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EM4083

3D Active Long Range Front-End

General Description

The EM4083 is a CMOS integrated circuit intended for
hands-free or multidimensional wireless communication
systems at 125kHz.

It integrates a high sensitivity low frequency AM receiver
together with digital functions accessible through a Serial
Standard Interface.

EM4083 provides a wake-up signal to an external
microcontroller upon reception of a valid programmable
header and then a high-speed data transfer and
decoding for long range applications at 125kHz.

Applications

C Keyless entry systems

G Tire pressure systems

C Intelligent sensors

C Intelligent access control

Typical Application

Features

OO0 000000000000

115kHz 7 140kHz Frequency Bandwidth.

3 antennas interface for 3D reception.

Low current consumption < 3.5pA.

High sensitivity (1mVyp)

More than 2.5m distance in typical applications.
32x16 bits EEPROM (432 bits user memory).

On Chip capacitors for antenna tuning

On Chip resistor for Antenna Quality Factor tuning
4 wires Microcontroller Serial interface (SPI).

8 bits (EEPROM programmable) Header detection.
Manchester data decoder (data rate 4Kbd).

Data transmission performed by 100% amplitude
modulation (OOK) in Up-Link.

-40°C to +85°C Temperature range.

3V power supply battery

TSSOP16 package.
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1. Block Diagram
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Fig. 2
2. Handling Procedures
This device has built-in protection against high static components. Unless otherwise specified, proper

voltages or electric fields; however, anti-static
precautions should be taken as for any other CMOS

3. Electrical Specifications

operation can only occur when all terminal voltages are
kept within supply voltage range.

3.1 Absolute Maximum Ratings
Vss= 0V
Parameter Symbol Min Max. Unit
Extreme Supply Voltage VBATEX -0.3 55 \%
Voltage at any other pin except Coils Vpin Vss-0.3 Vga-+0.3 \%
Storage temperature Tstore -55 125 °C
Maximum AC peak current induced on Coils lcoiLex -30 30 mA
E:gtc;;%sggllcsdlscharge according to MIL-STD 883C, Veed 2000 +2000 v

Stresses above those listed under Absolute Maximum
Ratings may cause permanent damage to the device.

This is a stress rating only and functional operation of the

device at these or at any other conditions above those

indicated in the operation section of this specification is
not implied. Exposure beyond specified electrical
characteristics may affect reliability or cause malfunction.
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3.2 Operating Conditions

Vss= 0V
Parameter Symbol Min Typ. Max. Unit
Supply Voltage VBat 2.2 3 4 \%
Operating temperature Top -40 25 85 °C
AC peak current induced on Coils inputs IcoiLop -10 - 10 mA

Exposure beyond these parameters range may cause malfunction.

3.3 Electrical Characteristics
Unless otherwise specified: Vgar = 3V, Ta = -40 to +85°C.

Parameters | Symbol | Conditions | Min. [ Typ. | Max. | Unit
Current Consumption
ModeOff lorr Stoey period 1.6 3.0 uA
ModeOn lon Scan period 15 22 pA
Power On Reset
POR inactive
Power On reset level VPOR f Viilt decreasing 0.9 1.4 2.0 \
POR inactive
Power On reset level VPOR_r Viilt increasing 1.0 1.5 2.1 \%
VBAT diode
Forward drop Ve Icharge = 100pA on Vet 60 100 mV
Reverse current leakage Iy Veat :_OV @25°C 20 80 nA
Vet = 3V
Input Coil Limitors
. . ) + 10mA DC forced with
Maximum coil voltage ViimMax reference to Vs 7.6 9 10.6 \%
Copyright © 2010, EM Microelectronic-Marin SA 4 www.emmicroelectronic.com
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Electrical Characteristics (continued)
Unless otherwise specified: Vear = 3V, Ta = -40 to +85°C.

Parameters | Symbol | Conditions | Min. [ Typ. | Max. | Unit
EEPROM
Read/Write Voltage VEee 2.2 4 \
Supply current / read IrD Read mode 6 20.0 uA
Supply current / write Iwr Write mode 45 100 pA
Digital 1/0
- . VBat = 22V
Output logic High Von lops = 500UA VBat-0.5 \Y
- VBat = 22V
Output logic Low VoL oL = 1MA 0.52 \Y
Digital input logic Low Vii VBat = 2.2V Vss 0.3 Veat \
Digital input logic High Vin VBat = 2.2V 0.85 Vpat VBat \
Input Sensitivity in V sens Ta=25°C 0.7 1 1.3 mVpp
Receive mode 0.15 1 2 mMVpp
Antenna Tuning
Coilx[4:0]
) ) 00000 0.8 pF
Coil resonant capacitor CcolL
tuning on each antenna 00001 (note 2) 2 pF
00010 (note 2) 4 pF
00100 (note 2) 8 pF
01000 (note 2) 16 pF
10000 (note 2) 32 pF
Switch resistor off Rswitch (note 4) 10 MQ
Switch resistor on (note 4) 2 KQ
CoilxQ[3:0] (notel)
0001 15 27 40 kQ
Coil resistor tuning on each Rcoi 0100 30 54 80 kQ
antenna 0010 60 105 160 kQ
1000 120 210 320 kQ
0000 (note3) 20 MQ

Notel: Other codes are forbidden.

Note2: Parasitic capacitors are not included

Note3: Open circuit parasitic resistor, with Vcoil <10mVpp. Value guaranteed by design.
Note4: Guaranteed by design

Copyright © 2010, EM Microelectronic-Marin SA 5 www.emmicroelectronic.com
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3.4  Timing Characteristics
Unless otherwise specified: Vpat = 3V, Ta = -40 to +85°C.

Parameters | Symbol | Conditions | Min. | Typ. | Max. [ Unit
EEPROM
EEPROM Ncy Erase all / write all, 100606 cycles
data endurance Veat = 4V
EEPROM retention TreT Top=55°C, 10 years
after 100000 cycles
(notel)
EEPROM write time Twree | (note 2) 30 ms
Power On Reset
POR Delay Tror (note 3) 2 ms
Initialisation time Tinit (note 4) 30 ms

Serial Interface (see Fig. 3)
SS_n setup time

to CLK pos edge Tcsset | Vgat = 2.2V 450 ns
SS_n hold time _

t0 CLK neg edge Tcshold | Vgt = 2.2V 450 ns
Sl setup time _

10 CLK pos edge Tdset | Vgar=2.2V 450 ns
Sl hold time

to CLK pos edge Tdhold | Vgt = 2.2V 100 ns
Access time CLK to So tacct Veat = 2.2V 500 ns
CLK period Tperi 4 us
Timing of Manchester coding

Half bit duration:

0 —0 transition Tshort (note 5) 113 128 160 us
1 —1 transition

Bit duration:

0 —1 transition Tiong (note 5) 220 256 290 us

1 —0 transition

Notel: Based on 16000 hours at 150AC.
One should take care when writing the EEPROM. The EEPROM content is guaranteed only if write operation is
done at a supply voltage (VrL1) higher than 2.2V.

Note 2: Twree Includes Erase & Write time.

Note 3: A delay Tpor is added in order to assure a proper reset of the EM4083.

Note 4: After a reset (through SPI or supply voltage), the EM4083 needs a maximum of 30ms to set EM4083 configuration
according to the EEPROM bits. During the Tinit period, the EM4083 should not be used.

Note 5: Emitter must be adapted to respect these timings on the EM4083 (refer to Fig 12).

Copyright © 2010, EM Microelectronic-Marin SA 6 www.emmicroelectronic.com
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Serial interface access timing
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4. General Description

EM4083 provides a high-speed (4Kbd) data transfer and
decoding for long range applications at 125KHz.

It also provides an external acknowledge (wakeup_n pin)
to wakeup a microcontroller when the correct 8bit header
has been detected.

7 bits of this header are user free and can be
programmed in the EEPROM using a 4 wire serial
interface.

After the header detection, the chip enters in a receive
mode and allows to decode data continuously on the
selected antenna.

4.1  Wake Up Description

This chapter explains how the C4083 goes from the
scanning mode to the receive mode.

To wake up the C4083, clocks and envelope of the field
are analysed and several criteria must be fulfilled. The
following state machine describes all of these criteria.

Fig. 3
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EMA4083 State Machine

Standby

Scanx=0

After
Tscan

After Tstby (seconds)

Scan

Scanx=1
Checking first criteria

N

Second criterial FAIL
9 > Clock nbr > 16
Sensitivity is reduced
only if ASC =1

Third criterial FAIL 9 < Clock nbr< 16
first "0" header not Vo < Por_f
detected within time2 or reset command
Sensitivity is reduced
only if ASC =1

\

Wakemode 1

Checking second criteria

Vgg < Por_f
Fourth criterial FAIL or reset command
wrong Header or
Complete header not
detected within time3
Sensitivity is not
reduced even if ASC = 1

9 < Clock nbr < 16
Repeated 7x

Wakemode 2

Checking third criteria
Waiting for first "0" of ASK
header

Vo < Por_f
or reset command

\

S

First "0" header detected

Vi < Por_f
or reset command

Wakemode 3

Checking fourth criteria
Identification of complete 8
bits ASK header

Complete header
detected

Receive mode

» ASK Demodulation & Datta
EM4083 goes immediately from decoding
wakemodel to receive mode

When Wakeup_n pin is forced to
"0", Wakemode 2 & 3 are bypassed
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4.1.1 Scanning mode

In order to reduce the consumption of EM4083, a
scanning of coil input signal is done.

The scan period can be programmed and adjusted for a
dedicated application. With short standby duration, the
complete wake up sequence will be also shorter. In this
case, the average device consumption comes higher.
During the scan window, the circuit periodically switches
on its field clock extractor block in order to detect a LF
signal.

The scanning is done alternatively on the 3 antennas
(coill, coil2, and coil3).

When this Dblock is oofflo the
(Consumption  lof)  otherwise in Scan  mode
(Consumption lop).

Without any signal, after a fixed period (Tscan) it switches
off this block and returns to a minimum current
consumption state during a programmable period Tsiby.
This mode of operation results in a trade off between the
DC current consumption and the scanning time.

Scanning mode on Coill, Coil2 and Coil3

The EM4083 automatically scans the 3 antennas in order
to detect a carrier sent by the Control Unit (LF emitter).
The detection of the field presence is called the first
criteria.

4.1.2  First criteria

When the device is in a scan window, a counter is used
to count the extracted field clocks during 100us.

If the clock number is comprised between 9 and 16, the
first criteria succeeds (digital filter).

In that case, the chip goes in the wakemodel and the
receiver will remind on the same antenna.

circuit is in Standby mode

If the number of clocks is 9 > nbr clocks > 16, the first
criteria fails, the EM4083 goes back to the standby mode
and the scan will go on with the following antenna.

By this way, the input signal frequency bandwidth is
reduced, and in the worst case, no wakeup is possible
outside 80KHz 1200KHz bandwidth, even with large
magnitude signals.

This first criteria is repeated antenna per antenna until it
succeeds on one of the 3 antennas.

Tscan

Scan 0

Coil 1

Tstby Tscan

Scan 1

Coil 2

Tstby Tscan

Scan 2

Coil 3

Tstby Tscan

4.1.3 Wakemodel (Second criteria):

In this mode, the check of field strength will go on with
the same antenna that succeeds with the first criteria.
The clock counts (9 < nbr clocks < 16) must be confirmed
7 times in order to succeed.

During the last count (7”‘), the EM4083 checks that the
ASK (envelop detector) is also stable during at least
100us.

If the 7 checks succeed (field presence), the EM4083
Analog Front End exits the current mode and enters in
the third criteria.

If the 7 checks fails (missing clocks in weak field), the
chips goes back to the standby mode and the scan will
go on with the following antenna in order to check once
again the criterial.

4.1.4 Wakemode2 (Third criteria):

In the Wakemode?2, the EM4083 is waiting for the first bit

of the header (Start bit must
T h e feader détection consists of the identification of

the following pattern:

Fig. 4

Start bit Header A 0 0

typical 128us

—p
Emitte
carrie i

ASK Data

Start bit Header "0 "
113 us< T Low < 160 us

Fig. 5

Aﬁ goony asotheés cond criteria has been detected, a
timer based on an intérnal oscillator starts.
After atimeouttime2 (see table 1), i

detected, the chip goes back to the standby mode.

Copyright © 2010, EM Microelectronic-Marin SA
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This timer is used to avoid the chip to stay in a dead lock
state once he has detected a parasitic carrier.

After the detection of the start bit of header, the EM4083
goes to the Wakemode3.

4.1.5 Wakemode3 (Fourth criteria):
The fourth criteria consists of the detection of the

compl ete 8 bits header (AOA

through Word 4 of EEPROM).

The bitclock signal extracted from the Manchester
decoder is used to decode the data stream on the falling
edge.

This signal can be used by a microcontroller on pin SO
when the serial interface
If the complete header is correctly identified, within the
time 3 ( see table 1), and the chip goes in the receive
mode.

Correct Header Detection & Data transmission

EM4083 will stay in receive mode until it receives a reset
command or a power down (Vbat < Vpor f).
If the header detection fails (due to wrong header,

parasitic signal, é) the <chi

mode.

4.1.6 Procedure to succeed in a complete header
detection:

G ABK pliprovide the envajpopeaohtim énpul signal on
the selected antenna.

C SO pin provides the clock bit used to decode ASK
data. This signal is generated by the internal
Manchester Decoder.

C WAKEUP_N pin provides an acknowledge

( SPIl ) (negyativeopllse ulo0gg] tydicalSwhen atl critedigs .

succeed. After this acknowledge, the device is in
receive mode.

Scan Coil 1 I I

Scan Coil 2 I I

Scan Coil 3 I

ASK envelop

SO (Bitclk)

Wakeup_n

B S s )

Mo it

Scanning Mode

|_| Receive Mode

Fig. 6
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Zoom on Wakemodel & Wakemode2
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Fig. 7
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Zoom on Header detection

AN
=0 WL
LTI
Start bit
Carrier header
Timing according to ratio "0"
A_'SK | I
so | v« I v | 1 | v I w1 - | «
WAKEUP_N | |
Criteria 4 |
Scan Wakemodel Wakemode2 Wakemode3 Receive
‘+— e P
Mode
Fig. 8

Timings for wakeup and header detection

. Tstb Tscan . Tcarrier Time2 Time3 .
Ratio Code (note ){) (note 1) Tearmin | Tearmax recommended | (note 1) (note 1) Unit

Ratio 1/2 000 200 200 3122 3780 3451 3780 5760 us

Ratio 1/3 001 400 200 3791 4320 4056 4320 6300 us

Ratio 1/4 010 600 200 4460 4860 4660 4860 7020 us

Ratio 1/5 011 800 200 5129 5580 5355 5580 7740 us

Ratio 1/6 100 1000 200 5798 6120 5959 6120 8280 us

Ratio 1/7 101 1200 200 6467 6660 6564 6660 8820 us

Ratio 1/8 110 1400 200 7136 7200 7168 7200 9360 us

Ratio 1/9 111 1600 200 7805 7920 7863 7920 10080 us
Table. 2

Notel: These timings are controlled by the internal oscillator.

Copyright © 2010, EM Microelectronic-Marin SA 12 www.emmicroelectronic.com
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5. Blocks Description
EM4083 includes the following main blocks:

5.1 Manchester Decoder
A Manchester decoder is used to extract data on the
selected antenna.

C Manchester decoder Using the ASK signal (signal envelop extracted from the
C Reset mode coils), the chip provides the bitclock signal on SO pin.
C  Amplifier with Automatic Gain Control (AGC) This signal can be used to latch the data on the falling
C Automatic Sensitivity change (ASC) edge.
C Resonant capacitor tuning The decoder starts providing the bitclock as soon as, a
G Cails input limiters first A00 of the header is
C  Quality factor tuning the bitclock signal (SO) appears only after the start bit
G Power supply filtering bloc detection in the header.
¢ EEPROM
C Serial Peripheral Interface (SPI)
C RSSI Function
Examples of data decoded data streams
0 0 1 1
ASK
S0 Y Y Y Y
1 0 1 1
ASK
S0 Y Y Y Y

An unlimited pure carrier can be send between two data
streams.
The Only constraint is that the end of the data stream

Fig. 10
Manchester coded bit in order to keep the decoding
functionality.

must stop by a fildo Manchester coded and start by a fn0o
Transition to receive mode or between two data streams
Begining of
End of data new data
stream stream
Unlimited time (pure carrier) ————————
Field
Emitter
ASK | |_ ,_
= v U L
Wakeup_n |_
Fig. 11
Copyright © 2010, EM Microelectronic-Marin SA 13 www.emmicroelectronic.com
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Manchester decoder limits of functionality

The data stream decoding is limited by the ASK signal
distortion mainly due to the antenna effects (Qfactor,
signal damping).

One has to take care of the way of the amplitude
modulation and the Q factors of antennas (emitter &
EM4083) in order to keep the EM4083 functionality.

A delay of the falling edge of ASK may appear in the
case of high Q factors and slow damping of emitter.

Timing definition of Manchester coding

The modulation length from the emitter side must be
adapted in order to keep the ASK signal, as specified in
the chapter 3.4 Timing Characteristics, in weak field and
in strong field.

1

- 1

1
1 1
(I [

<« Tshort-»-aTshort-»

] ]
0 0
I

<4 Tshort-»'«Tshort-»

5.2 Reset Mode

It is possible to reset the EM4083 by 3 ways:

1. The Vgt voltage is monitored in order to reset the
EM4083 in the case of power down.
When Vgt goes down the Vpor_f value, the chip
will go in the reset state.
The chip is kept in this mode until Vgt goes up
Vpor_r.
A hysteresis is provided to avoid improper operation
at limit level.

2. It is also possible to reset the chip by software,
using the SPI. Once, the EM4083 is in reset state, it

Fig. 12

will stay in this mode until SS_N = f 0 0.(cf SPI
chapter).

3. When the SPI is not used (SS_N =1i1l0) and a
high level fi 1 0 is applied on pin SI, the EM4083
goes to a reset state and reminds in this mode until
the level on Sl pad returns to a low level i 0 0. SI
pin can be used as a reset pin and as the SPI data
input when the SPI interface is selected.

When the chip goes out of reset mode, the EM4083
initialisation starts. During this timing (Tint), the EM4083
is not functional.

Copyright © 2010, EM Microelectronic-Marin SA
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Reset modes of EM4083

VAilt -

i/

—h

Vpor_ ’

Tpor »—-Tinit g Tpor p—- Tinit g (el Tinit—pw
init init init
Reset | peppom [EMA083|  Reset | poppqy EMA4083 Active Reset mode EEPROM EMA4083 Active
mode Active mode
update update update |
SS n
SCK Hm”

Sl

5.3  Amplifier with Automatic Gain Control (AGC)
This block is used to extract the field clock and the
envelope of the coil signal.

One may notice that the EM4083 contains only one
amplifier chain and the scanning is done on the 3
antennas.

With that kind of architecture, the dispersions are
reduced from one antenna to the other one because the
amplifier is the same for each antenna.

Fig. 13

The amplifier chain is Automatic Gain Controlled
amplifier. With that kind of amplifier, it is possible to
amplify a large range of input signal.

The Gain is automatically adjusted according to the input
signal on the scanned antenna, in order to keep a
constant magnitude on the output of the amplifier.

Copyright © 2010, EM Microelectronic-Marin SA
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EM4083 amplifier diagram

Coilla— +———
Clock
— Extractor CIockAgc—;—o
—Scan 0 +_) ;
Coillb——"
Coilza——" > Chage
—scan 1 AGC Coilxa-Coilxb
Coil2b——" P ASK
Coil3a—/$—
_Scan 2 —— L | Rws | ASK | et
can _| Extractor Detector ASK—e
Coilsb—— —e
Fig. 14
AGC startup, calibration and demodulation
‘Cfilxa-Coibe
Calibration / RMS value regulation . ASK Data o
Max 1500 us - extraction =

NN 11101

—Scan

—ASK

-

Clock extraction:

The amplifier chain output is used to extract the clock
issue from the antenna on which the scanning is done.
This clock is used to check criterial & criteria2.

This signal is used in wakemodel & wakemode2, when
checking criteria: 9 < nbr clocks < 16.

ASK envelope extraction:

The amplifier chain output is also used to extract the
envelope of the incoming signal on the antenna.

The modulation extraction is done when the coil signal
reaches 50% of the magnitude of the calibration signal.
To ensure a correct timing of pause detection, the input
voltage level must not decrease by more than 20% from
burst to burst.

Power consumption increase in the case of parasitic carrier

Fig. 15

5.4  Automatic Sensitivity Change (ASC)

The Automatic Sensitivity Change can be used to reduce
the power consumption in the case of parasitic field.

In fact when this function is disabled, and when the chip
is put in a parasitic field (80Khz- 200Khz), the criteria
1&2 will always be successful.

The chip will always goes back to the scan mode when
ti mer 3 occueaderdeie@ed)no fi 0 0
This will induce in higher power consumption since the
ratio between standby duration and scan duration is
disturbed by the detection of parasitic field.

This function is optional and can be disabled using the
ASC bit in EEPROM (b[0], Word4).

Copyright © 2010, EM Microelectronic-Marin SA
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Y I A

J Criterial L ’7 Criterial L L
—CriteriaZA| ‘|—Criteriazl| ‘L

Fig. 16
The Sensitivity reduction function: Sensitivity reduction duration (Timepar)
When EM4083 goes back to scan mode from
Wakemodel (after timel occurs) & Wakemode2 (after Ratio Timepar Unit
time2 occurs), the sensitivity level of the input amplifier is -
reduced during Timepar in order not to wakeup once Ratio 1/2 102 ms
again on a parasitic carrier. Ratio 1/3 153 ms
For example, after detection of a parasitic carrier the chip Ratio 1/4 204 ms
goes from Wakemode2, back to scan mode with a new Ratio 1/5 255 ms
level (4mVpp) of sensitivity for the next scan window. -
If the parasitic magnitude is higher than 4mVy,, the chip Rat!o 1/6 306 ms
wakes up once again (criteria 1 & 2 detected) Ratio 1/7 357 ms
Ratio 1/8 408 ms
Ratio 1/9 459 ms
Table. 3

According to the selected ratio, Timepar gives the
sensitivity reduction time.

A counter that starts at the first parasitic carrier detected
is used to reset the ASC function so that the maximum
sensitivity (typ 1mVyy) is re-established after Timepar.

Sensitivity reduction steps during scan mode & header detection
Unless otherwise specified: Vga: = 3V, Ta = 25°C

Parameter Symbol Typ. Unit L[Zz:voe]l
Normal sensitivity level Vsens1 1 mVpp 000
Occurs after 1st parasitic carrier detection Vsens2 5.6 mVpp 001
Occurs after 2nd parasitic carrier detection Vsenss 9.8 mVyp 010
Occurs after 3rd parasitic carrier detection Vsensa 21 mVyp 011
Occurs after 4th parasitic carrier detection Vsenss 50 mVyp 100
Occurs after 5th parasitic carrier detection Vsenss 123 mVyp 101
Occurs after 6th parasitic carrier detection Vsens? 282 mVpp 110
Occurs after 7th parasitic carrier detection Vsenss 598 mVpp 111

Table. 4
Copyright © 2010, EM Microelectronic-Marin SA 17 www.emmicroelectronic.com
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Sensitivity reduction state machine

\
Parasitic Carrier

detected No parasitic

Carrier during
Timepar

Parasitic Carrier
detected

No parasitic Carrier
during Timepar

Parasitic Carrier|

detected
No parasitic Carrier
during Timepar
Parasitic Carrier Detected Parasitic Carrier
Standby during Timepar detected No parasitic Carrier

during Timepar

7

No parasitic Carrier
during Timepar

/

Parasitic Carrier|
detected

Parasitic Carrier
detected

No parasitic Carrier
during Timepar

/

Parasitic Carrier]
detected

No parasitic Carrier
during Timepar

Sensitivity

VSENSS

Fig. 17
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Example with a parasitic carrier of 5mVpp magnitude:

In this example, a pure carrier of 5mVpp is sent to the
antennas, so that criterial&2 succeeds during the first
scan window.

During the second window, the sensitivity of amplifier is
reduce to 4mVpp, but because the carrier magnitude is
still higher (5mVpp), the criterial&2 succeeds once again
in the second scan window.

Example with a parasitic carrier of 5mVp,

During the third scan window, the sensitivity of amplifier
is reduced to 8mVpp and then criterial&2 fails.

The amplifier will stay in this reduced sensitivity mode
during timepar.

‘—Scan U
Parasitic Carrie 5mVpp

I Criterial U Criterial

N N

!
A

FCriterial —|_|7 Criterial —|

Criteria2 J_i—CriteriaZJ_I—

Criteria2 J_‘—CriteriazJ
Reduced

@« Sensitivity

Normal Reduced during Timepar
Sensitivity Sensitivity 8mv,
1mVpp 4mVpp

—_—— P
Normal Reduced
Sensitivity  Sensitivity
1mVpp 4mVpp

This ASC function is only active during the scan or
wakeup procedures.

Once the EM4083 is in receive mode (header detected),
the ASC function is disabled and the sensitivity is given
by the level [2:0] configuration. (EEPROM Word4).

Fig. 18

EM4083 Sensitivity according level

It is possible to select a different level of sensitivity once
the EM4083 is in receive mode.
This configuration affects only
sensitivity, after header detection.
During wakeup procedure, the normal sensitivity level is
1mVpp.

the receive mode

Sensitivity selection in receive mode

Level[2:0] Vsens
typ
000 Vsenst
001 Vsens2
010 Vsenss
011 Vsensa
100 Vsenss
101 Vsense
110 Vsens?
111 Vsenss
Table. 5

Copyright © 2010, EM Microelectronic-Marin SA
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Sensitivity selection example in receive mode

ASK envelop
SO (Bitclk)

Wakeup_n

EM4083 |
sensitivity

Level[2:0] |

Scan Coill

Scan Coil2

-

Scan Coil3

Coil3

imVv

64mv |

101

55

Resonant capacitor tuning

Fig. 19

One has the possibility to tune the resonant capacitor of the antenna using EEPROM bits (word 2).

Input capacitor Tuning

Coilxa
@

C0i|[4]j
i

Coil[1] —3
i
Coil[0] —3
i

L L L L
§—T— %—_l_— s—_l_— %—_l_— =
@ L L 4 @ @ @
Coilxb
32pF 16pF 8pF 4pF 2pF
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Equivalent schematic for -400mVpeak < Vcoil <400 MVpeak

Cailxa
LT LT LT LT T
L w L w
— — —_—% — —
© ©
Z Z 2 2 A N N N < =
1 L] L4 &g Sl
Z z 3 3 % 7 z E cld &
14 14 14 14 14 14 o &
L LL w w w
é?T: sif %jf &I- s
® @ L L @ @
Coilxb
32pF 16pF 8pF 4pF 2pF

Fig. 21
Equivalent schematic for absolute Vcoil >+ 400 mVpeak
Coilxa | o 0 n
L T 1 1. 1
LL
- == == =S =
3 ® <
Ny Nag < a <
IR IS (T I RE
7 7 7 z i
14 o o o
o @ L @ L @
Coilxb
Fig. 22
Coil capacitor according Coilx[4:0]
Parameter Symbol Conditions Typ. Unit
Coilx[4:0]
00000 0 pF
. . . 00001 2 pF
Col esonent capaclor Wi | | oe
00100 8 pF
01000 16 pF
10000 32 pF

According to Coilx[4:0] values, the total resonant capacitor can be adjusted from 2pF up to 62pF.

For switch characteristics, see Electrical Characteristics.

Table. 6
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5.6  Quality Factor Tuning
One has the possibility to tune the quality factor of the antenna using EEPROM bits (word 3).

Coil resistor according CoilxQ[3:0]

Coilxa Coilxa Coilxa Coilxa
[ o @ @ [

[ —— [ L
Coilxb Coilxb Coilxb goilxb
CoilxQ[3:0] CoilxQ[3:0] CoilxQ[3:0] CoilxQ[3:0]
0001 0010 0100 1000
Fig. 23
Coil resistor according Coilx[3:0]
Parameter Symbol Conditions Typ. Unit
CoilxQ[3:0] (noteb)
0001 27 kO
Caoil resistor tuning on each Reol 0100 54 kQ
antenna 0010 105 kQ
1000 210 kQ
0000 (Note 5)
Table. 7
Note 5: Open Circuit parasitic resistor (Min 20M Ohms).
Note 6: Other codes are forbidden.
Copyright © 2010, EM Microelectronic-Marin SA 22 www.emmicroelectronic.com
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5.7  Coils Input Limiters

Limiters are used on each coil to prevent damages to the Maximum and minimum voltage is defined by forcing
circuit due to high voltage (can be several hundred volts +10mA on each coil.

in the case of strong field without limiter).

Typical I/V Coil characteristics

Limiter Voltage versus current

10
9
8 —
s 7 A
> 6 -~
g 5
° 4
EN /
8 /
S 2
1 /
0 g . g J
1
-0.01 -0.006 -0.002 0.002 0.006 0.01

Coil current [A]

Fig. 24
Coil input signal in strong field
) Coilxa - Coilxb
Coilxa / Vgg
VlimMax +ViimMax
-t

ViimMin >t -VlimMax

Fig. 25
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5.8 Power Supply Filtering Block: VBAT diode symbol
The EM4083 Battery is filtered in order to avoid

perturbations due to strong voltage drop on Vga When
using microcontroller or other consuming blocks.
However, a 100nF capacitor is recommended between

Vpgat and Vss. VBat VFlLT
An active diode is used to filter the power supply on Vet
Pad.
Fig. 26
Note:
This diode is only used for EM4083 power supply
Filtering.

It is recommended to use an external capacitor (Cex =
2.2p.F) on VEiLT.

VBAT diode behavior

A
\ VFILT
\ Vs
sk
AV — T lon
Cex
o
t
Fig. 27
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59 Input Impedance Characteristics:

EM4083 input model

Coilxa
@ @ @

|
I
|
|
I
I
I
| R2
I
I
I
I
I
I

Coilxb

Fig. 28
Coil input characteristics
All the Min, Typ and Max values are guaranteed by design.
Parameters Symbol Conditions Min Typ Max Unit
Input parasitic capacitor Cl Veoil £10mVy, (note 6) 0.45 0.8 11 pF
Amplifier decoupling capacitor C2 Veoil £ 10mVy, (note 6) 5 6 7 pF
Coilx input resistor R1 Veoil £ 10mVp, (note 6) 10 MQ

Voil £ 10mVpp
R2 Scan period or receive | 10 MQ
mode : AGC ON (note 6)

AGC input resistor

Table.

Note 6:
C R2is equal to 0 (AGC input connected to Vss) in the following situations:
- AGC is switched OFF (standby period),
- Inreceive mode, on the unselected antennas
C CoillA & CoillB are in all the configurations floating inputs (receive mode or stand by period).
C C1 value takes into account the TSSOP16 package parasitic capacitor.
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5.10 Receive Signal Strength Indicator Function
(RSSI)

This function provides a DC voltage that reflects the AC

signal on the selected antenna, without disturbing the

antenna characteristics.

The voltage present on the RSSI output is directly extract

from the AGC feedback loop.

Antenna selection for RSSI measurements

The RSSI Block is used for antennas tuning with the on
chip capacitors (during the mass production Test Bench).
This function is not intended for distance measurement
base on the electro magnetic field strength

Antenna selection is done using a dedicated command which is described in the application note AN415.

X axis

SPI SELECTION

HELMOLTZ
125kHz COIL Y axis EM4083
Source
Z axis g RSSI
Voltmeter
Fig. 29
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5.11 EEPROM

EEPROM Mapping

B[15] | B[14] | B[13] |B[12] | B[11] |B[10] |B[9] |B[8] |B[7] |B[6] |B[5] |B[4] |B[3] |B[2] |BJ[1] B[O]
CcC CcC CcC CcC CcC CcC CcC
Word 0
oo X e s (@ | (@& | o [X (X X X X X X X
Word 1 X | X X X X X X X X X X X X X X X
Word 2 X Coil3 | Coil3 Coil3 | Coil3 | Coil3 | Coil2 | Coil2 | Coil2 |Coil2 |Coil2 |Coill |Coill |Coill | Coill Coill
[0] (1] (2] 3] [4] [0] (1] [2] (3] (4] [] (1] (2] (3] (4]
coil3 |coil3 |coil3 |coil3 |Coil2 |Coil2 |Coil2 |Coil2 |Coill |Coill |Coill Coill
words | 0 10 X loo |Qu |Q@ |Qm@ |Ql |em |Q@ Q@ [QW |Qm |Q@ |QH
WKb | WKb | WKb WKb | WKb |WKb |WKb |Level |Level |Level |ASK Ratio | Ratio | Ratio
W 4
ord 6] |5 (4] (3] [2] (1] [0] [2] (1] [0] /D |2 (1] [0] X —
Word 5
Word 30 User memory (27 x16 bits)
Word 31
B[15] | B[14] | B[13] |B[12]| B[11] | B[10] | B[9] | B[8] | B[7] | B[6] | B[5] | B[4] | B[3] | B[2] | B[] | BI[O]
Wordo | X __Customer code X | x X | x X X X X
dedicated to a specific customer
Word 1 X X X X X X X X X X X X X X X X
Word 2 X Tuning antenna_S Resonant Tuning antenna_2 Resonant Tuning antennal Resonant Capacitor
Capacitor Capacitor
. Tuning antenna2 Tuning antennal
Word 3 0 1 0 X Tuning antenna3 QFactor QFactor QFactor
Word 4 Programmable Wakeup Byte Sgnsmwt_y reduction | ASK Scan Ratio X ASC
in receive mode /1D
Word 5
Word 30 User memory (27 x16 bits)
Word 31
Notes :
1. if ASK/ID =0 0 Wakeup byte is used for the wakeup header (7 bits programmable).
if ASK/ID =0 1 Gustomer code is used for the wakeup header (fixed code).
2. if ASC =0 0 Automatic Sensitivity Change (ASC) function is OFF.
if ASC =0 1 Automatic Sensitivity Change (ASC) function is ON.
3. X not used
4. Words 0 & 1 are factory locked and are accessible as read only.
5. Bits 13 to 15 of word3 must always be written as indicated.
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5.12 Serial Peripheral Interface (SPI)

The EM4083 contains a SPI (Serial Peripheral Interface) The SS_N input pin enables SPI interface of the
compatible serial interface. This Interface is a full duplex EM4083.

synchronous protocol with data shifted MSB first. The

EM4083 SPI interface is a slave device and it is

connected to a master driver by 4 wires (SS_N, SI, SO,

SCK).

Serial Interface Top diagram

Dout
Tst in o
SI ‘ JlsB MSB Din[15:0]
SCK Input Shift Register ~
S0 Data to EEPROM
SS N
SS n
Command Wadd Wi@ [4:0]
register L2 Register z
Word adress to EEPROM
—T" Cmd [3:0 SS n
] [ ] Read
SS n - Logic e
= Erase >
Command L2 Control P
Decoder ScK_| ~ G
‘ CmRead ‘ Badd [3:0]
CmWrite bit adress to EEPROM
CmReadCs
CmReset
Sl
so_ p-}——— Checksum ‘ez > Checksum
SCK Counter Register
SS n INC if |61)6
Fig. 30
SPI Pin Description
Pin IN/OUT Description
SCK | Serial clocks
SS N | Chip Enable with
Sl | Slave Input. Slave receives data from this pin
SO (@) Slave Output. Slave sends data to this pin.
Table. 9
Using the SPI, it is possible to set the chip in 4 different modes.
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SPI Modes Description

Command Code Description
READ 1010 Read operation of EEPROM.
WRITE 1100 Writing operation of EEPROM.
RESET 0110 EM4083 software reset
READCS 1011 Read operation of Checksum register

5.12.1 Read Mode

In this mode, the whole EEPROM can be accessed for
read operations.

The read operation starts by pulling down the SS_n line.

The master transfers the command (Cmd[3:0]) and the
address (Wadd[4:0]) on the falling clock edge (SCK) into
the serial input shift register through SO pin. SO pin is
driven low by EM4083.

The read mode is identified by a READ COMMAND
(Cmd[3:0] = 1010). The address bits are sampled into the
Wadd register (after o negative SCK edge). Then the
master has to send 7 additional dummy bits to round up
number of send bits to 16. Dummy bits should be zero.

SPI Read Operation

Table.10

When all 16 bits are transferred (4 bits command, 5 bits
address, 7 dummy bits) slave starts to send requested
data from address Wadd from internal EEPROM. The
slave transfers these data bits to SO pin of SPI. The
master drives Sl pin low. The data are repeatedly shifted
out until the SS_n signal gets high again. When all 16
data bits are send master stops clocks (SCK) with last
falling edge and de-asserts SS_N high. At this time the
serial interface will go in reset state.

For detailed timing see EEPROM Read & Write Access
chapter.

.

A A AR

SS n

o U U

SPI C d Word Adi Dummy bits
T e A
VT
SO A AR
-—— Data Output (16 bits) ———p»
Wadd[4:0] Wadd[4:0] >\
‘):'""“.
i i |B02) BOO
Badd[4:0] B15 i oAk
Fig. 31
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5.12.2 Write Mode

In this mode, the whole EEPROM can be accessed for
write operations.

The write operation starts by pulling low the SS_N
line.The write mode is identified by a WRITE COMMAND
(Cmd[3:0] = 1100). The command (Cmd[3:0]), the
address (Wadd[4:0]) and the Data [15:0]bits are
transferred on the negative clock edge (SCK) into the
serial input shift register.

The address bits are latched into the Wadd latch register
(after o negative Clk edge). Then the master has to
send other 7 dummy bits to round up number of send bits
to 16. Dummy bits should be zero. After command
master transfers 16 bits of data which will be stored to
EEPROM on appropriate address.

SPI Write Operation

When 16 bits of data bits are serially shifted in, the
EEPROM Write sequence starts. At the next falling edge
erase signal is asserted to erase requested word. After
erase and delay time between write and erase, write
signal is asserted and writing is in process. After write

and delay time occur status

This signifies to the master that write sequence was
completed and the master can spot clock (SCK) with last
falling edge and de-asserts SS_N high. At this time the
serial interface will go in reset state.

The words 0-3 are locked and they are not accessible for
writing. When an attempt to write these addresses
appears the status bit 1 is sent out immediately and no
write or erase operation is done.

For detailed timing of writing sequence see EEPROM
Read & Write Access chapter.

R L RN

\ 4

Write
operation
Twree

-
il

<_SPI(Ath:;)riT:;’r;and_><_Wc:)ngA;t(;;ess_> < duzr;rgi)tlsk))its > < Dgtéalki]ri]tps);t »
SO _//L — L
Wadd[4:0
Wadd[4:0] [4:01 >\
Fig. 32

Note:
The master has to leave SS_N line low during whole write sequence. The de-asserting causes reset of SPI and failure of
write. The master should provide clocks during wihesdgeenceisi t e
completed.

Warning: One has to check that the voltage Vg7 is higher than Vee min before writing the EEPROM.
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5.12.3 Reset Mode
The reset mode command (Cmd[3:0] = 0110) is used to put the EM4083 in a reset mode.
Once, the EM4083 is in reset stat e it will stay in this mode wuntil SS_ N = fio0oo

1l

SPI reset mode

il

.
ol I\

SPI Command
-€

(4 bits)
SO
EMA083 | gean Reset mode Init Scan
Status
Tinit -
Fig. 33
5.12.4 ReadCs Mode
A checksum is generated throughout the whole data The value stored into a 3-bit Checksum Register
transfer in order to enable the master driver to check for corresponds to the counter value at the time at the end of
correct data transfer. This checksum is based on a the data transfer.
modulo 8 counter. On each positive clock edge the
counter increments by 1 if the SO or Sl signal is “1". The Whenever the interface is not
checksum is saved at the end of data transfer in a 3-bit whole interface is in reset state, except the Checksum
register accessible on ReadCs mode only by the serial register. Al l registers are cl e
interface. The modulo 8 is realised by a free running the interface is ready to receive a new command.

cyclic 3 bit counter.

SPI Checksum

e JUIUUUUUUUUUUUUD DU D TUUNL

oo |
VY

SPI Command Dummy bits
X7 iy P >

Checksum Dummy bits
oA ) Pt (bits) >

Fig. 34
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5.12.5 Checksum Function:

Example of Checksum on read

SRR E TR
o |
o S UeHUOULD

SPI Command Word Adress Dummy bits
o) > o e (7 bits)

—
VW
y \ Voo po2
o) A AR -

-¢—— Data Output (16 bits) ————p»

Wadd[4:0] Wadd[4:0] >\

Vi
Badd[4:0] %%%@ VA
Counter
Checksum

Checksum old New
Register Checksum Checksum
Fig. 35
It allows the previous data transfer to be checked for correctness.
Read mode : Checksum = modulo 8 of (Sum of "1")
Sum of E1Es =(Sum of Command bits == 616 + Sum of add
Write mode : Checksum = modulo 8 of (Sum of "1s)

1
I
(@)
'_\
(e}

Sum of E1Es =(Sum of Command bits + Sum of add
Reset mode :

There is no checksum, in this mode.

The checksum register is in reset state.

ReadCs mode : Checksum = modulo 8 of (Sum of "1’s)

Sum of E1Es =(Sum of Command bits) == 616 +Sum of checksum bi't
Checksum Register - RegCheckSum

Read only, it contains the 3-bit number of detected ones during the previous data transfer.

The updated checksum value is stored at the end of each data transfer.

RegCheckSum

Bit 2 Bit 1 Bit 0
Csum|2] Csum[1] Csum[0]

The register (Read only) is cleared on power up or after a reset command.
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5.12.6 EEPROM READ & WRITE ACCESS

The EEPROM is a system with parallel write operation
and serial, sense-amplifier operated, read operation. The
system includes the EEPROM matrix, the charge pump
and all peripheral circuits.

The EM4083 EEPROM is made of 512 hits, organised in
32 words of 16 bits. The read operation is performed
serially, using one sense-amplifier. The sense-amplifier
ensures proper read operation even with very noisy
power supply.

6. Pin description of TSSOP-16 package

Read operation:
Once, the EM4083 is in the read mode (CmRead = 1

after 4™ negative edge of CLK) and the Wadd[4:0] is
latched in the Wadd register (9th negative edge), the
Wadd is connected to EEPROM address bus and
Badd[4:0] is set to 15 because data will be sent out from
EEPROM MSB first. At the next negative edge, when
Wadd[4:0] is stable, the read signal is set to 1. The
Badd[4:0] is then decremented on each negative SCLK
edge and appropriate data are send out through Doyt / Din

pin.

Notes for the read operation:

- Wadd[5:0] has to be stable during the read operation

- Badd[4:0] can change during the read operation, the
delay between the change of badd and the validity of
the new Doy value is Tdacct.

- In order to read a new word, a complete read sequence
has to be restarted.

Vss 10 16 3 Sclk
SO 2 15 Si/ Reset
ASK 13 14 SS_n
Wakeup_n 4 13 O Vbat
RSSI 5 12 O Vil
Coildb 6 11 [ Coilla
Coil3a 47 10 & Coillb
Coil2b 8 9 [ Coil2a
Fig.36
Pin N° Name I/0 Description Coupling
1 Vss ANA Digital Negative DC supply
SS_n =0 — SO = Serial Interface Output
2 SO DIGITAL Output SS_n =1 — SO = Bitclock (Data decoder)
3 ASK DIGITAL Output | ASK Data Output
. . Bi-directional
4 Wakeup_n | I/Open drain Wakeup signal Internal Pull-Up 30kQ
5 RSSI ANA Field strength monitoring Serial resistor 1KQ
6 Coil3b ANA o
7 Coil3a ANA Antenna n°3 AC
8 Coil2b ANA o
9 Coil2a ANA Antenna n°2 AC
10 Coillb ANA o
11 Coilla ANA Antenna n°1 AC
12 Vet ANA Positive DC rectified voltage
13 VBat ANA Positive DC supply battery
14 SS n DIGITAL input Serial Interface selection Internal Pull-Up 100kQ
15 | SI/RESET |DIGITAL Input | S5 =0 — SI'=Serial Interface Input Internal Pull-down 100kQ
SS n=1 -5 Sl =Reset pin
16 SCLK DIGITAL input Serial Interface clock Internal Pull-down 100kQ
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7. Package Outline

14>

r7 1.00

JUDUIooy DAL s o

(VIEW ROTATED 90° C.W»>

EXPOSED PAD VIEW

Symbol Min (mm) Nom (mm) Max (mm)
:1 o2 — cl)-ig 8. Ordering Information
A2 065 5.00 0.05 This device is available in TSSOP-16 package.
E 228 Please order the following part number:
El 4.30 4.40 4.50
e 0.65 Part Number Delivery Form
- %f’ %? %Z EM4083TP16A-007+ Stick, 96 pieces
X 2.16 2.36 2.54 EM4083TP16B-007+ Tap & reel, 2500 pieces
P 3.00
P1 3.00

EM Microelectronic-Marin SA (EM) makes no warranty for the use of its products, other than those expressly contained in
the Company's standard warranty which is detailed in EM's General Terms of Sale located on the Company's web site.
EM assumes no responsibility for any errors which may appear in this document, reserves the right to change devices or
specifications detailed herein at any time without notice, and does not make any commitment to update the information
contained herein. No licenses to patents or other intellectual property of EM are granted in connection with the sale of EM
products, expressly or by implications. EM's products are not authorized for use as components in life support devices or
systems.
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