
Preface 

Chemical and physical basics paired with engineering "black box" concepts as well as 
practical and theoretical experience in conventional and advanced ceramics paired with 
unorthodox ideas for future materials are the humus of the book in hand. On the one 
hand, it is a guideline for students, scientists, and engineers , and on the other hand, it 
presents ideas for visionaries. It is the alliance of a view into the past, the present , and 
the future. Not more, not less. May the readers have exactly the same pleasure with 
the book in hand as we have had with its creation. 

The book is based upon lectures/papers/posters that are held/published/presented 
at/from the Department Aldinger of the Max-Planck-Institut fiir Metallforschung 
(Germany) and the Chair Aldinger on Nichtmetallische-Anorganische Materialien of 
the Universitiit Stuttgart (Germany) during the past decades - joint institutions which 
became also known as "Pulvermetallurgisches Laboratorium (PML)". A selection of 
these works is accumulated in [76]- [189]. Some of the knowledge of [76]- [189] is used as 
"case studies" in the book. We truly regret that it was not possible to include all works 
that were done at the "Pulvermetallurgisches Laboratorium (PML)" during that time. 
Nevertheless, we hope that most of the readers consider the selection of works presented 
in this book satisfactory. Furthermore, we hope that most of the readers consider our 
decision to discuss ceramic materials within an extended frame of reference, which also 
incorporates metallic materials and organic materials, satisfactory. Moreover, we hope 
that at least some of our readers agree with us that it is a good time to carry out 
first steps towards future materials paving the way to artifical gravitation technologies 
and energy production technologies that go beyond chemical and nuclear reactions -
exactly this is what we want to do in the final chapter of the book. 

We wish to thank Dorothee Klink for the proofreading, Bernd Heinze for supplying 
us with nice photographs, CeramTec [71] for the abandonment of product images, 
microitructure images, and pictures of technical facilities, and SGL Brakes GmbH [72] 
for the release of images of ceramic (carbon) brake discs. Furthermore, we would like 
to thank Joachim Bill and Jerzy Golczewski for their valuable help. Moreover, the 
coauthor would like to thank Arndt Simon and Jurgen Kohler for the stimulating time 
at the Department Simon of the Max-Planck-Institut fiir Festkorperforschung. 

Fritz Aldinger und Volker A. Weberrufl, 
Stuttgart, January 2010. 
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Preface IX 

Synthese metallorganischer Polymere als molekulare 
Vorstufen fiir hochtemperaturstabile Keramiken 
Markus Weinmann , AnHa !\ hiller, Peter Gerstel, Thomas W. Kamphowe. 

Sabine Na l, Joachim Bill und Fritz Aldinger 

Max-Pla11ck-/11srir11r fiir Mewllfnrsch1111g 1111d 
/11s1;,,,, fiir Niclwnewllische Anorgtmische Materialien , U11frersitiit Swtrgart, 

P11ll'erme1t1ll11rgisches L(lborarori11m, Heisenberg.,·tr. 5. D-70569 StullRart (Germany) PML 
Hinter grund : Keramiken au~ molek.ularen Vorstufcn im System Si-8-C-N kOnnen auBergewOhnliche Hochtemperatur­
stabilitaten bis uber 2000°C aufweisen. Die Synthese der Polymere sowie der EinnuB der polymeren Strukturen auf die 
thermische Stabilitat der Kcramiken wurde bisher nur wenig untersucht. In dicsem Zusammenhang hat sich die 
DarMellung n~uer Prtikeramika al~ eincr unscrcr Arbeit~si;hwcrpunkte entwickelt, wobei insbe~ondere proze3relevante 
Fragc; 1cllungen wesentliche Aspekte bei der Entwicklung neuer Synthesen darstellen. 

Hyd roboricrung vinylierter Polys ilazanc 
Ziel'. Synlhese hochvcmcl7ter Polys ,lazane in hoher Ausbeme 

i 

:;, ~t;i -=-·lr;1 r, " .. " 
A•c,i-+,SolA>NH 
Ill Ht!lll'k. 
R,U'ttil,,, 1oc,,,. 
11 .. ~!l!l 

Result.tt: I lohe Proch1i..1ausbeu1e. einlache Durchfuhrong, Ans511e 
beliebig zu vergr6ilem. 

1. .. _,, 
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Kmirn,lal t l...:xrt1, H,,,,..--1'Cht•. A1p 

T ris(hydridosilylcthyl)borane: 
Hochrcaktive Edukte fur Si-B-C- Precursor 

Ziel: Synthe,;c ncucr Synthonc for die Hen.tcllung hoch,cmclZtcr 
Si-8-C- Polymere nus monomcrcn Vorstufcn 

Y' "y,.P'• 
~ H_j.__H 

I I . . 
fl.,QCH Fh·HC>I, --
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------ ------

Bormodiliziert c Polys ilylcarbodiimid e 
Zie l: Pr01cBfUhrung ohne unlb~lichc Ncbcnprodukte . . 
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Der ni chloxid ische 

Ouroplastische Prakeramika 
Ziel: Hcn.tcllung ra~crvcrsla.rl..ttr Komposit-Matt.!rialicn mit hoch-
1cmpcraturMahilcr Matrix mittcls RTM-Vcrfahrcn 
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Precursor-deri vcd materials. 
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X Preface 

"' Max-Planck-lnstitut fur Metallforschung ~ 
~ Material Synthesis and Microstructure Design 

S. Department Ald inger 
I \ \ ~ t, <I I 

Bio-inspired Materials Synthesis 
R.C. Hoffmann and J . Bill 

Template-induced oxide deposition 

1 Organ,c Modification of Substrate 

Research Objectives 

The ob}eclive or these studies Is to develop strategies for materials 
synthesis by employing the organrze110nal and functional 
characteristics of blological processes aiming to depoSll ceramic-type 
materials from aqueous solutlons at ambient conditions with respect to 
temperature and atmosphere. Organic templates at the surface of a 
substrate can induce the build up of thin films o f O)(ides which deposit 
typlcally in nano-crystalline form. like Zr02• Tl02, SnO2, V1O5• sim1larty 
to biomineratisallon processes 

2 Build-up of Thin Film 
3 Formaoon of lnorganlc/Orgarnc-Hybrid Matenal 

i111tt\ 

Deposit ion of TitaniaNanadia 
Nanocompos ltes 

- Uniform end adherent films were obtarned 
from solullons containing Ti and V species 

- XPS Indicates. that only Tl02 and V20 5 are 
present in the film 

- Auger depth profile reveals , that composite 
films of uniformly distributed Ti02 and V 20 s 
nanoparticles were prepared 

- No concentration gradient of titanium and 
vanadium was observed within these films 

• Zeta-potential measurements suggest, that 
the assembly is driven by van der Waals 
forces 

Deposition of Titania and Zincite on 
Polyethy lene Terephlhalate 

The main advantage for applications. 
however, is the ability to coal complex shapes 
and the coaling of 1emperature sensitive 
materials. This enables the deposition of 
ceramic thin films on polymers 

Titania thin films were prepared on 
polyethyfene terephthalate substrates by 
hydrolysis of a peroxo complex in aqueous 
solubons at 333 K_ Dynamic light scattering 
was used to monitor the particle growth in Iha 
reaction solution at various pH values. These 
findings were used to optimize the 
m,crostructure or the lllania films by avo1ding 
sedimentation of agglomerates and rapid 
depletion of the reactk>n soiution. Films 
deposited on pristine PET. surface 
hydrolyzed PET and sutface oxidized silicon 
were lnvesttgated by atomic force microscopy 
and show no stgmficanl difference in 
mo,phology 

• • ... 
.....J. 

The aim is to understand the template process aiming 10 exceed lhe 
mere imitation of biological mlnerallzaUon and to steer the design of 
new materials with tailored interfaces and nano-sized mlcrostructures 
in the future. 

llll . . .. 

< ' 

. .. 

m . 
~ . . 
. -

. . 
. --m ~ ' 
SEM M1croqraph5: 

As-deposited films on SO3H-funct!onalized 
silicon wafers in 2x3 hours @ 353K from 

{a) 10 mM [Ti].10 mM Mand 140 mM HCI, 
(b) 7 5 mM £111,2.5 mM Mand 140 mM HCI 

,400 (b) 

! ":I . !~~"·" .· .:.•·. 
1 SOmM 

0 - ---0 25 50 75 100 125 150 
Rucuonr-,m11 

Dynamic Light Scattering 
Time dependance of particle size solubOns 

containing 10 mM TI and various 
concentraoons of HCI at 333 K 

{a} 25 and 40 mM HCI, (b) 35 and 40 mM HCI 

Bio-in pired materials. 

Auger Depth Profiles 
Profiles correspond to SEM Images. 

RD . . . . . 

. . 
. . 
m .. 

SEM Micrographs 
Morphology of films grown with various 

concentrations of HCI at 333K: 
(a)10 mM ffij and 35 mM HCI: 
(b) 10 mM ffij and 45 mM HCI. 
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Defining Ceramics 

1. Advanced Ceramics 

What would the ancient China have been without china? Imperfect! What would be 
the life of today without dental prostheses? Painfull What would be the space shuttle 
without thermal tiles? Disastrous! What would be the dally communication without 
mobile phones? Unimaginable! ls it thus carrying things too far that ceramic materials 
are objects of technologies of the past, the present, and the future? No way! But what 
are ceramic materials actually? Which structure do they have? How are their properties 
related to their structure? Row are these manufactured? How are these modeled? Going 
somewhat beyond the conventional textbooks and the conventional monographs on 
modern ceramics, in the chapters that follow, an elaborate picture of modem ceramics 
is developed. 

Going beyond the hellenic word keramos ("fired soil"), on the one hand, ceramics 
is defined as a name for products ms.de out of non-metallic inorganic substances, and 
on the other hand, cemmics is defined as the a.rt and science of making materials and 
products of non-metallic inorganic substances [28). Naturally, following the standards 
of modern physics and modern chemistry, we want to associate the notion non-meta/lit 
with non-metallic energy band structures and their dependence on further constraints 
such as temperature and pressure, and we want to associate the notion inoryanic with 
substance., not showing the chemical structures of hydrocarbons. Certainly, we want 
to appreciate conventional ceramics, but we want to focus on advanced ceramics. We 
here compare with Figure 1.1, which shows the classifications, the definition.s, arui the 
terminology used in this book, and we here compare with Figures 1.2-1.13, which show 
some selected starting materials as well as some selected products of various branches 
or the ceramic industry. 

We should already here appreciate that advanced ceramics moots the highest 
demands of pre.sent technologies. For instance, many ceramic materials are extremly 
resistant against abrasion! For instance1 many ceramic materials are extremly resistant 
a.gainst heat! For instance, depending on further constraints such as temperature and 
pressure, ceramic materials can be insulators, ceramic materials can be conductors, 
and ceramic materials can be semi-conductors. Dear reader, ceramic materials even can 
be fenoelectrics without which the performance of present communication technology 
would be more than poor. Dear reader, the hip joint endoprostheses that are shown in 
Figure 1.10 are implants meanwhile doing their job in hundreds of millions of human 
bodies worldwide! Isn't this a feat? 

•• 
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12 1. Advanced Ceramics 

Going beyond advanced ceramics, in the final Chapter 5, first steps towards new 
fields of materials research are carried out. The following first introductory remarks 
already here should be useful. On the one hand, a branch of research is started up 
dealing with the question "How must materials be structured and how must their 
technical environment be structured that these can be used as the material basis for an 
oscillatory system generating a measurable oscillatory gravitational field, so to speak, as 
the material basis for a gravitational laser?" On the other hand, a branch of research is 
Btarted up dealing with the question "How mUBt materials be structured and how must 
their technical environment be structured that these - fundamentally going beyond 
nuclear techniques and matter-antimatter destruction - can be disaggregated into 
radiation, which in turn can be used as starting point for new types of energy plants, 
new types of spacecraft propulsions, and new types of matter conversion techniques?" 
For this purpose, a self-consistent network of model conceptions is launched, which 
some colleagues may consider as a direct extension of the Ginzburg-Landau theory of 
superconductivity (20] or as a semi-classical approach to quantum systems comparable 
to the Wunner-Main approach to quantum systems (34, 35, 64], however, which could 
turn out to be the true nonlinear extension of conventional quantum mechanics [63), on 
all accounts1 which works ?{ithout any known restrictions, and which firstly can supply 
us with much more information about the principles that govern the constitution, the 
stabilities, and the instabilities of materials than the methods of thermodynamics and 
the methods of quantum mechanics can do, and which secondly can supply us with 
paths to these new fields of materials research. Certainly, it goes far beyond the scope of 
this book to develop these new fields ofresearch in great detail already here. However, 
the first steps towards this goal indeed are taken here. 

Why do we think that a book about advanced ceramics is the adequate place for 
such first steps? Well, on the one hand, in the framework of advanced fuels such as 
nuclear .. fuel rods, ceramic materials play an important role so that we expect that 
ceramic materials will also play an important role in our more advanced context. Well, 
on the other hand, wanting to gain an access t.o artifical gravitation, it should not be 
the worst choice to depart from materials with a relatively high mass density and a 
relatively low free charge carrier density, promising us high gravitational radiation and 
low electromagnetic radiation, as it is the case for a lot of ceramic materials. Anyway, 
departing from advanced ceramics of the past and the present1 let us also point into 
the future of materials. 
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Definition of 'ceramic'

(sɪræmɪk )
Word forms: ceramics plural

1. MASS NOUN

Ceramic is clay that has been heated to a very high temperature so that it becomes hard.

...ceramic tiles. 

2. COUNTABLE NOUN [usu pl]

Ceramics are ceramic ornaments or objects.

...a collection of Chinese ceramics. 

3. UNCOUNTABLE NOUN

Ceramics is the art of making artistic objects out of clay.

...a degree in ceramics. 

Collins COBUILD Advanced Learner’s Dictionary. Copyright © HarperCollins Publisher

ceramic Word Frequency 
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ceramic adjective

ce·​ram·​ic   sə-ˈra-mik    especially British  kə-

ceramic noun

1 of 2

: of or relating to the manufacture of any product (such as earthenware, porcelain, or brick)
made essentially from a nonmetallic mineral (such as clay) by firing at a high temperature
also : of or relating to such a product

2 of 2

1 ceramics  plural in form but singular in construction  : the art or process of making
ceramic articles

2 : a product of ceramic manufacture
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8/6/23, 2:13 PM transparent | Photonics Dictionary® | Photonics Marketplace

https://www.photonics.com/EDU/transparent/d7619 1/2

Photonics Spectra Dec 2022

BioPhotonics May/Jun 2022

Photonics.com Feb 2022

.: transparent
Capable of transmitting light with little absorption and no appreciable scattering or diffusion.

See Also

Related Articles

"Nonlocal" Metasurface Enables High-Performing AR Eyeglasses

Transparent Chip Provides View to Multimodal Imaging

Machine-Readable Labels Identify and Track Objects
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8/6/23, 2:11 PM translucent | Photonics Dictionary® | Photonics Marketplace

https://www.photonics.com/EDU/Term.aspx?TermID=7600 1/2

Photonics.com Feb 2022

.: translucent
Pertaining to materials having the property of reflecting a part and transmitting a part of the
incident radiation.

See Also

Related Articles

Machine-Readable Labels Identify and Track Objects
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semitransparent
adjective

Definition of semitransparentnext

as in translucent

Synonyms & Similar Words
Relevance

translucent

diaphanous

colorless

sheer

lucid

semitranslucent

uncolored

transparentized

glassy

vitreous

transparent

crystalline

liquid

crystal

pellucid

limpid

lucent

Synonyms of semitransparent
as in translucent Word of the Day
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Wordplay

Word Finder
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8/6/23, 2:14 PM opaque | Photonics Dictionary® | Photonics Marketplace

https://www.photonics.com/EDU/opaque/d5735 1/2

.: opaque
A term describing a substance that is impervious to light; the characteristic of a substance
that has no luminous transmittance.
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maintain verb

main·​tain   mān-ˈtān   mən-

maintained; maintaining; maintains
Synonyms of maintain

transitive verb

1 : to keep in an existing state (as of repair, efficiency, or validity) : preserve from failure or
decline

maintain machinery

2 : to sustain against opposition or danger : uphold and defend
maintain a position

3 : to continue or persevere in : CARRY ON, KEEP UP
couldn't maintain his composure

4 a : to support or provide for

b : SUSTAIN

has a family to maintain

enough food to maintain life

5 : to affirm in or as if in argument : ASSERT
maintained that the earth is flat

  mān-ˌtā-nə-ˈbi-lə-tē   noun

  mān-ˈtā-nə-bəl   adjective

 noun
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ISO/IEC 18092:2013(E) 

Foreword 

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical 
Commission) form the specialized system for worldwide standardization. National bodies that are members of 
ISO or IEC participate in the development of International Standards through technical committees 
established by the respective organization to deal with particular fields of technical activity. ISO and IEC 
technical committees collaborate in fields of mutual interest. Other international organizations, governmental 
and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field of information 
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The main task of the joint technical committee is to prepare International Standards. Draft International 
Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as 
an International Standard requires approval by at least 75 % of the national bodies casting a vote. 

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

ISO/IEC 18092 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology, 
Subcommittee SC 6, Telecommunications and information exchange between systems. 

This second edition cancels and replaces the first edition (ISO/IEC 18092:2004), which has been technically 
revised. 
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I5O/IEC 18092:201 J(E) 

Introduction 

This International Standard specifies the interface and protocol for simple wireless communication between 
close coupled devices. These Near Field Communication (NFC) devices communicate with bit rates of 106, 
212, and 424 kbit/s. 

This NFC Interface and Protocol (NFCIP-1) standard allows, but does not specify, applications in network 
products and consumer equipment. 

The first edition of ISO/IEC 18092:2004 was prepared by Ecma International (as ECMA-340) and was 
adopted, under a special "fast-track procedure" , by Joint Technical Committee ISO/IEC JTC 1, Information 
technology, in parallel with its approval by national bodies of ISO and IEC. This second edition of 
ISO/IEC 18092 was maintained by JTC 1/SC 6 and Ecma International; it cancels and replaces the first 
edition (ISO/IEC 18092:2004), which has been technically revised with fully backward compatibility. 
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INTERNATIONAL STANDARD ISO/IEC 18092:201 J{E) 

Information technology - Telecommunications and information 
exchange between systems - Near Field Communication -
Interface and Protocol (NFCIP-1) 

1 Scope 

This International Standard defines communication modes for Near Field Communication Interface and 
Protocol (NFCIP-1) using inductive coupled devices operating at the centre frequency of 13,56 MHz for 
interconnection of computer peripherals. It also defines both the Active and the Passive communication 
modes of Near Field Communication Interface and Protocol (NFCIP-1) to realize a communication network 
using Near Field Communication devices for networked products and also for consumer equipment. This 
International Standard specifies, in particular, modulation schemes, codings, transfer speeds, and frame 
format of the RF interface, as well as initialisation schemes and conditions required for data collision control 
during initialisation. Furthermore, this International Standard defines a transport protocol including protocol 
activation and data exchange methods. 

Information interchange between systems also requires, at a minimum, agreement between the interchange 
parties upon the interchange codes and the data structure. 

2 Conformance 

A system implementing the Active and the Passive communication mode shall be in conformance with this 
International Standard if it meets all the mandatory requirements specified herein. 

It may also implement the NFC-SEC Option as specified in ISO/IEC 13157-1. 

3 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

ITU-T V.41: 1988, Code-independent error-control system 

ISO/IEC 13157-1:2010, Information technology - Telecommunications and information exchange between 
systems- NFC Security- Part 1: NFC-SEC NFCIP-1 security services and protocol 

ISO/IEC 14443-2:2010, Identification cards- Contactless integrated circuit cards - Proximity cards - Part 2: 
Radio frequency power and signal interface 

ISO/IEC 14443-3:2011, Identification cards - Contactless integrated circuit cards - Proximity cards - Part 3: 
Initialization and anticol/ision 

ISO/IEC 14443-4:2008, Identification cards - Contactless integrated circuit cards - Proximity cards - Part 4: 
Transmission protocol 
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4 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

4.1 
active communication mode 
mode in which both the Initiator and the Target use their own RF field to enable the communication 

4.2 
ASK modulation 
Amplitude Shift Keying, in which the amplitude of the carrier frequency is modulated according to the logic of 
the data to be transmitted 

4.3 
Binary Coded Decimal 
BCD 
system for representing each of the decimal numbers O to 9 by a four-bit binary code 

NOTE The bits, from left to right, are worth 8, 4, 2 and 1 respectively in decimal, so for example the number 6 in BCD 
is 0110. 

4.4 
collision 
transmission by two or more Targets or Initiators during the same time period, such that the Initiator or the 
Target is unable to distinguish from which Target the data originated 

4.5 
frame 
sequence of data bits and optional error detection bits, with frame delimiters at start and end 

4.6 

Hrhreshold 
the threshold value to detect an external RF field 

4.7 
Initiator 
generator of the RF field and starter of the NFCIP-1 communication 

4.8 
load modulation 
process of amplitude modulating a radio frequency field by varying the properties of a resonant circuit placed 
within the radio frequency field 

4.9 
lsb first 
least significant bit first, indicating a serial data transmission system that sends lsb before all other bits 

4.10 
LSB first 
Least Significant Byte first, indicating a serial data transmission system that sends LSB before all other bytes 

4.11 
Manchester coding 
method of bit coding whereby a logic level during a bit duration is represented by a sequence of two defined 
physical states of a communication medium 

4.12 
modulation index 
signal amplitude ratio of [peak - minimum] I [peak+ minimum] 

2 © 1S0/IEC 2013 -All rights reserved 
MASIMO 1054 

Masimo v. Apple 
IPR2023-00634



I5O/IEC 18092:2013(E) 

4;13 
msb first 
most significant bit indicating a serial data transmission system that sends the msb before all other bits 

4.14 
MSB first 
Most Significant Byte indicating a serial data transmission system that sends the MSB before all other bytes 

4.15 
NFCIP-1 device 
entity [ISO/IEC 18092) 

4.16 
NFC Identifier 
NFCIDn 
a randomly generated number used by the RF Collision Avoidance and Single Device Detection sequence for 
both the Active and the Passive communication modes 

4.17 
NFC-SEC 
NFCIP-1 Security Services and Protocol as specified in ISO/IEC 13157-1 

4.18 
passive communication mode 
when the Initiator is generating the RF field and the Target responds to an Initiator command in a load 
modulation scheme 

4.19 
RF Collision Avoidance 
RFCA 
method to detect the presence of a RF field based on the carrier frequency and method to detect and resolve 
collisions on protocol level 

4.20 
SAK 
Select acknowledge [ISO/IEC 14443-3] 

NOTE SAK replaces the SEL_RES [1S0/IEC 18092:2004]. 

4.21 
sensing 
NFCIP-1 device in the Active communication mode expecting a Response to a Request it has sent on the RF 
field to detect the start of communication to receive the Request 

4.22 
Single Device Detection 
SDD 
algorithm used by the Initiator to detect one out of several Targets in its RF field (anti-collision 
[ISO/IEC 14443-3]) 

4.23 
Target 
responds to Initiator command either using load modulation scheme (RF field generated by Initiator) or using 
modulation of self generated RF field 

4.24 
Time Period 
defines the number of slots used for RF Collision Avoidance 
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4.25 
Time Slot 
method of preparing a time window when a Target answers, and assigning and identifying two or more logic 
channels 

4.26 
transaction 
initialisation, data exchange and device de-selection 

5 Conventions and notations 

5.1 Representation of numbers 

The following conventions and notations apply in this document unless otherwise stated. 

Letters and digits in single quotation mark represent numbers in hexadecimal notation . 

The setting of bits is denoted by ZERO or ONE. 

Numbers in binary notation and bit patterns are represented by strings of digits O and 1 shown with the 
most significant bit to the left. Within such strings, X may be used to indicate that the setting of a bit is not 
specified within the string. For example (XXXX)b. 

5.2 Names 

The names of basic elements, e.g. specific fields, are written with a capital initial letter. 

6 Abbreviated terms 

ALL_REQ 
ATR 
ATR_REQ 
ATR RES 
BCD 
BRi 
BRt 
BSi 
BSt 
CMD 
CRC 
D 
DEP 
DEP_REQ 
DEP RES 
DIDi 
DIDt 
DRi 
DRt 
DSi 
DSL 
DSL_REQ 
DSL RES 
DSt 
etu 
fc 
fd 

4 

Wake up ALL Request 
Attribute Request and Attribute Response 
Attribute Request 
Attribute Response 
Binary Code Decimal 
Receiving bit duration supported by Initiator 
Receiving bit duration supported by Target 
Sending bit duration supported by Initiator 
Sending bit duration supported by Target 
Command 
Cyclic Redundancy Check 
Divisor 
Data Exchange Protocol Request and Data Exchange Protocol Response 
Data Exchange Protocol Request 
Data Exchange Protocol Response 
Initiator Device ID 
Target Device ID 
Data rate Received by Initiator 
Data rate Received by Initiator 
Data rate Send by Initiator 
Deselect Request and Deselect Response 
Deselect Request 
Deselect Response 
Data rate Send by Target 
elementary time unit 
Frequency of operating field (carrier frequency) 
Baseband frequency of Manchester coding 
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fs [ISO/IEC 14443-2] 
FRT 
Gi 
Gt 
HL TA [ISO/IEC 14443-3] 
ID 
lsb 
LSB 
Ml 
msb 
MSB 
NAO 
NFCID1 
nfcid1n 
NFCID2 
nfcid2n 
NFCID3 
nfcid3n 
p 
PA 
PCD 
pdu 
PFB 
PICC 
PNI 
PPi 
PPt 
PSL 
PSL_REQ 
PSL RES 
RF 
RFCA 
RFU 
RLS 
RLS_REQ 
RLS RES 
RWT 
SB 
SOD 
SEL CMD 
SYNC 
TO 
UID 
WT 
WUP 
WUP_REQ 
WUP_RES 

7 General 

Subcarrier 
Frame Response Time 
Optional information field for Initiator 
Optional information field for Target 
Hal T command, Type A 
Identification number 
least significant bit 
Least Significant Byte 
Multiple Information link for Data Exchange Protocol 
most significant bit 
Most Significant Byte 
Node Address 
fc/128 UID 
Byte number n of NFCID1 
Random ID for SOD in Passive communication mode at fc/64 and fc/32 bit rates 
Byte number n of the Random Identifier NFCID2 
Random ID for transport protocol activation 
Byte number n of the Random Identifier NFCID3 
Odd parity bit 
Preamble 
Proximity Coupling Device [ISO/IEC 14443-2] 
protocol data unit 
Control information for transaction 
Proximity Card or object [ISO/IEC 14443-2] 
Packet Number Information 
Protocol Parameters used by Initiator 
Protocol Parameters used by Target 
Parameter Selection Request and Parameter Selection Response 
Parameter Selection Request 
Parameter Selection Response 
Radio Frequency 
RF Collision Avoidance 
Reserved for Future Use 
Release Request and Release Response 
Release Request 
Release Response 
Response Waiting Time 
Start byte for data exchange protocol at fc/128 
Single Device Detection (anti-collision) 
Select Command byte 
Synchronisation pattern 
Timeout value 
Unique Identifier [ISO/IEC 14443-3] 
Waiting Time 
Wakeup Request and Wakeup Response 
Wakeup Request 
Wakeup Response 

NFCIP-1 Targets and Initiators shall implement both the Active and the Passive communication modes. 

In the Active communication mode, both the Initiator and the Target use their own RF field to communicate. 
The Initiator starts the NFCIP-1 transaction. The Target responds to an Initiator command in the Active 
communication mode by modulating its own RF field. 
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In the Passive communication mode, the Initiator generates the RF field and starts the transaction. The Target 
responds to an Initiator command in the Passive communication mode by modulating the Initiators' RF field 
which is referred to as load modulation . 

This International Standard specifies requirements for modulation , bit rates and bit coding. In addition it 
specifies requirements for the start of communication, the end of communication, the bit and byte 
representation , the framing and error detection, the single device detection, the protocol and parameter 
selection and the data exchange and de-selection of Near Field Communication Interface and Protocol 
(NFCIP-1) devices. 

Transactions start with device initialisation and end with device de-selection. Initiators and Targets exchange 
commands, responses and data in alternating or half duplex communication. 

NFCIP-1 devices are capable to start transactions at bit rates of fc/128, fc/64 and fc/32. Initiators select one of 
those bit rates to start a transaction and they may change the bit rate using PSL_REQ/PSL_RES commands 
during a transaction. 

The mode (Active or Passive) shall not be changed during one transaction. 

8 RF field 

8.1 Values 

fc is 13,56 MHz. 

Hmin is 1,5 Nm (rms). 

Hmax is 7,5 Nm (rms). 

HThreshold is 0, 1875 Nm (rms). 

8.2 Passive communication Mode 

The Initiator shall generate field strength of at least Hmin and not exceeding Hmax at manufacturer specified 
positions (i.e. operating volume) under un-modulated conditions. 

The Target shall operate continuously between Hmin and Hmax· 

8.3 Active communication Mode 

An Initiator and a Target shall alternately generate a RF field of at least Hmin and not exceeding Hmax at 
manufacturer specified positions (i.e. operating volume) under un-modulated conditions. 

8.4 External RF field detection 

NFCIP-1 devices shall detect external RF fields at fc with field strength higher than HThreshold · 

9 RF Signal Interface 

9.1 Bit duration 

One etu equals 128/(D x fc), where the values of the divisor D depend on the bit rate and communication 
mode, see Table 1. 
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Table 1 - Divisor D 

Communication Mode bit rate Divisor D 

active or passive fc/128 (-106 kbit/s) 1 

active or passive fc/64 (-212 kbit/s) 2 

active or passive fc/32 (-424 kbit/s) 4 

Active fc/16 (-848 kbit/s) 8 

Active fc/8 (-1695 kbit/s) 16 

Active fc/4 (-3390 kbit/s) 32 

Active fc/2 (-6780 kbit/s) 64 

NOTE 1 The Initiator selects the communication mode (either Active or Passive) and bit rate (fc/128, fc/64 or fc/32 
specified by the following clauses). 

NOTE 2 This Standard does not specify the modulation and the bit coding beyond the bit rate of fc/32. 

9.2 Active communication mode 

Targets and Initiators shall comply with the following specifications for both communication directions, i.e. 
Initiator to Target and Target to Initiator. 

9.2.1 Requirements for fc/128 

9.2.1.1 Bit rate 

The bit rate for the transmission during initialisation and single device detection shall be fc/128 . 

9.2.1.2 Modulation 

See 8.1.2.1 of ISO/IEC 14443-2. During transmission, both the Initiator and the Target shall conform to PCD 
values. During reception, both the Initiator and the Target shall conform to PICC values. 

9.2.1.3 Bit representation and coding 

See 8.1.3 of the ISO/IEC 14443-2 for a bit rate of fc/128. 

9.2.1.4 Byte transmission 

Initiators and targets shall transmit bytes with the lsb first. 

9.2.2 Requirements for fc/64 and fc/32 

9.2.2.1 Bit rates 

The bit rates for the transmission during initialisation and single device detection shall respectively be fc/64 or 
fc/32. 

9.2.2.2 Modulation 

See 9.1.2 of ISO/IEC 14443-2 for the bit rate of fc/64 and fc/32. During transmission, both the Initiator and the 
Target shall apply the PCD values. During reception, both the Initiator and the Target shall apply the PICC 
values. 
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