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Designing read/write device (RWD) units for industrial RF-Identification applications is strongly facilitated by the 
Philips HITAG Reader Chip HTRC110. All needed function blocks like antenna driver, modulator demodulator 
and antenna diagnosis unit are integrated in the HTRC110. Therefore only a minimal number of additional pas-
sive components are required for a complete RWD.

This Application Note describes how to design an industrial RF-Identification system with the HTRC110. A major 
focus is on dimensioning the antenna, all other external components including clock and power supply, as well as 
on the demodulation principle and its implementation.
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First, the fundamental external connections and supplies, as power and clock are described. The antenna design
and proper choice of the electrical antenna parameters are explained into depth. After this, the fundamental
demodulator principle and the idea behind the new Adaptive-Sampling-Time algorithm are described as well as
its practical implementation.This Application Note also covers the methods of writing data to the transponder and
shows special methods for fast demodulator settling. Also the fundamental methods for system performance and
tolerance measurements are presented.

All presented numeric parameters base on the HTRC110 HITAG Reader Chip data sheet; product specification;
Rev. 1.1 December 1997 .



Read/Write Devices based on the HITAG 
Read/Write IC HTRC110

Philips Semiconductors

5

Application Note
AN97070

CONTENTS

1. Introduction  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7

2. Power supply   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 8
2.1 Supply regulation, decoupling and ripple criteria .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 8
2.2 Power-down modes   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 8

2.2.1 Driver-off mode  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 8
2.2.2 Idle mode  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9
2.2.3 Power-down mode  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9

3. External filtering capacitors   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9

4. Clock .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9

5. MODE-pin   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  10

6. Antenna design  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  11
6.1 Measuring the coupling factor   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  11
6.2 Electrical antenna parameters  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  12

6.2.1 Minimum antenna circuitry   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  12
6.2.2 Antenna circuitry with driver short circuit protection.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  12
6.2.3 Adding additional EMI-immunity to the system .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  13
6.2.4 Dimensioning of the antenna components  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  14

Antenna current adapting resistor.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  14
Antenna quality factor .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  15
Antenna inductance .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  15
Antenna Capacitance .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  16
Optimizing the demodulator input resistor   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  16

7. Antenna tuning   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  17
7.1 Tuning with a network analyzer.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  17
7.2 In-system tuning  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  17

8. Antenna Diagnosis   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  17
8.1 Antenna fail detection.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  17
8.2 Antenna detuning detection   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  18

9. Reading data from the transponder  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  18
9.1 Theoretical background.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  18

9.1.1 Sampling demodulator principle.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  21
9.1.2 Adaptive-Sampling-Time (AST) principle .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  24

9.2 Implementation of the AST-method employing the HTRC110  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  25
9.2.1 Phase shift measurement system.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  26
9.2.2 Calculating and setting the sampling time   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  27
9.2.3 Software Implementation  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  27
9.2.4 Determining the offset compensation constant for a specific system .  .  .  .  .  .  .  .  .  .  28

Typical values .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  28
Exact determination of the offset compensation constant   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  28

9.3 Additional safety backup for defect transponders or RWD antennas.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  29
9.4 Monitoring the analog demodulator output signal   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  29
9.5 Adapting the demodulator to different transponders and applications by register settings.  .  .  .  .  30



6

Read/Write Devices based on the HITAG 
Read/Write IC HTRC110

Philips Semiconductors

Application Note
AN97070

9.5.1 Demodulator bandwidth .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  30
9.5.2 Demodulator gain .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  30
9.5.3 Digitizer hysteresis  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  31

9.6 Reading out the digital data   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  31

10. Sending data to the transponder .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  31
10.1 Modulation principle   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  31
10.2 Driver-off period width and position.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  32
10.3 Sending data via the digital interface .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  32

11. Settling .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  33
11.1 Oscillator settling .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  33
11.2 Field settling   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  33
11.3 Demodulator settling  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  33
11.4 General fast settling sequence .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  34
11.5 After-WRITE fast settling sequence   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  34

12. Power-on sequence .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  35

13. Tolerance field verification .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  35
13.1 Tolerance field measurement setup  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  35
13.2 Tolerance field matrix measurement  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  37

14. References .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  38



Read/Write Devices based on the HITAG 
Read/Write IC HTRC110

Philips Semiconductors

7

Application Note
AN97070

1. Introduction
With the HITAG Reader Chip, HTRC110 a highly integrated RWD with a powerful circuit implementation is avail-
able.

The HTRC110 is ideally suited to design an advanced RWD for industrial applications. The device incorporates
all necessary functions to facilitate reading and writing to an external transponder.

It makes use of a unique demodulation technique that extends the system operation range compared with first
generation envelope detection based systems.

The HTRC110 is optimized to operate with the Philips transponder family HITAG1 & 2.

Device characteristics like receiver gain and bandwidth or transmit timing are widely programmable, in order to
match the RWD to the used transponder. 

The HTRC110 has been designed to fit for ’Intelligent Antenna’ as well as for ’Active Antenna’ applications. 

For the purpose of system diagnostics, the HTRC110 provides antenna failure detection.

Designed for low power consumption employing CMOS technology, the device supports IDLE and POWER-
DOWN modes.

The HTRC110 requires only very view external components and comes in a SO14 plastic package.

Fig.1  HTRC110 block diagram
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2. Power supply
The supply current of the HTRC110 consists of two components:

- 10 mADC maximum for the supply of the IC with its internal function blocks

- the current driven into the antenna resonance circuit

As the antenna current is nearly sine shaped, the average DC-current component can be calculated by:

where Îant describes the antenna current amplitude. With Îant = 200 mA the maximum overall supply current
results in 10 mA + 2/π * 200 mA = 137 mA. Using the burst mode, where Îant = 400 mA is allowed for ton < 400 ms
at a pulse/pause ratio of 1:4, IantDC= 265 mA respectively.

When switching on the power supply, the HTRC110 performs an internal power-on reset, where all internal regis-
ters (e.g. the configuration pages) are reset to their initial settings (see [1]).

2.1 Supply regulation, decoupling and ripple criteria
Any supply voltage fluctuations or ripple are transferred into antenna current fluctuations by the antenna driver
transistors. This is equal to a current modulation that results in a voltage modulation at the antenna tap point.
There is no possibility for the demodulator to distinguish this modulation from the transponder modulation. Espe-
cially in the passband of the demodulator filters, the system is very sensitive against supply hum and ripple.

Therefore, supply fluctuations cause strong signal disturbances at the demodulator output. Because of this,
selecting a proper stable supply regulator is essential for good system performance. 

Also the power supply should be decoupled via a 10µF capacitor in parallel to a 100nF capacitor. It is recom-
mended to choose SMD-components being placed directly between the VDD- and VSS-pins (Pin-Nr. 1 and 3) in
the immediate vicinity of the HTRC110.

2.2 Power-down modes
Three different power-down modes have been implemented in the HTRC110 for energy saving during times,
where the RWD functionality is not needed

After switching back to normal operation mode from all of these three PD modes, it is essential to invoke the set-
tling procedure described in section 11. to allow for a fast filter and threshold settling. Without this procedure, set-
tling (being not ready for transponder data) may require several ten milliseconds.

2.2.1 Driver-off mode

By setting the TXDIS bit, the antenna drivers can be switched off. All remaining circuitries of the HTRC110 stay
active. Driver-off mode is activated by setting the following bit combination via SET_CONFIG_PAGE_1:

PD_MODE = don’t care
PD = 0
TXDIS = 1

The other bits in the configuration page 1 don’t affect this mode. The drivers are reactivated by resetting the
TXDIS bit.

IantDC

2
π--- Îant=
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2.2.2 Idle mode

In some applications, the HTRC110 oscillator is used to clock the microprocessor. In this case, the oscillator has
still to run while the rest of the HTRC110 functionality is powered down. For this purpose, the so called idle mode
has been implemented. The idle mode is entered by setting the following bit combination:

PD_MODE = 0
PD = 1
TXDIS = don’t care 

Resetting the PD-bit leaves the idle mode.

2.2.3 Power -down mode

It is possible to switch off the whole IC (except the serial interface) by putting it into the power-down mode. The
power-down mode can be activated by the following settings:

PD_MODE = 1
PD = 1
TXDIS = don’t care

Resetting the PD-bit leaves the power-down mode.

3. External filtering capacitors 
For bypassing the internal analog virtual ground (~2V), a 100nF capacitor has to be connected from the QGND-
pin to the VSS-pin. This capacitor connection should be low impedance and close to the IC.

Another 100nF capacitor is connected from CEXT to VSS which is needed for the 2nd high pass filter. Both
capacitors can be ordinary ceramic capacitors.

Leakage currents into CEXT, e.g. caused by dirt or humidity on the PCB, can cause offsets in the demodulator
reducing the sensitivity. Therefore it is recommended to place a guard ring at the QGND potential around the
CEXT-pin - capacitor lead. The implementation of this guard ring is facilitated because the QGND- and CEXT-
pins are next to each other and pin 11 is not connected. 

4. Clock
The HTRC110 contains an internal clock oscillator being capable to operate with an external quartz or ceramic
resonator for frequency stabilization. It is also possible to use this oscillator for clocking a connected microcon-
troller. Further, the HTRC110 can be clocked by e.g. a microcontroller (Fig.2).

Fig.2  HTRC110 Clock
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The internal oscillator is well suited for standard parallel resonance quartz crystals. The capacitors to VSS should
be chosen according to the quartz manufacturer specification.

With ceramic resonators, the capacitors are often included internally in the resonator package. Ceramic resona-
tors have a higher tolerance than quartz crystals (e.g. 0.5%). This tolerance adds to the resonance frequency tol-
erances of the RWD antenna as well as on the transponder tolerance. That means a system frequency shift
caused by oscillator tolerances causes a relative shift versus transponder and RWD centre frequency. Systems
with relatively high coupling factor and high field strength at the transponder location naturally have a large safe
operation tolerance area. In this cases the additional transponder oscillator tolerance does not cause problems.
In more critical systems, where the safe operating area regarding frequency tolerance is small because of a low
coupling factor or a low field strength at the transponder, we recommend to use a quartz crystal.

In applications, where the HTRC110 is mounted together with the µC on the same PCB, only one clock oscillator
is needed, resulting in saving e.g. one quartz crystal which is a relatively expensive component. The HTRC110
oscillator output XTAL2 can be directly connected to most microcontroller clock inputs. It is also possible to use
the microcontroller oscillator to clock the HTRC110 via XTAL1. 

Jitter on the HTRC110 clock is transferred directly into demodulator noise depending on the sampling phase.
Therefore, supplying the HTRC110 with an external high jitter oscillator may reduce system performance. Special
care has been taken at the internal HTRC110 oscillator design to avoid jitter and also to guarantee a fast power
on oscillator settling. Therefore, if there are doubts about the quality of the µC-oscillator, it’s a good idea to supply
the µC with the HTRC110 clock.

When supplying the µC with the HTRC110 clock, it is important not to use the power-down mode, because in this
case the oscillator is switched off, also stopping the µC. The idle mode is recommended for that case.

Hum picked up by electromagnetic interference (EMI) or capacitive feed through on the PCB into the clock con-
nection between HTRC110 and µC can also cause clock jitter. Therefore a short leads length of this interconnec-
tion is recommended.

The HTRC110 oscillator works together with 4, 8, 12 and 16 MHz quartz crystals. Also external clock signals at
the same frequencies can be supplied into XTAL1. The system frequency of 125kHz is generated internally from
this clock via a software programmable frequency divider. 

The division factor should be set during the HTRC110 initialization phase after power-up by configuring the bits
FSEL0 and FSEL1 if the clock frequency is different to the initial value of 4 MHz. This is done via the command
SET_CONFIG_PAGE 3. E.g. adjusting to a clock frequency of 12 MHz is done by the command:

SET_CONFIG_PAGE 3, xx10b

5. MODE-pin
MODE is a multi-function pin. In normal operation, it is used for switching on and off the internal digital glitch fil-
ters on DIN and SCLK. 

If MODE is permanently connected to VSS, the glitch filters are in off-state and the serial interface can be used at
high data rates only limited by the specified setup and hold times.

Connecting MODE permanently to VDD activates the internal glitch filters. This mode should only be used if the
HTRC110 serial interface is connected via a relatively long lead to the µC where EMI-problems may occur. The
glitch filters limit the data transfer rate. A more detailed description of the glitch filter usage will be provided in
future. Currently we recommend the glitch filter “off”-configuration.

In a special configuration, during system development, MODE can also be configured to output the demodulated
signal after amplification and filtering (see section 9.4).
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6. Antenna design
Most important for a good system performance and large safety margins in wireless identification applications is
a proper design of the antenna. This means a good mechanical design for achieving a long operation distance
and a high coupling factor as well as the proper dimensioning of the electrical parameters of the antenna compo-
nents.

The RWD antenna consists of a RLC series resonance circuitry. The antenna coil can be e.g. either circular or
rectangular shaped. The coil dimension depends on the application, especially on the required operation dis-
tance. The major boundary conditions for the antenna design are:

- the maximum antenna current provided by the RWD antenna drivers

- the maximum quality factor related to the required data bandwidth

- the maximum antenna inductance resulting from the antenna current and the quality factor

- the minimum operation field strength of the applied transponder

- the minimum coupling factor required for properly demodulating the data sent to the RWD

- the antenna diameter or size

Small antenna coils provide a high field strength and coupling factor, when the transponder is positioned rela-
tively close to the antenna. Both, the field strength and coupling factor show a strong decay when the transpon-
der distance is increased. Therefore, small antennas are well suited for short range applications.

Large antenna coils operated at the same antenna current produce a lower zero distance field strength and cou-
pling factor, but also the field strength is decaying much slower with increased distance. 

For circular antenna coils it can be shown mathematically, that with a given maximum antenna current Îantmax,
maximum inductance Lamax (resulting from the maximum Q) and minimum transponder operating field strength

 the optimum antenna radius ropt achieving the maximum distance not dropping below  is roughly given
by:

 

It can be further shown, that the herewith achieved distance from the antenna plane to the transponder on the
coil centre axis equals the optimized coil radius ropt.

The optimisation which was discussed so far considered only the tag´s power requirements and supply. If the
operation distance is limited by the data transmission channel, a smaller antenna radius may give better results.

6.1 Measuring the coupling factor
The coupling factor k describes how close the RWD antenna and the transponder antenna are coupled to each
other or, in other words, “how many field lines of the RWD antenna are captured by the transponder antenna”.
The coupling factor is a purely geometric parameter being independent from the antenna inductances. It only
depends on the form and size of the antennas, their placement relative to each other and the materials inside or
close to the coils.

The coupling factor is one of the most important parameters considering the system performance, tolerance
ranges and signal to noise ratio. The relation between coupling factor and system performance is stronger than
linear. 
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To measure the coupling factor, a transponder coil without the transponder chip is needed from the transponder
manufacturer. This transponder coil is placed instead of the transponder into the antenna field. The antenna coil
is excited permanently at 125 kHz by the HTRC110-RWD or by a 125 kHz sine wave frequency generator. 

The voltage across the antenna coil and the transponder coil should be measured via high impedance probes or
by a proper volt-meter, that is capable to handle 125 kHz correctly. It is important not to apply high resistive or
capacitive loads to the relatively high impedance transponder coil by the measurement equipment for measuring
the real open circuit voltage. If the HTRC110 is used for exciting the antenna, potential-free scopes or meters
should be used because of the full bridge drivers. Alternatively the voltage from the antenna tap point (coil-capac-
itor connection) can be measured against ground via an ordinary scope or meter.

The coupling factor k results from:

6.2 Electrical antenna parameters
The following sections describe methods for calculating the proper electrical antenna parameters as antenna
inductance, resistance and capacitance.

6.2.1 Minimum antenna circuitry

The minimum antenna circuitry applicable for the HTRC110 is depicted in Fig.3.

Fig.3  Minimum antenna circuitry

Normally Ra is needed to adapt the antenna quality factor and by this adapt the maximum antenna current.

6.2.2 Antenna circuitry with driver short circuit protection

In applications, where the HTRC110 and the antenna coil together form a closed module, the so called active
antenna applications, short circuit protection of the driver pins is normally not required. In other applications, were
the HTRC110 and the antenna coil are separated and connected to each other via a cable, short circuit protec-
tion against VDD and VSS may be required. This can be achieved for both driver pins by dividing the resonance
capacitor into two components (Ca and Cs) as shown in Fig.4.

k
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Fig.4  Antenna circuitry with driver protection

By the capacitive decoupling of the antenna coil connections, both drivers are protected against connecting to
GND or to 12 V or 24 V. 

It is recommended not to symmetrically divide the resonance capacitor into two components, but to use a small,
low tolerance (e.g. NP0) capacitor for Ca and a large, higher tolerance capacitor for Cs (e.g. 100 nF).

Applying the resistor Rl is strongly recommended for avoiding influence of low frequency EMI. It provides a low
impedance GND-connection for low frequency signals, strayed capacitively into the antenna. Recommended val-
ues are: 

Cs = 100 nF, Rl =1kΩ

The RX-input is protected via Rv because, even in normal operation, voltages up to ±140 V are present at the
antenna tap point between La and Ca.

6.2.3 Adding additional EMI-immunity to the system

In critical applications, additional EMI-measures may be required for rejecting RF-electromagnetic feed through.
Fig.5 depicts one possibility for additional EMI-protection.

Fig.5  Additional EMI-protection

La

TX1

TX2

RX

Cs

Ca

Rv

Ra

Rl

tap point

La

TX1

TX2

RX

Cs

Rl

Ca

Rv

Ra

68pF

68pF

68pF

68pF

10µH

10µH

68pF

tap point



14

Read/Write Devices based on the HITAG 
Read/Write IC HTRC110

Philips Semiconductors

Application Note
AN97070

The filter capacitances and inductances should be optimized for achieving the best EMI performance for the spe-
cial application. Also different EMI-filter topographies may be used, e.g. for avoiding the 10 µH coils.

6.2.4 Dimensioning of the antenna components

The drivers and the antenna (standard antenna shown in Fig.4) can be transformed into the following equivalent
circuit diagram:

Fig.6  Antenna equivalent circuitry diagram

Rdriver stands for the driver resistance, Ra for the current adapting resistor, Rcopper for the winding resistance of
the antenna coil including the resistance of the antenna connection and the leads on the PCB. Rrf is caused by
eddy current losses in metal parts, that might be placed in the direct vicinity of the antenna.

Antenna current adapting resistor

The real part of the antenna impedance is:

The maximum antenna current is flowing in optimum tuned case. It equals:

The term 4/π transforms the amplitude of the rectangular driver voltage to the equivalent sine voltage, which is
the fundamental of the rectangular signal.

For VDD = 5V and Iantmax = 200 mA, Rant = 31.8 Ω. 

If the HTRC110 is used in the burst mode with Iantmax = 400 mA, Rant = 15.9 Ω.

For long range systems, external power MOSFET-transistor pairs can be connected to TX1 and TX2 to allow for
even higher currents. In this case, Rant shall be further reduced.

For systems with high coupling factors, where the maximum achievable field strength in not needed, Rant can be
increased to reduce the antenna current and therefore the system power consumption.

For calculating Ra, the other components of Rant have to be known. Rdriver can be set to 3.5 Ω. Rcopper can be
measured with a multimeter. The sum of Rrf and Rcopper can be measured with a network analyzer at 125 kHz. 
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An easier method determining Ra is first setting Ra to 20 Ω and running the system with this configuration (with
tuned antenna). By monitoring the voltage across La with a potential-free scope, an ordinary scope with differen-
tial probe or a battery powered multimeter (capable to handle 125 kHz) the current can be measured by calculat-
ing:

where f0 is the operating frequency of 125 kHz. Alternatively the voltage from the antenna tap point (coil-capaci-
tor connection) can be measured to ground via an ordinary scope or meter. 

By increasing or decreasing Ra, the current can be adapted to the desired antenna current.

In systems, where Rcopper is not small compared to the other Rant-components, the temperature dependence of
the copper resistance has to be taken into account. The highest antenna current flows at the lowest Rcopper. This
is reached at the lowest temperature in the allowed temperature range. This temperature dependence can be
calculated from the room temperature resistance via the temperature coefficient of copper or measured in a cli-
mate camber. At the highest temperature in the allowed temperature range, Rcopper is the largest. Therefore the
lowest antenna current flows, resulting in the lowest field strength. This has to be taken into account when mea-
suring or simulating the system safe operation margins.

Antenna quality factor

The antenna quality factor Q is determined by the inductance and the resistance by:

With increasing Q, the data transfer bandwidth reduces. By this, an upper limit for the antenna quality factor
exists. Using the HITAG-transponder family, an upper Q-limit of 20 is recommended. Smaller Q’s are generally
uncritical. Higher Q’s can lead to reduced modulation amplitude in READ-direction and to a WRITE-pulse
spreading and delay in WRITE-direction (see section 10.2). When sending data to the transponder, the field is
switched off for a short time (e.g. 7 carrier periods), for modulating data onto the carrier. After switching the driv-
ers on again, it takes some time to build up the field again. This rise time is increased with increased Q. By this,
short pulses are spread. Therefore, when using high Q antennas, it is important to look at the field gap, produced
by the WRITE-pulses, and to compare this to the transponder´s maximum pulse width specification. Also the
READ-data rate has to be taken into consideration.

Antenna inductance

Choosing the antenna inductance La is relatively uncritical. 

From the formula given in the section above, the maximum antenna inductance can be directly calculated from
Rant and Q. From this results La ≤ 800 µH when operating the HTRC110 in normal mode at Îantmax = 200 mA and
La ≤ 400 µH for the burst mode at Îantmax = 400 mA respectively. If using an external antenna current boost stage,
even lower inductances are required.

In short range systems with high coupling factors, the antenna current can be reduced by increasing Ra. In this
case, the inductance should be also increased for achieving the optimum system performance. 

Îant
ÛLa

2πf0La
-----------------=

Qa

2πf0La
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Antenna Capacitance

The antenna capacitance can be calculated for the minimum antenna shown in Fig.3 by the following formula:

For the standard antenna shown in Fig.4 it is calculated by:

In systems with low coupling factors resulting in a small tolerance range, applying a low tolerance NP0-capacitor
for Ca is recommended.

In practice determining Ca can be easily done like follows:

- calculate Ca with the above formulas and choose the closest available value,

- tune the antenna by changing the number of antenna coil windings or changing the capacitor value. Tuning
measurement methods are described in section 7.

Optimizing the demodulator input resistor

The demodulator input resistor Rv, being part of the demodulator input voltage divider, should be optimized in a
way, that at optimum tuning (maximum voltage at the antenna tap point) the amplitude at the RX-pin is ÛRXmax =
7 V - 8 V relative to QGND. By this, the maximum signal-to-noise-ratio is reached.

The maximum tap point voltage is:

The RX-pin is internally connected to QGND (~2V) via the resistor Rdemin (see [1]). Therefore Rv and this internal
resistor form a voltage divider. By this, Rv can be calculated by:

When the voltage at RX in respect to QGND becomes larger than ± 8 V, clipping will occur. By this, demodulation
of the signal can be strongly disturbed. Therefore it is important not to apply a too small Rv. The temperature
dependence of Rant, Îantmax and Ûtapmax must be considered. 

The maximum value of Rdemin according to the data sheet should be used for calculating Rv. Another possibility
for providing a safety margin is calculating Rv for ÛRXmax= 7.0 V to 7.5 V instead of 8 V.

For guaranteeing the antenna diagnosis functionality, Rv shall be larger than 80 kΩ. Normally it is in the range of
100 kΩ to 400 kΩ. 

It is extraordinary important to place R v as close as possible to the RX-pin  for optimum EMI-performance. The
best is, to apply a SMD-resistor placed directly at the pin with minimum (nearly zero) lead length because the
path between Rv and the RX-pin is EMI-sensitive because of its relatively high impedance. A close placement of
Rv nearly completely avoids capacitive strew in.
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Ûtapmax
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In some applications it may be possible to increase the EMI performance by placing a small capacitor (in the
order of 10 pF) from the RX-pin to VSS or QGND. Also this component must be close to the RX-pin. Whether it is
better to connect this capacitor to VSS or to QGND should be determined by practical tests.

7. Antenna tuning 
For determining the antenna capacitance and inductance as well as for the exact antenna tuning during the sys-
tem design phase and the related measurements, it is important to tune the antenna to the system frequency of
125 kHz. There are two ways for tuning, that complement each other. During the system development phase,
using a capacitor bank or tuneable capacitors like described in 13.1 facilitates the antenna tuning.

7.1 Tuning with a network analyzer
The antenna including all frequency determining components is disconnected at TX1, TX2 and RX. The TX1 and
TX2 antenna terminals are connected to a network analyzer measuring the resonance frequency. By changing
La and/or Ca, the antenna can be tuned. The result should be checked as described in the following section.

7.2 In-system tuning
When the antenna is exactly tuned, the antenna drivers switch exactly at the time, when the antenna tap point
sine wave has its maxima and minima. When monitoring the tap point voltage on a scope, the switching of the
drivers is visible in form of small steps in the sine wave. If these steps are exactly in the maxima and minima, the
system is exactly tuned. Otherwise, tuning can be done by changing La and/or Ca until the steps are adjusted to
the extrema of the sine wave.

When exactly tuned, the antenna current has its maximum amplitude. Therefore, the DC system supply current
consumption is at its maximum when exactly tuned. Exactly measuring the DC-supply current (with strong inte-
gration) is therefore also a method for finding the exact tuned state.

8. Antenna Diagnosis

8.1 Antenna fail detection
In some applications detection of antenna short or antenna rupture is required. The HTRC110 employs a special
detection unit for these states. It is based on measuring the maximum negative voltage difference between RX
and QGND.

All considerations base on the standard antenna configuration according to Fig.4. The following tap point volt-
ages result from different antenna problems:

- antenna connections shorted to each other: Utap = ±2.5 V

- antenna or antenna-connection broken: Utap = ±2.5 V

- tap point antenna connection shorted to VSS or +24 V: Utap ≥ 0 V

The lowest possible tap point voltage of -2.5 V results from the above. 

The voltage at RX relative to QGND (~2 V) is:

Assuming a minimum Rv = 80 kΩ, UQGND = 2V, Rdemin = 25 kΩ and the most negative possible error case volt-
age Utap = -2.5V, the most negative, possible URX relative to QGND therefore is:

URX UQGND– Utap UQGND–( )
Rdemin

Rv Rdemin+--------------------------------⋅=
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In normal operation, with properly connected antenna, amplitudes of 40V up to 140 V exist at the antenna tap
point in respect to VSS. This voltage is divided by Rv and the internal Rdemin resistor connected to QGND (~2V).
With Rv optimized according to the above section the amplitude at RX is <8V with tuned antenna. When the
antenna is mistuned, the amplitude at RX will be smaller, e.g. by a factor of two or three. 

If we assume a maximum tap voltage amplitude of e.g. 50V that is diminished to 10V by strong mistuning, the
resulting minimum negative ÛRX relative to QGND therefore is:

which is still well below the resulting most negative voltage in error case.

The HTRC110 tests in every carrier cycle, whether URX becomes more negative, than the diagnosis level of nor-
mally DLEV = -1.17V relative to QGND. By this, antenna problems are monitored instantly. 

When the diagnosis level is not crossed by URX for at least one period, the ANTFAIL-bit will be set. It is automat-
ically reset at the next crossing of the diagnosis level, e.g. when the error condition disappeared. It can be read
by issuing the command GET_CONFIG_PAGE 2 or GET_CONFIG_PAGE 3. The HTRC110 does not automati-
cally switch off the antenna drivers or invoke a power down mode when an antenna fail condition is detected (this
function would strongly complicate the system development phase). Therefore, if switching off the antenna driv-
ers at an error condition is intended, the µC can monitor the ANTFAIL-bit and switch the drivers off, if the bit is
set. 

If the field is not constant, e.g. in power-down modes, WRITE pulses and in settling phases, the ANTFAIL-bit is
also set or is undefined. Therefore testing this bit should be done during the field is at its normal constant level.

A special case is a short connection of the Ra antenna connection to VSS or VDD. In this case, the antenna is
driven in single ended mode by the driver TX2. Only half of the normal antenna current is flowing. Depending on
the system safety margin, it may still work correctly. The tap point voltage strongly depends on the kind of short
circuit, the antenna quality factor and other system parameters. Therefore, the output of the diagnosis circuitry is
system dependent for that special case.

8.2 Antenna detuning detection
When the antenna resonant circuitry is properly working (not open or shorted) the ANTFAIL-bit is 0. There may
be applications, where it is intended to detect, whether the antenna resonance frequency stays in between spe-
cial maximum tolerance limitations. That can be done without any additional hardware by the HTRC110 phase
measurement unit described in section 9.2.1 because the antenna tap point voltage phase shift is related to the
antenna tuning. Checking for appropriate limits of the measured phase can be used to detect antennas not fulfill-
ing the specified tolerance range.

9. Reading data from the transponder

9.1 Theoretical background
The data transmission from the transponder to the RWD is performed by a load modulation of the magnetic field
by the transponder. The fundamental principle of this load modulation is depicted in Fig.7. Switching between the

URXminerr
UQGND– 2– 5V, 2V–( )
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80kΩ Rdemin+
---------------------------------------⋅=
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URXminnorm
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two so called clipping levels (e.g. 3V and 9V) changes the current in the transponder antenna. By this, also the
current in the RWD antenna is modulated due to the inductive coupling of the two coils.This current change
results in a voltage change at the antenna tap point.

Fig.7  Data transfer from transponder to RWD

From Fig.7, on the first look, one would expect a (pure) amplitude modulation of the RWD antenna current as
shown in Fig.8.

Fig.8  Pure amplitude modulation

This amplitude modulation can be detected by a very basic and simple kind of demodulator, the so called enve-
lope demodulator:
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Fig.9  Envelope demodulator principle

This amplitude demodulator principle has been applied in many of the first generation identification systems.

Unfortunately only at optimum tuning of both, RWD and transponder antennas, relative to the oscillator frequency
(125 kHz), a pure amplitude modulation of the RWD antenna current occurs. When mistuning one or both reso-
nance circuitries, the modulation changes into a mixture of amplitude and phase modulation. At special combina-
tions of the three frequencies, a pure phase modulation occurs.

Fig.10  Mixture of amplitude and phase modulation / pure phase modulation

It can be easily seen, that at pure phase modulation, no output will be achieved with the envelope demodulator.
That means absolute system failure in this case. Occurrence of pure phase modulation depends on several
parameters as e.g. tuning and quality factor of both the RWD and the transponder antenna and also the coupling
factor of the coils to each other. These parameters underlie fluctuations with temperature and production toler-
ance. The position of the pure phase modulation inside the tolerance field can be calculated and depicted in so
called tolerance field diagrams. An example is shown in Fig.11. The contour lines show the demodulator output
signal strength. A detailed description about system simulations is given in [3].

As expected, it is strongest in the center of the tolerance field at zero tolerance. Moving along the maximum tran-
sponder tolerance lines, crossing of the zero lines at around 6% reader tolerance can be seen. As the demodula-
tor output voltage becomes small and disturbed close to zero lines, the safe operating area of this example
system is limited to about 4-5% RWD antenna tolerance. This tight antenna tolerance is not easy to achieve in
production. Using low tolerance NP0 capacitors and low tolerance antenna coils increases the RWD system
costs.
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Fig.11  Example tolerance field of envelope demodulator

9.1.1 Sampling demodulator principle

The zero line problem can not be avoided or worked around employing amplitude demodulators. Therefore in the
HTRC110 the sampling respectively synchronous demodulator principle is realized. The fundamental principle is
shown in Fig.12.

Fig.12  Sampling demodulator

The voltage at the antenna tap point (sine wave with 125 kHz) is sampled at a specific phase relative to the
antenna driver signal. In the following, the sampling phase is always considered relative to the falling edge of the
antenna driver signal at TX1. Fig.13 shows the dependencies between driver voltage and antenna tap point volt-
age if the antenna is exactly tuned. In this example, the sampling phase has been chosen to 180 deg. The sam-
pled voltage is held in the capacitor while the switch is open. Mathematically, this sampling of the carrier is a
multiplication with an equal frequency signal. By this, the carrier is removed leaving the base band as remaining
signal.
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Fig.13  Phase dependencies in optimum tuned case

T0 is the time of one carrier period (1/125 kHz).

Employing a synchronous demodulator, the position of the zero lines in the tolerance field additionally depends
on the sampling phase. Fig.14 and Fig.15 show the zero lines with two different sampling phases at 0 deg or
±180 deg and ±90 deg.

Fig.14  Example tolerance field with sampling demodulator at sample phase of 0 deg or ±180 deg.
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Fig.15  Example tolerance field with sampling demodulator at sample phase of ±90 deg

Due to the different zero line positions, demodulation will always be possible either with the first or second sam-
pling phase. If a system can utilize two sampling phases (parallel or one after the other), due to the overlap of the
two safe operating areas with the 90 deg. different sampling phases, the resulting safe operating area covers the
full range. This holds not only for 0 deg. and 90 deg. but also for arbitrary pairs of sampling phases, that have
90 deg. difference.

In general, it can be shown mathematically, that the following is true for all pairs of sampling phases, that are
90 deg. different for arbitrary mistunings of the two resonance circuitries:

- If one of the two sampling phases results in zero demodulator output, the other sampling phase always results
in a maximum demodulator output and vice versa.

- If a sampling phase results in a maximum demodulator output, a sampling phase being ±180 deg. different
results also in a maximum but inverted demodulator output.

A consequence of this fact is, that for all possible mistunings of the transponder and RWD, a sampling phase can
be found, that results in a maximum positive demodulator output. There always exists a second phase, that
results in a maximum but inverted output. In the complete sampling phase range of 360 deg. exist two phases
with maximum output and two phases with zero output. Zeros and maxima are 90 deg. apart from each other.
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9.1.2 Adaptive-Sampling-Time (AST) principle

The idea behind the AST-method is optimizing the sampling phase based on the knowledge of the current tuning
of the RWD. By this, implementing two demodulator channels can be avoided (lower costs). Another big advan-
tage is avoiding to decode two channels simultaneously (powerful processor needed) or to switch the sampling
phase after an unsuccessful data transfer attempt (needing double authentication time in worst case).

For calculating the optimum sampling phase resulting in a maximum demodulator output, it would be optimal to
know the resonance frequencies of the transponder and the RWD. The current transponder resonance frequency
is not available for the RWD, because there is no practically implementable measurement method for this param-
eter. But it is possible, to calculate an optimized sampling phase only based on the knowledge of the current
RWD antenna tuning. This is sufficient for nearly all applications. The RWD antenna mistuning can be taken into
account by measuring the phase shift of the antenna voltage relative to the driver signal. From this information,
the sampling phase can be optimized. By this, the influence of a RWD antenna mistuning is fully compensated. 

It can be shown by mathematical considerations (see [3]), that the optimum sampling phases based on the phase
shift measurement are:

φs = sampling phase, φant = phase of antenna tap point voltage

Adding or subtracting 180 deg. results in a second optimum but with inverted signal polarity.

If phases are represented in form of time intervals as done in the HTRC110 phase measurement system, the for-
mula is transposed into the following form:

ts = sampling time, tant = time delay of antenna zero crossing, T0 = 1/125 kHz

Adding or subtracting T0/2 results in a second optimum but with inverted signal polarity.

The following picture shows the effect of the AST-principle on the zero-lines. They are typically moved outside
the maximum transponder tolerances, if the coupling factor and field strength are high enough. The exact zero
line position depends on several parameters, e.g. coupling factor, field strength, transponder type etc. Therefore
exact measurements (see section 13.) should be done during the system design phase.

φs 2φant n 360  deg.,  n = 0,1,2,..⋅±=

ts 2tant n T0       n = 0,1,2, ...⋅±= T
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Fig.16  Example tolerance field with adapted sampling time

9.2 Implementation of the AST-method employing the HTRC110
The AST method is implemented employing the HTRC110 as follows:

Fig.17  AST implementation
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The phase respective time measurement is done by a special circuitry in the HTRC110. This measurement unit is
always active. Its output is always valid if the clock oscillator (internal or external) and the antenna field are in
complete settled state (see also section 11.1 and 11.2). The most recent measurement result can be read out by
the µC issuing the command READ_PHASE. After calculating the optimized sampling time, the µC writes this
time into a second register in the HTRC110. 

9.2.1 Phase shift measurement system

The phase measurement system of the HTRC110 measures the time between the falling edge of the antenna
driver signal at TX1 and the falling edge of a zero crossing detector connected to the antenna tap point. There-
fore the phases are expressed in form of positive time intervals. A whole signal period of 360 deg. is represented
as the time of one period, that is T0=1/125 kHz = 8 µs. The HTRC110 phase measurement circuitry divides this
period into 64 steps with a step width of 125 ns = 5.625 deg. By this, the phase respectively time is represented
in a 6 bit register value. From the strictly mathematical point of view, negative phases correlate to positive time
intervals. Therefore e.g. -90 deg. is represented as 2 µs = 16 * 125 ns = 10h * 125 ns.

In general the phase to measured time relation is:

The register value is:

Decimals are truncated.

Fig.18  Phase measurement

Under optimum tuned condition, the phase between TX1 and the zero crossing detector is -90 deg. This phase is
represented as 2 µs time interval which is 16 * 125 ns = 10h * 125 ns.

If the antenna is mistuned the measured phase is determined by the following formula:

where Q is the antenna quality factor and δ represents the relative antenna mistuning.

tant 8µs
φant–

360deg--------------------=

tregister 40h   
φant–

360deg-------------------- 
 

  mod   40h=

0

measured time tm

measurement offset toffs

driver voltage TX1

zero crossing detector

antenna tap point signal

φant 90deg– arc 2Qδ( )tan–=

δ
f f0–

f0
-----------=
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In practice, the time delays in the IC-internal input filter of the RX-signal and the zero crossing detector result in
an measurement offset added on this time. Also signal delays from the antenna tap point to the RX-input caused
by parasitic capacitors on the PCB can cause small measurement offsets. From this results for the measured
time:

tm = measured time; tant = time between negative transition of TX1 and negative zero transition of the antenna
tap point signal, toffs = measurement offset

In the exactly tuned state, the measured time is e.g. 10h + 3hoffset = 13h.

If the phase measurement unit is used for advanced antenna diagnosis as described in section 8.2, the measure-
ment offset has to be taken into consideration. 

9.2.2 Calculating and setting the sampling time

The optimum sampling time according to the AST-method can be calculated as follows:

toc = offset compensation constant (due to internal compensation methods not equal to -2toffs);

By this method, the system is adjusted for offset compensation. Determining the offset compensation constant is
described in section 9.2.4.

9.2.3 Software Implementation

The software implementation of the AST method in a microcontroller is quite easy and can be achieved in a few
commands, e.g.:

t_ant = READ_PHASE(); read measured phase/time interval in 8-bit register variable

t_ant = t_ant << 1; shift one bit left = multiply by 2

t_ant = t_ant + t_oc; add offset compensation constant

t_ant = t_ant & 0x3F; mask bit 6 and 7 = modulo 64 = modulo T0

SET_SAMPLING_TIME(t_ant); set the sampling time

The imaginary routines READ_PHASE() and SET_SAMPLING_TIME(t_ant) implement reading respectively writ-
ing the 6-bit values.

Running this algorithm should be done after power on and settling of the quartz oscillator and the antenna field,
but before the transponder has started to send data (see also section 11.). This allows to even demodulate the
first data bits from the transponder correctly (see also section 12.).

After changing the sampling phase, the demodulator has to settle, which should be accelerated by a special set-
tling procedure described in section 11.4.

Normally it is sufficient to run the AST-procedure after power-up and repeat it after relatively long time periods,
where the resonance frequency may significantly have changed, if the system is operated permanently.

The AST-optimization can be repeated at any time, even if the transponder sends data. However, if the AST-pro-
cedure is executed during time intervals when the transponder doesn’t send data, data losses can be avoided. 

tm tant toffs+=

ts 2tm toc+( )=

2tant 2toffs toc+ +( )=
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9.2.4 Determining the offset compensation constant for a specific system

The phase measurement offset mainly depends on internal filter delays. This offset component and also its tem-
perature dependence is internally compensated. A slight influence also comes from parasitic capacitances of the
antenna tap point signal on the PCB. Therefore the phase measurement offset may also depend on system
related conditions. For this reason, this constant should be measured at the end of the system design phase to
check whether it differs from the typical value (3Fh). If yes, the measured offset constant should be implemented.
Offset constants outside 3Eh and 0h are untypical and should be carefully checked for measurement errors.

If a small capacitor is placed from RX to QGND or VSS as described in section 6.2.4, the offset compensation
constant will differ more from the typical value what is normal in this case. Therefore the exact determination of
the offset compensation constant is very important in this case.

If the system PCB and the RWD antenna including its connection cable is left unchanged, the measured value is
valid for all reproductions of this system. By this, the offset compensation constant can be implemented as fixed
constant value in the system software. 

Typical values

Normally, the typical offset compensation constant:

toc = 3Fh can be used (if no additional capacitor is connected to RX). 

This results in:

ts = (2 * tm + toc) mod T0 = (2 * tm + 3Fh) & 3Fh

In exact tuned case, tm is typically close to 13h. For this example the algorithm would calculate:

ts = (2 * tm + toc) mod T0 = (2 * 13h + 3Fh) & 3Fh = 25h.

Exact determination of the offset compensation constant

Measuring the exact offset compensation constant can be important for achieving the maximum possible toler-
ance field in a system. 

As preparation for the measurement, the RWD antenna has to be exactly tuned to the system frequency (125
kHz) like described in section 7.

You also need an exactly tuned transponder. That means, a transponder that represents exactly the median in
the production tolerance distribution. Normally this is 125 kHz if the transponders are delivered with a symmetric
tolerance distribution having the maximum at the optimum frequency of 125 kHz. It is also possible to use a tune-
able transponder. A transponder coil is connected in parallel to a tuneable resonance capacitor and a transpon-
der IC in a standard (DIL) package (see also section 13.1). 

Further a possibility to estimate the demodulator output signal quality is needed. The easiest way is to switch the
HTRC110 into the TEST-mode ANAOUT. By this, the demodulator output can be monitored directly on the
scope. With this analog signal, it is easy to find maxima and minima.

If the analog signal is not available, the digital output signal can be monitored instead. It is also possible to look at
the result of the transponder reading software. Looking at the digital output or at the software reaction, it is only
possible to find minima/zero lines of the demodulator output because in this case the digital output signal is cor-
rupted and the software is not able to decode the transponder data.

Using this set up, the AST-algorithm should be repeated for all 64 possible offset compensation constants step
by step. That means the sampling phase is varied across the whole range of 360 deg. Covering this range, two
offset compensation constants with minimum demodulator analog output amplitude or totally corrupted digital
data will be found. Looking at the analog output, also two maxima should be found. The minima and maxima are
exactly 90 deg. ~ 2 µs ~ 10h apart from each other. In practice, it’s easier to exactly determine the minima. The
maxima can be calculated by adding 10h to the found minima. 



Read/Write Devices based on the HITAG 
Read/Write IC HTRC110

Philips Semiconductors

29

Application Note
AN97070

Here a typical example:

Minimum analog output amplitude or worst digital signal is detected at toc ~ 2Eh and 0Eh. Because a maximum is
always 90 deg. ~ 10h apart from the minimum, a maximum at 3Eh and 1Eh should be seen. 

After this, the offset compensation constant related to one maximum is choosen for implementation in the system
software. We recommend choosing the maximum in the interval 30h - 0 - 10h. In the example this is 3Eh. 

9.3 Additional safety backup for defect transponders or RWD antennas
According to Fig.16, for a proper designed system with a high enough coupling factor, working with AST, the zero
lines are always outside the maximum transponder tolerance range for a wide RWD tolerance range. Therefore
the zero lines are never hit, if all components are inside their allowed tolerances.

If a transponder or a RWD antenna has increased tolerances e.g. due to a defect, the zero line may be hit and
the system may fail. It would be a good system feature, to be able to handle this situation without a system fail-
ure. From theory as described in section 9.1.1 follows, that if a zero line is hit at a special sampling phase, a max-
imum shall be at sampling phases 90 deg. apart. Therefore it is possible to implement a special backup
subroutine, that does the following:

If two misreadings have been detected, e.g. by protocol violations, this routine is invoked. It sets the sampling
time +10h or -10h relative to the current sampling time. After writing this sampling time to the HTRC110 and pro-
ceeding the settling sequence, a new read try is made. If the decoding software can handle both non inverted
and inverted signal polarity, adding or subtracting 10h (reverse signal polarity) does not make a difference. Oth-
erwise, a polarity dependent distinction needs to be implemented.

9.4 Monitoring the analog demodulator output signal
During the system and software development, it is very helpful to monitor the analog demodulator output signal
on a scope. For this, the HTRC110 can be switched into a special test mode. The following circuitry should be
connected to the HTRC110:

Fig.19  External circuitry for analog signal monitoring and unlocking test-mode prohibition

The HTRC110 MODE-pin is a combined input and output. For using as analog output, it has to be pulled down to
VSS as shown in Fig.19

For unlocking the test-mode lock of the HTRC110, a positive pulse shall be applied once at the MODE-pin. This
can be achieved by closing the switch for a period of time. After releasing the switch, the test mode can be acti-
vated by a special command:

TEST_ANAOUT: 00100001b

This command is send via the serial interface. Before sending it, an interface RESET-condition shall be issued as
normal before all commands.

It is possible to switch the analog output off by the command:

TEST_OFF: 00100000b

Vcc

MODE to scope via 1:10 probe

1M1nF

HTRC110
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Switching off the power supply of the HTRC110 also leaves the test mode. To reactivate it after power-up, the
positive pulse has to be applied to MODE and the TEST_ANAOUT command shall be sent.

9.5 Adapting the demodulator to different transponders and applications by register 
settings

The HTRC110 demodulator can be adapted to various transponder types and RWD applications by special reg-
ister settings.

9.5.1 Demodulator bandwidth

For achieving a high signal to noise ratio, the demodulator bandwidth should be adapted to the signal bandwidth.
Therefore the internal switched capacitor filters can be adapted to different cutoff frequencies. Most transponders
use biphase coding (like Manchester or CDP) for data transferred with data bit rates of 2 kbps or 4 kbps. The
power spectrum of biphase coded signals is half circular shaped. The spectral power maximum is located at the
data rate. For the HITAG (4 kbps) this maximum is located at 4kHz.The optimum lowpass filter cutoff frequency
therefore is 6kHz for the HITAG. The lowpass filter cutoff frequency can be adjusted by the FILTERL-bit in the
configuration page 0. 

Also the highpass filter cutoff frequency should be adapted to the transponder type. The HITAG does not use low
frequency synchronization patterns. Therefore a highpass filter cutoff frequency of 160 Hz should be configured.
The highpass filter cutoff frequency can be adjusted by the FILTERH-bit in the configuration page 0. 

Both filter settings are configured by the following command:

for HITAG: Set_CONFIG_PAGE 0, xx11b

For adapting to other transponder types, also the remaining three combinations of filter settings: FILTERH, FIL-
TERL = 00b, 10b, 01b are allowed resulting in cutoff frequencies described in [1]. It can also be a help to look at
the analog demodulator output signal, when adapting to special transponder types, that are not described here.
In general, resulting from signal theory, the demodulator passband spectrum should be adapted as close as pos-
sible to the transponder data signal spectrum.

It is also possible to switch off the primary low pass filter completely by setting the DISLP1-bit in the configuration
page 3 (SET_CONFIG_PAGE 3, 1xxxb). In this case the bandwidth is limited by a secondary low pass filter with
an edge frequency of 15 kHz. Only special applications requiring a very high bandwidth (transponders with spe-
cially high data rate) but guaranteeing a high signal amplitude may be improved by switching this filter off. Nor-
mally it should be always on. Monitoring the analog demodulator signal is very important during the system
development phase when intending to switch off this filter.

9.5.2 Demodulator gain

The demodulator gain can be changed by changing the gain factors GAIN0 and GAIN1 in configuration page 0
via the command SET_CONFIG_PAGE 0, g1g0xxb. The following gains can be set:

g1g0 = 00b g = 100
g1g0 = 01b g = 200
g1g0 = 10b g = 500
g1g0 = 11b g =1000

The optimum gain setting depends on the modulation amplitude at RX. In general, the gain setting is relatively
uncritical because the HTRC110 demodulator is tolerant against signal clipping and in normal configuration,
nearly no digitizer hysteresis is existent. During system development we recommend to start with a gain of 500. It
may be possible to increase the system tolerance range by increasing or decreasing the gain. This can only be
found out by tolerance field measurements (section 13.). Monitoring the analog demodulator output signal
together with the digitized data output is very important for successful gain optimization. 
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The effect of increasing the gain might be strong signal clipping at the point of optimum tuning when the modula-
tion is strongest. The demodulator does not run into problems because of this clipping, but settling times after
WRITE-pulses may be increased. 

Decreasing the gain may decrease the sensitivity for very weak signals. Therefore weak modulation signal appli-
cations need high gains if the tolerance field has to be optimized.

9.5.3 Digitizer hysteresis

The analog demodulator output signal is compared to a threshold (normally the signal mean level) for digitization.
Normally, a hysteresis has to be provided to avoid jitter at the threshold crossing. Because the HTRC110
employs a very sophisticated dynamic threshold generation circuitry, this hysteresis is not needed  in standard
applications. Therefore the maximum possible sensitivity is reached. 

Only in very special applications where very low frequency signals have to be demodulated, the signal and the
dynamic threshold can approach each other in phases where the modulation stays constant for a long time due
to the differentiating behaviour of the high pass filter. Here, the digital output may switch because of noise influ-
ence. For this case, a threshold can be activated by setting the HYSTERESIS-bit in the configuration page 1.
With hysteresis on, the demodulator gain has more influence on the system sensitivity. By this, the dynamic
range is strongly decreased. Therefore the influence of hysteresis setting should be tested together with the gain
optimization when looking on the analog demodulator output signal together with the digital output. In normal
applications with hysteresis off, this procedure is not needed.

In general, it’s a better solution to handle output signal switching during long constant signal periods by a proper
software implementation. This method is facilitated because the dynamic threshold guarantees, that unintended
signal switching will never happen directly after the last transition and also not directly before the next transition
after the constant signal period. This feature will be described more deeply in a future software related applica-
tion note. 

9.6 Reading out the digital data
The demodulated and digitized data is read out via DOUT. First, an interface reset condition has to be applied as
usual before all serial commands [1]. After this, the three-bit command READ_TAG is issued. After sending the
last of the three bits (1’s), the HTRC110 switches instantly to transparent mode. So, the transponder data is
directly presented at DOUT with a delay from RX to DOUT depending on the demodulator filter settings. The
exact delay times will be presented in the final data sheet version. For optimizing the WRITE-pulse positions (see
section 10.2) the preliminary delay time of 190 µs for the HITAG filter settings can be used as basis for the
described optimization.

SCLK shall be low during that transparent mode. The transparent READ_TAG mode is terminated by a low to
high transition of SCLK.

10. Sending data to the transponder

10.1 Modulation principle
Data is sent in direction from RWD to transponder by modulating the magnetic field (“On/Off-Keying”, 100%-mod-
ulation) respectively switching off the field for short periods of time (e.g. 3t0 = 24 µs). During that time, the trans-
ponder energy and clock supply is provided by the transponder resonant circuitry. The data is coded into the
position and/or distance of these field gaps.

A field gap is started by switching off the antenna drivers. After this, the energy stored in the RWD antenna reso-
nant circuitry is cut down by clipping diodes in the HTRC110 driver stages. Therefore the field strength decays
rapidly to zero. After switching the drivers on again, the resonance circuitry energy has to be build up again. The
time needed for that depends on the quality factor of the antenna. 
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Fig.20  Typical field gap for sending data to the transponder

10.2 Driver-off period width and position
With high antenna quality factors, a short driver-off period can be spread to a comparatively long field gap. There-
fore the antenna quality factor is limited. The shortest possible field gaps with 100% modulation can be achieved
by switching off the drivers for 2t0 or 3t0, depending on the quality factor. Caused by the pulse spreading, the
transponder sees longer pulses. During the system software development, the optimum driver-off period can be
determined on two ways:

- If a bond-out transponder (e.g. DIL-packaged) is available, where the demodulator output can be accessed.
The pulse length seen by the transponder can be directly measured. By this, the driver-off period can be opti-
mized.

- If the transponder demodulator output is not available, the optimum driver-off period should be determined
empirically by varying the driver-off period until failure. This method is sufficient for nearly all applications.

The optimum Write-pulse positions relative to the demodulated data are dependent on the demodulator delay
and also on the delay of the RWD and transponder antenna resonant circuitries. One way for software optimiza-
tion of the pulse position is empirically changing the relative delay in the software and by this finding the limits
accepted by the transponder. If the transponder modulator and demodulator outputs are available in a bond-out
version, the relative position of the WRITE-pulses in respect to the data sent from the transponder can be meas-
ured directly. This relatively complicated method is normally not needed. It may also be a help to directly monitor
the field and field modulation close to the transponder. This can be done by winding some turns of thin wire
around the transponder and monitoring the induced voltage on the scope together with the digital and analog
RWD signals.

10.3 Sending data via the digital interface
Sending WRITE-pulses is done via the serial interface by the command WRITE_TAG_N, N3N2N1N0.

If the argument N3N2N1N0 does not equal 0, the command activates a mode, where the WRITE-pulse length is
determined by an HTRC110 internal timer. The pulse length is determined by the binary value N3N2N1N0
between 1b and 1111b representing a pulse length of N * T0. By this, a pulse length between 1*8µs and
15*8µs=120µs is available. 

A

Channel A:
20V/DIV
Timebase:
20µs/DIV
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Especially if short pulses are sent, using the internal pulse length timer is a big advantage because the µC does
not have to provide this high timing precision. In active antenna applications, where the HTRC110 and the µC are
placed on separate PCB’s connected via a cable, the transmission of short, sharp pulses may be a problem
because of bandwidth limitations on the interconnection cable. This problem is also avoided by the internal timer.

After loading this command, an arbitrary number of WRITE-pulses with the fixed length can be sent. The starting
position of these pulses is determined by low to high transitions of DIN. The WRITE_TAG_N mode is terminated
by a low to high transition of SCLK.

The HTRC110 also provides a fully transparent WRITE-pulse timing method. This mode can be initialized by
sending a WRITE_TAG_N command with N3N2N1N0 = 0000b. For transparent writing, the pulse position is
determined by the low to high transitions at DIN. The pulse length is determined by the high-time of DIN. Also this
mode is terminated by a low to high transition of SCLK.

For allowing a very fast switching to WRITE-mode, the three bit command WRITE_TAG is provided which does
not require handing over a parameter. It uses the N3N2N1N0 setting, previously transmitted by the last
WRITE_TAG_N command. If no WRITE_TAG_N command has been transmitted before after power-up, the ini-
tial setting N3N2N1N0 = 0000b is used, invoking the transparent mode. For using non transparent timing with the
WRITE_TAG command, at least one WRITE_TAG_N command has to be issued before.

11. Settling

11.1 Oscillator settling
After switching on the power supply of the HTRC110 or leaving the power-down mode (oscillator off), first the
HTRC110 quartz oscillator has to settle. A time interval of 10 ms should be allowed for this settling. Depending
on the quartz crystal, this time may be minimized during system optimization. If the HTRC110 is clocked exter-
nally e.g. by the µC, the settling time depends on the specification of this external oscillator. If the external oscil-
lator is running during the HTRC110 is in power-down mode, no oscillator settling time is required. 

11.2 Field settling
After reactivating the antenna field after one of the three power-down modes, a settling time of approximately
150 µs depending on the antenna quality factor should be allowed before reading out a measurement result from
the phase measuring circuitry. If before an oscillator settling has taken place, the field settling is included in the
oscillator setting time.

11.3 Demodulator settling
The demodulator of the HTRC110 contains several analog and switched capacitor filters. For generating the
threshold for digitizing the analog demodulator output signal a sophisticated circuitry has been implemented. All
these function blocks need some time for settling after changing operation conditions e.g. power on, reactivating
after power down modes, changing the sampling time or sending WRITE-pulses. This settling has to be com-
pletely finished before the transponder sends the first relevant data bit. The system has to actively be settled
completely to allow demodulation of the data. Also other transponders require a defined maximum settling time
after power-up or after writing data. Therefore special circuitries have been implemented into the HTRC110 to
accelerate settling. This fast settling is activated by setting and resetting special bits in the configuration page 2.
The maximum settling time can be optimized by adapting the bit combination and delays between the com-
mands. Final results will be published in future. 

In the following, preliminary command sequences and timings will be given:
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11.4 General fast settling sequence
The following sequence should be issued by the µC after the following single conditions or a combination of them
appeared, and after this data will be read from the transponder:

- power on
- leaving a power down mode
- changing the sampling phase

SET_CONFIG_PAGE 2, 1011b; THRESET=1, FREEZE1=1, FREEZE0=1

Wait(5 ms); wait 5 ms for accelerated filter and demodulator settling; threshold
is frozen

SET_CONFIG_PAGE 2, 1000b; THRESET=1, FREEZE1=0. FREEZE0=0

Wait(1 ms); wait 1 ms during normal filter and demodulator operation with fro-
zen threshold for fine settling

SET_CONFIG_PAGE 2, 0000; THRESET=0, FREEZE1=0 FREEZE0=0)

READ_TAG(); wait for data; threshold, filter and demodulator in normal operation

The given times are a safe basis for starting the system design. Normally, it should be possible to decrease the
times without running into problems. Minimum values are currently under investigation.

11.5 After-WRITE fast settling sequence
Sending one or a series of WRITE-pulses requires also a fast settling procedure. It starts before the first WRITE-
pulse of the package and ends after the last one:

SET_CONFIG_PAGE 2, 1001b; THRESET=1, FREEZE1=0, FREEZE0=1

Write_Data(x); procedure that sends the required data to the transponder invoking
the WRITE_TAG mode and leaving WRITE_TAG mode after this

Wait(200 µs); wait 200 µs

SET_CONFIG_PAGE 2, 1011b; THRESET=1, FREEZE1=1, FREEZE0=1

Wait(250 µs); wait 250 µs for accelerated filter and demodulator settling; thresh-
old is frozen

SET_CONFIG_PAGE 2, 0000; THRESET=0, FREEZE1=0 FREEZE0=0)

READ_TAG(); wait for data; threshold, filter and demodulator normal operation

Optimized values are currently under investigation. The given time intervals should be considered as minimum
times. Allowing longer settling times (e.g. a factor of two) may increase the system capability to demodulate small
signals directly sent after WRITE-pulses.
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12. Power-on sequence
The following diagram shows a typical power-on sequence of an HTRC110 RWD system.

Fig.21  Example power-on sequence

13. Tolerance field verification
During and after the system design phase, it is important to check the system’s safe operating area in means of
transponder and RWD antenna tolerance. In the field, the resonance frequencies change due to production and
temperature dependent tolerances. Therefore, inbetween defined limits, nearly all combinations of antenna toler-
ances can appear because the RWD antenna and transponder temperature can have different values. In climate
chamber tests, only frequency tolerance pairs representing nearly equal antenna temperatures can be checked.
By measuring or simulating independently frequency variations on RWD and transponder antenna, these opera-
tion conditions can be fully verified. Therefore, the tolerance field measurements or simulations are more expres-
sive in this point, compared to climate chamber tests.

With a few external passive components a measurement equipment can be assembled that allows matrix meas-
urements of the whole tolerance field. Especially the borders of the safe operation areas can easily be found.

13.1 Tolerance field measurement setup
Fig.22 shows an example arrangement for tolerance field measurements of a transponder - RWD system. It con-
sists of the HTRC110 with a capacitor bank tuneable RWD antenna and a bondout transponder connected to a
transponder coil Lt and a tuneable capacitor. 
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Fig.22  Tolerance field measurement circuit

With this setup, both the transponder and the RWD resonance frequencies can be adjusted. The capacitor banks
should be dimensioned in a way, that resonance frequencies in a range of e.g. f0 ± 10% can be achieved.

The capacitor banks can be build up using DIP-switches together with SMD-capacitors. Especially for the trans-
ponder tuning capacitor bank, normally small capacitors down to 1 pf to 10 pf are needed. Therefore the stray
capacitances should be taken into consideration.

Alternatively variable capacitors (trimmers) can be used to detune the transponder resonance frequency (Fig.23),
but with the disadvantage of not having exactly reproducible settings.

Fig.23  Transponder resonance circuit with variable capacitor

The tuned RWD antenna resonance frequency should be cross checked with a network analyzer. 

The transponder resonance frequency can be measured by inductively coupling the transponder coil with a core-
less solenoid, connected to a network analyzer. By monitoring the impedance and phase versus frequency, the
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resonance frequency can be found exactly, looking at the phase measurement negative peak. The windings
number of the solenoid coil is uncritical. 

Fig.24  Contactless transponder resonance frequency measuring setup

13.2 Tolerance field matrix measurement
With the measurement equipment described above, dedicated points in the tolerance field of transponder and
RWD detuning can be tested. 

The tolerance field should be covered in form of a matrix. In each matrix point, the identification system should
run through its full operation, e.g. reading and/or writing the transponder. By monitoring the “pass/fail-output” of
the system, the tolerance field is defined. Plotting the resonance frequency pairs with the appropriate answer into
a diagram, depicts the measured tolerance field. If simulation diagrams are available, the calculated and mea-
sured diagrams can be overlaid with the READ- or WRITE-simulations or both.

It is important also to simulate or measure under worst case conditions to determine the exact system safety mar-
gins like e.g.:

- lowest VDD -> lowest antenna current

- highest temperature -> highest Rant -> lowest antenna current

- worst case transponder (normally only possible in simulation)

- worst case coupling factor

   Transponder
(bondout version)

Network analyzer 

coil (solenoid) with homogenous field inside 
and resonance frequency > 1MHz

φ
capacitor bank 
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Fig.25  Matrix tolerance field measurement (gray: “pass”, transparent: “fail”)

Even more precision can be gained, if not only the “pass/fail”-information is taken. At each matrix point, the max-
imum possible transponder distance from the antenna coil can be measured that does not lead to a system fail-
ure. The measured distances can be plotted into a three dimensional graphics for visualization.

14. References
[1] HTRC110 data sheet; Rev. 1.1 December 1997 ; Philips Semiconductors
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