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Figure 12.7 Manufacture of a smart card coil using the embedding technique on an inlet foil. 
The sonotrodes, the welding electrodes (to the .. left of the sonotrodes) for contacting the coils, 
and some finished transponder coils are visible (reproduced by permission of AmaTech GmbH 
& Co. KG, Pfronten) 

Figure 12.8 Example of a 13.56MHz smart card coil using screen printing technology 

coil resistance of an etched coil can easily be calculated from the surface resistance 
RA (Cu: 500 µQ/0 where d = 35 µm). 

12.2.2 Connection technique 

The different types of antenna also require a different connection technique between 
the antenna coil and the transponder chip. 
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1 2.2 CONTACTLESS SMART CARDS 

Tnble 12.1 Surf..., rc,;i&lllllCC of polymer thick 
film pastes with dirTettnl ~m1xlures given a layer 
thickness ofl5 11m (Anderson. 1998) 

Conductor 

Silver (Ag) 
Copper (Cu) 
Graphite (crirbon) 

Surface resistance 

5-20mQ/O 
30-l20mQ/O 

20 000-100 000 m!:l/O 
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Table 12.2 Typical properties of some polymer thick film pastes (Anderson, 1998) 

Paste 

Surface resistance after drying 
Surface resistance after lamination 
Layer thickness after drying (200 µm screen) 
Viscosity (RVT UC&S I 4 ID rpm) 

Dupont 5028 

27-33 m!:l/O 
8-I0mQ/O 

l6-20mil/O 
15-30mQ/O 

Dupont 5029 

14-20mQ/O 
4-SmQ/O 

28-32µm 
35-SOPa s 

Antenna co,ls made or wire. ,c. wound or embedded coil!,, n,c conncclcd 10 the chip 
module using microweldu,g tccliniqucs, TI1e lacquer enamelled antenna coil ls. bnrcd In 
the connection ncca of the chip module u ing aspcdnl tool nnd 1hc11 welded 10 the termi-
nals (lead frames} of lbc chip module using ullrnsound (Hoghiri nnd Tnmntino, 1999). 

Co111oc1i11g a printed Wil 10 lhc chip or a· module is problcm1uic as cl)uventionnl 
soldering nd weldlng 1cchniques do no, work. fi r polymer pasies. TI1c use of mp 
chip te<:hnology,2 in which fi,ing nnd contac1ing of 1bc chip can take plnre Using n 
conductive ndhcsivc, offers a wlution. A ccond solu11on is the use of cut lomp 1cch• 
nology (CCT). In lhis approach the mcllli 1crminols (lend fmmc) of the chip module rue 
punched through wi1h n pohued tool, so 1h01 po,med crowns ore formed (Figutc 12.9). 
11n, chip module Is thcn pr=d onto 1hc carrier foil from below. so that 1he pea~ of 
the crown pcnc1m1c 11tc foil nud make contact wilh the ontcnno 1em1innl~. Tue crown 
peaks tire bcn.l over using a flnt. siamp, making • permnncnt mccl1011icnl and elcctritnl 
con.nectiOn between lhc chip module ond the nntenna coils. 

Antenna 

I 2~tenna PVC foil 

'~<:: :9/· 
Orowns 

Contaclless chip module 

Figure 12.9 Contacting of a chip module to a prinled or etched antenna by means of cut clamp 
technology 

'lb; unh«,m,~.d chip is placed directly upon the terminals of the coil with the contact nreas (bond pads) 
downw.,d 
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while passengers board, plus the additional security risk presented by the continuous 
distraction of the driver. 

• Paper tickets are thrown away after use, although the manufacture of fraud-proof 
tickets for transport companies is becoming more and more expensive. 

• In German cities in particular, losses of up to 25% must be taken into account due 
to fare-dodgers (Czako, 1997). This is because German transport companies have 
very liberal travelling conditions and permit entry to the underground system and 
buses without travel passes first being checked. 

• Association discounts can only be calculated on the basis of costly random counts, 
which leads to imprecision in the calculation. 

13.2.2 Requirements 

Electronic fare management systems have to fulfil very high expectations and require-
ments, particularly with regard to resistance to degradation and wear, write and read 
speed and ease of use. These expectations can only be satisfactorily fulfilled by RFID 
systems. The most common format for contactless smart cards is the ID-1 format and, 
recently, wrist watches. 

13.2.2. 1 Transaction time 

The time taken for the purchase or verification of a travel pass is particularly critical 
in transport systems in which the pass can only be checked inside the vehicle. This 
is a particular problem in buses and trams. In the underground railway, passes can be 
checked at a turnstile, or by conductors. A comparison of different methods shows the 
clear superiority of RFID systems in terms of transaction times (Table 13 .1 ). 

13.2.2.2 Resistance to degradation, lifetime, convenience 

Contactless smart cards are designed for a lifetime of 10 years. Rain, cold, dirt and 
dust are a problem for neither the smart card nor the reader. 

Table 13.1 Passenger processing times for different tech-
nologies. Source: transport companies in Helsinki, taken from 
Czako ( 1997) 

Technology 

RFID I (remote coupling) 
Visual verification by driver 
RFID II ( close coupling) 
Smart card with contacts 
Cash 

Passenger processing time 
(s) 

1.7 
2.0 
2.5 
3.5 
> 6 
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13.2 PUBLIC TRANSPORT 345 

Figure 13.3 Contactless reader in a public transport system (photo: Frydek-Mistek project, 
Czechoslovakia, source: reproduced by permission of EM Test) 

Contactless smart cards can be kept in a briefcase or handbag and are therefore 
extremely convenient to use (Figure 13.3). Transponders can also be fitted into wrist-
watches. 

13.2.3 Benefits of RFID systems 

The replacement of conventional paper tickets by a modern electronic fare management 
system based on contactless smart cards provides a multitude of benefits to all those 
involved. Although the purchase costs of a contactless smart card system are still 
higher than those of a conventional system, the investment should repay itself within a 
short period. The superiority of contactless systems is demonstrated by the following 
benefits for users and operators of public transport companies. 

Benefits for passengers · 

• Cash is no longer necessary, contactless smart cards can be loaded with large 
amounts of money, passengers no longer need to carry the correct change. 

• Prepaid contactless smart cards remain valid even if fares are changed. 

• The passenger no longer needs to know the precise fare; the system automatically 
deducts the correct fare from the card. 
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13.2 PUBLIC TRANSPORT 353 

in January 1998. In this second trial the cashcard of the local savings bank is used in 
conjunction with an envelope to form the 'FlexPass' (Lorenz, 1998b), which can be 
used in local transport (Figure 13.11). 

A hands-free antenna with a range of 1 m allows statistical data on card use to be 
recorded without the customer having to hold the envelope near to the reader. 

In Lisbon, a medium-sized European capital city with a complex local public trans-
port system and numerous public and private operating companies, the development 
of a handsfree antenna was also central to the project. 

Since 1998, research activities have been continued under the EU CALYPSO project 
('Contact And contactLess environments Yielding a citizen Pass integrating urban Ser-
vices and financial Operations'). Transport companies have increased their efforts to 
build up a partnership with the operators of automated exchange systems. Among other 
companies from the German credit industry, the Deutsche Sparkassen- und Giroverband 
(DSGV) has been recruited as a partner (Ampelas, 1998; Lorenz, 1998c). 

The objective of the CALYPSO project is the 'FlexPass'. The intention is that this 
will replace both the paper ticket and the cash used by the customer for payment. A 
new aspect of the project is the introduction of further services on the envelope, for 
example a dynamic passenger information service, i.e. departure times and connections 

Figure 13.11 Contactless transaction using the FlexPass at a reader (reproduced by permission 
of TCAC GmbH, Dresden) 
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are shown on the display. Use in car parks or the integration of (emergency) call 
services is also being considered. 

In the long term, the inclusion of further applications in the fields of parking, tourism, 
public administration, or even car-sharing on the FlexPass is planned (Lorenz, 1998c). 

13.3 Ticketing 

13.3. 1 Lufthansa miles & more card 

The Lufthansa 'Ticketless flying' project is the German showcase project for contactless 
smart card systems. The pilot test involving 600 regular fliers from May to December 
1995 ran so smoothly that by March 1996 the 'Miles & More' programme was extended 
to all Lufthansa cards ('HON Club', 'SENATOR' and 'Frequent Traveller'), and the 
Lufthansa owned service company AirPlus was established. Since Autumn 1996, all 
of the approximately 250 000 regular fliers possess the new con tactless 'ChipCard'. 
This new contactless smart card - in conjunction with the Lufthansa central com-
puter in Munich-Erding - replaces both the old paper ticket and the conventional 
boarding pass. 

The RFID system selected for this project was the MIFARE® system by Philips/ 
Mikron. The terminals were developed by Siemens-Nixdorf, while the contactless smart 
cards were manufactured by the Munich company Giesecke & Devrient. In addition 
to a contactless transponder module, the cards also incorporate a magnetic strip, raised 
lettering, signature strip, hologram and an optional ( contact based) telephone chip 
(Figure 13.12). 

From the point of view of the passenger, the system operates as follows: the card 
holder books a flight by telephone via a travel agent, quoting his individual card 

Figure 13.12 Miles & More - Senator ChipCard, partially cut away. The transponder module 
and antenna are clearly visible at the right-hand edge of the picture underneath the hologram 
(reproduced by permission of Giesecke & Devrient, Munich) 
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13.3 TICKETING 355 

Figure 13.13 Passenger checking in using the contactless Miles & More Frequent Flyer Card 
(reproduced by permission of Lufthansa) 

number. With the new cards, the booking may be performed up to one hour before 
departure. An electronic ticket is created that combines personal data and- the flight 
data, and this is saved in the Lufthansa computer. To check in at the airport ( at the last 
minute) the smart card owner only has to present his contactless smart card briefly at 
the Chip-In-Terminal (Figure 13.13). Normally, he can do this without even removing 
the card from his briefcase. The system verifies the booking, and the flight data appear 
on the screen. At this point the passenger is given the option of either confirming the 
suggested flight including seat reservation or selecting an alternative flight on the touch 
screen monitor. The passenger receives a printed receipt specifying his seat number 
and boarding gate, plus other details. This procedure allows the passenger to check in 
with his hand luggage in less than 10 seconds, which helps to prevent queues at the 
terminal. When he arrives at the boarding gate he merely presents his ChipCard once 
again and can then board. 

The new ChipCard solution benefits both passengers and Lufthansa and AirPlus. 
The passengers are overjoyed about the time saving on the ground, the ability to 
book at short notice and the convenient and simple operation. Clear rationalisation 
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successes can be seen at Lufthansa and AirPlus, above all due to the self service 
of customer , which ignificantly reduce labour inten ive handling and verification 
ta ks. Furthermore the ability to accept short notice booking i increa ed by the 
time saving on the ground, thus increa ing competitivene s compared to alternative 
travelling options (according to Giesecke & Devrient, 1997). 

13.3.2 Ski tickets 

Anyone entering a ski lift has to be in pos e sion of a valid daily or weekly pa . The e 
tickets were originally made of cardboard and validated by a date tamp. Checking 
paper tickets is very labour intensive becau e each ticket mu t be checked vi ually for 
validity. Furthermore, it is inconvenient for individual skiers to have to fish around in 
their anoraks for a sodden paper ticket with cold finger before every journey on the lift. 

RFID technology offers an ideal alternative by replacing paper tickets with contact-
le smarl cards or disk tran ponder (Figure 13.14). When the transponder is old a 
depo it of 5- lO eurns i u ual1y retained. After use, the transponder can be return d 
and th deposit refunded . The lift operator can revalue the transponder using special 
reader and it can thu be reu ed. 

The read range of the sy tern is designed to be great enough that the tran ponder 
tickets no longer need to be held in the hand, but can remain in an anorak pocket. 

AU ki lift entrance are protected by a turn tile which i · relea ed by the read elec-
tronic upon detection of a valid transponder. In order to read th kier transponder 
however it is carried, every entrance i monitored by two antenna oppo i te each other. 

The ·ize of the magnetic antenna i a problem, because it must be very large 
due to the de ired read range. The re ulting magnetic coupling between the two reader 
antennas is o great at a di tance of everal metres that the resulting mutual interference 
makes it impossible to read a transponder. To circumvent this problem, ski ticket 

Figure 13.14 Contactless reader as access control and till device at a ski lift (reproduced by 
permission of Legic Identsystems, CH-Wetzikon) 
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Turnstile 

MUX · .. ... ................... ..... .... -· .. 

Control unit 

.__ _______ Busy signal 

Figure 13.15 To achieve mutual decoupling the readers are switched alternately in time-
division multiplex operation 

systems activate only one reader at a time, while the HF field of all other readers is 
switched off altogether. To achieve this, a multiplexer sends a start signal to one reader 
after the other in a cyclical sequence, which causes the addressed reader to switch on 
its HF field and check for the presence of a transponder (Figure 13.15). If the reader 
discovers a transponder, then it activates a busy signal. The busy signal tells the control 
unit to suppress the cyclical start signal for the duration of the busy signal. The active 
reader is now free to perform the data exchange it has begun with the transponder. 
After the end of this transaction, the active reader stops transmitting the busy signal, 
whereupon the multiplexer can continue its cyclical interrogation. 

13.4 Access Control 
Electronic access control systems using data carriers are used to automatically check 
the access authorisation of individuals to buildings, (commercial or event) premises, 
or individual rooms. When designing such systems we must first differentiate between 
two fundamentally different systems with corresponding properties: online and offline 
systems. 

13.4. 1 Online systems 

Online systems tend to be used where the access authorization of a large number 
of people has to be checked at just a few entrances. This is the case, for example, 
at the main entrances to office buildings and commercial premises. In this type of 
system, all terminals are connected to a central computer by means of a network. 
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The central computer runs a database in which each terminal is assigned all the data 
carriers authorised for access to that terminal. The authorisation data generated from 
the database is loaded into the terminals ( or into an intermediate door control unit) via 
the network and saved there in a table. 

Changes to an individual's access authorisation can be made by a single entry on 
the central computer of the access control system. The data carrier itself does not need 
to be present, since only an entry in the central database has to be edited. This is 
advantageous, because it means that sensitive security areas can be protected against 
unauthorised access even in the event of a data carrier being lost. 

The data carriers of an online system only have to be able to store a small amount 
of data, for example a unique pass number. The use of read-only transponders is also 
possible. See Figure 13.16. 

13.4.2 Offline systems 

Offline systems have become prevalent primarily in situations where many individual 
rooms, to which only a few people have access, are to be equipped with an electronic 
access control system. Each terminal saves a list of key identifiers (e.g. general-key-3, 
floor-waiter-7, guest-room-517), for which access to this terminal is to be authorised. 
There is no network to other terminals or a central computer. 

Information regarding the rooms to which the data carrier can provide access is 
stored on the data carrier itself in the form of a table of key identifiers (e.g. 'guest-
room-517', 'sauna', 'fitness-room'). The terminal compares all the key identifiers stored 
on a data carrier with those stored in its own list and permits access as soon as a 
match is found. The transponder is programmed at a central programming station, 
for example at the reception of a hotel upon the arrival of the guest. In addition to 
the authorised rooms, the transponder can also be programmed with the duration of 
validity, so that hotel keys, for example, are automatically invalidated on the departure 
date of the guest. 

Figure 13.16 Access control and time keeping are combined in a single terminal. The watch 
with an integral transponder performs the function of a contactless data carrier (reproduced by 
permission of Legic® -Installation, Kaba Security Locking Systems AG, CH-Wetzikon) 
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• 

Figure 13.17 Offline terminal integrated into a doorplate. The lock is released by holding the 
authorized transponder in front of it. The door can then be opened by operating the handle. The 
door terminal can be operated for a year with four 1.5 V Mignon batteries and even has a real 
time clock that allows it to check the period of validity of the programmed data carrier. The 
terminals themselves are programmed by an infrared data transmission using a portable infrared 
reader (reproduced by permission of Hafele GmbH, D-Nagold) 

Only in the event of a data carrier being lost do key identifiers need to be deleted 
from the terminal in question using a suitable programming device. 

Offline systems offer the following advantages over conventional lock systems with 
key and cylinder (Koch and Gaur, 1998) (see Figures 13.17 and 13.18): 

• Early specification on a lock plan in the normal sense is not necessary. The system 
is initially coded for use as a building-site. When the site is handed over, the 
door terminals are recoded for commercial use by means of an infrared interface. 
Subsequent changes and expansions do not pose any problems. 

• The option of programming time windows opens up further options: Temporary 
employees can receive a 'three-month key', the data carriers of cleaning staff can 
be given precise time specifications (for example Mondays and Fridays from 17.30 
to 20.00). 

• The loss of a key causes no problems. The data of the lost key is deleted from 
the read stations, a new key is programmed, and this key's data is entered on the 
terminals in question. 
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14.4 Printed Circuit Board Layouts 
14.4. 1 Test card in accordance with ISO 14443 
This section contains the layout, component mounting diagram, and jumper settings 
for the circuit introduced in Section 10.1.1.2. This is a contactless test card used to 
generate a load modulation signal in accordance with ISO 14443 at a reader. 1 

1 Reader: 13.56 MHz. Contactless smart card: load modulation with subcarrier 847 kHz. Subcarrier ASK 
modulated with Manchester coding or BPSK (2-FSK) modulated with NRZ coding. 
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The layout of the test card is available to download from the author's homepage 
(http://rfid-handbook.de/downloads) as a Postscript or Gerber file. 

14.4.2 Field generator coil 
The layout depicted shows the field generator coil described in Section 9.2.4. This 
coil is however also excellently suited for use as an antenna in the frequency range of 
13.56MHz. 

Table 14.1 Jumper position for setting the supported modulation procedures 

Jumper setting* Jpl Jp2 Jp3 Jp4 Jp5 Jp6 Jp7 Jp8 Jp9 

Don't transmit 3.3 
Manchester 1111 1.3 2.2 3.3 Down 
Manchester 1010 1.3 2.1 3.3 Down 
BPSK 1111 ** 1.3 2.3 3.3 
BPSK 1010, Phase 0° 1.2 2.3 3.3 Right 
BPSK 1010, Phase+ rr / 2 1.2 2.3 3.3 Left 
BPSK external data, phase 0° 1.1 2.3 3.1 Down Right 
BPSK external data, phase + rr /2 1.1 2.3 3. 1 Up Left 
R-modulation Off Off Right Down 
C-modulation On On Left Up 

*The card is held such that the antenna is to the right. 
•• Subcarrier unmodulated. 

Table 14.2 Parts list for test chip card 

Component Value/type Comment 

Cl 22pF 
CVl 6-60pF Adjusting of the transponder resonant 

frequency 
C2 l00pF 

7C3 lOnF 
C4 lOpF Modulation capacitor 
cs lOpF Modulation capacitor 
Rl 4.7Q 
R2 4.7 kQ 
R3, R4, RS, R6 lMQ 
R7 lOQ Shunt resistor during C-modulation 
R8 470 Q Shunt resistor during R-modulation 
R9 1-1.8kQ Modulation resistor 
Dl, D2, D3, D4 BAR42 
DS 3V8 Zenor diode 
L1 ~3.5 µ,H Conductor loop in the layout 
Ul 74HC4040 Asynchronous 12-bit binary counter 
U2 74HC74 Dual D flip-flop 
U3 74HC00 4 x NANO 
U4 74HC03 4 x NAND, Open Collector 
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Figure 14.1 Component mounting diagram of the ISO 14443 test card. The transponder's 
antenna is in the upper half of the printed circuit board 
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Figure 14.2 Printed circuit board layout of the test card, front and back 
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E------------ 170 mm ----- ---- ---

E 
E 
0 r-,... 
,-

Figure 14.3 Layout of the field generator coil - front ·(reproduced by permission of Philips 
Semiconductors, Hamburg) 

Table 14.3 Parts list of the interface circuit 

Component 

Cl 
C2 
C3 
Rl 

Value 

47pF 
180pF, 33pF 
2-27pF 
5 X 4.7Q 

Comment 

Parallel 
Trimming capacitor 
Parallel 
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Figure 14.4 Layout of the field generator coil - back (reproduced by permission of Philips 
Semiconductors, Hamburg) 

BNC 

R1 

Figure 14.5 Interface circuit of the field generator coil - component mounting diagram 
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C1 R1 R-Ant 

~ 

C2 C3 L-Ant 

Figure 14.6 Interface circuit of the field generator coil - circuit 
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