simulated use 

The APPLIED PART of the TRANSDUCER ASSEMBLY shall be coupled acoustically to, and be 
initially in thermal equilibrium with, a test object such that the ultrasound emitted from the 
active surface of the TRANSDUCER ASSEMBLY enters the test object. 

The positioning, and heating or cooling of the TRANSDUCER ASSEMBLY shall resemble those 
corresponding to the intended application of that TRANSDUCER ASSEMBLY. This includes using a 
typical amount of ultrasound coupling medium appropriate to the intended application. 

Full document details: IEC 60601-2-37-2015

http://avadocuments2026.com/doc/iec-60601-2-37-2015
http://avadocuments2026.com/doc/iec-60601-2-37-2015


 – 24 – IEC 60601-2-37:2007 
  +AMD1:2015 CSV  IEC 2015 
The temperature shall be measured at the point on the APPLIED PART of the ULTRASONIC 
TRANSDUCER ASSEMBLY that contacts the PATIENT during NORMAL USE and where the 
temperature is a maximum. 

The test object shall have thermal and acoustical properties mimicking those of an 
appropriate tissue. In the case where the TRANSDUCER ASSEMBLY is intended for external use 
this test object shall account for a skin layer. 

For soft tissue, the material of the test object shall have the following properties:  

– specific heat capacity:  (3 500 ± 500) J/(kg⋅K);  

– thermal conductivity:  (0,5 ± 0,1) W/(m⋅K); 

– attenuation at 5 MHz:  (2,5 ± 1,0) dB/cm. 

NOTE 1 A general guidance for the acoustic properties of appropriate tissue is given in ICRU report 61[26]1. 

NOTE 2 As heat develops differently in tissue surfaces containing skin, bone or soft tissue, careful consideration 
should be given to the choice of the model in relation to the intended use of the APPLIED PART. Additional guidance 
can be found in Annex DD and ref [32]. 

NOTE 3 For the purposes of this test, thermal equilibrium may be considered reached when the rate of change of 
temperature of the APPLIED PART is <= 0,2 °C per minute for three consecutive minutes. 

The test object shall be designed (for example, using acoustic absorbers) to reduce heating 
the surface of the TRANSDUCER ASSEMBLY by minimizing ultrasound reflections. 

201.11.1.3.1.1.1 Test methods 

Test method a) or b) specified below shall be selected. 

Test method a) shall be used where the ULTRASOUND DIAGNOSTIC EQUIPMENT uses a closed 
loop temperature monitoring system, as the use of test method b) could result in inappropriate 
results. 

a) Test criteria based on test object near human temperatures. 

 For TRANSDUCER ASSEMBLIES intended for external use, the initial temperature of the 
surface of the test object at the object-transducer interface shall be not less than 
33 °C and the ambient temperature shall be 23 °C ± 3 °C.  

 For INVASIVE TRANSDUCER ASSEMBLIES, the initial temperature of the surface of the test 
object material at the object-transducer interface shall be not less than 37 °C and the 
ambient temperature shall be 23 °C ± 3 °C.  

 To meet the requirements of this test, the temperature of the surface of the APPLIED PART 
shall not exceed 43 °C. 

b) Test criteria based upon temperature rise measurements 

 The ambient temperature shall be 23 °C ± 3 °C. For TRANSDUCER ASSEMBLIES intended for 
external use, the initial temperature of the surface of the test object at the object-
transducer interface shall be between 20°C and 33°C, and the surface temperature rise of 
the APPLIED PART shall not exceed 10 °C. For INVASIVE TRANSDUCER ASSEMBLIES, the initial 
temperature of the surface of the test object at the object-transducer interface shall be 
between 20°C and 37°C, and the surface temperature rise shall not exceed 6 °C.  

For TRANSDUCER ASSEMBLIES intended for external use, the temperature measured under the 
test conditions of 201.11.1.3.1.1 shall be equal to the sum of 33 °C plus the measured 
temperature rise.  

                                                      
1  Figures in square brackets refer to the Bibliography. 
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For INVASIVE TRANSDUCER ASSEMBLIES, the temperature measured under the test conditions of 
201.11.1.3.1.1 shall be equal to the sum of 37 °C plus the measured temperature rise.  

To meet the requirements of this clause, the calculated temperature shall not exceed 43 °C. 

NOTE When following this test method, the temperature rise is defined as the difference between the temperature 
of the TRANSDUCER ASSEMBLY just before the test and the maximum temperature of the TRANSDUCER ASSEMBLY 
during the test as measured according to 201.11.1.3.1.1. 

201.11.1.3.1.2 Still air 

Suspend the TRANSDUCER ASSEMBLY with a clean surface (no coupling gel applied) in still air 
or place it in a stationary position in an environmental chamber with minimal airflow across 
the APPLIED PART of the TRANSDUCER ASSEMBLY. 

Test criteria are based upon temperature rise measurements. 

The ambient temperature shall be 23 °C ± 3 °C and the initial temperature of the APPLIED PART 
of the TRANSDUCER ASSEMBLY shall be the ambient temperature. During the test the 
temperature rise of the APPLIED PART of the TRANSDUCER ASSEMBLY shall not exceed 27 °C. 

To meet the requirements of not exceeding a surface temperature of 50 °C, the sum of the 
surface temperature rise obtained under these test conditions and 23 °C shall be regarded as 
the surface temperature under test conditions 201.11.1.3.1.2. 

NOTE “In still air” means an environment without air movement (flow) and an air temperature of 23 °C ± 3 °C 
stable within 0,5 °C.  Otherwise it is recommended that one corrects for temperature drift. 

201.11.1.3.2 Operating settings 

Operate the ULTRASONIC DIAGNOSTIC EQUIPMENT at a setting that gives the highest surface 
temperature of APPLIED PART of the TRANSDUCER ASSEMBLY. The requirements of 
201.11.1.3.1.1 and 201.11.1.3.1.2 shall be performed using identical transmit parameters. 
The transmit parameters of the test shall be recorded in the RISK MANAGEMENT FILE  test report. 

201.11.1.3.3 Test duration 

The ULTRASONIC DIAGNOSTIC EQUIPMENT is continually operated for the duration of the test. 

The test according to 201.11.1.3.1.1 shall be conducted for 30 min. 

The test according to 201.11.1.3.1.2 shall be conducted for the shorter of: 

a) 30 min; or 
b) twice the time period limited by an automatic output hold or “freeze” function in the case 

where the OPERATOR is not able to switch off that function. 

NOTE If the ULTRASONIC DIAGNOSTIC EQUIPMENT automatically “freezes” or halts its output earlier than the time 
period given in this subclause, the ULTRASONIC DIAGNOSTIC EQUIPMENT shall be switched on again immediately. 

201.11.1.3.4 Temperature measurement 

The temperature of the TRANSDUCER ASSEMBLY should be measured by any appropriate means 
such as infra-red radiometry or thermocouple methods.  

If a thermocouple is used, the thermocouple junction and adjacent thermocouple lead wire 
should be securely held in good thermal contact with the surface being measured. The 
thermocouple should be positioned and secured in such a way that it has a negligible effect 
on the temperature rise of the area being measured.  
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The size of the temperature measurement area of the sensor, or the focus size in case of an 
infra-red measurement system, should be such that any averaging effect is minimized. 

The temperature shall be measured on the surface of the APPLIED PART of the TRANSDUCER 
ASSEMBLY in those areas that give the highest surface temperature.  

The measurement uncertainty shall be recorded in the RISK MANAGEMENT FILE test report. 

NOTE 1 As part of measurement uncertainty determination, the measurement set-up can be used to make surface 
temperature measurements of ULTRASONIC TRANSDUCERS of known maximum surface temperature. It is 
recommended that the measurement set-up be validated. 

NOTE 12 For the estimation of uncertainties, the ISO Guide to the expression of uncertainty in measurement 
should be used [17]. 

NOTE 23 Any means to measure the temperature should can be a type that is not overly sensitive to direct 
ultrasonic heating (for example, if a thermocouple is used, it can be a thin film or fine wire thermocouple). 
Additional factors, such as effects of conductive losses, ultrasonic heating and spatial averaging on the 
measurement sensors or its connecting cables” after “averaging”, should be considered are also relevant when 
assessing the measurement uncertainty.  

NOTE 34 Example means for measuring surface temperature of externally applied TRANSDUCER ASSEMBLIES is 
provided in Annex DD of this standard. 

201.11.1.3.5 Test criteria 

The TRANSDUCER ASSEMBLY shall operate throughout the test as specified in 201.11.1.3.3. 
During the test, the maximum temperature or the maximum temperature rise shall not exceed 
the limits specified. 

Table 201.104 – Overview of the tests noted under 201.11.1.3 

Transducer type  External use Invasive use 

Test to be applied  

201.11.1.3.1.1 

Simulated use 
test 

a) Temperature Initially temperature of the surface of 
the test object at the object / 
transducer interface shall not be less 
than 33 °C and shall be in thermal 
equilibrium. 

The temperature shall not exceed 
43 °C 

Initially test object maintained at not 
less than 37 °C 

The temperature shall not exceed 
43 °C 

b) Temperature 
rise 

Initially the temperature at the 
object-transducer interface shall be 
between 20 and 33°C and shall be in 
thermal equilibrium.  

The ambient temperature shall be 
23 °C ± 3 °C. 

The temperature rise shall not 
exceed 10 °C. 

Initially the temperature at the 
object-transducer interface shall be 
between 20 °C and 37°C.  

The ambient temperature shall be 
23 °C ± 3 °C. 

The temperature rise shall not 
exceed 6 °C.  

201.11.1.3.1.2 

Still air test (no 
gel) 

Temperature rise The ambient temperature shall be 23 ± 3 °C and shall be in thermal 
equilibrium. 

Initially the temperature at the surface of the TRANSDUCER ASSEMBLY shall be 
the ambient temperature 

The temperature rise shall not exceed 27 °C. 
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201.11.6.5 *Ingress of water or particulate matter into ME EQUIPMENT and ME SYSTEMS 

Addition: 

Those parts of the TRANSDUCER ASSEMBLY specified by the MANUFACTURER which in NORMAL 
USE are likely to come into contact with the OPERATOR or PATIENT shall meet the requirements 
of drip-proof equipment (IPX1). Connectors of the TRANSDUCER ASSEMBLIES shall be excluded 
from this requirement. 

NOTE 1 For this clause, NORMAL USE includes cleaning and disinfection. 

Compliance is checked by the test prescribed for the second characteristic, numeral 1 of 
IEC 60529, with the TRANSDUCER ASSEMBLIES configured as in NORMAL USE, including the 
connection of any cables, but excluding the condition when the TRANSDUCER ASSEMBLY is 
disconnected from the ultrasound console. 

Parts of the TRANSDUCER ASSEMBLIES specified by the MANUFACTURER as intended to be 
immersed during NORMAL USE, shall meet the requirements of watertight equipment (IPX7).  

NOTE 1 For this clause, NORMAL USE includes cleaning and disinfection. 

Compliance is checked by the test prescribed in IEC 60529 for IPX7, with the exception of 
14.2.7 a) and b). 

NOTE 2 Parts of the TRANSDUCER ASSEMBLIES not intended to be immersed during NORMAL USE may be temporarily 
protected for the purposes of the test. 

201.12 Accuracy of controls and instruments and protection against hazardous 
outputs 

Clause 12 of the general standard applies, except as follows: 

201.12.1 Accuracy of controls and instruments 

Addition: 

The accuracy of the data and controls specific to acoustic output shall be specified, including 
the following: 

– any display indicating THERMAL INDEX (TI) and MECHANICAL INDEX (MI); see 201.7.9.2.2, 
201.7.2.101 and 201.12.4.2. 

– technical data; see 201.7.9.3.101. 

The accuracy of the data and controls specific to the surface temperature of INVASIVE 
TRANSDUCER ASSEMBLIES intended for trans-oesophageal use shall be specified, including any 
display of surface temperature, if provided; see 201.7.9.2.2 and 201.12.4.2. 

NOTE For the estimation of uncertainties the ISO Guide to the expression of uncertainty in measurement should 
be used [17]. 

201.12.4.2 Indication of parameters relevant to safety 

Addition: 

a) If the ULTRASONIC DIAGNOSTIC EQUIPMENT is not capable of exceeding either a SOFT TISSUE 
THERMAL INDEX of 1,0, a BONE THERMAL INDEX of 1,0 or, for ULTRASONIC DIAGNOSTIC 
EQUIPMENT intended for transcranial or neonatal cephalic applications, a CRANIAL THERMAL 
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INDEX of 1,0, in any mode of operation, then no display of the THERMAL INDEX is required 
(see also Annex AA concerning 201.7.2.101). 

NOTE 1 ULTRASONIC DIAGNOSTIC EQUIPMENT for which the OUTPUT POWER divided by the -12 dB OUTPUT BEAM 
AREA is less than 20 mW/cm2 and the SPATIAL-PEAK TEMPORAL-AVERAGE INTENSITY (Ispta) is less than 100 
mW/cm2 is not expected to exceed a THERMAL INDEX of 1,0 if, for all operation conditions, both fawf < 10,5 MHz, 
and Aaprt < 1,25 cm2. Consequently, the requirement listed in Clause 201.12.4.2 a) is fulfilled. 

b) If the ULTRASONIC DIAGNOSTIC EQUIPMENT is not capable of exceeding a MECHANICAL INDEX 
of 1,0 in any mode of operation then no display of the MECHANICAL INDEX is required. 

NOTE 2 ULTRASONIC diagnostic EQUIPMENT for which the peak-rarefactional acoustic pressure (pr) is less than 
1 MPa is not capable of exceeding a MECHANICAL INDEX of 1,0 if, for all operation conditions, fawf > 1,0 MHz. 
Consequently, the requirement listed in Clause 201.12.4.2 b) is fulfilled 

c) If the ULTRASONIC DIAGNOSTIC EQUIPMENT is capable of exceeding either SOFT TISSUE 
THERMAL INDEX, BONE THERMAL INDEX of a value of 1,0 or, for ULTRASONIC DIAGNOSTIC 
EQUIPMENT intended for transcranial or neonatal cephalic applications, a CRANIAL THERMAL 
INDEX of 1,0, when any operational mode is active, then the capability shall be available 
for the OPERATOR to display the SOFT TISSUE THERMAL INDEX (when exceeding a value of 
0,4), the BONE THERMAL INDEX (when exceeding a value of 0,4) or a CRANIAL THERMAL INDEX 
(when exceeding a value of 0,4), but not necessarily simultaneously, in such operational 
mode. 

d) If the ULTRASONIC DIAGNOSTIC EQUIPMENT is intended solely for adult cephalic applications, 
then the THERMAL INDEX display need only include the CRANIAL-BONE THERMAL INDEX when 
equal to or it exceeds a value of 0,4 and is capable of exceeding a value of 1,0. 

e) If the ULTRASONIC DIAGNOSTIC EQUIPMENT is capable of exceeding a MECHANICAL INDEX of 
1,0 in any mode of operation, then the MECHANICAL INDEX shall be displayed when it equals 
or exceeds a value of 0,4 in such an operational mode. 

f) The ULTRASONIC DIAGNOSTIC EQUIPMENT shall allow the OPERATOR to display simultaneously 
both a THERMAL INDEX (according to the requirements of a), c), and d) above) and the 
MECHANICAL INDEX (according to the requirements of b) and e) above). 

g) The increments for the display of THERMAL INDICES, if displayed (see a) – f)), shall be no 
more than 0,2 over the entire range of display.  

h) The increment for the display of MECHANICAL INDEX, if displayed (see a) – f)], shall be no 
more than 0,2 over the entire range of display. 

i) If an ULTRASONIC TRANSDUCER intended for trans-oesophageal use is capable of exceeding 
a surface temperature of 41 °C, then the surface temperature shall be displayed or some 
other indication provided to the OPERATOR when the surface temperature equals or 
exceeds a value of 41 °C (see 201.11.1.3). 

201.12.4.3 Accidental selection of excessive output values 

Replacement: 

a) For ULTRASONIC DIAGNOSTIC EQUIPMENT in which the design allows FULL SOFTWARE CONTROL 
OF ACOUSTIC OUTPUT, the ULTRASONIC DIAGNOSTIC EQUIPMENT shall switch to an appropriate 
DEFAULT SETTING upon power up, entry of new PATIENT identification data or change from a 
non-foetal to a foetal application. These DEFAULT SETTING levels shall be established by 
the MANUFACTURER but may be reconfigured by the OPERATOR. 

b) For MULTI-PURPOSE ULTRASONIC DIAGNOSTIC EQUIPMENT in which the design does not allow 
FULL SOFTWARE CONTROL OF ACOUSTIC OUTPUT, the ULTRASONIC DIAGNOSTIC EQUIPMENT shall 
provide upon power up, entry of new PATIENT identification data or change from a non-
foetal to a foetal application, a reminder to the OPERATOR to check (and reset or change, if 
appropriate) the acoustic output and the MECHANICAL INDEX and/or THERMAL INDEX 
displayed.  

201.12.4.5.1  *Limits  

Addition: 
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Acoustic output shall be limited based on RISK ASSESSMENT and RISK MANAGEMENT following 
ISO 14971 using the safety related parameters specified in this standard and other relevant 
information such as clinical experience. 

NOTE For guidance on the relevance of the safety related parameters specified in this standard, see Annex CC.  

201.13 Hazardous situations and fault conditions 

Clause 13 of the general standard applies, except as follows: 

201.13.1.2 *Emissions, deformation of ENCLOSURE or exceeding maximum temperature 

Addition at the end of the third dash: 

As an exception, for TRANSDUCER ASSEMBLIES intended for external use, the APPLIED PART 
temperature may exceed the value in 201.11.1.2.2 of this standard by up to 5 °C during a 
SINGLE FAULT CONDITION, if an alarm or indication is provided to the OPERATOR, as described in 
12.3 of the general standard, indicating that a SINGLE FAULT CONDITION causing the 
temperature rise has occurred; 

NOTE This exception is valid ONLY for TRANSDUCER ASSEMBLIES intended for application to the skin surface. 

201.14 PROGRAMMABLE ELECTRICAL MEDICAL SYSTEMS (PEMS) 

Clause 14 of the general standard applies. 

201.15 Construction of ME EQUIPMENT 

Clause 15 of the general standard applies. 

201.16 ME SYSTEMS 

Clause 16 of the general standard applies. 

201.17 *Electromagnetic compatibility of ME EQUIPMENT and ME SYSTEMS  

Clause 17 of the general standard applies except as follows: 

Addition: 

ULTRASONIC DIAGNOSTIC EQUIPMENT shall comply with the requirements of IEC 60601-1-2 as 
modified in 202.6. 

202.6 ELECTROMAGNETIC COMPATIBILITY 

Clause 6 of IEC 60601-1-2:2007 applies, except as follows: 

202.6.1.1 Protection of radio services 

202.6.1.1.1 Requirements  

Replacement: 
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ULTRASONIC DIAGNOSTIC EQUIPMENT shall be classified as Group 1 and class A or class B, in 
accordance with CISPR 11, as per their intended use, specified by the MANUFACTURER in the 
INSTRUCTIONS FOR USE. Guidance for classification according CISPR 11 is reported in Annex 
BB. 

202.6.2 IMMUNITY 

202.6.2.1 General 

202.6.2.1.6 *Variable gain 

Addition: 

NOTE See Annex AA for gain adjustment technique. 

202.6.2.1.10 *Compliance criteria 

Amendment: 

Replacement of 7th through 10th dashed items by the following dashes 8 through 11 as 
follows: 

– the disturbance shall not produce noise on a waveform or artifacts or distortion in an 
image or error of a displayed numerical value which may be attributed to a physiological 
effect and which may alter the diagnosis. 

– the disturbance shall not produce an error in a display of incorrect numerical values 
associated with the diagnosis to be performed after 1st dash. 

– the disturbance shall not produce an error in a displayed safety related indication 
– the disturbance shall not produce unintended or excessive ultrasound output 
– the disturbance shall not produce unintended or excessive TRANSDUCER ASSEMBLY surface 

temperature 
– the disturbance shall not produce unintended or uncontrolled motion of TRANSDUCER 

ASSEMBLIES intended for intra-corporeal use 

202.6.2.3 Radiated RF electromagnetic fields 

202.6.2.3.2 Tests 

Replacement of item c):  

c) *According to the intended use, the ULTRASONIC DIAGNOSTIC EQUIPMENT shall be tested 
using a 2 Hz or 1 000 Hz modulation frequency (physiological simulation frequency), 
whichever represents the worst case condition. The modulation frequency adopted shall 
be disclosed in the test report. 

202.6.2.6 Conducted disturbances, induced by RF fields 

202.6.2.6.2 Tests 

Replacement of item c):  

C) PATIENT-coupled cables including the TRANSDUCER ASSEMBLY cable shall be tested using a 
current clamp. All PATIENT-coupled cables including the TRANSDUCER ASSEMBLY cable may 
be tested simultaneously using a single current clamp.  

 The TRANSDUCER ASSEMBLY of the ULTRASONIC DIAGNOSTIC EQUIPMENT shall be terminated 
during the test as specified below. In all cases, no intentional decoupling device shall be 
used between the injection point and the PATIENT coupling point.  
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– For PATIENT coupling points that have conductive contact to the PATIENT, terminal M of 
the RC element (see CISPR 16-1-2) shall be connected directly to the conductive 
PATIENT connection, and the other terminal of the RC element shall be connected to 
the ground reference plane. If normal operation of the ULTRASONIC DIAGNOSTIC 
EQUIPMENT cannot be verified with terminal M of the artificial hand connected to the 
coupling point, a PATIENT simulator may be used between terminal M of the artificial 
hand and the PATIENT coupling point or points.  

– TRANSDUCER ASSEMBLY shall be terminated with the artificial hand and RC element 
specified in CISPR 16-1-2. The metal foil of the artificial hand shall be sized and 
placed to simulate the approximate area of PATIENT and OPERATOR coupling in NORMAL 
USE.  

– For ULTRASONIC DIAGNOSTIC EQUIPMENT that have multiple PATIENT coupling points 
intended to be connected to a single PATIENT, each artificial hand shall be tied to a 
single common connection and this common connection shall be connected to terminal 
M of the RC element, as specified in CISPR 16-2.  

Replacement of item f): 

f) *According to the intended use the ULTRASONIC DIAGNOSTIC EQUIPMENT shall be tested 
using a 2 Hz or 1 000 Hz modulation frequency whichever represents the worst-case 
condition. The modulation frequency adopted shall be disclosed in the test report. 

202.6.2.7 Voltage dips, short interruptions and voltage variations on power supply 
input lines 

202.6.2.7.1 Requirements 

Replacement of item a): 

a) ULTRASONIC DIAGNOSTIC EQUIPMENT shall comply with the requirements of 6.2.1.10 of 
IEC 60601-1-2 as modified by clause 202.6.2.1.10 of this standard at the IMMUNITY TEST 
LEVELS specified in Table 10 of IEC 60601-1-2. Deviation from the requirements of 
6.2.1.10 of IEC 60601-1-2 is allowed at the IMMUNITY TEST LEVELS specified in Table 10 of 
IEC 60601-1-2, provided the ULTRASONIC DIAGNOSTIC EQUIPMENT remains safe, experiences 
no component failures and is restorable to the pre-test state with OPERATOR intervention. 
Determination of compliance is based upon performance of the ULTRASONIC DIAGNOSTIC 
EQUIPMENT during and after application of the test sequence. ULTRASONIC DIAGNOSTIC 
EQUIPMENT for which the RATED input current exceeds 16 A per phase are exempt from the 
testing specified in Table 10 of IEC 60601-1-2. 

 

Annexes 
 

The annexes of the general standard apply. 
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Annex AA 
(informative) 

 
Guidance and rationale for particular subclauses 

 
 

Concerning 201.1.1 Scope 

The content of this particular standard has largely been determined to cover ultrasonic 
medical diagnostic and monitoring equipment including ultrasonic echo ranging devices (both 
manual and automatic scanning), Doppler echo ULTRASONIC DIAGNOSTIC EQUIPMENT and 
combinations thereof. 

The scope has been kept general to encompass as much of the wide range of (non- 
therapeutic) medical ULTRASONIC DIAGNOSTIC EQUIPMENT as possible. For example, some 
ULTRASONIC DIAGNOSTIC EQUIPMENT is capable of being used with numerous different types, 
power ratings and frequencies of TRANSDUCER ASSEMBLIES to cover a wide variety of 
applications. This has been taken into account in drafting this particular standard. 

It is anticipated that later editions of this particular standard may well specify different or 
additional parameters for specification relative to safety, reflecting the state of biophysical 
understanding and measurement technology as will develop in the future. 

Concerning 201.7.2.13 Physiological effects (safety signs and warning statements) 

The transeosophageal INVASIVE TRANSDUCER ASSEMBLY is considered a unique case requiring 
special consideration due to its additional use in lengthy monitoring applications. 

Concerning 201.7.2.101 Acoustic output 

With certain ULTRASONIC DIAGNOSTIC EQUIPMENT in some operating modes, ten or more 
different controls can affect ultrasound output levels. While small changes in output level are 
not of concern to the OPERATOR, inadvertent large increases are to be avoided in many cases, 
as with MULTI-PURPOSE ULTRASONIC DIAGNOSTIC EQUIPMENT. (See 201.12.4.3 of this standard.) 

On most ULTRASONIC DIAGNOSTIC EQUIPMENT, there is generally provided a single control 
means for changing the amplitude of the acoustic output, while leaving other parameters 
(such as pulse length, duty cycle, etc.) unchanged. Often, the OPERATOR must have some 
understanding of the operation of this control for effective use of the device, aside from 
concerns with safety. This requirement addresses the need to effectively indicate to the 
OPERATOR the control (or controls) whose primary function is to affect ultrasound output 
levels, and the action needed to increase or decrease output by manipulating this direct 
control means. 

An exemption for ULTRASONIC DIAGNOSTIC EQUIPMENT not capable of generating output levels 
producing unacceptable risk at any possible output level has been implemented in 201.12.4.2. 

Concerning 201.7.9.2.2 Warning and safety notices 

Written instructions, as well as pre-programmed application-specific default levels, are 
appropriate means for informing the OPERATOR of appropriate ultrasound output levels for 
different clinical uses. 
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Concerning 201.7.9.3.101 Technical data regarding acoustic output levels 

Maximum Index Value  

For the THERMAL INDEX: following 5.6.2 of IEC 62359:2010, including Table 1: 

For TIS and TIB, the Maximum Index Value is the larger of the sum of the ‘at surface’ Index 
Component Values and the sum of the ‘below-surface’ Index Component Values; 

For TIC, the Maximum Index Value is the sum of the ‘at-surface’ non-scanned and scanned 
TIC Index Component Values. 

For MI, following 5.6.3 of IEC 62359:2010, the Maximum Index Value is the largest 
MECHANICAL INDEX of all active TRANSMIT PATTERNS.  i.e. the Maximum Index Value is the 
largest of the MI Index Component Values of the active DISCRETE-OPERATING MODES in a 
COMBINED-OPERATING MODE 

Concerning 201.10.101 Ultrasonic energy 

This particular standard places the responsibility for establishing upper limits of allowed levels 
of acoustic output on the MANUFACTURER based on risk analysis. 

Concerns with possible excessive levels are addressed by requiring an interactive real-time 
display of acoustic output such as the THERMAL INDICES and MECHANICAL INDEX as included in 
this standard. 

Concerning 201.11.1.2.2 APPLIED PARTS not intended to supply heat to the PATIENT  

Diagnostic TRANSDUCER ASSEMBLIES are not intended to supply heat but do so because of 
energy loss within the TRANSDUCER ASSEMBLY and ultrasound absorption in the PATIENT.  

NOTE General guidance for the acoustic properties of appropriate tissue is available in the literature [26]. 

When carrying out a risk analysis for the ULTRASOUND DIAGNOSTIC EQUIPMENT, the user of this 
standard must take into account that the temperature limit of 43 °C in the general standard is 
only applicable for long-term (more than 10 min) contact with healthy skin of adults. Special 
consideration should be taken for an application on children. The influence of drugs and the 
condition of the patient are factors that should be also considered in the risk-benefit analysis. 
With respect to further not foreseeable developments, the safety of a long-term use of 
transducers (more than 41 °C) inside the body is currently not well investigated. It is assumed 
that the safe use of temperatures higher than 41 °C on children, inside the body and on 
patients with possible risky conditions should also be based on clinical experience.  

The allowable maximum temperature of 43 °C for parts having contact with the PATIENT 
for more than 10 min is consistent with the general standard. This represents a safety factor 
of 2 relative to the threshold for thermally induced chronic damage to the kidney, one of the 
most sensitive mammalian tissues [33].  

Net tissue temperature rise results from the following mechanisms: 

– heat conduction from the transducer; 
– absorption of ultrasound in the tissue; 
– cooling by heat conduction to other parts of the tissue; 
– cooling by heat transport due to blood perfusion. 
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All TRANSDUCER ASSEMBLIES require test conditions and criteria appropriate to the unique 
clinical scanning environment encountered by the device. 

As ultrasound diagnostic devices generally are used in temperature controlled locations, the 
ambient temperature of 23 °C ± 3 °C has been chosen for the environment during the 
measurement of transducer surface temperature. 

In NORMAL USE, a trans-oesophageal or other INVASIVE TRANSDUCER ASSEMBLY operates 
surrounded by tissue, such that the ambient temperature is the patient’s internal body 
temperature. Unlike the conditions encountered when operating the TRANSDUCER ASSEMBLY in 
still air, both ultrasound energy and heat from the TRANSDUCER ASSEMBLY are efficiently 
transferred into the adjoining tissue. Both the heat directly conducted from the TRANSDUCER 
ASSEMBLY, as well as the heat resulting from ultrasound absorption within the tissue, are 
carried off by transport effects such as blood perfusion, conduction and radiation.  

In NORMAL USE, typically hand-held probes do not operate while surrounded by tissue; the 
body of the probe assembly is in contact with ambient air temperature, while only the small 
portion of the probe intended to contact the patient will be exposed to an ambient temperature 
determined by patient’s core body temperature.  

Concerning 201.11.1.3 Measurements 

In the still-air test of 11.1.3 of the general standard, essentially all of the electrical energy 
would be converted into heat within a TRANSDUCER ASSEMBLY, since ultrasound radiation into 
air (unlike that into the body) is highly inefficient. Due to the use of coupling gel and the 
usually low heat capacity of the ULTRASONIC TRANSDUCER surface layer, it can be expected 
that, from the free-air situation into the normal use situation, the surface temperature would 
drop quickly. The modification of 201.11.1.3 to allow for a 50 °C limit in the still-air test is 
appropriate to ensure that in normal use conditions the temperature can drop to 43 °C within 1 
min. (See 11.1.1, Table 24 of the general standard.) 

This is also true for INVASIVE TRANSDUCER ASSEMBLIES intended for trans-oesophageal use. 
Although contact with the internal surface of the oesophagus is prolonged, the time in which 
the initial transducer temperature is in contact with a single tissue site is relatively short. 
Furthermore, the transducer area that is heated is relatively small, providing little heat 
capacity, and the resulting heat is rapidly drawn away from the transducer as it passes 
through the mouth and into the oesophagus. As a result, no tissue encounters a temperature 
in excess of the steady-state temperature for clinical scanning for other than a brief moment. 
In the case of foetal endovaginal use, while exposure time plays an important role [16], 
because of intervening tissue and fluid structures and the same transient contact discussed 
for trans-oesophageal applications, the surface temperature of an endovaginal transducer 
does not translate directly to the temperature ultimately affecting the foetus 

Tissue-mimicking material (TMM) with thermal and acoustical properties similar to human 
tissue most appropriate to the typical use of the ULTRASONIC TRANSDUCER under test should be 
used. The TMM is intended both to inhibit cooling by convection and to model the acoustic 
properties of a specific tissue. The use of three different types of models can be justified: 

– a model with a bone mimic close to the surface; 
– a model with a skin mimic at the surface; 
– a model consisting of a soft tissue mimic. 

The test object should be designed such that increasing the size will have a negligible effect 
on the surface temperature of the TRANSDUCER ASSEMBLY. 

When the TRANSDUCER ASSEMBLY is intended for intra-cavity use, the TRANSDUCER ASSEMBLY 
should be potted in a tissue-mimicking material (TMM) to a depth such that increasing the 
depth will have a negligible effect on the surface temperature of the TRANSDUCER ASSEMBLY. 
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When the surface of the ULTRASONIC TRANSDUCER is curved, care should be taken to ensure 
that the whole surface is in contact with the model used to mimic the intended use.  

Alternative materials may be used where the results can be shown to be comparable; most 
significantly, however, the material used shall exhibit an ultrasonic absorption coefficient and 
thermal properties appropriate to the intended model. 

Concerning 201.11.1.3.1.2 Still air 

For some TRANSDUCER ASSEMBLIES such as mechanically rocked 3D probes, or solid state 
probes with integrated multiplexing electronics, the temperature of the APPLIED PART (surface 
temperatures) may not stabilize at an initial steady-state temperature equal to the air-ambient 
temperature when the acoustic power is ‘off’ (i.e.: non-energized transducer elements).  
Rather, a fixed offset temperature may exist. 

In such cases, the initial APPLIED PART temperature shall be the ambient temperature plus a 
steady-state offset temperature, and the final surface temperature shall be considered as the 
sum of the measured APPLIED PART temperature rise obtained during the 30 min test plus the 
offset temperature plus 23 °C. 

Concerning 201.11.6.5 Ingress of water and particulate matter into ME EQUIPMENT and ME 
SYSTEMS 

All TRANSDUCER ASSEMBLIES are assumed to require some contact with fluids during normal 
operation. Some TRANSDUCER ASSEMBLIES are designed to be immersed in water baths 
wherein the water bath provides a link in the acoustic coupling path to the PATIENT while other 
TRANSDUCER ASSEMBLIES, employed for contact scanning, need only minimal contact with 
some coupling gel at the TRANSDUCER ASSEMBLY’S active surface. The MANUFACTURER is 
expected to specify, through knowledge of the application and TRANSDUCER ASSEMBLY design, 
the parts of the TRANSDUCER ASSEMBLY that may be wetted in NORMAL USE, see 201.7.9.2.2. 

The requirement and test as specified are considered suitable for this ULTRASONIC DIAGNOSTIC 
EQUIPMENT and avoid conflict with the WATERTIGHT requirements of the general standard. The 
tests specified are documented in IEC 60529. The IPX1 code indicates protection of 
equipment against the ingress of water with harmful effects by dripping; the IPX7 code 
indicates protection of equipment against ingress of water with harmful effects by temporary 
immersion. 

Concerning 201.12.4.5.1 Limits 

While this particular standard places no upper limits on permitted levels of acoustic output, all 
EQUIPMENT is limited for technical reasons, compliance with local regulatory requirements, or 
reasons resulting from the MANUFACTURER’S RISK MANAGEMENT. On the one hand the 
MANUFACTURERS should continuously track the scientific discussions on safety of ultrasonic 
fields for diagnostic ultrasound, on the other hand the OPERATORS should know about the – 
possibly application-dependent – limits of their EQUIPMENT as selected by the MANUFACTURER.  

Compliance with 201.12.4.5.1 may be checked by inspection of the relevant documentation of 
the results of the RISK MANAGEMENT process provided by the MANUFACTURER, including 
relevant information such as clinical experience. 
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Concerning 201.17 Electromagnetic compatibility of ME EQUIPMENT and ME SYSTEMS 

ULTRASONIC DIAGNOSTIC EQUIPMENT is categorised as class A (under 60601-1-2) when the 
environment for the intended use as defined by the MANUFACTURER is in a hospital or a similar 
environment. For the extension of the intended use into a residential environment the 
ULTRASONIC DIAGNOSTIC EQUIPMENT has to be categorised as class B. For further details see 
Annex BB. 

ULTRASONIC DIAGNOSTIC EQUIPMENT, which is the subject of this particular standard, is 
classified in Group 1 (under 60601-1-2), since the device must intentionally generate radio 
frequency energy and transmit it through a shielded external cable (up to 2 m or longer in 
length) to a TRANSDUCER ASSEMBLY at the end of the cable. 

For INVASIVE TRANSDUCER ASSEMBLIES, radiated and conducted emissions per IEC 60601-1-2 
should be performed both with and without the transducer active to ensure compliance when 
the transducer is outside the body and not activated, and secondly, when the transducer is 
inside the body and activated. The condition “inside the body and activated” should be 
simulated using a phantom having the same attenuation as human tissue in the frequency 
pass band of the transducer. The phantom should only be used while making radiated and/or 
conducted emission measurements in the frequency pass band of the transducer unless the 
phantoms frequency characteristics are known over the entire frequency range of 150 kHz to 
1 000 MHz. 

Concerning 202.6.2.1.6 Variable gain 

ULTRASONIC DIAGNOSTIC EQUIPMENT that incorporates a variable gain shall be tested at the 
typical user gain. This should be determined using a tissue mimicking and/or flow phantom 
appropriate for the application to adjust the gain and other image enhancement adjustments 
to represent typical user settings. The phantom shall be removed prior to IMMUNITY testing in 
accordance with 101.6.2 of IEC 60601-1-2. 

If this requirement can be met with the normal software of the ULTRASONIC DIAGNOSTIC 
EQUIPMENT, the test shall be performed using the normal software. If this requirement cannot 
be met using the normal software of the ULTRASONIC DIAGNOSTIC EQUIPMENT, a method shall be 
provided to implement this operational mode. The use of special software may be required. If 
special software is used, it shall not inhibit changes in gain that may occur as a result of 
testing. 

Concerning 202.6.2.1.10 Compliance criteria 

There is common agreement that it is not possible to require that nothing happen when an 
electromagnetic disturbance is applied to an ULTRASOUND DIAGNOSTIC EQUIPMENT which is 
intended to acquire signals in the µV range by means of a transducer whose cable length is 
more than 2 m. 

The sense of the requirement is that under the test conditions specified in 6.2 of IEC 60601-1-
2, the ULTRASONIC DIAGNOSTIC EQUIPMENT shall be able to provide the ESSENTIAL PERFORMANCE 
and remain safe.  

Examples of conformance to the compliance criteria: 

– ULTRASONIC DIAGNOSTIC EQUIPMENT displays an image that may have regular dots or 
dashes or lines produced by the disturbance, but in a way that is recognisable as other 
than physiologic and that would not affect diagnosis; 

– ULTRASONIC DIAGNOSTIC EQUIPMENT displays an image that may have lines on a Doppler 
trace, but in a way that is recognisable as other than physiologic and that would not affect 
diagnosis; 
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– ULTRASONIC DIAGNOSTIC EQUIPMENT displays an image and Doppler traces which may be 

covered with noise signals, but in a way that is recognisable as other than physiologic and 
that would not affect diagnosis. 

Concerning 202.6.2.3.2 c) and 202.6.2.6.2 f) 

Table 9 of IEC 60601-1-2 lists a 2 Hz modulation frequency when the intended use of the 
device is “control, monitor or measure a physiological parameter” and 1 000 Hz modulation 
frequency for “all other” intended use. Ultrasound diagnostic devices are intended to analyse 
both slow physiological parameters, like heart wall motion, and relatively fast phenomena, like 
blood velocity (detected as Doppler shift on the order of kHz). 
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Annex BB 
(informative) 

 
Guidance in classification according to CISPR 11 

 
 

Rules for classification and separation into groups of equipment are contained in CISPR 11. 
ULTRASONIC DIAGNOSTIC EQUIPMENT that is the subject of this particular standard is classified in 
Group 1 (under IEC 60601-1-2), since the device must intentionally generate radiofrequency 
energy and transmit it through a shielded external cable (up to 2 m or longer in length) to a 
TRANSDUCER ASSEMBLY at the end of the cable. The purpose of this annex is to provide 
summarized information for the assignment of the ULTRASONIC DIAGNOSTIC EQUIPMENT to the 
appropriate CISPR 11 class. 

• Subclause 4.2 of CISPR 11 

According to the subclause, division into classes is as follows: 

– Class A equipment is equipment suitable for use in all establishments other than domestic 
and those directly connected to the public low-voltage power supply network that supplies 
buildings used for domestic purposes. 

NOTE Although class A limits have been derived for industrial and commercial establishments, administrations 
may allow, with whatever additional measures are necessary, the installation and use of class A ISM 
equipment in domestic establishments or in an establishment connected directly to the public low-voltage 
power supply network. 

– Class B equipment is equipment suitable for use in all establishments, including domestic 
establishments and those directly connected to the public low-voltage power supply 
network that supplies buildings used for domestic purposes. 
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Annex CC 
(informative) 

 
Guidance to the MANUFACTURER on the interpretation of TI and MI  

to be used to inform the OPERATOR 
 
 

CC.1 Guidance 

It is the responsibility of the OPERATOR to understand the risk of the output of the ULTRASONIC 
DIAGNOSTIC EQUIPMENT, and to act appropriately in order to obtain the needed diagnostic 
information with the minimum risk to the patient. To be able to do so the manufacturer of the 
device should provide information to the user regarding how to interpret the displayed 
ultrasonic exposure parameters, THERMAL INDEX and MECHANICAL INDEX. Brief reviews of the 
rationale and derivation of MI and TI are available in the literature [14, 19]. This annex 
provides guidance on subjects that should be taken into account in drawing up a PRUDENT USE 
STATEMENT to be used in the instructions for use as specified in 201.7.9.2.2 of this standard. 

The relationship of various acoustic output parameters (e.g., acoustic intensity, pressure, 
power, etc) to biological endpoints is not presently fully understood. Evidence to date has 
identified two fundamental mechanisms, thermal and mechanical, by which ultrasound may 
induce bioeffects [3, 5, 16, 20, 21, 30] and, in certain cases, alteration or damage to tissue.  

The temperature rise and the possibility of cavitation seem to depend on such factors as the 
total energy output, the mode, the shape of the ultrasound beam, the position of the focus, the 
centre frequency, the shape of the waveform, the pulse repetition frequency, and the duty 
factor. The TI and MI are indices designed to give the user instant information about the 
potential for thermal or mechanical bioeffects. Because the MI and TI reflect instantaneous 
output conditions, they do not take into account the cumulative effects (esp. heating) of the 
total examination time. It is relevant to indicate that shortening insonation times can give a 
large safety margin under some conditions (wide, scanning beams in soft tissue) but no 
significant margin under other conditions (narrow, non-scanning beams on bone) [31]. 

As far as cavitation is concerned there is agreement that the potential for biological effects 
rises with a rising peak rarefactional pressure. There is lesser agreement about the frequency 
dependence of the occurrence of cavitation in tissue [5, 20, 22, 34, 35, 36]. Nevertheless, the 
MI is intended to give a relative indication of the potential for mechanical bioeffects such as 
cavitation. 

The TI gives a relative indication of the potential for temperature increase at a specific point 
along the ultrasound beam. The reason for the term “relative” is that the assumed conditions 
for heating in tissue are complex such that any single index or model cannot be expected to 
give the actual increase in temperature for all possible conditions and tissue types. Thus, for 
a particular beamshape, a TI of 2 represents a higher temperature rise than a TI of 1, but 
does not necessarily represent a rise of 2 ºC. The important point about the TI is that it is 
designed to make the OPERATOR aware of the possible temperature rise at a particular point in 
tissue. To inform the OPERATOR, limitations about the use of the indices are given below.  

Subclause 201.12.4.5.1 of this standard requires that acoustic output be limited based on RISK 
ASSESSMENT and RISK MANAGEMENT following ISO 14971 using the safety related parameters 
specified in this standard. The indices do not presently provide absolute safety limits. Safety 
limits based on biological effects remain a topic of research for consideration in future 
standards. The demarcation between safe levels and levels where there exists a potential for 
biological effects is of importance for the OPERATOR. The WFUMB [16] gives some guidelines: 
embryonic and foetal in situ temperature above 41 °C (4 °C above normal temperature) for 
5 min or more should be considered potentially hazardous.  
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The same is true if the anticipated acoustic pressure amplitude at the surface of the postnatal 
lung tissue exceeds 1 MPa. However, the actual threshold for effects in the lungs of 
mammalian laboratory species is a complex combination of the values of the acoustic output 
parameters [37] 

What the indices do provide is an indication of the conditions that are more likely than others 
to produce thermal and/or mechanical effects.  

For example, TI values towards the upper end of the range (over 1,0) might best be avoided 
in obstetric applications. Such a restriction allows a reasonable safety margin considering the 
WFUMB recommendation that a temperature increase of 4 °C for 5 min or more should be 
considered as potentially hazardous to embryonic and foetal tissue [16]. However, if a 
particular clinical result cannot be obtained with lower values, increased output may be 
warranted, but particular attention should be paid to limiting the exposure time. Any extra 
thermal load to the foetus when the mother has a fever is also unwise, and again note should 
be made to avoid high TI values [23].  

The modelling for predicting TI assumes some cooling by blood perfusion. For applications 
where poorly perfused tissues are expected, the TI may underestimate the possible worst-
case temperature rise, and again the TI should be maintained at a lower value. Conversely, 
when scanning organs known to be well perfused, such as hepatic, cardiac or vascular 
structures, the value of TI may overestimate the temperature rise.  

In clinical applications where the TIS has been selected to be shown on the screen, it may 
well be more appropriate to inform the OPERATOR to pay attention to the value of TIB. 
Examples are for breast scanning, when ribs may be exposed, and for vascular studies when 
vessels lie close to bone surfaces. 

The assumption is made that the surface heating in soft tissue SCANNING MODE is always 
larger than the worst-case bone heating at depth. This assumption may not be universally 
true, and for this reason TI values in both B-mode and Doppler imaging modes in second and 
third trimester scanning must be interpreted with caution.  

The TI values in SCANNING MODE predict heating in tissue next to the transducer surface due 
only to the energy absorbed from the beam. No correction is made for the heating of the 
transducer itself. The same is true for transcranial transducers and smaller unscanned 
transducers where the heating is also predicted next to the transducer. 

The MI becomes important at a gas/soft tissue interface, for example in cardiac scanning 
where the lung surface may be exposed. Most critically, however, it is with the use of contrast 
materials when most attention should be made to limit MI.  

There are always limitations due to measurement and parameter determination imperfections 
when utilizing mathematical models. Specific limitations of the MI and TI are identified in 
IEC 62359. These limitations should be taken into account when drawing up guidance to the 
user on the interpretation of the indices. 

Table CC.1 summarizes the relative importance of maintaining low index values in specific 
scanning situations. 
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Table CC.1 – Relative importance of maintaining low exposure indices 
in various scanning situations 

 Of greater importance Of less importance 

 

MECHANICAL INDEX 

With contrast material 

Cardiac scanning   
(lung exposure) 

Abdominal scanning  
(bowel gas) 

In the absence of gas bodies: 
i.e. in most tissue imaging 

 

THERMAL INDEX 

First trimester scanning 

Foetal skull and spine 

Neonatal head 

Patient with fever 

In any poorly perfused tissue  

Ophthalmic scanning (requires different 
risk estimate) 

If ribs or bone is exposed: TIB 

In well perfused tissue  
i.e. liver, spleen 

In cardiac scanning  

In vascular scanning  
 

 
 

CC.2 Prudent use 

It is conventional to consider all biological effects of ultrasound as deterministic effects, in 
contrast to the assumption for ionizing radiation, for which it is known that some effects are 
stochastic and act without threshold.  For some effects, e.g., those due to inertial cavitation, 
this reflects the fact that the responsible physical mechanism does not occur below a 
particular exposure level. For other effects, e.g., those due to increased temperature, this 
may reflect the difficulty of observing a small increase in the rate of occurrence of rare events. 
In order for an apparent threshold of this type to be exceeded, a biological effect must occur 
frequently enough for an observer to be aware of having ”observed” an effect. A temperature 
rise from 37 ºC to 40 ºC for quite a long time may be deemed sub-threshold because it 
produces too low an increased incidence to be observed, whereas a temperature rise to 42 ºC 
for any duration may not be acceptable, i.e., it may produce an observable effect. An 
appropriate guide to the user would be that although there may be a biological effect, not all 
biological effects result in a hazard. Healthy human cells are obviously able to survive small 
temperature rises. Apart from the fact that the science evaluating the hazard is incomplete at 
the moment, there is enough evidence about thermal teratology, exposure levels, and 
temperature rise to carry out a basic risk analysis. 

A prudent starting-point for each examination would be first to set the machine for the lowest 
index setting and then modify from this level until a satisfactory image or Doppler signal is 
obtained, keeping track of the TI and/or MI; and second, the exposure time, during one 
examination, should be kept as short as possible. A safety guideline on this should be 
included [23]. 
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Annex DD 
(informative) 

 
Example set-up to measure surface temperature  

of externally applied TRANSDUCER ASSEMBLIES 
 
 

DD.1 General  

The test object set-up described below is a result of measurements presented in the report 
[27]. For at least 10 different transducers, the surface temperatures of the transducers as 
measured when radiating into human under-arms were compared with the set-up described.  

Basically the set-up consists of a piece of soft tissue mimicking material (TMM) covered by a 
slab of silicone rubber on which a (thin film) thermocouple is placed (see Figure DD.1). The 
TMM is placed on a piece of material that absorbs all acoustic energy. 

The properties of the materials used will be those of silicon and TMM as listed in Table DD.1: 

Table DD.1 – Acoustic and thermal properties of tissues & materials 

Tissue/ 
material 

Velocity 
c 

m/s 

Density
 

kg/m3 

Attenuation 
coefficient 

 
dB/cm-MHz 

Acoustic 
 impedance

Z 
106 kg/m2-s

Spec. Heat 
capacity 

C 
J/kg-K 

Thermal 
Conductivity 

 
W/ kg-K 

Thermal 
Diffusivity 

D 
10-6 m2/s 

Source 

Skin 1 615 1 090 2,3 – 4,7 
3,5 7) 

1,76 3 430 0,335 0,09 ICRU rep.113, 
1998 [11] 
ICRU rep.61, 
1998 [26] 
Chivers 1978 
[28] 

Soft 
tissue 

1 575 1 055 0,6 – 2,24 a 1,66 3 550 0,525 0,150 ICRU rep.113, 
1998 [11] 
ICRU rep.61, 
1998 [26] 

Soft 
tissue 
fatty 

1 465 985 0,4  1,44 3 000 0,350 0,135 ICRU rep.113, 
1998 [11] 
ICRU rep.61, 
1998 [26] 

Cortical 
boneb 

3 635 1 920 14 - 22 6,98 1 300 0,3 - 0,79 0,32 ICRU rep.113, 
1998 [11] 
ICRU rep.61, 
1998 [26] 

Silicone 1 021 1 243 1,8c 1,3  0,25  TNO / Dow 
Corning 

TMM 1 540 1 050 0,5c 1,6 3 800 0,58 0,15 TNO (Soft 
Tissue Model) 

a Frequency dependence: f1.2 

b Wide uncertainty has been reported in bone properties [29]. 
c Determined at 3 MHz. 
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DD.2 Preparation of the soft tissue mimicking material (TMM) 

A mixture is made from the materials provided in Table DD.2 (weight % pure components). 

Table DD.2 – Weight % pure components 

Component Weight % 

Glycerol 11,21 

Water 82,95 

Benzalkonium chloride  0,47 

Silicon Carbide (SiC (-400 mesh)) 0,53 

Aluminium Oxide (Al2O3 (0,3 µm)) 0,88 

Aluminium Oxide (Al2O3 (3µm)) 0,94 

Agar  3,02 

Sum 100,00 

 

• Recipe to prepare the soft tissue mimicking material and the set-up 

(1) Mix all components listed in the table and degas at laboratory temperature. 
(2) Heat, while stirring, until 90 °C  

To avoid evaporation and hence a change in components ratio, the substance should be 
covered during this process. 

(3) Cool the substance, while stirring as long as the viscosity allows, until about 47 °C,   
To avoid evaporation and hence a change in components ratio, the substance should be 
covered during this process. 

(4) Pour the substance quickly in a mould and let it further cool down while the mould is 
covered.  

(5) The TMM is now ready for use. To prepare the total measurements set-up, the TMM 
should be covered with a slab of silicone rubber with a thickness of 1,5 mm. Take care 
that there is no air between the TMM and the silicon rubber. (This will result in about equal 
measurement results as when using human under-arms). Although Figure DD.1 shows a 
set-up for a flat transducer surface, a curved surface is easily obtained by cutting the 
curvature in the TMM. 

(6) A (thin film) thermocouple is to be placed on top of the silicone rubber layer.  
(7) Finally the transducer under test has to be placed, coupled with acoustic coupling gel. 

• Maintenance 

The material should be stored in a closed container under normal laboratory conditions 
(18 °C – 25 °C). While stored, keep the material in a water/glycerol mixture to prevent it from 
drying out and to avoid air contact. This mixture contains 88,1 % (weight) demineralised water 
and 11,9 % (weight) glycerol (purity >99 %). 

The shelf life of the material if it is preserved without air contact is at least one year. The 
addition of a 0,5 % (weight) solution of benzalkonium chloride acts as an antifungal agent 
extending the life of the phantom. With produced samples shelf lives over 2 years were found. 
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1 

2 

3 

4 

5 

Components  
 

ULTRASONIC TRANSDUCER under test, coupled 
to the test object using  
acoustic coupling gel  

 
  

Thermal sensor, e.g. thin film 
thermocouple 

 
 Silicone rubber, 

thickness: 1,5 mm  
 
 Soft tissue mimicking material  

(TMM) 
 
 Acoustic absorber 

1 

2 

3 

4 

5 

IEC   1533/07 

 

Figure DD.1 – Set-up of an example test object to measure the surface temperature  
of externally applied transducers 
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Annex EE 
(informative) 

 
Acoustic output table intended for 3rd parties 

Table EE.1 provides an example acoustic output table to allow 3rd parties to recalculate the 
TI and MI values for each operating mode, including the contributions from each mode in 
COMBINED-OPERATING MODES. 

The ‘Index Component Values’ for MI and TIC are the index values for each DISCRETE-
OPERATING MODE comprising the operating mode. 

The ‘Index Component Values’ for TIS and TIB are the values of the ‘at-surface’ and below-
surface’ TI formulations for each DISCRETE-OPERATING MODE comprising the operating mode. 

NOTE 1 See Annex AA for descriptions of “Maximum Index Value’ and ‘Index Component Values’. 

NOTE 2 An operating mode can be interpreted to be any DISCRETE-OPERATING MODE (like B, M) as well as any 
COMBINED-OPERATING MODE (like B+D+CFM). 
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MODE: _____________________ 

Index Label MI 

TIS TIB TIC 

Scan Non-scan Scan Non-scan Scan Non- 
scan 

At 
surface 

At 
surface 

Below 
surface 

At 
surface 

At 
surface 

Below 
surface 

At 
surface 

At 
surface 

Maximum Index Value     

Index Component Value          

Associated 
Acoustic 

Parameters 

pr,α at zMI (MPa)          

P (mW)        

P1x1 (mW)        

Min. of  
[Pα(zs) , Ita,α (zs)x1cm2]
 (mW) 

         

zs  (cm)          

zbp  (cm)          

zb   (cm)          

zpii  (cm)          

zMI  (cm)          

deq at zb  (cm)          

fawf  (MHz)        

Dim of Aaprt 
X (cm)        

Y (cm)        

Other 
Information 

Mode Components        

td (µsec)          

prr  (Hz)          

srr (Hz)          

pr at zpii  (MPa)          

deq at zpii    (cm)          

Ipa,α at zpii,α (W/cm2)           

Focal Length 
FLx (cm)          

FLy (cm)          

Operating 
Control 

Conditions 

Control 1           

Control 2           

Control 3           

Control 4           

Control 5           

   …           

Control x           
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