TEMIC U2270B

Read / Write Base Station IC

Description

IC for IDIC" *) read-write base stations specific distances. It also includes all signal-processing
The U2270B is a bipolar integrated circuit for read—writ(lgr'ligu;?n"i\gfgoiifoﬂgf_ifjﬁrg%rgr;] t:ael small input signal
base stations in contactless identification and immo- P gnat.

bilizer systems. The U2270B is well suitable to perform read operations

The IC incorporates the energy transfer circuit to supplyith €5530-GT and TK5530-PP transponders and also
the transponder. It consists of an on-chip power supply, parforms read-write operations with TK5550-PP and
oscillator, and a coil driver optimized for automotive-TK5560-PP transponders.

Features Applications
e Carrier frequencygh: 100 KHz — 150 KHz ® Car immobilizers
® Typical data rate up to 5 Kbaud at 125 KHz e Animal identification

e Suitable for Manchester and Bi-phase modulation ¢ Access control

® Power supply from the car battery or from ® Process control

5-V regulated voltage

. . . L e Further industrial applications
® Optimized for car immobilizer applications PP

® Tuning capability Case:SO16 U2270B-FP
® Microcontroller-compatible interface
® | ow power consumption in standby mode

® Power supply output for microcontroller

Transponder / TAG Read / write base station
Transp. i Osc __ Carrier
IC : i Ii enable -
| RF- Field | MCU _ Unlock
€5530 | typ. 125 kHz : U22708 "~ syster
B — -
e5550 | | | | ]| Dpata >
e5560 4| NF read channel output >
TK5530-PP 9300
e5530-GT
TK5550-PP
TK5560-PP
Figure 1.
) IDICY stands fotD entificationl ntegratecCircuit and is a trademark of TEMIC.
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U2270B TEMIC

Pin Description

U Pin Symbol Function
GND |1 16| HIPASS 1 GND |Ground
2 Output |Data output
Output E E RF 3 OE |Data output enable
4 Input |Data input
E E E Vs 5 MS Mode select coil 1: Common
mode / Differential mode
Input E E Standby 6 CFE |Carrier frequency enable
7 DGND | Driver ground
MS |5 E Vaat 8 COIL 2 |Caoil driver 2
9 COIL 1 |Coil driver 1
CFE |6 E DVs 10 Vext | External power supply
11 DVs Driver supply voltage
DGND | 7 E VEXT 12 VBatt Battery v.oltage
13 Standby | Standby input
col2 [g E COIL1 14 Vs Internal power supply (5 V)
15 RF Frequency adjustment
9844 16 HIPASS |DC decoupling
Figure 2. Pinning
Block Diagram
DVs VEXT Vs VBatt
- A Y
Standby
Power supply
COIL1( I < =1 < MS
* I CFE
COIL2 | 0 & @ Frequency <« O RF
] | adjustment
Driver Oscillator
DGND ]
* Output
Amplifier
—
Input (| @ % > @ &
i —J
Low pass filte Schmitt trigger|
HIPASS GND  ©OE 9092
Figure 3.
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TEMIC U2270B

Functional Description

Power Supply (PS)
DVs VEXT Vg Vgart Standby
internal supply
9V
-+ 25 k2
12 kQ
6V 6V 18V
PS f L
COILx
DRV
|
11413
DGND

Figure 4. Equivalent circuit of power supply and antenna driver

The U2270 can be operated with one external supplis is the internal power supply voltage except for the
voltage or with two externally-stabilized supply voltagesiriver circuit. Pin \4is used to connect a block capacitor.
for an extended driver output voltage or from the 12-Wgcan be switched off by the pin STANDBY. In standby
battery voltage of a vehicle. The 12-V supply capabilitynode, the chip’s power consumption is very lowyY is
is achieved via the on-chip power supply (see figure 4the supply voltage of the antenna’s pre-driver. This
The power supply provides two different output voltagesioltage can also be used to operate external circuits, i.e.,
Vgand VexT. a microcontroller. In conjunction with an external NPN
transistor, it also establishes the supply voltage of the
antenna coil driver, DVS.

TELEFUNKEN Semiconductors 3 (13)
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U2270B

The following section explains the 3 different

operation modes to. power the U2270B. Using this operation mode génd \ExT are generated by

1. One-rail operation the internal power supply. (refer to figure 7). For this
All internal circuits are operated from one 5-V power railmode, an external voltage regulator is not needed. The IC
(see figure 5). In this casesWEgxT and D\s serve as can be switched off via the pin Standbgy¥ supplies the
inputs. Mgt is not used but should also be connected tmase of an external NPN transistor and external circuits,
that supply rail. i.e., a microcontroller (even in Standby mode).

3. Battery-voltage operation

+5 V (stabilized)  Pin Vgxt and \iatt are overvoltage protected via internal

Zener diodes (refer figure 4).The maximum current into

that pins is determined by the maximum power dissipa-
tion and the maximum junction temperature of the IC. For
a short-time current pulse, a higher power dissipation can
be assumed (refer to application note ANT019).

r———+—0O07t016V

T

Vs Vpgat Standb

Dvs Vexr

12579
Figure 5.
2. Two-rail operation

In that application, the driver voltage, gVand the
pre-driver supply, ¥xT, are operated at a higher voltage
than the rest of the circuitry to obtain a higher
driver-output swing and thus a higher magnetic field,
refer to figure 6. \¢is connected to a 5-V supply, whereas
the driver voltages can be as high as 8 V. This operation
mode is intended to be used in situations where an
extended communication distance is required.

Dvs Vext Vs Vaai Standb

12600

Figure 7.

p———————0O 7 to 8 V (stabilized)
I T—O 5V (stabilized)
Dvs Vexr Vs Vgat Standb
12580
Figure 6.

Table 1. The following table summarizes the characteristics of the various operation modes.

Operation Mode External Components Re{  Supply Voltage Range Driver Output Standby Mode
quired \oltage Swing Available
1. One-rail operation |1 Voltage regulator 5V+10% =4V No
1 Capacitor
2. Two-rail operation |2 Voltage regulators 5V+10% 6Vto7V No
2 Capacitors 7Vto8V
3. Battery voltage 1 Transistor 6Vtol6V =4V Yes

operation 2 Capacitors
Optional for load-dump
protection:
1 Resistor
1 Capacitor
4 (13) TELEFUNKEN Semiconductors

Rev. A3, 13-Dec-96




TEMIC U2270B

Oscillator (Osc) I +_04_v-i

The frequency of the on-chip oscillator is controlled by a |
current fed into the Rinput. An integrated compensation
circuit ensures a widly temperature and supply voltage in-
dependent frequency which is selected by a fixed resis
between R (pin 15) and ¢ (pin 14). For 125 kHz a resis-
tor value of 110 R is defined. For other frequencies, use
the following formula:

Rs

_ 14375
Ri =t ikhz] — 2

This input can be used to adjust the frequency close to the
resonance of the antenna. For more details refer to the ap-
plicatons and the application note ANT019.

——————— Amplifier (AMP)

The differential amplifier has a fixed gain, typically 30.
The HIPASS pin is used for dc decoupling. The lower
cut—off frequency of the decoupling circuit can be
calculated as follows:

Figure 9. Equivalent circuit of Pin Input

R¢

Rr
| | fou = 1
—_—— 2XaXCpXR
Figure 8. Equivalent circuit of PinfR The value of the internal resistoy &n be assumed to be
2.5 Q.
Filter (LPF) Recommended values ofyg for selected data rates can

be found in the chapter “Applications”.
The fully-integrated low-pass filter (4th order butter-
worth) removes the remaining carrier signal and R
high-frequency disturbancies after demodulation. The
upper cut-off frequency of the LPF depends on the se-
lected oscillator frequency. The typ. value is fosc/18. That
means that data rates up to fosc/25 are possible if Bi-phalePF »—@
or Manchester encoding is used.

Schmitt
trigger

VRef

A high-pass characteristic results from the capacitive
coupling at the input Pin 4, as shown in figure 9. The input —
voltage swing is limited to 2 4. For frequency response
calculation, the impedances of the signal source and LPF
input (typ. 220 K) have to be considered. The recom- |
mended values of the input capacitor for selected data le e e ema——— —_—————d

rates are shown in the chapter “Applications”. HIPASS 12578
Note: After switching on the carrier, the dc voltage of Chp

the coupling capacitor changes rapidly. When I

the antenna voltage is stable, the LPF needs

approximately 2 ms to recover full sensitivity. Figure 10. Equivalent circuit of pin HIPASS
TELEFUNKEN Semiconductors 5(13)
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Schmitt Trigger

The signal is processed by a Schmitt trigger to suppress
possible noise and to make the sigralcompatible. The
hysteresis level is 100 mV symmetrically to the dc opera-
tion point. The open-collector output is enabled by a low
level at OE(Pin 3).

7 uA

Figure 11. Equivalent circuit of Pin OE

Driver (DRV)

The driver supplies the antenna coil with the appropriate
energy. The circuit consists of two independant output
stages. These output stages can be operated in two
different modes. In common mode, the outputs of the
stages are in phase. In this mode, the outputs can be
interconnected, to achieve a high current output
capability. Using the differential mode, the output
voltages are in anti-phase. Thus, the antenna coil is driven
with a higher voltage. For a specific magnetic field, the
antenna coil impedance is higher for the differential
mode. As a higher coil impedance results in a better
system sensitivity, the differential mode should be
preferred.

The CFE input is intended to be used for writing data into
a read/write or a crypto transponder. This is achieved by
interrupting the RF field with short gaps. The TEMIC
write method is described in the data sheets of TK5550
and TK5560. The various functions are controlled by the
inputs MS and CFE, refer to function table. The
equivalent circuit of the driver is shown in figure 4.

| |
| 304A |
| |
| |
| |
| |
| |
| |

L —
MS 12603

Figure 12. Equivalent circuit of Pin MS

30uA

————_1
12604
CFE

Figure 13. Equivalent circuit of Pin CFE
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TEMIC U2270B

Function Table

CFE MS COIL1 COIL2

Low Low High High

Low High Low High

High Low

High High

OE Output Standby u2270B

Low Enabled Low Standby mode

High Disabled High Active
Applications

To achieve the suitable application, consider the pow&he maximum transmission distance is also influenced by
supply environment and the magnetic coupling situatiorihe accuracy of the antenna’s resonance. Therefore, the

i ) _recommendations given above are proposals only. A good
The selection of the appropriate power supply operatiqymnromise for the resonance accuracy of the antenna is
mode depends on the supply environment. If a4 e in the range qit= 125 kHzt 3%. Further details
unregulated supply voltage in the range of V =7V 10 16 ¥onceming the adequate application and the antenna
is available, the internal power supply of the U2270B Cafbsign is provided in the TEMIC application note

be used. In this case, the standby mode can be used 8019 and in the TEMIC article “Antenna Design
an external low-currentC can be supplied. Hints”.

If a 5-V supply rail is available, it can be used to powerhe application of the U2270B includes the two
the U2270B. In this case please check that the V0|tagec'§pacit0rs (¢ and Gyp whose values are |inear|y
noise-free. An external power transistor is not necessafependend on the transponder’s data rate. The following

The application depends also on the magnetic couplir}éble gives the appropriate values for the most common
&

situation. The coupling factor mainly depends on th
transmission distance and the antenna coils. T
following table lists the appropriate application for a

ta rates. The values are valid for Manchester and
-phase code.

given coupling factor. The magnetic coupling factor ca| Data Rate Input Capacitor] Decoupling
be determined using the TEMIC test transponder coil. f= 125 kHz (CN) Capacitor (Gp)
/32 = 3.9 kbit/s 680 pF 100 nF
. . ; L /64 = 1.95 kbit/s 1.2nF 220 nF
Magnetic Coupling Appropriate Application
Factor . o _

o _ . The following applications are typical examples. The
k> 3% Free-running oscillator values of Gy and Gyp correspond to the transponder’s
k>1% Diode feedback data rate only. The arrangement to fit the magnetic
K> 05% Diode feedback coupling situation is also independent from other design

issues exept of one constellation. This constellation,
consisting of diode feedback plus fine frequency tuning
k> 0.3% Diode feedback together with the two-rail power supply should be used
plus fine frequency tuning if the transmission distance is in the range ef A0 cm.

plus frequency altering

TELEFUNKEN Semiconductors 7 (13)
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Application 1

Application using few external components. This application is for intense magnetic coupling only.

9693

Y

110 KQ
\/ ]
5V Vi Vi
EXT S
O I I VBatt
47 nF 47M|: - DVS U227OB
1 I -
MS |-
I—> INPUT CFE |-
CiN OE |=
STANDBY |==
1N4148 OUTPUT
HIPASS
470 IQ [] L COIL1
1.5nF R 1.35uH
AAI}4444444<147 COIL2
1.2nF
DGND GND
Figure 14.

Application 2

Basic application using diode feedback. This application permits higher communication distances than application 1.

12605

4x
1N4148

68 k2

Vbbp

Micro-
controller

Vss

1

L
I4.7 nF Izz uF

43 kQ

1.35mH 82Q

Antenna

1N4148

470 kK

® O
<I<BC639 360Q 12V
22 uF
° GND
% 22 uF
* Yy 9
Vs Vext DVs Vpan Vbp
RF MS |
COIL 2 CFE
U2270B Micro-
controller
coi 1 Standbyl-a——
Input Outputt——={ 1/0
HIPASS OE
Chp
I DGND GND Vss
Figure 15.
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TEMIC U2270B

Application 3

This application is comparable to application 2 but altedistances. This application is preferred if the detecting
the operating frequency. This permits higher antenneC is close to the U2270B as an additiop&l signal
resonance tolerances and/or higher communicati@ontrols the adequate operating frequency.

4x 1N4148 68 kQ

Vs Vext DVs Vpat Vbp GND

— RE MS
F %
| - CFE

"““ll A - COIL 2 .

15mH 820 Uu2270B Micro-

. - controller

¢ ‘ colL1 Standby

Antenna

|—> Input Output
Cin

HIPASS OE
== 180 pF Ves
15 nF Cup DGND  GND
100Q 1 L 1

1N4148

4.7 1Q
BC846 -
15k
12606
Figure 16.
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Absolute Maximum Ratings

All voltages are referred to GND (Pins 1 and 7).

Parameters/Conditions Pin Symbol Min. Typ. Max. Unit
Operating voltage Pin 12 VBatt Vs 16 \%
Operating voltage Pins 8, 9, 10, 11 and 14Vs, VExT, -0.3 8 \
DVg, Coil 1,
Coil 2
Range of input and output voltages
Pins 3, 4, 5, 6, 15 and 16 -0.3 Vgt+0.3 \
Pins 2 and 13 -0.3 V Batt
Output current Pin 10 lExT 10 mA
Output current Pin 2 lout 10 mA
Driver output current Pins 8 and 9 Icoil 200 mA
Power dissipation SO16 Piot 380 mw
Junction temperature T 150 °C
Storage temperature Tsig -55 125 °C
Ambient temperature Tamb -40 105 °C
Thermal Resistance
Parameters/Conditions Pin Symbol Min. Typ. Max. Unit
Thermal resistance SO16 Rihaa 120 K/W
Operating Range
All voltages are referred to GND (Pins 1 and 7)
Parameters/Conditions Pin Symbol Min. Typ. Max. Unit
Operating voltage Pin 12 VBatt 7 12 16 V
Operating voltage Pin 14 Vs 4.5 5.4 6.3 \%
Operating voltage Pin 10 VEXT 4.5 8
Pin 11 DVg
Carrier frequency fosc 100 125 150 kHz

10 (13)

TELEFUNKEN Semiconductors
Rev. A3, 13-Dec-96



TEMIC

Semiconductors

U2270B

Electrical Characteristics

Test conditions (unless otherwise specifiedav= 12 V, Tamp= —40 to 108C

Parameters Test Conditions / Pins Symbol Min. Typ. Max. Unit
Data output Pin 2
— collector emitter lout=5 MA V cEsat 400 mV
saturation voltage
Data output enable Pin 3
— low level input voltage Vi 0.5 V
— high level input voltage Vin 2.4 V
Data input Pin 4
— clamping level low Vi 2 Vv
— clamping level high Vih 3.8 \
— input resistance Rin 220 k<2
— input sensitivity f = 3 kHz (squarewave) 10 mV
gain capacitor = 100 nF pp
Driver polarity mode Pin 5
— low level input voltage Vi 0.2 V
— high level input voltage Vin 2.4 Vv
Carrier frequency enable Pin 6
— low level input voltage Vi 0.8 \%
— high level input voltage Vin 3.0 \'
Operating current Pin10, 11, 12 and 14 Is 4.5 9 mA
5 V application without
load connected to the coll
driver
Standby current Pin 12 Ist 30 70 uA
12 V application
Vs Pin 14
— Supply voltage Vs 4.6 5.4 6.3 V
— Supply voltage drift dvydT 4.2 mV/K
— Output current Is 1.8 35 mA
Driver output voltage IL =+100 mA
— One rail operation Vs, VexT, VBaty DVs=5V VDRV 2.9 3.6 4.3 Vpp
— Battery voltage operation Vgait=12V Pins8and 9 Vpgry 3.1 4.0 4.7 Vpp
Vext Pin 10
— Output voltage VEXT 4.6 5.4 6.3 \Y
— Supply voltage drift dVex7/dT 4.2 mV/K
— Output current IC active lexT 35 mA
— Standby output current | standby mode lexT 0.4 mA
Standby input Pin 13
— low level input voltage Vil 0.8 \
— high level input voltage Vin 3.1 V
Oscillator RF-resistor = 110R
— Carrier frequency (application 2), REM 1. fo 121 125 129 kHz
Low pass filter
— Cut off frequency Carrier freq. = 125 kHz fout 7 kHz
Amplifier
— Gain Cyp=100nF 30
Schmitt trigger
— Hysteresis voltage 100 mV

REM 1.: Inapplication 1. where the oscillator operates in the free running mode, the IC must be soldered free from distortion. Otherwise,

the oscillator frequency may be out of bounds.

TELEFUNKEN Semiconductors
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Dimensions in mm

Package: SO16

+ 9.85max ‘ 50
L4 7 Gig)

) 0.49 f 0.25
\01min 0.35 0.15

8.89

% 15 14 13 12 11 10 9

HHEAAHAHER

technical drawings
according to DIN
specifications

REALEE

1 2 3 4 5 6 7 8

12 (13) TELEFUNKEN Semiconductors

Rev. A3, 13-Dec-96



TEMIC U2270B

Ozone Depleting Substances Policy Statement

It is the policy ofTEMIC TELEFUNKEN microelectronic GmbH to
1. Meet all present and future national and international statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and operating systems
with respect to their impact on the health and safety of our employees and the public, as well as their impact on
the environment.

It is particular concern to control or eliminate releases of those substances into the atmosphere which are known as
ozone depleting substances (ODSs).

The Montreal Protocol (1987) and its London Amendments (1990) intend to severely restrict the use of ODSs and
forbid their use within the next ten years. Various national and international initiatives are pressing for an earlier ban
on these substances.

TEMIC TELEFUNKEN microelectronic GmbH semiconductor division has been able to use its policy of
continuous improvements to eliminate the use of ODSs listed in the following documents.

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments respectively

2. Class | and Il ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA) in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances) respectively.

TEMIC can certify that our semiconductors are not manufactured with ozone depleting substances and do not contain
such substances.

We reserve the right to make changes to improve technical design and may do so without further notice
Parameters can vary in different applications. All operating parameters must be validated for each customer
application by the customer. Should the buyer use TEMIC products for any unintended or unauthorized
application, the buyer shall indemnify TEMIC against all claims, costs, damages, and expenses, arising out of,
directly or indirectly, any claim of personal damage, injury or death associated with such unintended or

unauthorized use.

TEMIC TELEFUNKEN microelectronic GmbH, P.O.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 (0)7131 67 2831, Fax number: 49 (0)7131 67 2423

TELEFUNKEN Semiconductors 13 (13)
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Introduction

In recent years increasing numbers of car thefts haWis application note is a guide for designing an immo-
highlighted the urgent need for effective and safe prdilizer which incorporates the U2270B. First of all, the
tection in the automobile industry. TEMIC introducedmagnetic coupling is explained and the parameters that
the industry's first single-chip reader IC for an automaare relevant for appropriate reading distance are identi-
tive immobilizer anti-theft system in November 1994fied. Next, solutions to overcome constellations with no
Since 1995, insurance companies have insisted on newdulation at the reader side are described. Then, the
cars being protected against theft by an immobilizer. Agesigner is guided through the application procedure.
electronic immobilizer with an integrated transpondefhe dimensioning of the peripherals and the selection of
security system for cars is a form of passive theft préhe appropriate antenna adjustment strategy to guarantee
tection because the transponder does not need a battbry requested reading distance are discussed. In the
as power is supplied by the reader. following chapter, typical application examples are

. . S - presented and a selection of the peripherals as well as
The U2270B combines flexible coil driver circuitry, @he method of the antenna adjustment are described. A

highly integrated NF read channel and on-chip pow - . i . .
supply. Along with TEMIC's €5530 transponder, thggiescnp'uon of the adequate signal-detection software is

U2270B can be used to create a complete, compact ven for apphcauons where antenna adjustment is per-
) . : - ed through a microcontroller.
effective anti-theft system with minimum components.

TELEFUNKEN Semiconductors 1
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System Design Considerations

i i supply voltage is high enough, it begins to transmit by
Magnetlc Coupllng damping the resonant circuit in accordance with the data

Energy Transfer to the Transponder signal. The resulting signal strength mainly depends on
the transponder coil's (ferrite antenna) characteristics

The U2270B serves as an interface between the tra@ﬁd the amplitude shift caused by damping. This is

X . jown in figure 2.
ponder and the microcontroller which compares the 9
received data. This interface operates in two directions.
In one direction, energy is transferred from the reader to * *
l Damping

the transponder. The reader creates a magnetic field via

a reader air coil called the reader antenna (see figure 1). Eerrite

The reader coil is part of a resonant circuit tuned to the  antenna I
operating frequency. The antenna is energized by using

series resonance. The resulting low impedance enables

the driver circuit to transfer the energy with relatively . °
low voltage which is limited in most automotive appli-

cations. Figure 2. Equivalent circuit of the transponder
[ (simplified)

1

I

Driver @D I antenna D€mModulation

Data is transferred in the other direction from the
] transponder to the microcontroller. The signal from the
transponder is very small compared to the reader volt-
Figure 1. Reader antenna circuit age. This leads to slight voltage modulation at the reader
coil. The reader antenna operates in parallel resonance
. for the incoming signals, ensuring high sensitivity and
Modulation pre-selection (bandpass) of the useful frequency band.
Due to the high voltage across the reader coil, demodu-
The magnetic field generated by the reader inducesladion has to be external (see figure 3). The signal is fed
voltage in the transponder’s resonant circuit whicinto the INPUT pin of the reader IC via a rectifier and
supplies the transponder IC. The current in the trandecoupling capacitor. The LF read channel amplifies
ponder coil generates a magnetic field which is supeand conditions the signal to convert it into the appropri-
imposed to the reader's field. If the transponder’ate digital output data.

Input

|1
.. >
u2270B

LF read channel

Demodulator

— - s

Reader antenna

Figure 3. Demodulation path

2 TELEFUNKEN Semiconductors
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Reading Distance « Ut Transponder voltage
Energy Transfer Vs. Signal Detection -« Ur: Reader voltage

For correct operation, the transponder needs a minimum k: Coupling factor (common for both directions)
magnetic field intensity to generate internal supply

voltage. If the existing frequency is different to the Lg: Readerinductance

transponder's resonant frequency, the field intensity

must be higher, depending on the transponder’s reso- |_;: Transponder inductance

nance curve. The magnetic field intensity on the axis of

a free-air (short cylindrical) coil can be calculated by thg Qr: Transponder Q factor

formula below. Furthermore, the formula for calculation

of the coil’'s inductance is also given. . Qg Reader Q factor

H= &5 « AURg: Modulated (differential) voltage at the reader
a2 coil
gt
r

« AU7: Modulation voltage at the transponder

The coupling and Q factors improve transmission in
both directions. Q factors are limited by physical and
(Ho =1257x% 10‘6) design conditions and are mentioned in the following
chapters. A compromise must be found as far as the
o ] inductances are concerned because they have opposite
* H: Magnetic field intensity effects in both directions

L:NZDxrxnxuo

* |- Current through the coil Avoidance of Zero Modulation

* N:Number of turns The formulas above are valid if the resonant circuits of

reader and transponder are aligned to the oscillator fre-

* r:Radius of the coil quency. If the resonant circuits are off resonance, the
modulated signal fed back from the transponder will not
 d: Distance between center of the coil and the be in phase to the reader (self-induced) voltage. This can
transponder lead to the following effects:

¢ Amplitude modulation on the reader voltage will be

* L: Inductance of the coil ’ o :
lost if the phase shift is 90zero modulation).

To ensure detection, the modulated signal must exceed The signal will be inverted if the phase shift is more
the sensitivity level of the read channel. The presence of .. 9g.

interfering signals (electromagnetic interference, EMI)

should be considered. The ratio between the reader af@ble 1 shows the various solutions possible to avoid
transponder voltage for both directions can be describ#te effects mentioned above.

using the parameters coupling factor, inductance and Q

factor of each reader and transponder. They are given B/ .
the following formulas: ower Supply Environment
Ur =Ug xk x Lr xQr The reade_r IC also incorporates an internal power
Lr supply. This enables the user to operate the system not

only from an unregulated supply voltage in the range of
7 V up to 16 V, but also from an existing 5-V supply

AUg = AU; x K x Lr Qr rail. If internal stabilization is used, the U2270B can be
Lt set to a power-down mode, via the pin STANDBY,
where the supply current is very low.
TELEFUNKEN Semiconductors 3
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Table 1. Comparison of the various solutions available to avoid zero modulation

Possible Solutions to Avoid Zero Modulations Remarks

« Alignment of the resonant circuits and the oscillatgre Not possible if more than one transponder is uged
frequency + Not suitable for mass production

* Reduction of the Q factor of the reader and/or the |« Less phase shift at equal frequency deviating
transponder resonant circuits « Reading distance is reduced

(see "Antenna Design'"
« Alternating the oscillator frequency in steps within flme Troublesome if the resonant frequencies of reafler

tolerance range and transponder are quite different*
« Controlling the oscillator frequency to be equal to fhe Additional control circuit required
resonance of the reader antenna + Tolerance considerations are only 2 dimensional

instead of 3 dimensional

* Antenna design is easier
(see "Oscillator Control Loop™)

¢ As above, plus alternating the reader resonance |+ Less tolerance restriction
frequency by a switched capacitor (see "Reader Application with Tuning")

* Note: If the reader-resonant circuit is driven off resonance, the (FM) noise of the oscillator is converted into an
AM noise which is detected by the demodulator. The increasing noise level leads to lower reading distances.

Application Procedure

i i i i During Tp, no feedback information is transferred
DImenSIOnmg Of the Perlpherals through Dl_and D into C;. In the meanwhile, Pand

Oscillator Control Loop D, are conducting. Therefore,;Cand B are reverse
biased.
Controlling the oscillator frequency to be equal to the

resonance of the reader antenna has several advantal#&ing Tz, feedback information can be transferred
(refer to table 1) This approach is therefore proposed fBFF0Ugh D or Dp. During T, a current flows through
the applications described in this chapter. The frequenfg @1d B out of G. If the antenna voltage is positive
control is achieved by applying an oscillator controlduring Tzp) current flow occurs throughsFand D

loop incorporating a phase detector. The resulting current into s the sum of the currents

Figure 4 shows the equivalent circuit of the oscillatouring T2 If the resonant frequency of the antenna is
control loop, figure 5 shows the waveforms of the driv igher than the oscillator frequency, the phase shift and

outputs coil 1, coil 2 and the corresponding antenreréfore Taand by, change. 3, is reduced andzp is

voltage, measured between &d R. increased accordingly. As a result, the control current
' _ (sum of A, and Ay) differs from zero and becomes
Ty low cycle of coil 1 output positive. This results in an additional current into pin RF
To: low cycle of coil 2 output and in a higher oscillator frequency untilsf fose The
Tog time interval of  where the antenna voltage iscontrol loop operates proportional, the loop gain 5
negative for the proposed application in the data sheet. A higher
T, time interval of T2 where the antenna voltage i& factor of the reader antenna results in a higher loop
positive gain. The damping effect of{Rand R should be con-
Ay integral of the antenna voltage during,T sidered as it lowers the Q factor of the reader antenna.
Ap: integral of the antenna voltage duringy T

Signal Detection

The oscillator control loop is a phase control loop that
controls the phase shift between driver voltage arnthe useful signal appears as a very small amplitude
antenna voltage. The feedback current throughaid modulation of the reader antenna voltage. The demodu-
D, controls the oscillator frequency in such a way thatlator consists of a diode, a charge capacitor and two
90° phase shift between the above mentioned voltagesesistors for charging and discharging. The high-pass
achieved. In this condition, the reader antenna is drivéanction of the capacitive coupling £C has to be

at its resonant frequency. matched to the transponder code used (see figure 6).

4 TELEFUNKEN Semiconductors
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Vs
R
R, 75k * D % D 3
1 1 2 68 k
| I |
Cl
—{ |—o R, 4.7n
R, 100 k
2
0. Wb 43k |
3 4
Frequency control
(RF pin)
| Coil 2
o—|| i
Driver
outputs
L L Coil 1

Reader antenna

Figure 4. Function principle of the oscillator control loop

Coil 1 Tl T2

Coil 2

Antenna voltag

From reader
antenna

Figure 6. Demodulator with high-pass coupling
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The component values are given for a bit rate of Un b — Uz
approximately 4 kbit/s using bi-phase or Mancheste'RProtZ\/ =

_RZ

Poi o, JUZ 7 0ou, 0
R, [PR,0 [2R,0

encoding (see figure 6). If a lower data rate is used the
value of C2 should be increased accordingly. After
demodulation, the signal is filtered and amplified by the
read channel inside U2270B. The gain and lower cut-off Protective resistor load dump

frequency of the integrated amplifier can be set via the _ . . . :
pin GAIN. If maximum gain is required, the pin GAIN This calculation considers a worst-case situation, since it

is connected via a capacitor dG) to ground. For a is performed u_sing_ Ria- Thermal _resistance is lower
lower gain, a resistor (&) is connected in series to N normal applications as the IC is mounted on a PC
the capacitor. The gain (G) and the cut-off frequendyoard-

(foup can be calculated by the formulas below. Th :
value of R can be assumed as being X& k %‘ntenna DeS|gn

R, Since the resonant frequency of the reader antenna is
G=30x——— defined by the system, the parameters to be determined
Ri + Raain are:
1
feut « Inductance of the coil

2X T Caain (R'+ RGam) * Q factor of the resonant circuit
Power Supply and Load Dump The inductance depends on the coil dimensions and the
Protection number of turns (see "Energy Transfer vs Signal Detec-
tion"). The inductance value of the reader antenna must
The system can be operated from either a 5-V stabilizéé set so as to balance the energy transfer and the signal
supply or an unregulated voltage in the 7-V up to 16-detection. If the parameters of the transponder are
range, for example, from a vehicle's battery. A proteénown, the coupling factor can be calculated. Resonant
tive resistor should be used (see "Typical Application'frequencies of reader antenna and transponder are equal.
to withstand overvoltage conditions. The minimunTherefore, the formula given in the chapter "Energy
resistance can be determined by the following equatioribransfer vs. Signal Detection" is re-arranged:

Assumptions: U- Ca _
* Rrpia 120K/I'W k= UnxQr L, Coupling factor

Thermal resistance junction to ambient

e Tjvax: 15CFC (maximum junction temperature) L Modulation voltage of
+ Uz 18 Vinternal clamping voltage AUg =AU xkx L. *Qr the reader antenna
T
* Rz 90Q internal resistance of the clamping diode
« U,:Maximum continuous input voltage The Q factor of the reader antenna depends on the loss
'N . ) resistance of the coil and iron losses if the coil is
* Uy o Maximum input voltage ‘load dump’ mounted on a lock cylinder. To be independent of the

peripheral parameters (i.e. mounting accuracy, lock
cylinder material) a serial resistor should be added. A
« F: Factor depending on the duration of a load dumphigh Q factor improves signal transmission, but if it is

pulse; F=2ift<500ms, F=3ift<200 ms too high the transient response could have a negative
effect on the data signal. Values of the Q factor up to 15
do not affect the data signal.

*  Tamp ambient temperature

— TJMAX _Tamb

Pot = R Power dissipation continuous
THIA Frequency Tolerance
Pot 1o = FX Rot Power dissipation load dump Considerations
Rpror 2 Un —Yy -R, The resonant frequencies of reader antenna and trans-
ro P Ju []2 Ou. O ponder(s) are not equal in most_applications and result
oty g-f0 -0-20 in the following effects (see "Avoidance of Zero Modu-
Rz [EZR;U [2RzU lation"):
Protective resistor continuous * The internal supply voltage of the transponder is re-

duced due to its resonant curve.

6 TELEFUNKEN Semiconductors
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+ The amplitude modulation of the reader voltage i§ MaxTol < Tol, there are three possible solutions to
lost if the phase shift is 90(zero modulation) or the avoid the likelihood of zero modulation:

signal is inverted if the phase shift is more thah 90 .

In order to maintain proper operation for the immobi-
lizer system, the following conditions must be fulfilled:

e The transponder needs enough power to operate.

1: Usage of more accurate frequency-determining
components for the reader antenna and/ or the
transponder. The maximum value for the tolerance
between the resonant frequencies is MaxTol, as cal-
culated with the above formula.

» The phase shift between reader voltage .

! 2: Alternating the reader resonance frequency by
and modulation voltage must be below 90°.

means of a switched capacitor. Two different reso-
nance frequencies can be selected, (see "Application
with Tuning") resulting in double the value for the
maximum tolerance compared to 1{®1axTol).

The transponder voltage can be calculated if the maxi-
mum (requested) tolerance between the resonant fre-
quencies is known.

« 3: Lowering the Q factor of the transponder: This is

Tol 1 . . -
o= arctar(QT X 1+—0 r 1 Tol achieved by applying enough magnetic field so that
1007 > x(1+-—) the transponder’s internal clamping diode conducts.
QT 100 This internal diode limits the maximum internal

supply voltage to protect the IDIC. The reduction of
the Q factor depends on the current flow through
that diode. The required Q factor to avoid zero
modulation can be calculated with the following
formula:

L
U =Ug xkx /L—TXQTXCOSQJ)
R

Ur: Transponder voltage

Ug: Reader voltage
100+ Tol

(Tol x (200+ Tol))

k: Coupling factor (common for both directions) Qt =100x

Lr: Reader inductance .
R QT: required transponder Q factor

L: Transponder inductance
Tol: Maximum (desired) tolerance between resonant

Qr: Transponder Q factor frequencies (in %)

Tol: Tolerance between resonant frequencies (in %) The voltage of the transponder is determined by the

¢: Phase shift between reader and transponder voltagdsansponder’s internal clamping diode. This means that
) the magnetic field must be significantly higher with this

The phase shift between reader and transponder voltagggtion compared to solutions 1 and 2. The required

is also very important for achieving potential zergqypling factor can be determined with the following
modulation. If the transponder modulates slightly, zergyymula:

modulation can occur at a phase shifthof 45°. This
also means that if the system is operated in such a way_ Us Lr
that guaranteeg to be less or equal to 45°, zero modu- — Ugr xQ7 xcosf ) :
lation cannot occur. The maximum tolerance where this

requirement can be fulfilled is given with:

o Beiraxorrf
MaxTol = & x -11%x 100
Qr E

k: Coupling factor (common for both directions)

Ut: Transponder voltage (clamping voltage in this case)

¢: Phase shift between reader and transponder voltages
MaxTol: Maximum tolerance for a given Q factor to [cos () = cos (45°) in this case]

avoid zero modulation
Ugr: Reader voltage
Qt: Transponder Q factor
Lr: Reader inductance
If MaxTol > Tol (the desired maximum tolerance), zer
modulation cannot occur. The transponder can be op

ated at its lowest possible supply voltage respectively - Reduced transponder Q factor corresponding to the
magnetic field strength. This is shown in the data sheet. " tq5rmula above

ZTT: Transponder inductance

TELEFUNKEN Semiconductors 7
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Application Examples

Overview improves the communication range and avoids zero
modulation.

A wireless immobilizer or identification system consists .

of two sub-systems — the transponder and the readgrata Decodmg

system. The U2270B enables the design of reader N )

systems with less Components_ It enables a microco-ﬁhe identifier or key code of the normal transponders IS

troller or digital logic to read and to process the identencoded as a Manchester or bi-phase code and the clock

fier or the key code from a transponder. for the baud rate is generated by the transponder from

) ) ) o the oscillation at the reader antenna. A typical trans-
This chapter describes typical applications for thgonder code can be seen in figure 9.

U2270B and describes how to decode the transponder o _
signal. All considerations are made for the TEMIC-igure 9 shows the timing of the Manchester and bi-

transponder €5530 at a frequency of 125 kHz. phase code in an ideal situation. However, the timing of
the code at the decoder input is affected by various
Typ|ca| Reader Application effects of modulation, demodulation and noise in most

applications. There is a jitter at the rising and falling
This circuit is suitable for systems with a small range @dge of the data signal. Additionally, the clocks of the
small tolerances of reader and transponder resonar#nsponder signal and the decoder system are asyn-
circuits. The application shown in figure 7 is a proposaihronous. The decoder should evaluate the reader output
for a 12-V supply voltage. The microcontroller issignal with the method shown in figure 10 to achieve a
supplied by the internal power supply of the U2270B. maximum range and minimum errors.

The reader output signal is shown in figure 10. The

Reader Appllcatlon Wlth Tunmg valid time intervals (worst-case considerations) are rela-
of théed to one edge of the data signal. Table 2 provides the
&Hlse lengths for the reader output signal. If the decoder

antennas with larger tolerances can be used. The micfferates with this timing, guaranteed decoding of the
controller is able to minimize the difference betweelY/anchester- (see figure 11) or the bi-phase code (see

reader and transponder resonant frequencies. TH@Ure 12)is possible.

This application (see figure 8) allows the tuning
reader antenna circuit. Thus, reader and transpon

BC639 o O
12V
360
4*1N4148 68 k l
> ’ == 22 uF
_L 22 pF
4.7 nF
T 4 I 1 T O
22 uF
—L 1 I u
100 k 43k v v D v -
1 11— S EXT vs BATT DD
A Y RF Ms | —¢
1.2 nF 3 ;
| . —
II d Coil2 55708 FE .
1.35 mH 82 Micro-
. Coi controller
+ B | oil 1 controler.
Antenna 4.7k 680 pF Standby|g
P | Input output oo
1N4148 470 k cain oF
15nF —I: 100 nA

I I Dj_N D ]N_D Vf

Figure 7. 12-V application for small reading range requirements
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4* IN4148

sl
]__zszIunF

GND
VDD J____
Microcontroller
M44C260
o
Vss

Figure 8. 5-V application for enhanced reading-range requirements

Daa . 0 0 1 i1 |0 1 0 i o0
Manchester _' [_| . | | l l I &
Bi-phase l_[ _J |_| N

Figure 9. Manchester and bi-phase code

Bit clock \

Data out Valid > ®<Valid <

e TIS1_,

Ts2 >
. T

A4

TI2

A4

Figure 10. Valid time frame for the reader-output signal
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Clock

1
Sample next edge

N

Sample next edge

Data : 00
Data : 01
Data : 10
Data : 11
Figure 11. Decoding of Manchester code
Clock
0
Data: 0
0
] 1
Data : 1
1y
Tnext

Figure 12. Decoding of bi-phase code

Table 2. Pulse lengths for the reader output signal

2

i

Short pﬁlse length minimum tsy 90 us fOsc =125kHz +3%
Short pulse length maximum tso 180 us ”
Long pulse length minimum try 210 us ”
Long pulse length maximum tro 300 us ”

To decode the Manchester or bi-phase code, the clock of
the transponder and the decoder must first be synchro-
nized. The codes are encoded as a signal with two fre-
quencies oo and 2 X fyocx. A positive or negative
pulse with the length of one clock period must be

detected for the synchronization. After that, the bit-
stream can be decoded. The flowcharts in figures 13 and
14 show how to decode the transponder signal for
Manchester and bi-phase encoding and also indicate
error detection.
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(Read Manchester co@e ( Synchronize edge )

n
>

Synchronize edge No edge detectio

Then

A 4

[
L

Start timer Start timer

Y

'Y
Ll

0 edge detectio

Then Then

Stop timer

>
Then

/ Read port stste /

Bit = port state

Store bit into code buffdr

Start timer

b
»

Delay ( Thext )

(End of sychronizatioa

Count bits

Then -
Bit count
< code length

( End of read code ) C Bit error )

Figure 13. Decode flowchart for Manchester code
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( Read bi-phase coda ( Synchronize edge)
Synchronize edge No edge detectiO
Then
Start timer Start timer

[ [
» >

0 edge detectio

Then

Stop timer
No edge detections
Then

/ Read port state V

Start timer

B
L

/ Read port state/

Delay Thext

Bit = state 1 XOR State|2

(End of synchronizatio)

Store bit into code buffg

—

Count bits

Bit count
< code lengt

( End of read code )

A

L

A

( Bit error )

Figure 14. Decode flowchart for bi-phase code
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In figures 13 andl4, the following time constants are The complet@rocess ofeading a transponder is shown
used to evaluate the reader signal: in figure 15. Ifthe standbyption is usedhe microcon-
troller must wake ughereader viahe standbyin. Then
Table 3. Time constants for evaluating the reader sign I} mustsynchronize andeadthe bits. The reading is not
| ynchronized witlthe beginning of theode. Therefore,

the first bit of the identifier must be found byearching

Used Time Constants (. = 125 kHz+ 3%) the 8-bit header cod¢TEMIC transponder) in theode
: buffer. This allows very fastaccess tothe identifier

Symbol Value  Unit because the microcontroller can start readiragyplace
TS1=t; 90 Hs within the bit stream. Il bits are free oérrorsand the
identifier is also correctthe read access iBnished. If

TS2=%; 180 us there is a bierror or a baddentifier the microcontroller

can repeatthe reading. In applications with aunable

=t 210 WS readerantenna, theontroller should change the antenna
TL2 =1 300 us adjustmentbefore it starts to readgain. Afterthe read

accessthe readercan then bswitched into standby
Thext=ts2 180 us mode.

( Read transponder)

Wake reader (standbyi)

»
L

Toggle/ increment

. Read code
tuning port

Error

Then

Prepare ID
(find header/ start bit
in the codebuffer)

Wrong ID

Then

Set reader to standby

(End of read transpondgr

Figure 15. Decode flowchart for read code

TELEFUNKEN Semiconductors 13
01.96



U2270B Antenna Design Hints

TELEFUNKEN Semiconductors
06.96



TEMIC

Semiconductors

Table of Contents

General INFOIMEATION ......ceeiieiii e e e e et e e et et e et bbbt b a e s e e e e e e e e e aeeeeeeeesenbennes 1
ANtENNA DESION PrOCEAUIE........uu e e e e e e e e e e e e e e e ara e e e 2
Optimizing the Magnetic CoUPlNG FACION .........coooiiiiiiiiii e 3
Determination of the Magnetic Coupling FACION ...........uuuiiiiiiiiiii e 5

How to Meet the Actual Frequency Tolerance Situation

TELEFUNKEN Semiconductors
06.96



TEMIC

Semiconductors

General Information

The reader antenna is a series resonance cir@age in accordance with the transponder’s data
consisting of an inductor, a capacitor and iate.

resistor (see figure 1). In most automotive applications, the reader
[ antenna is situated very close to the lock cylin-

cg ! der material. This material can have a major
LR influence on the antenna coil inductance and

Driver @> ?:itlenna on the Q factor of the coil. A higher Q factor
Rg results i_n a higher possible influence due to the

— lock cylinder material. If this is the case, the Q

Overall resistance factor can vary with variations of the lock-

- : - cylinder material and with the mounting accu-
Figure 1. Equngeg?gr;[r(]:;rCU|t of the reader racy of the antenna coil. Therefore, the Q fac-
The antenna is characterized by its resondQf Should not be set to a value 6§ Q 15.
frequency and its Q factor. The resonant fréd good compromise regarding this scenario is
quency § is the operating frequency of the IDa Q factor of @ = 12. This value is proposed
system. This frequency is determined by thier all described applications and is also used
inductor and the capacitor of the antenna ara the TEMIC demo kit. Nevertheless, there

can be calculated using the following formula:are other non-automotive applications where
1 other values could be preferred. If this is the

= case the Q factor should be kept withig=® -
2xmx,/LgxCq 15.

This frequency is selected tg#+ 125 kHz. The The determination of the antenna inductivity is

Q factor, @, represents the bandwidth, B, oflescribed in the following chapters. If that

the antenna and also the ratio between thwluctivity is determined, the Q factor can be
reader antenna voltage g)Jand the sinusoidal calculated by using the following formula:

content of the antenna's driver voltagey). Q. = 2x7ixfyxL
— fO — " RR
=2 M= B> R . ng seri

Qx Note that K is the overall resulting series
The sinusoidal content of the antenna's drivé‘?s'Stance' R |nc|uqes the losses due to the
voltage is determined by the peak-to-pealQCk'Cy“nder material, the copper losses of the

square-wave driver output signal{Rpp) Of coil and the external series resistg. Bsee ID

the U2270B. Note that this value is twice thd€MO Kit, page 6) An exact formula to deter-
measured driver output voltage swing in thBn€ Rs cannot be given due to the unknown

fo

B

differential mode. influence of the lock cylinder material. The Q
4 factor can be changed by varying the series
U pry :EXUDRVpp resistor . A lower value for B results in a

higher Q factor for the antenna. A value ¢f R

A higher Q factor results in a higher reader- 100 Q is recommended to start with. This

antenna voltage and therefore enhances t\};'ﬁue can now be decreased to achieve the
energy transf_er to the transpo_nder. The dra esired Q factor. The antenna’s Q factor can be
B:ﬁzw?étha Ol;llgtfr::r a(rgltefr?r?;or Alssrt:eeflle"re%l;?\e honitored by the antenna voltage. When using

: he demoboard, this Q factor is achieved at an

width can reduce the induced data signal volt, . - voltage of ¥= 130 \bp

TELEFUNKEN Semiconductors 1
06.96



TEMIC

Semiconductors

Antenna Design Procedure

The resonant frequency of the reader antenhahavior is described in the TEMIC
shows a certain tolerance due to the limiteBlpplication Note ANT019 pages 3 and 6-7.

accuracy of the frequency-determining antenna i _
components, the influence of the lock cylindgP€Pending on the actual coupling factor k and

material, and the mounting accuracy of thi!€ desired antenna tolerances, the appropriate
coil. This chapter describes the design of thirategy is selected to avoid negative conse-

reader antenna under that condition in respetifénces due to that effect. Depending on the
to the actual magnetic coupling situation. sel_ected strategy, the antenna is operated with
a fixed frequency or with one of two frequen-

The first step in designing the antenna is tgies which is selected by the decodin@. In
increase the magnetic coupling factor, k, agis case, an output port of the pC is required
much as possible. A good coupling factor eno control the appropriate alternative. The pro-
hances the energy transfer from the readgédure of selecting the suitable strategy is
antenna to the transponder but also increas@sscribed in the chapter "How to Meet the
the signal voltage of the information that izctual Frequency Tolerance Situation". The
sent back to the reader antenna by thstermination of the inductivity of the reader
transponder. This issue is very important as dhtenna is also part of this chapter. A lower
can help to achieve a more cost-effectivgalue for the inductivity allows higher toler-
overall system design. This topic is describeghces for the resonant frequencies of the
in detail in the chapter "Optimizing theantennas, but also results in a higher supply
Magnetic Coupling Factor”. current for the system.

With the value of k, determined in the chaptef the reader antenna can be operated with a
mentioned above, the transponder voltage afdeq frequency, the design is finished. If it is
the modulated voltage at the reader coil can bgcessary to switch between two different fre-
calculated according to the TEMIC Applicayyencies, their values must be determined.
tion Note ANTO19 (page 3). Due to deviationgjs topic is described in the chapter " How to
of the resonance frequency of the readfficet the Actual Frequency Tolerance

antenna and that of the transponder antenfigyation". Table 1 summarizes the antenna
the data signal voltage at the reader coil M@gsign in a flow chart.

be decreased or could even disappear. This
Table 1. Antenna design procedure

1. Setting the fixed conditions 212, antenna driver in differential mode)

2. Optimizing the magnetic coupling factor k. (from the chapter "Optimizing the Magnetic Coupling Fa¢tor")
3. Selecting the strategy to meet the actual frequency tolerance situation

3.1 3.2 3.3
Operating the antenna with a fixedl'he antenna is operated with twg The system cannot be operated
frequency is possible alternating frequencies under the actual antenna tolerange/

magnetic coupling factor condition
LR is determined according to the LR and two different values forgC | The magnetic coupling factor mus

chapter "How to Meet the Actual | are determined according to the | be increased or the antenna toler
Frequency Tolerance" chapter "How to Meet the Actual | ance must be decreased for a segure
1 Frequency Tolerance" design

~ Lg x(2xmxfg)?

—

Cr
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Optimizing the Magnetic Coupling Factor

The coupling factor depends only on th
mechanical dimensions of the coil arrangemenﬁ
(diameters, reading distance, coil orientatior) Radius of the antenna coil
and the magnetic materials close to the coj Reading distance

The coupling factor does not depend on the

inductance of the reader antenna or th-g'le formula on the left hand side prOVideS the
transponder coil. magnetic field strength on the transponder. The

, , _first part of the formula is fixed in all
To improve the coupling factor, the transmisapyjications. The term in the middle indicates
sion distance to be selected should be as s dependence of the selected coil inductance,
as possible. If the transponder cannot be placgdy the term on the right describes the
in the axis of the reader coil, the magnetic ﬁelgependence on the mechanical situation. As

strength vector is not in parallel t0 th§ne magnetic coupling factor, k, depends on the
transponder coil axis. If this is the case, pleasgechanical  dimensions of the  coil

check for the best transponder orientation. arrangement, it is proportional to the term on

If the reading distance is fixed due to mechariine right. Figure 2 illustrates how the magnetic

cal constraints, the reader antenna coil diaméeld strength and the coupling factor varies for

ter and also the magnetic coupling factor k camgiven fixed reading distance if the coil radius

be optimized for that specific distance. is changed. The diagram corresponds to the
following conditions:

Reader coil inductance

.5
H = U N E r g Ur = 130 Vs Reader coil voltage
[ [ 2 + 2
AXTOxTo XJTX e YL M7 +d fo =125 kHz Operating frequency
Y Magnetic field strength L,=737 pH Reader coil inductance
U Reader coil voltage r=5-55mm Radius of the antenna
R 9 coil (varied parameter)
fo  Operating frequency d =20 mm Reading distance of the
Ho  Magnetic field constant transponder
Vs
=1257x 10° —
Ho Am
TELEFUNKEN Semiconductors 3
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Antenna coil radius (mm)

Figure 2. The magnetic field strength via the coil radius of the reader antenna

600
= 500
<
c
= 400 <
c ~
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= N —rl1=10mm
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- 300 ——=r2 =20mm
2 \\\\\ r3 = 30mm
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(o)) \\\\
0] S
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— ——
\
\\
0
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Reading distance (mm)

Figure 3. The magnetic field strength via the reading distance for various radius

The maximum magnetic field strength for amax= 192 A/m for r = 20 mm.
given reading distance is achieved when t
coil radius is equal to the reading distance.

ﬁgure 3 shows the magnetic field strength via
this is the case, the magnetic field i

e reading distance for various coil radiuses.
oil 2 (r =20 mm) is optimized for a reading

4 TELEFUNKEN Semiconductors
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distance of d = 20 mm. The correspondinthe largest diameter shows the lowest decline
parameters are: vS. an increasing transmission distance but
starts from a low value. Coil 2 has the best

Uz =130 Vs Reader coil voltage performance for d = 20 mm as the radius is
fo =125 kHz Operating frequency determined as r = d.
L= 737 uH Reader coll inductance  pyatarmination of the Magnetic
ri=10 mm Radiuses of the antenna Coupling Factor
coils
rp =20 mm In order to determine the coupling factor,
TEMIC provides a test transponder coil (TTC)
r3 =30 mm with the same characteristic as the antenna coil
d=10-30 mm Reading distance of the of a TEMIC plastic transponder. This TTC can
transponder be placed at the actual transponder location.

U s5The voltage across the TTC coil can then be
R 1 0o, . .
X x O>——[0 measured while the actual reader antenna is
dxmxfoxymxp,  JLg Oy +d°0 peing operated by a signal generator. The
Magnetic field strength at the transponder  corresponding coupling factor can be
&etermined by using the measured voltage U

diameter displays the highest magnetic 1‘ielﬁ)g§ther with the :30“ in?:l.JCtiVitiiS %nd theh
strength at small distances, but the lowelgader antenna voltage. Figure 4 shows the

value at a distance of>d18 mm. The coil with setup for the measurement.

H,(d)=

Figure 3 shows that the coil with the smalle

Reader coll -_|- L‘\ !  —to—
+ >— R1
e

Test transponder ccw___l_T Ut C\D

f o]

1~
Q

Wave-form generator

fO =125 kHz

Figure 4. Circuit diagram to determine the magnetic coupling factor
(N1: TLO81 or LF 356N, R1: 100 to 5@D)

TELEFUNKEN Semiconductors 5
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Figure 5 shows the electrical model of the TTTTC. In this case, the buffer OP amplifier is
together with the connected measuremenbt needed.

equipment. @arais the internal parasitic capa-
citance in parallel to the coil. &pe and
Cprobe are the load capacitances of the con-

nected measurement equipment. These capaci-
tances have an influence on the measured vditk

age. W
o Lt

TTC
O

Figure 5. Electrical model of the TTC with theA
load capacitances of the probe§G= 20 pF) k

To compensate that effect, a correction factbfr
Ak can be determined to achieve an accurate
result. A can be calculated using the 1‘ormulaltJR
on the right hand side of the page, or can le
read from the diagram shown in figure 6. If the
input capacitance of the measuremeniT
equipment is (Caple + Cprobg < 30 pF, the L
equipment can be directly connected to the

0.94

1
1-w” xCggsx L 1
CcEs= Cparat Cprobet Ccable
Correction factor (<1)

2xT1x 125 kHz
Transp. coil inductance (3.95 mH)

Ak =2-

Using the formula below, the coupling factor k
Chara TCeae T Crove |Yr &  Can now be calculated.

k:Akxﬁx i
U, L,

Correction factor
Transponder coil voltage
Reader coil voltage

Coupling factor

Transponder coil inductance

Reader coil inductance

0.93

0.92

0.91

0.9
0.89

0.88

0.87

0.86

5 10 15

20 25 30

C probe + C cable (PF)

Figure 6. Diagram to determine the correction factpr A
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How to Meet the Actual

. . Operation Mode 2
Frequency Tolerance Situation

The reader antenna is operated with
According to the chapter "Optimizing the two alternating frequencies. The differ-
Magnetic Coupling Factor”, the magnetic ences to operation mode 1 are:
coupling factor is now set to the highest
possible value. One of two operation modes
can be selected depending on that value and
the resonant frequency tolerances of th.e

transponder and the reader antenna.

Allows higher resonant frequency tol-
erances at the same magnetic coupling
factor

The decoding puC selects and controls

the preferred operating frequency
Operation Mode 1 ) _ )
Figure 7 and figure 8 help to decide whether to

The reader antenna is operated with a choose mode 1 or mode 2. This figure shows
fixed frequency ofdsc= 125 kHz. This the maximum tolerable total antenna tolerances
mode is preferred due to the following for different magnetic coupling factors k and

reasons: for different inductivities Ir of the reader coil.
. Less external components The total antenna tolerance hereby is the sum
. An additional pC pin is not required of the reader antenna frequency tolerance and
. Faster detection time the transponder resonant frequency tolerance.

Total antenna tolerances = f(k)
(Fixed oscillator frequency)
20.00

16.00 — =

14.00 _— ==
L == —LR=413pH
12.00 = = ——-LR=737 uH

10.00 = === LR=826 pH

8.00 i e —-—LR=1.24 mH
6.00, 2 =£rme=t"

4.00F
2.00

0.00
0.6 0.9 12 15 1.8 2.1 2.4 2.7 3

Magnetic coupling factor k (%)

Total antenna tolerances (%)
\
\

Figure 7. Determination of@.for the fixed frequency mode

TELEFUNKEN Semiconductors 7
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Total antenna tolerances = f(k)
(Frequency tuning method)

~ 40
S
o 35 —
n L
8 4/
% 30 =1 [
o) / el =
g BT —— 1 —— LR=413 pH
© LT " ----- LR=737 pH
s 0 // """" - LR=826 uH
o | | | =T ’_,-f" =
E 15 /' ______ -~ —-—LR=1.24 mH
f 10“:.’—‘::"‘"—’
o
|_
0

0.6 0.9 1.2 15 1.8 2.1 2.4 2.7 3
Magnetic coupling factor k (%6)
Figure 8. Diagram to determinglfor altering operating frequencies

The plots in figure 7 and 8 indicate that thf mode 2 is used, the reader antenna is
tolerable tolerances increase with a highaperated with two alternating frequencies. The
magnetic coupling factor and with a lowetwo frequencies and the corresponding
reader antenna coil inductivity. Note that @apacitors (see figure 9) can be determined by
lower reader antenna inductivity results in asing the maximum antenna frequency
higher antenna current. The maximum antennalerances.

current is limited to gpp = 400 mA due to the 1

antenna driver current capability of theCg, = L 5 Y

U2270B. If the reader antenna coil voltage is r X (2% 70T,

considered, the reader antenna inductance is

not able to be decreased to values df =125kHz— 044x (Tol. (%)+[Tol; (%))
Lr <413 pH.

1
Lo % (2xTxt,)?

The total antenna tolerances together with tHer. =
actual magnetic coupling factor define a
specific point in both figures 7 and 8. Plots that

are above that point correspond to antenna chil = 125kHz + 0.44x (T°| R (%b+|T0| T (%[))
inductances that match the correspondingolR(%)
operation mode. Any inductivity betweep E

413 pH and the inductivity indicated by that

Frequency tolerance of the
reader antenna in %

point can be used. Operation mode 1 i50H(%) Frequency tolerance of the
preferred if both modes can be used. If mode 1 transponder antenna in %.
is used, the antenna capacitance can be calfig-the capacitors Cand G act in parallel the
lated using the formula: switched capacitor ¢ can be determined as
1 being:

Cr = . b = 125 kHz .

Lr x(2x1xfg) Crp = Cr,— Cry (see figure 9)
8 TELEFUNKEN Semiconductors
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If no coil inductance of k = 413 puH can be The first step in designing the reader antenna is
used in mode 1 or mode 2, the magnetic colf increase the magnetic coupling factor as
pling factor must be increased or the read@puch as possible. In this example the radius of

antenna tolerance must be decreased to endbfe reader antenna can be varied to maximize
a successful design. this factor for the minimum reading distance of

Note that the graphs in figure 7 and 8 are Ongbp:ti 20 mm. According to the chapter

. I . mizing the Magnetic Coupling Factor",
valid for applications using the TEMIC reader, . L o
IC U2270B together with any read-only{he ideal antenna radius is calculated as being:

TEMIC transponder. These graphs should not. d, resulting in a value r =20 mm.

be used for any other component combinatiorthe next step is to determine the magnetic
because they were designed for TEMIGoupling factor using the TEMIC test

transponder applications only. transponder coil (TTC) as described in the
Overall resistance chapter "Determination of the Magnetic

f@ ] Coupling Factor". Figure 10 shows results of
RR the measurements versus the reading distance.

Antenna N Eeidis Here, a coupling factor of k = 1.2% can be
extracted for the required transmission distance

f@ Cr1 I of d = 20 mm. In the next stage, the required
L operation mode is selected according to the

Tolerance Situation”. The total antenna toler-
ance is the sum of the tolerances of reader and
Figure 9. Equivalent circuit of the frequencytr"’_InSponder antenna, summarizing to + 7% in
altering reader antenna this example.

Example According to figure 7, it is possible to select
the operation mode using a fixed frequency.
The TEMIC ID demonstration kit including theOnly the plot of the reader coil withgl= 1.24
reader board, the reader antenna and thfH is below the point that is determined by
TEMIC read only plastic transponder is ink = 1.2% and the total antenna tolerance of +
tended to assist the Understanding of the I'E))A) Any reader coil inductance betweqla:t
system as it offers the possibility of verifyingggg LH and Rk = 413 pH can be selected. In

all physical parameters such as antenna voltalg]% example, k = 737 pH is chosen. By using
and coupling factor etc. ' '

Crp chapter "How to Meet the Actual Frequency
Alter frequency

the formula:
Moreover, the kit serves as a fictive antenna
design example to illustrate the design procey ~ Lr
dure. The following assumptions and con- rXTIX |,
straints apply for this design example:

_ _ LR Reader coil inductance
Radius of the reader coil: 15-25mm _ _
Frequency tolerance + 3% r Radius of the reader coil
of the reader coil: Mo Magnetic field constant:
Frequency tolerance of the + 4% Vs

. U, =1257x 10° —
TEMIC plastic transponder 0 Am
Minimum reading distance 20 mm
TELEFUNKEN Semiconductors 9
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the required number of turns of the reader cdilr
is determined as being N = 97. As this is onlg
an approximation formula, please check viaR
measurements. The capacitance of the readgr
antenna is determined by means of the

Reader antenna capacitance
Reader coil inductance

Operating frequency

following formula: In this example the capacitance is calculated to
1 be Gk =2.2 nF.
Ce = 2 Table 2 summarizes all relevant parameters
(2xmxfy) xLg

together with the applicable formulas as a ref-
erence to measurements with the demoboard.

Magnetic coupling factor k (%6)
w
./

0 10 20 30 40
Distance d (mm)

50 60 70

Figure 10. Magnetic coupling factor vs. transmission distance

10
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Table 2. Summary of relevant parameters

Parameter Design Criteria Value
Sinusoidal content of the antenng _4 10.8 V (pp)
driver voltage Upry = E X Upgy pp

(U bRV pp = 8:5 V in differential mod)s

Q factor of the reader antennag]Q| Fix for most automotive applications 12

See the chapter "General Information”
Reader antenna voltage Ug = Ury XQx 130 V (pp)
Reader coil radius (r) Optimized for maximum magnetic coupling factor 20 mm
Reader coil inductance @_ Designed according to the chapter "How to Mget 737 pH

the Actual Frequency Tolerance Situation"
Number of turns L 97

N= —R

X TOX

Reader antenna capacitancg (f 1 2.2nF

(2xTxf,) L,

Operating frequency Fixed frequency according to chapter "How to 125 kHz
Meet the Actual frequency Tolerance Situation|

Reader coil current Ug 224 mA (pp)
R

_ZXHX%XLR

Supply current | I 72 mA

Tt

S

U 1 roo° A
H= R X x% g LA
Magnetic field strength at 4xmrxf, x X, Lgn EE 192m (Pp)
d = 20 mm andg= 125 kHz
N x|

H_

- 5
2xrx§%2+1ﬁ1
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