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Inductive Position Sensor IC

Description

The IPS2200 is a magnet-free, inductive position
sensor ICs that can be used for high-speed absolute
position sensing in industrial, medical, and consumer
applications. The IPS2200 uses the physical principle
of eddy currents to detect the position of a simple
metallic target that is moving above a set of coils,
consisting of one transmitter coil and two receiver coils.

The three coils are typically printed as copper traces on
a printed circuit board (PCB). They are arranged such
that the transmitter coil induces a secondary voltage in
the two receiver coils, which depends on the position of
the metallic target above the coils.

A signal representative of the target’s position over the
coils is obtained by demodulating and processing the
secondary voltages from the receiver coils. The target
can be any kind of metal, such as aluminum, steel, or a
PCB with a printed copper layer.

The IPS2200 provides two independent interfaces:

. A high-speed analog or digital interface providing
position information in the form of demodulated
analog sine/cosine raw data or digital incremental
outputs

. An 12C or SPI digital interface for diagnostics and
programming

The IPS2200 operates at rotation speeds up to 250000
RPM (with coil designs using 1 period per turn). An
ultra-low propagation delay down to 10ps or less
provides high dynamic control for fast-moving objects.

The IPS2200 is available in a TSSOP package and is
qualified for industrial use at -40°C to +125°C ambient
temperature.

Typical Applications

. Rotor position detection for brushless DC motors;
adaptable to any pole pair count

. Replacement of brushless resolvers
. Magnet-free rotor speed sensors

Features
. Position sensing based on an inductive principle
. Cost effective; no magnet required

. Immune to magnetic stray fields; no shielding
required

. Suitable for harsh environments and extreme
temperatures

. Differential and single-ended sine and cosine outputs
. Digital incremental outputs: 4 counts per period

. Nonvolatile user-configurable memory,
programmable via 12C or SPI interface

. Single IC supports on-axis and off-axis rotation,
linear motion, and arc motion sensing

. Adaptable to any full-scale angle range
. High accuracy: < 0.2% full scale
. Rotation sensing up to 360° angle range

. +18V over-voltage and reverse-polarity protection on
output pins

. Fast diagnostic alarm through interrupt pin
. Wide operation temperature: -40°C up to +125°C

. Supply voltage programmable for 3.0V to 3.6V or
4.5V to 5.5V

. Small 16-TSSOP package (4.4 x5.0 mm body)

Available Support

Renesas provides application modules that
demonstrate IPS2200 position sensing, including
rotary, arc, and linear applications.

Application Circuit Example
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1. Pin Assignments

The IPS2200 is available in a 16-TSSOP 4.4 x 5.0 mm RoHS package. It is qualified for an ambient temperature
of -40°C to +125°C.

[1] gSN_IRQN SIO_SDA| 16|
[2 |RrRx1 SCK_SCL| 15 ]
[3]RrRx2 ouT4| 14]
[4|Rx3 s oum[]
[5 |Rx4 § out2| 12]
[6 | Tx1 = ouTt| 1]
[7 ] vDD[ 10]
[ (s |voDaA GND| 9]

Figure 1. Pin Assignments for 4.4mm x 5.0mm 16-TSSOP Package — Top View

2. Pin Descriptions

Table 1. Pin Descriptions

Pin Number Name Type Description
1 CSN_IRQN | Digital Chip select input for the SPI interface; external pull-up resistor required.
Input/Output Push/pull interrupt output for 12C or SPI interface.
Programmable options, see Table 3.
2 RX1 . ) . .
3 RX2 Analog Input Connect the receiver coil 1 (sine) between the RX2 and RX1 pins.
4 RX3 . ) ) .
5 RX4 Analog Input Connect the receiver coil 2 (cosine) between the RX4 and RX3 pins.
6 TX1 Analog Qonnect the t_ransmitter coil betv_veen the TX1 and TX2 pins. The re_zsonant frequency
7 TX2 Input/Output is adjusted with a parallel capacitor Ct between TX1 and TX2 or with capacitors Cr;
from TX2 to GND and Cr, from TX1 to GND.
8 VDDA Supply Internal analog voltage supply. Connect a capacitor Cya to the GND pin.
9 GND Supply Common ground connection.
10 VDD Supply External supply voltage. Connect two parallel capacitors Cyp to the GND pin.
11 OouUT1 Analog Buffered analog or digital output; see Table 2.
Output, Digital
Output
12 ouT2 Analog Buffered analog or digital output; see Table 2.
Output, Digital
Output
13 OuT3 Analog Buffered analog or digital output; see Table 2.
Output, Digital
Output
14 ouT4 Analog Buffered analog or digital output; see Table 2.
Output, Digital
Output
15 SCK_SCL Digital Input Clock input for digital programming and diagnostic interfaces:
. 12C interface: SCL clock input; external pull-up resistor mandatory,
see Figure 20, Figure 21, and Figure 22.
e  SPlinterface: SCK clock input; external pull-up resistor is optional,
see Figure 17 and Figure 18.
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Pin Number Name Type Description
16 SIO_SDA Digital Bi-directional data 1/O line for digital programming and diagnostic interfaces:
Input/Output e I2C interface: SDA open drain data line; external pull-up resistor is

mandatory,

is optional,

see Figure 20, Figure 21, and Figure 22.
. SPl interface: SIO bi-directional push-pull data line; external pull-up resistor

see Figure 17 and Figure 18.

Table 2. Buffered Output Configuration

Pin (See Figure 1) Output Depending on Mode @ Diagnostic State
Pin Number Pin Name Analog Differential | Analog Single-Ended | Digital AB Incremental All Modes, if enabled
14 ouT4 SIN SIN A LOW
13 OouT3 SINN REF_SIN AN LOW
12 ouT2 COS COS B HIGH
11 OouT1 COSN REF_COS B N HIGH

[a] Abbreviations used in Table 2:

SIN: Demodulated and buffered output of RX1 (sine, non-inverted)

SINN: Demodulated and buffered output of RX2 (sine, inverted)

COs: Demodulated and buffered output of RX3 (cosine, non-inverted)
COSN: Demodulated and buffered output of RX4 (cosine, inverted)

REF_SIN: Bias voltage of sine signal, typical VDD/2

REF_COS: Bias voltage of cosine signal, typical VDD/2

A: Sign output of RX1 (A, non-inverted): HIGH if positive, LOW if negative
A_N: Sign output of RX2 (A, inverted): HIGH if positive, LOW if negative

B: Sign output of RX3 (B, non-inverted): HIGH if positive, LOW if negative
B_N: Sign output of RX4 (B, inverted): HIGH if positive, LOW if negative

Diagnostic state: Alarm status indication if an enabled alarm occurs

Table 3. Digital Interface and Interrupt Output Configuration

Pin (See Figure 1) Input/Output Depending on Interface Mode @
TSSOP Half Duplex SPI 12C with Address
Pin Number Pin Name Half Duplex SPI with Interrupt Select 12C with Interrupt
16 SIO_SDA SIO SIO SDA (PU) SDA (PU)
15 SCK_SCL SCK SCK SCL (PU) SCL (PU)
1 CSN_IRQN CSN (PY) CSN/IRQN (PU) SEL IRQN
[a] Abbreviations used in Table 3:

CSN: Chip-Select Input

CSN/IRQN: Combined Chip-Select Input and Interrupt Output

SIO: Serial Bi-directional Data 1/O Port for SPI Modes

SCK: Serial Clock Input for SPI Modes

SEL: Hardware Address-Select Input for 1I2C Mode (two address options)

SDA: Serial Bi-directional Data 1/0 Port for 2C Modes®

SCL: Serial Clock Input for 12C Modes

IRQN: Interrupt Output

PU: External Pull-up resistor required
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3. Absolute Maximum Ratings

The absolute maximum ratings are stress ratings only. Stresses greater than those listed below can cause
permanent damage to the device. Functional operation of the IPS2200 at the absolute maximum ratings is not
implied. Exposure to absolute maximum rating conditions could affect device reliability.

Table 4. Absolute Maximum Ratings

Symbol Parameter Conditions Minimum | Maximum | Units
Vybbmax External supply voltage Continuous -18 7.5 \%
Vour OUT1, OUT2, OUT3, and OUT4 output IC not sgpplied, permanent -18 7.5 \%

voltage IC supplied, permanent -15 18 \%
VRx1 Receiver coil pin: RX1
VRrx2 Rece!ver co!l p!n: RX2 12 12 v
Vrx3 Receiver coil pin: RX3
Vrxa Receiver coil pin: RX4
VpigiraL Digital 10 pins: SCK_SCL, SIO_SDA, -0.3 18 \Y
CSN_IRQN
Vesn_IroN Digital 10 pin CSN_IRQN When used as input for 12C Refer to Vyppmax \%
address selection and tied to VDD
directly or with pull-up resistor.
VvbpAmax VDDA internal LDO output VDDA is internally regulated, no Refer to Vyppa in Table \
connection to external voltage 6
Table 5. Electrostatic Discharges (ESD)
Symbol Parameter Conditions Min Max Units
Vesp ESD tolerance for all pins: Human Body Model (HBM) +2 kv
100pF/1.5kQ
According to AEC-Q100-002
classification H2
VEesp,out ESD tolerance for pins with Human Body Model (HBM) +4 kv
potential external cable connection: 100pF/1.5kQ
OUT1, OUT2, OUT3, OUT4, According to AEC-Q100-002
CSN_IRQN, VDD classification H3A

[a] When handling semiconductor devices such as IPS2200, always observe ESD guidelines to avoid electrostatic discharges on

these parts.

4. Operating Conditions

Values shown in Table 6 are valid under the following conditions: VDD = 3.3V+0.3V or 5.0V+0.5V , Tams = -40°C

to +125°C, unless otherwise noted.

Table 6. Operating Conditions

Note: See important notes at the end of the table.

Symbol Parameter Conditions Minimum | Typical Maximum Units

Tave_Tssop Ambient temperature: 16-TSSOP -40 125 °C

T, Junction temperature -40 145 °C

Tstor Storage temperature Unmounted units must be
limited to 10 hours at -55 150 °C
temperatures above 125°C

Rria Tssor Thermal resistance junction to JEDEC MO-153 89 °C/W

ambient: 16-TSSOP package

toup Start-up time Power-on reset (POR) to valid 3 ms

output signal
Aug.5.22 RENESAS Page 7
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Symbol Parameter Conditions Minimum | Typical | Maximum Units
VeL Input rotational velocity Electrical speed 250000 rpm
Sine or cosine periods per
minute
Vvopa TH_H Power on reset, high threshold The device is activated when 2.6 \
VDDA increases above this
threshold
Vvopa_TH_L: Power on reset, low threshold The device is deactivated when | 2.1 \Y
VDDA decreases below this
threshold
VDDApor Hyst | Power-on reset hysteresis At VDDA pin 50 mV
Ivopa VDDA load current limitation 75 mA
Without coils. no load 8.4 12 mA
. Programmable transmitter coil
loo Current consumption drivg current (depending on For values, refer to Table 9 mA
inductance of transmitter coil)
Cva Capacitor from VDDA pin to GND 100 nF
Cwp Capacitor from VDD pin to GND 70 nF
INLyvav Accuracy, 3.3V mode, VDD= +0.3 % FS
under-voltage alarm level to 3.0V o o .
INLay Accuracy, 3.3V mode, yg;zi\l/iefol ;Slolﬂtr;lfftil%ﬁs{)f +0.2 % FS
VDD=3.0to 3.6V 1.8Vpp
INLovav Accuracy, 3.3V mode, VDD= +0.3 % FS
3.6V to over-voltage alarm level
INLyvsy Accuracy, 5V mode, VDD= +0.3 % FS
under-voltage alarm level to 4.5V o o )
INLsy Accuracy, 5.0V mode, W|th_|deal coil input S|gnals, +0.2 % FS
VDD= 4.5 to 5.5V rsegi/tlgs to an output signal of
INLovsy Accuracy, 5.0V mode, VDD= +0.3 % FS
5.5V to over-voltage alarm level

[a] % FS = percent of full scale = accuracy in % per period, where 100% is the angle range of one electrical period.
For rotary multi-period designs, one electrical period = 360° (one full turn) divided by the number of periods per turn.

Examples:

= A 3-periodic coil design (3 x 120°) has a typical mechanical accuracy of +0.2% per 120° = £0.24°

" A 4-periodic coil design (4 x 90°) has a typical mechanical accuracy of +0.2% per 90° = +0.18°

5. Ambient Temperature Range

The minimum ambient temperature for the IPS2200 is -40°C.

The maximum ambient temperature depends on the following factors:

. The maximum junction temperature. See Table 6 for details.

. The selected transmitter coil current. The total power consumption of the chip depends on the internal power
consumption and the user programmable current for the transmitter coil.

. The minimum usable coil current in a given application. Note that smaller coil inductances require more
transmitter coil current, and larger coil inductances can operate with less coil current. The maximum allowed

transmitter coil current is shown in Table 6.

. The Renesas internal part qualification. The IPS2200 is qualified for -40°C to +125°C ambient temperature.
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6. Electrical Characteristics

The following electrical specifications are valid for the operating conditions as specified in Table 6: (Tavs = -40°C

to 125°C).
Table 7. IPS2200 Electrical Characteristics, 3.3V Mode
Symbol Parameter Conditions Minimum | Typical | Maximum | Units
VDD;3 Supply voltage 3.0@ 3.3 3.6"! \%
VDDA; Analog supply voltage Internally regulated. Connect a 2.85 3.0 3.1 \%
Cva = 100nF capacitor from VDDA to
GND.
V3owr Over-voltage detection, An over-voltage alarm is created if 3.8 4.3 \%
VDD rising VDD rises above these limits.
V3ove Over-voltage detection, An over-voltage alarm is cleared if 3.5M 4.1 \%
VDD falling VDD falls below these limits.
V3own Over-voltage detection 150 mV
hysteresis
V3uvr Under-voltage detection, An under-voltage alarm is created if 2.2 2.95 Y
VDD falling VDD falls below these limits.
V3uve Under-voltage detection, An under-voltage alarm is cleared if 2.6 3.1 \%
VDD rising VDD rises above these limits.
V3uvn Under-voltage detection 100 mV
hysteresis
V3VDDAyvr VDDA under-voltage An under-voltage alarm is created if 2.6 2.85 \Y
detection VDDA falls below these limits.
V3VDDAyvre VDDA under-voltage An under-voltage alarm is created if 2.7 2.9 \%
detection VDDA rises above these limits.
[a] Ifthe VDD under-voltage alarm is enabled, the VDD3 must be at least 3.1V.
[b] If the VDD over-voltage alarm is enabled, the VDD3 must be maximum 3.5V.
[c] Ifthe VDD over-voltage alarm is enabled, the VDD3 must be maximum 3.5V.
[d] If the VDD under-voltage alarm is enabled, the VDD3 must be at least 3.1V.
Table 8. IPS2200 Electrical Characteristics, 5.0V Mode
Symbol Parameter Conditions Minimum | Typical | Maximum | Units
VDDs Supply voltage 4.5[a] 5.0 5.5 \%
VDDAs Analog supply voltage Internally regulated. Connect a 3.9 4.0 4.1 \%
Cva = 100nF capacitor from VDDA to
GND.
V50vr Over-voltage detection, An over-voltage alarm is created if 6.2 6.9 \%
VDD rising VDD rises above these limits.
V5ovr Over-voltage detection, An over-voltage alarm is cleared if 5.9 6.6 \%
VDD falling VDD falls below these limits.
V5ovh Over-voltage detection 150 mV
hysteresis
V5uvr Under-voltage detection, An under-voltage alarm is created if 3.8 4.4 \%
VDD falling VDD falls below these limits.
V5uvr Under-voltage detection, An under-voltage alarm is cleared if 4.0 4.6[b] \%
VDD rising VDD rises above these limits.
V5uvn Under-voltage detection 100 mV
hysteresis
V5VDDAuvr VDDA under-voltage A VDDA under-voltage alarm is 3.45 3.9 \%
detection triggered when VDDA falls below
these limits.
V5VDDAyvre VDDA under-voltage A VDDA under-voltage alarm is 35 3.9 \Y
detection cleared if VDDA rises above these
limits.
[a] If the VDD under-voltage alarm is enabled, the VDD5 must be at least 4.6V.
[b] If the VDD under-voltage alarm is enabled, the VDD5 must be at least 4.6V.
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Table 9. LC Oscillator Specifications

Symbol Parameter Conditions Minimum Typical Maximum | Units
Rp.eq Equivalent parallel See Equation 1 and Equation 2. 100 Q
resistance of the LC
resonant circuit
fic Excitation frequency LC oscillator; determined by external 1.7 5.8 MHz
components L and C.
Fosc_acc Accuracy of transmitter Gated by the internal oscillator. -10 10 %
oscillator frequency
measurement
fic biac_L LC oscillator lower
:Zanqgueency diagnostics Programmable frequency where an 0.007
- out-of-range frequency diagnostics MHz
fic_oinc LC oscillator upper alarm can be enabled.
frequency diagnostics 10
range
Vix_p LC oscillator amplitude Peak-to-peak voltage; pins TX1 vs. 11 Vpp
TX2; all modes. The coil current is
user programmable.
Ic Programmable transmitter Equivalent DC current. 0 3 20 mA
coil drive current Programmable, depending on
transmitter coil inductance.
ILcmax Maximum transmitter coil At room temperature 18 20 22 mA
drive current tolerance
RTx1,RTx2 TX Series resistor F_or reduced E.MC emission, see 22 Q
Figure 13 to Figure 16

SIO_SDA

SCK_SCL

SIN
SINN
Cos
COSN

IPS2200

VDD

GND

Figure 2. LC Oscillator Connection with a Single Capacitor

3.3V/5V Where:

frx =

1

27'[,[ LCT

frx = Oscillator frequency in MHz
L = Coil impedance in uHenry
Cr = Capacitance in puFarad

Configuration with a single capacitor CT in the LC
oscillator.

The oscillator frequency is determined by the values of
coil L and capacitor Cr:
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Configuration with split capacitors CT1 and CT2 for
improved EMC performance. Both capacitors must

SIO_SDA have the same capacitance.
SCK_SCL The oscillator frequency is determined by the values of
coil L and capacitors Cr1 and Crz:
s ™ fryg = ———n
s ™ [ECriCrs
N Crq1+C
%) coS T17%T2 1
o - . —
= CosN — forCri=Cr, : frx = c
2 [L-TL

3.3V/5V
VDD

Where:

frx = Oscillator frequency in MHz
L = Coil impedance in puHenry
Cr1, Cr2 = Capacitance in yFarad

GND

Figure 3. LC Oscillator Connection with Split TX Capacitors

The equivalent parallel resistance Rpeq Of the LC oscillator can be calculated using Equation 2:

1 L Equation 1
R - — X —
Peq RS c
1 L Equation 2
RS = X — q
Rpeq C
Where

Rreq Equivalent parallel resistance of the LC oscillator.
Rs Serial resistance of the transmitter coil at the transmitter frequency.
L Coil reactance at the resonant frequency.

C Capacitance of the parallel capacitor Cr.
Note that the capacitor losses are not included in the equation.

<<
Il
o
<
p)
&
|
o
L

Figure 4. Parallel Resonator Circuit
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Table 10. Coil Receiver Front-End Specifications

Symbol Parameter Conditions Minimum Typical | Maximum | Units
Vex Receiver coil amplitude Input signal full range. 5kl 52001 MVpp
Vout = 3.0Vpp (single ended)

Ao Amplitgde mismatch Programmable individual gain 0 11 %

correction range . . .
- - mismatch correction of Receiver -

Awm_res Amplitude mismatch coil signals (SIN and COS) ! Bit
correction granularity

AN_OFFSET MIN Input offset minimum Offset of sine and cosine signal, -0.09 +0.09 %
correction range percentage of transmitter coil

AINfOFFSETiMAX Input offset maximum amp"tude. -0.27 +0.27 %
correction range Minimum and maximum values

depend on the Rx gain setting.

OFFcorr RES Input offset correction Programmable step size. 7 Bit
granularity

Rrx Coil receiver DC input Single-ended to GND. 200 kQ
resistance Differential. 800 kQ

CRXl

Crx2 Receiver input filter For improved EMC immunity, see 100 =

Crxs capacitors Figure 13 to Figure 16

CRXA

[a] Minimum and maximum Receiver voltage input levels depend on front-end gain setting, integration cycles, and LC oscillator

frequency

Table 11. Diagnostic Checks

Symbol Parameter Conditions Minimum | Typical | Maximum Units
tralL Failure reaction time (time Chip internal diagnostic checks. 500 us
to flag an error condition at
the IRQN pin)
R open Re_sistanct_e of Rx coil, open Rx coil short/open error flag activated. 2200 kQ
- coil detection Rx coil short/open error flag cleared. 354 kQ
External resistance from Rx coil short/open error flag activated. 19 kQ
R short_eno | any coil input to GND, short | Rx coil short/open error flag cleared. 630 kQ
to ground detection
Rx coil short short/open error flag 160 kQ
External resistance from activated;
R sworT voD any coil input to VDD, short VDD = 2.7 t0 6.4V.
to VDD detection Rx coil short/open error flag cleared. 840 kQ
VDD = 2.7 to 6.4V
. R1R2 short error flag threshold,; 35 140 410 kQ
External resistance between _
R sHorT TH coils for detection of a short VDD =3.010 3.6V.
- - between coils R1R2 short error flag threshold; 20 70 180 kQ
VDD =4.5t0 5.5V.
DCorr aL DC common mode output Absolute value relative to VDD/2. 100 200 mvV
offset alarm limits Output offset alarm flag activated.
Diagio Diagnostic Low indication SIN, SINN, A, AN Outputs, l oap = IMA 0 1 3 %VDD
sink current
Diagw Diagnostic High indication COS, COSN, B, BN Outputs 97 98.6 100 %VDD
lLoap = 1mMA source current
Table 12. Back-End Specification, Analog Outputs SIN, SINN, COS, COSN
Symbol Parameter Conditions Minimum | Typical | Maximum Units
V3our Analog output range, 3.3V option S';ID * VvDD-04 | V
-1mA < lour £ 1TmA GND +
V5our Analog output range, 5V option 10 VDD-1.0 | V
V3out_pp Analog output voltage amplitude, 3.3V 0.9 1.275 1.65 Vpp
option Single ended peak-to-
V5out pp Analog output voltage amplitude, 5V peak voltage range 1.4 1.95 25 Vep
option
Aug.5.22 RENESAS Page 12
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Symbol Parameter Conditions Minimum | Typical | Maximum Units
VDDour cm Output DC offset voltage, common All modes 47.5 52.5 %VDD
mode voltage
DCorrpriFT DC offset voltage drift Over temperature range | -50 50 uv/°eC
At trim temperature,
DCorr DC offset voltage after trimming over ga_un range and -6 6 mV
transmitter frequency
range, VDD= 3.0 to 5.5V
louts Output current; 3.3V option Output load current -1 +1 mA
louts Output current; 5V option -2 +2 mA
loL Output overload current, 20 30 mA
Craw | Capacitive load, EMC filters Refer to section 18 for 47 nF
Co1 10 Cos
Noise Device output noise Maximum gain, MVims
maximum setting for
integration cycles, no
output filtering, shorted
coil inputs
COUTl .
Coura ‘ ‘ For |mproved EMC
C Output filter capacitors immunity, placed close 47 nF
ours to IC output
COUT4
Table 13. Back-End Specification, Quadrature Pulse Output Option, Pins A, A_N, B, and B_N
Symbol Parameter Conditions Minimum Typical Maximum Units
Vouap, oH High level output voltage Sign of demodulated input voltage: | 70 100 %\VDD
Vauap oL Low level output voltage high = positive; low = negative 0 30
lo_quaps Output current; 3.3V option Output load current -0.5 +0.5 mA
lo_quaps Output current; 5V option -1 +1 mA
Craw | Capacitive load 22 nF
Vquap_TH_pos Output switching positive Comparator levels for changing Vour_cmt \
threshold state of A, A_N, B, B_N digital 0.05
Vquap_TH NEG Output switching negative outputs, relative to amplified input Vour ow- V;
threshold voltage 0.05
VQuAD_TH_HYST Quadrature pulse Relative to opposite channel 5 %
hysteresis R1(Sin) vs. R2(Cos)
[a] See Table 2 regarding which of the pins OUT1, OUT2, OUT3, and OUT4 are assigned as A, A_N, B, and B_N.
Table 14. Digital Control Interface, Pins CSN_IRQN, SIO_SDA, SCK_SCL
Symbol Parameter Conditions Minimum Typical Maximum Units
Vi High level input voltage, 70 100 %VDD
all modes
Vi Low level input voltage, CSN—I,RQN address 0 30 %VDD
3.3V mode select input, _
Vs Low level input voltage, §%<__SSDCAL (;: ;ct);kmlgﬁij b 0 20 %VDD
5V mode
ILeak Input leakage current -5 5 HA
V| hyst Input hysteresis SCK_SCL clock input 100 mV
Von High level output voltage All modes 80 100 %VDD
VoL pp Low level output voltage Push/pull output 0 20 %VDD
— push/pull CSN_IRQN
Vor op Low level output voltage Open-drain output 0 0.4 \%
— open drain SIO_SDA, 3mA sink
current
Viron H Over-voltage detection at | Over-voltage on these 6.9 7.4 7.9 \%
CSN_IRQN, SCK_SCL, pins can be monitored
or SIO_SDA as a diagnostic feature
Rspa, External pull-up resistor Resistor value and 1.8 4.7 kQ
Rsct, at pins SIO_SDA and capacitive load on these
Rso, SCK_SCL pins are limiting the
RSCK
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Symbol Parameter Conditions Minimum Typical Maximum Units
maximum clock
frequency
Raor, External resistor at pin Pull-up or pull-down, 1.8 4.7 kQ
Resn CSN_IRQN for 12C depending on 12C
address selection address setting.
lout sio_spa Digital interface output Pin SIO_SDA -2 2 mA
current
CL Capacitive load All modes 400 pF
Table 15. Nonvolatile Memory
Symbol Parameter Conditions Minimum Typical Maximum Units
Data retention According to AEC Q100 > 100 at 25°C Years
>13 at 85°C
Write Allowed ambient -40 125 °C
temperature temperature range for read
Read and write access -40 125 °C
temperature
Endurance® Over product lifetime 100 NVM Write Cycles
Read Cycles 5x 101 1x 102 NVM Read events

[a] Verified number of program/erase cycles. Qualified with 200 cycles

7. Circuit Description

7.1

The IPS2200 sensor circuit consists of one transmitter coil and two receiver coils, which are typically designed
as traces on a printed circuit board. The two receiver coils have a sinusoidal shape and are shifted by 90° with
respect to each other; refer to Figure 6 and Figure 7 for typical coil shapes. A metal target is placed above the
coil arrangement.

Overview

Circuit signal flow:
1. The IPS2200 drives AC current into the transmitter coil and generates an alternating magnetic field.

2. The magnetic field induces voltages in the receiver coils. Without a metallic target, due to the balanced, anti-
serial connection of their segments, the voltages are compensated to achieve zero output at each pair of
terminals.

3. If a metal target is placed above the coils:
a. The magnetic field induces eddy currents on the surface of the metal target.
b. The eddy currents generate a counter magnetic field, thus reducing the total flux density underneath.

c. The voltage induced in the receiver coil areas underneath the target is reduced, creating an imbalance in
the anti-serial coil segment voltages

d. An output voltage occurs on the terminals, changing amplitude and polarity with the target position.

4. The IPS2200 IC amplifies, rectifies, and filters the receiver voltages and outputs them for external signal
processing.

Due to the 90° phase shift of the two receiver coils, the output signals also have a 90° phase shift in relation to
the target position, generating ratiometric sine and cosine signals. The signals can be converted into an absolute
position, for example by applying an arctangent operation of Vsin and Vcos.
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Vsin .
Position = arctan (Vcos) Equation 3
— bt =—F2{COSNE] —Ri[SHE] VDD || "
— o D Ci.“o'_i‘éiﬁ}B:z';;';:s:zzzf‘”
[] GND SCK_SCL Programming
WARAALAAAAAARRRRARAAAAAN .
S
Transmitter

Receiver
Cail 1

— ]
Coil 2
L]

=

(cos)

OuT2
e
ouT Analog Output

for Position and

oUT4 E Diagnostics
0ouT3

IPS2200

Rx
(sin)

Position, Rotation Angle '

Position, Rotation Angle

Note: See Table 2 for definitions of the OUT1, OUT2, OUT3, and OUT4 pins.
Figure 5. Response of the IPS2200

Figure 6 shows an example of a linear motion sensor with one transmitter coil (transmitter loop) and two receiver
coils (Sin loop and Cos loop). Due to the alternating clockwise and counterclockwise winding direction of each
segment in a loop (for example RxCos = clockwise Cos Loopl + counterclockwise Cos Loop 2), the induced
voltages in each segment have alternating opposite polarity.

Vcos Loopt = -V Cos Loop2 Equation 4

If no target is present, the secondary voltages cancel each other:

Vcos = Vcos Loopt — Vcos Loopz = OV Equation 5

With a target placed above the coils, the secondary voltage induced in the covered area is lower than the
secondary voltage without a target above it.

Vcos Loop1 # -VcCos Loop2 Equation 6

This creates an imbalance of the secondary voltage segments, and thus, a secondary voltage # 0V is generated,
depending on the location of the target.

Vcos = Vcos Loopt — Vcos Loop2 # OV Equation 7
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Cos Loop 1 Cos Loop 2
(cw) (ccw)

Tx Loop

RxCos
Tx

i

RxSin

Sin Loop 1
(cw)

Figure 6. Coil Design for a Linear Motion Sensor

The same principles shown for the linear motion sensor in Figure 6 can be applied to an arc or rotary sensor as
shown in Figure 7.

Sin Loop 1
(cw)

Cos Loop 1

(cw)
Cos Loop 2

(ccw)

Metallic
Target

Sin Loop 2
(ccw)

Figure 7. Coil Design for a 360° Rotary Sensor
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8. Sampling Rate, Resolution, Output Data Rate, and Propagation Delay

Since the IPS2200 uses analog signal processing (no ADC), there is no sampling rate and the resolution is
virtually infinite.

Due to the internal chopping and demodulation processes, there is a programmable output data rate and
corresponding propagation delay.

The overall signal processing is very fast, allowing operation at very high speeds up to 250000 rpm (electrical)
and more with very fast update rates and propagation delays in the range of 4.3us to 7.7ps for the shortest
integration factor (5x) and 13.6pus to 31.3us for the longest integration factor (31x).

The coil receiver circuit automatically locks to the transmitter coil oscillator frequency. It automatically corrects for
LC oscillator frequency drifts due to temperature changes or air gap changes for the target. Consequently, the
demodulator at the receiver is also dependent on the LC oscillator frequency.

In addition to the LC oscillator frequency, a second contributing factor is the integration factor of the demodulator
(essentially a digital filtering process). The data rate and propagation delay are defined as a step response on
the input when the output reaches > 90% of the maximum signal level.

It can be calculated via Equation 8:

IF+1
Output Data Rate [pus] = (Uindy Equation 8
fLc
. 2- (IF+1) )
Data Propagation Delay [us] = i +1-1 Equation 9
LC
Where
IF Integration factor: a programmable factor of 5 to 31
f.c  LC oscillator frequency
7 Internal time constant (tau) = 2.2us
Table 16. Output Data Rate, Propagation Delay
Symbol Parameter Conditions Minimum | Typical | Maximum Units
. f.c = 5.6MHz, integration factor = 4.3 13.6 us
Raw data update rat_e, propagatlon 5x to 31x (programmable)
teo delay of R1 and R2 input signals at f.c = 2.2MHz, integration factor = 7.65 31.3 us
output.
5x to 31x (programmable)
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Data Update Rate: Integration Factor
vs. LC Oscillator Frequency

6
™ 55
S
— 5
=
-
) 4.5
3
O
o 4
L
8 3.5
3
2.5

24

10 12 14 16 18 20 26 28 30 32

Update Rate [us]

22

Figure 8. Data Update Rate vs. LC Oscillator Frequency vs. Integration Factor

9. Output Modes

9.1 Analog Differential Sine-Cosine Analog Output Mode

In this mode, both sine and cosine signals are available as full differential outputs. This configuration is
recommended for best signal integrity and EMC performance.

Vou ‘ cos ‘ SIN ‘ COS_N ‘ SIN_N
A
VDD \ 1
RYVARVAR
// ./5/\\ /S(\

VDD/2

I
|
|
|
P
|
|
|
|
|
T

I
|
J
|
|
S
kd
|
|
|
\

| |
| |
[ Ny
71 I
ST \/\/
_//\_ /./\ - \\J_
| |
‘ —> a (el), 1 period
0° 90° 180° 270° 360°

Figure 9. Sine-Cosine Analog Mode Output Signals
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9.2 Analog Single Ended Sine-Cosine Analog Output Mode

In single ended mode, the SIN and COS signals are available with respect to GND. SIN_N and COS _N signals
provide a buffered reference signal (VDD/2).

V. COs SIN COS_N /| SIN_N
out -
A
VDD T
I
. . - ! > .-
~ } s

o \/

R 4l
N, s

~N

~1l.—"

T T
| |
|
| |
| |
- |
! | !
| | |
, i ] |
ov ‘ 1 ‘
0° 90° 180° 270° 3

|
|
|
|
|
|
|
}
—» a (el), 1 period
60°

Figure 10. Sine-Cosine Analog Mode Output Signals

9.3 Digital Incremental Differential AB Mode
In AB incremental mode, four digital output signals have one symmetric period in every 360° electrical period.

Signal B is shifted by 90° (electrical) relative to signal A, allowing four states per 360° (electrical period), see
Table 17.

Table 17. Output Status in AB Incremental Mode

State # Position (Electrical) Signal A Signal A_N Signal B Signal B_N
1 0° >pos >=90° 1 0 1 0
2 90° >pos >=180° 1 0 0 1
3 180° >pos >=270° 0 1 0 1
4 270° >pos >=360° 0 1 1 0

Signals A_N and B_N are the inverted signals of A and B, allowing differential signal transmission for best signal
integrity and EMC performance.

By having A and B phase shifted, the direction of rotation can be determined:

. Clockwise rotation: signal B is high at rising edge of A as shown in Figure 11 at 360° where moving from left to
right (0° to 360°)

. Counter clockwise rotation: signal B is low at rising edge of A as shown in Figure 11 at 180° where moving
from right to left (360° to 0°)

Vdig
A
VOH M A
VoL |
VOH = ———— = -“ AN
VOL o o i

VOH | . —.—. - == _“\{ 5
VOL ) ) !

VOH r———————- 1 _/{ BN
VoL | _ _ _ 1 |

1 > a(el), 1 period
0° 90° 180° 270° 360°
Figure 11. Digital Incremental Differential AB Mode Output Signals
Note that the AB output provides only one pulse per phase on each output. The number of pulses per revolution
can be increased by coil designs having multiple periods per turn.
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10. Operating at High Speed

The IPS2200 uses analog signal processing, so it can handle inputs signals at very high speed. The input signal
can have a frequency of up to 4.16kHz, which is equivalent to 250000 RPM (electrical phases per minute). Even
higher frequencies and therefore higher speeds are possible, but with reduced performance and signal

amplitude.

The mechanical rotor speed can be calculated with Equation 10:

rpm(mech) =

Where

rpm (mech) Rotation speed of the rotor (and target) in revolutions per minute.

rpm (el)

rem (el)
coil periods

= 250000 electrical periods per minute (rpm)
= 4166 electrical periods per second = 4.166kHz

coil periods Number of electrical periods per turn
= number of coil periods per 360° circle

= number of metal target segments

Equation 10

Maximum electrical input frequency of the sensor in rpm (electrical)

Figure 25 shows a design for a 6 pole motor (having 3 pole pairs) using a 3-periodic coil design.

The maximum mechanical rotation speed of this motor is calculated according to Equation 11.

250000 rpm
3

Table 18. Output Modes and Maximum Speed

=83333 rpm

Equation 11

SIN/COS Output Mode

AB Output Mode

Maximum Rotor Speed

Target Design Sine, Cosine Cycles Quadrature Pulses per | Quadrature Counts Mechanical

(metal/no metal) per Revolution Revolution per Revolution Speed

1 x (180°/180°) 1 x 360° 1 4 250000 rpm

2 x (90°/90°) 2 x 180° 2 8 125000 rpm

3 x (60° / 60°) 3x120° 3 12 83333 rpm

4 x (45° [ 45°) 4 % 90° 4 16 62500 rpm

6 x (30°/30°) 6x 60° 6 24 41666 rpm

8 x(22.5°/22.5°) | 8x45° 8 32 31250 rpm

10 x (18°/18°) 10 x 36° 10 40 25000 rpm

1 cycle per target

1 pulse per target

4 x counts per target

250000 RPM / targets per wheel
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11. Block Diagram

Figure 12 shows the block diagram of the IPS2200.

VDD

GND

—

The main building blocks include the following:

VDDA
1

Management

— gain Sil
rgainC

offset Sin

—offset Co

0S

1222

Analog Front-End,
Demodulation,
Gain Adjustment

~

IPS2200
S Control
Control

Configuration, |,

NVM N

Diagnostics, Timer

Sin / A—m {1 OuT4
Sin_n/A_n—»| —{] OuT3
Protection

Cos / B—w| —{ ] ouT2

Cos_n/B_n—m {1 OUT1
Programming :g SIO_SDA
Interface (SP!, 12C) SCK_SCL
CSN_IRQN

Figure 12. Block Diagram

(SSN chip select for SPI or
IRQN interrupt for 12C or SPI)

. Power Management: power-on-reset (POR) circuit; low drop-out (LDO) regulators for analog and digital

supplies.

. Oscillator: generation of the transmitter coil signal.

. Analog Front-End:

o Input filter, offset, and gain setting: analog AM signal preconditioning.

o Synchronous integrator: demodulation of the AM signal.

. Offset Control: correction of offsets at the receiver coil inputs RX1/RX2 and RX3/RX4.

. Gain Control: correction of amplitude mismatching from RX1/RX2 and RX3/RX4 input signals.

. Configuration, NVM: nonvolatile storage of factory and user-programmable settings.

. Programming Interface: configuration, communication, and diagnostics via selectable 12C or SPI bidirectional

interface.

. Diagnostics, Timer: Diagnostics for critical blocks to ensure functional safety and watchdog timer.

. Protection: over-voltage, reverse polarity and short circuit protection.

There are four interface options for the OUT1, OUT2, OUT3, and OUT4 pins (see Table 2):

. Differential analog output

. Single-ended analog output with reference

. Incremental digital AB pulse output (one pulse per phase)
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12. Connection Options

Note: The IPS2200 must be programmed to match to the correct VDD voltage supply level (3.3V or 5.0V).

Crx1 t0 Crx4, Coutt to Couts, and Rrx1, RTx2 are optional passive components for improved EMC performance.
See Table 9, Table 10 and Table 12 for recommended component values.
Embedded applications include both position sensor and MCU on the same PCB, while in a remote application,
the position sensor module and MCU are located on separate PCBs, connected by a cable.

In the simplest form, the IPS2200 can be used as a position sensor with single ended sine and cosine outputs,
as shown in Figure 13. The digital interface (SPI or 12C) used for programming and on the fly configuration is
optional; it is not mandatory for normal operation.

ol
Lr

=
“TT
inputs,
Diag-
] nostics

ol

i

Crxt

Cva g

IPS2200 used in an embedded sensor application with single ended outputs

MCU

Figure 13. Embedded Single Ended Sine, Cosine Outputs

A differential output configuration, as shown in Figure 14, provides improved signal robustness towards common

mode disturbances. Either 12C or SPI may be used for on the fly configuration and programming without

interrupting the analog signal flow on the sine and cosine outputs (see Figure 14, Figure 15 and Figure 16 for

details).

VDD

Optional:
12C Programming,
on-the-fly configuration,

Rspa RscL

Diagnostic interrupt

IRQN
12C
Interface,
Program-
ming

ADC
inputs,
Diag-
nostics

! [ ] CSN_IRQN

VDD

MCU

IPS2200 used in an embedded sensor application with differential outputs

Figure 14. Embedded Differential Sine, Cosine Outputs
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In remote applications, where sensor and microcontroller unit (MCU) are separated by a cable, additional safety
measures may be implemented, for example the detection of broken or shorted wires between sensor and MCU.
For this purpose, pull-up resistors (Rp1 to Rp4, as shown in Figure 15 and Figure 16) or pull-down resistors may

be introduced on the MCU inputs to detect these types of errors.

In normal operation, the output signal levels lie within the normal operating range, typically within 5% to 95%
VDD. In case of broken signal wires or supply lines, the pull-up or pull-down resistors pull the output voltage into
the signal diagnostic range: <5% VDD for pull-down and >95% for pull-up.

Cva g

Remote sensor module with 12C digital diagnostics
and programming interface

VDD

RscL

Optional:
12C Programming,
on-the-fly configuration,
Diagnostic interrupt

Rei sza Rpaﬁ Rey

VDD

IRQN

J

12C
Interface,
Program-
ming

[m]

[m]

ADC
inputs,
Diag-

[m]

nostics

; Couw Cable
1 ipml I}
= L Lt
g Cous
0 VDD — — VDD
L L
9 —l— Cvop —l— Cvop_ecu
1 1
J L)
é S S é
k] ©
[} [
c c
= =
Q Q
(&} (@]

Electric Control Unit (ECU)

Figure 15. Remote Differential Sine, Cosine Outputs with 12C Interface

Connector

If 12C is selected as digital diagnostic and programming interface (Figure 15), pull-up resistors Rspa and RscL are
required, for the SPI interface (Figure 16) a pull-up resistor Rcsn is required for the CSN input. In the SPI
interface, pin #1 (CSN_IRQN) may be used for both chip select input (CSN) and interrupt output (IRQN). In this
case, the CSN output of the MCU must be an open drain output.

Optional:
SPI Programming,

on-the-fly configuration,

Diagnostic interrupt

VDD

Re1| | Re2 ﬁ RPaﬁ Res

SPI

Interface,

Program-
ming

[m]

ADC
inputs,

MCU

Cable

Diag-
nostics

[m]

Cvoo_ecu

Remote sensor module with SPI digital diagnostics
and programming interface

Connector
Connector

HH

Electric Control Unit (ECU)

Figure 16. Remote Differential Sine, Cosine Outputs with SPI Interface
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13. Digital Diagnostics and Programming Interfaces

In order to program the IPS2200 and to enable fast diagnostics without interrupting the analog high speed signal
path, an additional digital serial interface is available.
The IPS2200 offers four modes of digital communication for the diagnostics and programming interface:

. 12C interface with interrupt (programming option).

. 12C interface with address select (default setting).

. Half duplex SPI interface (programming option).

. Half duplex SPI interface with interrupt (programming option).

13.1 Supply Voltage Operation: 3.3V or 5V
The IPS2200 can be programmed to operate with either a 3.3V +10% or a 5.0V £10% supply voltage.

If the IPS2200 is programmed for the 5V operation, but connected to a 3.3V supply, it will be in a 5V under-
voltage state. However, it can still be programmed for 3.3V operation. After the next power-on-reset, the
IPS2200 boots as a 3.3V device.

If the IPS2200 is programmed for 3.3V operation, but connected to a 5V supply, it will be in a 3.3V over-voltage
state. However, it can still be programmed for 5.0V operation. After the next power-on-reset, the IPS2200 boots
as a 5.0V device.

13.2 Half-Duplex SPI Interface
This is a standard bi-directional, half-duplex SPI interface.

Note: By default, I2C is enabled as the standard communication interface. To enable communication over SPI, it
must be enabled through programming over the 12C interface.

To operate the 12C interface, pull-up resistors are required for pins SIO_SDA and SCK_SCL. Optionally, these
two resistors can either remain active or be removed for SPI operation. A pull-up resistor is always required for
pin CSN, see Figure 17.

After re-programming, the SPI interface becomes active with the next POR and the chip remains with SPI
enabled as communication interface.

VD

D
r e
Rsio § ;RSCK% Resn
|

SIO_SDA |-f4——Data In/Out—.—|—-> DIO

|
IPS2200 SCK_SCL |- lock—@r SCK mMcu

CSN_IRQN  |-s———=Chip Select CSN

Figure 17. Half Duplex 3-3 Wire SPI Interface
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A master can communicate with multiple slaves. Each slave device has an independent CSN line but shares the
SCK and SIO lines with all slaves. A slave is only addressed when the corresponding CSN pin is pulled low.

VDD
b
Resnt Resne
SIO_SDA |«¢—e——Data In/Out P DIO
IPS2200
#1 SCK_SCL | Clock SCK
MCU
CSN_IRQN |-t Chip Select #1 SSN1
SSN2
SIO_SDA
IPS2200 -—
SCK_SCL
#2 —
CSN_IRQN [«¢——— Chip Select #2

Figure 18. Half Duplex 3-3 Wire SPI Multi-slave Interface

The SPI slave module is activated by the SPI 3-wire master, which initiates the transaction by pulling the chip-
select pin low (CSN_IRQN, pin 1). A serial clock (SCK_SCL, pin 15), is driven by the master. The Serial Data
In/Out line (SIO_SDA, pin 16) is a bidirectional data line between master and slave. In a typical scenario, the
master transmits a command with a specified length of 8-bit over the SIO line. If it is a write command, the
master keeps transmitting data over the same line. If the first bits were a READ command, the slave transmits a
fixed length of data over the SIO line to the master.

Table 19. SPI Interface Parameters

Symbol Parameter Conditions Minimum | Typical Maximum Units
CL spi SPI clock rate 100 Kbit/s
tr_sio Rise time of SIO Signal level change from 10 to 35 ns
90%; <15pF capacitive load
te sioL Fall time of SDA or SCL Signal level change from 90 to 35 ns
10%;
<15pF capacitive load

Note: In Figure 17, Figure 18, Figure 20, Figure 21, and Figure 22, for IPS2200 pins that have dual functions, the
function that is active is shown in bold font.

For a detailed description of the SPI interface, refer to the IPS2200 Programming Guide.

13.3 12C Interface

The IPS2200 includes a standard 12C interface as the default interface. The 12C address is programmabile. In
addition, the CSN_IRQN pin can be programmed as either an 12C address selection (SEL) pin or as an interrupt
output (IRQN) pin when using the 12C interface (see Table 3). The IPS2200 is configured as a I12C slave, several
slaves can be connected in parallel on the 12C bus.

Table 20. I12C Interface Parameters

Symbol Parameter Conditions Minimum | Typical Maximum Units
CL ioc 12C clock rate 100 Kbit/s
tscL Low Low level state of SCL clock 4.7 Us
tscL miGH High level state of SCL clock 4.0 Us
tr_spA scL Rise time of SDA or SCL Signal level change from 10 to 90% 1000 ns
te spa scL Fall time of SDA or SCL Signal level change from 90 to 10% 300 ns
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Two wires, serial data (SIO_SDA, pin 16) and serial clock (SCK_SCL, pin 15), carry information between the
devices connected to the bus. Both SDA and SCL are-connected to the positive supply voltage VDD via an
external pull-up resistor. When the bus is free, both lines are HIGH. The output stages of devices connected to
the bus must have an open-drain or open-collector to perform the wired-AND function.

An external master (host controller) initiates a transfer, generates clock signals, and terminates a transfer. The
implementation supports the 12C slave function, which is addressed by the master and supports the 12C bus
specification version 2.1.

13.3.1. 12C with Address Selection (Default Setting)

When the IPS2200 is programed to use the 12C interface with address selection, the CSN_IRQN pin is used to
select the 12C slave address by hardware.

By default, the CSN_IRQN pin (#1) is used to define the IPS2200 12C slave address by hardware pin strapping.

The status of this pin is mirrored in 12C Address Bit A3 and the inverted status of this pin is mirrored in 12C Address
Bit AO of the 7-bit I2C address (see Figure 19).

The default setting of I2C Address bit A4 =1.

If CSN_IRQN is tied to ground, the IPS2200 default slave address is 0010001 (binary) = 0x11 (Hex),
while if this pin is connected to VDD, the IPS2200 12C address is 0011000 (binary) = 0x18 (Hex).

In addition, hardware address pin strapping may be disabled and the user may define a specific 12C address,
storing it into the NVM address bits A6 to A3 (see the IPS2200 Programming Guide document for details).

Table 21 shows the different options for selecting the I12C Address by combinations of pin addressing and NVM
Address register setting.

I2C address bits A3 to A6 can be configured in the NVM for an individual 12C address, allowing up to 14 devices
to be addressed in parallel, see the IPS2200 Programming Guide document for details.

Table 21. 12C Address Selection Options in NVM

12C Address Selection Mode A6 A5 A4 A3 A2 Al A0
Default setting 0 0 1 Pin#1 0 0 Pin#1 inverted
User programmable range,

with 12C address selection by pin #1 001 to 110 (binary) Pin#1 0 0 Pin#1 inverted
User programmable range, .
with fixed 12C address 0001 to 1110 (binary) 0 0 0
A3
A6 | A5 | A4 7, | Rnw
ADDR ADDR
T I2C Slave Address T

Figure 19. 12C Address Select Bits
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#1 SCK_SCL [ Clock:
CSN_IRQN—\/\/\—VDD
RADR
SIO_SDA (¢———
IPS2200
#2 SCK_SCL [t
CSN_IRQN

Figure 20. 12C Interface with Address Select

13.3.2.  12C Interface with Interrupt (Programming Option)

When the IPS2200 is programed to use the 12C interface with the interrupt function, it operates as a standard
I2C interface. The 12C address is programmable in the NVM. In this mode, the CSN_IRQN pin, which is by
default used as an address input pin (see 13.3.1) can be programmed as a push/pull interrupt output for fast

signaling of diagnostic events.

Note: to program this option from the default setting (where CSN_IRQN = Address select, see 13.3.1), the
CSN_IRQN pin is initially configured as an address input pin, therefore it must be forced to GND or to VDD so it
has a defined hardware 12C address for this initial programming. Once the mode “I12C Interface with Interrupt” is
programmed, the new 12C address is taken from the programmed address in the nonvolatile memory and

CSN_IRQN becomes a push/pull output.

SIO_SDA

IPS2200 SCK SCL

SDA
MCU

VDD
RSCL RSDA
~@-Data In/Out—
s Clock:
Interrupt: L

CSN_IRQN

SCL
IRQ

Figure 21. 12C Interface Configuration with Interrupt on a Single Slave
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VDD
RSDA RSCL
SIO_SDA («&-Data In/Out P SDA
IPS2200
#1 SCK_SCL [ Clock: SCL MCU
CSN_IRQN Interrupt P IRQ1
IRQ2
SIO_SDA [¢—
IPS2200
" SCK_SCL
CSN_IRQN Interrupt

Figure 22. 12C Interface Configuration with Multi-slave Interrupt

For a detailed description of the 12C interface, refer to the IPS2200 Programming Guide.

14. Protection and Diagnostics

14.1 1/O Protection

In order to meet the requirements for over-voltage and reverse-polarity protection on both the output and power
supply pins, the IPS2200 includes several protection and diagnosis features:

1. Protection against short circuit of the output pins SIN, SINN, COS, and COSN to GND or to VDD
2. Over-voltage and reverse-polarity protection:

a. On supply pin VDD to GND

b. On analog output pins SIN, SINN, COS, and COSN to GND

c. On digital output pins SIO_SDA, CSN_IROQN, and SCK_SCL to GND

15. Programming Options

The IPS2200 family offers a variety of programming options. The IC is programmed through the digital bi-
directional SPI or 12C interface. The main programming functions are described in Table 22.

15.1 Lock Feature (Cyber Security)

The IPS2200 contains a write lock bit option, which can be set by the user. Once the write lock bit is set, no
further writing to the chip is possible.

Note: For programming details, see the IPS2200 Programming Guide, which is available from Renesas on
request.

Table 22. Programming Options Overview

Function Programming Options

Supply voltage range 3.3V £10% or 5.0V £10%, alarm levels

High speed interface Sine/cosine differential, single-ended, A/B

Digital diagnostic and programming interface Half-duplex SPI, half-duplex SPI with interrupt, 12C with address select,
12C with interrupt

SPl interface SPI modes with/without interrupt, clock polarity, clock phase
Data order: MSB first / LSB first

12C interface Slave address, 12C mode with address select or with interrupt

Diagnostic signaling on high speed interface Enable/disable: Output pins are pulled low or high in diagnostic state

Security lock function Register access R/W / read-only
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Function

Programming Options

RF front end integration cycles

Number of integration cycles; adjust noise vs. speed

Receiver overall gain

Overall gain coarse adjustment

Sine, cosine channel gain

Amplitude mismatch correction, fine adjustment

Sine, cosine offset

Pre-adjustment of input offsets

Tx oscillator Bias current, optimization of coil performance
Time base counter Measurement of Tx oscillator frequency, upper/lower frequency alarm
Interrupt Enable/disable interrupt events

16. Diagnostics

The diagnostics described in Table 23 are performed on the chip level and are flagged in corresponding
registers if a fault detection occurs. Each of these diagnostic functions can be enabled or disabled to generate
an interrupt event at the CSN_IRQN output. In addition, an interrupt event can also be signaled through the high
speed interface pins (SIN, SINN, COS, COSN; see Table 2) by putting them into the diagnostic state.

Alarm types marked as “Static” will remain set while the error persists and are cleared only by power-on-reset
(POR); alarm types marked as “Temporary” will be cleared when the source of the error is removed.

Diagnostic flags marked as “Continuous” are continuously tested; diagnostic flags marked as “Start-up” are

checked at start-up only.

Table 23. Diagnostic Features

Diagnostic Flag Type Active Description

VDD over-voltage Temporary Continuous If the external supply voltage exceeds the maximum limit of typical +10%,
this flag is asserted. To avoid a flag toggling, a comparator hysteresis is
implemented. See Table 7 for alarm levels in 3.3V Mode and Table 8 for
alarm levels in 5V Mode.

VDD under-voltage Temporary Continuous If the external supply voltage falls short of the minimum limit of typical -10%,
this flag is asserted. To avoid a flag toggling, a comparator hysteresis is
implemented. See Table 7 for alarm levels in 3.3V Mode and Table 8 for
alarm levels in 5V Mode.

Data access fail Temporary Continuous Chip internal failure.

Protocol integrity fail Temporary Continuous Failure in the 12C/SPI data transfer.

Shadow register DED Static Continuous Shadow register bank double-bit error detection.

Shadow register SED Temporary Continuous Shadow register bank single-bit error detection. Each single-bit error
detection triggers a single-bit error correction (SEC) of the register output.

Nonvolatile memory Static Start-up NVM double-bit error detection. Each individual addressed word is checked

DED and flagged for bit error.

Nonvolatile memory Temporary Start-up NVM single-bit error detection. Each individual addressed word is checked

SED and flagged for bit errors.

Each single-bit error detection triggers a single-bit error correction (SEC) of
the NVM output.

LC oscillator failure Temporary Continuous This flag is set when the LC oscillator frequency is out of range. The
frequency range is programmable; see section 16.2 for details.

LC oscillator stuck Temporary Continuous This flag is set when the LC oscillator stops running.

VDDA under-voltage or Temporary Continuous This flag is set when the internally regulated analog supply voltage VDDA

CSN_IRQN over-voltage falls below specified limits or when an over-voltage on pins CSN_IRQN or

or SIO_SDA over- SIO_SDA is detected.

voltage See Table 7 or Table 8 for VDDA alarm levels and Table 4 for IRQN_CSN
and SIO_SDA over-voltage alarm levels.

Low amplitude Temporary Continuous In the Incremental Digital Mode, a minimum signal level must be defined
(gain factor) for a valid output function. If this flag is asserted, the gain factor
must be increased.

Internal bus failure Temporary Continuous Chip internal failure.

IRQN watchdog failure Static Continuous A cyclic interrupt request can be initiated by starting a watchdog counter=
When the timer is expired, the interrupt flag is asserted and the timer
restarts. The timer can be stopped by resetting the watchdog value to zero.

Mechanical damage Static Continuous The chip is checked for mechanical damage (cracks in the silicon)
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Diagnostic Flag Type Active Description

Output buffer failure Temporary Continuous This flag is set when the mean value of analog outputs SIN+SINN or
COS+COSN differs from VDD/2 by more than the specified limits described
in Table 12.

Output buffer overload Temporary Continuous This flag is set when the output amplifier load current is above the specified
limits.

R1 to R2 coil short Static Start-up A short between the receiver coils R1 and R2 is checked after POR. The
check result is stored and flagged until the next POR.

R2 coil failure Temporary Continuous This flag is set if there is a short between receiver coil R2 and GND, a short
between receiver coil R2 and VDD, or an open receiver coil R2.

R1 coil failure Temporary Continuous This flag is set if there is a short between receiver coil R1 and GND, a short
between receiver coil R1 and VDD, or an open receiver coil R1.

16.1 Internal Register and Memory Errors

For all registers, volatile and nonvolatile memories, a cyclic redundancy check (CRC) is implemented, allowing
2-bit error detection and 1-bit error correction. An alarm flag is set when a CRC error occurs.

16.2 LC Oscillator Frequency Out of Range

The typical frequency range for the transmitter LC oscillator is from ~2MHz to 5MHz, which is the open
frequency band between the medium-wave radio band (0.52MHz to 1.73MHz) and the short-wave radio band
(5.8MHz to 6.3MHz). Due to the use of external components (printed inductor and discrete capacitor), the Tx
oscillation frequency will change over temperature, mainly depending on the temperature coefficient of the
discrete capacitor (see Ct in the application circuit on page 1).

Recommendation: Use a capacitor with a low temperature coefficient (see the recommendation given below
Table 9).

In order to ensure that the oscillation frequency is within the boundaries of a given application, the oscillation
frequency of the Tx oscillator is internally measured and displayed as a proportional value in a register. The user
can select upper and lower limits for these register values that will create an alarm flag when the oscillation
frequency is outside of these programmable boundaries.
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17. Application Examples

Typical coil and target arrangements are shown in Figure 23 to Figure 26: As examples, rotary designs for 1 x
360°, 2 x 180°, 3 x 120° and 4 x 90° are shown. Many other combinations (essentially any n x 360/n) are
possible, where n is an integer number.

For example, in sensor designs for brushless DC rotor position feedback, n could be the number of pole pairs on
the rotor. In such cases, the output signal of the IPS2200 would be one electric period per each pole pair.
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Figure 25. Coil Design and Signal Output for a 3 x 120° Rotary Sensor
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Figure 26. Coil Design and Signal Output for a 4 x 90° Rotary Sensor

18. Electromagnetic Compatibility (EMC)

Guidelines for EMC compliant circuit designs are available in a separate document “IPS2200 EMC recommendations” on request.

19. Package Outline Drawings

The package outline drawings are appended at the end of this document and are accessible from the link below.
The package information is the most current data available.

www.idt.com/document/psc/16-tssop-package-outline-drawing-44mm-body-065mm-pitch-pggl16tl

20. Marking Diagram

20.1 Marking of Production Parts

Line 1: First characters of part code (IPS); “ES” is added for engineering

IPS samples
Line 2: Next four characters of the part code (2200) followed by

22008l o -
B = Design revision
LOT | = Operation temperature range, Industrial
YYWW R Line 3: “LOT” = Lot number

Line 4: “YYWW” = Manufacturing date:
YY = last two digits of manufacturing year
WW = manufacturing week
R = RoHS compliant statement
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21. Ordering Information

Orderable Part Number Description and Package MSL Rating Carrier Type Temperature
IPS2200BI1W 16-TSSOP, 4.4 x5.0 mm 1 7” Reel, 500 parts / reel -40° to +125°C
IPS2200BI1R 16-TSSOP, 4.4 x5.0 mm 1 13” Reel, 4000 parts / reel -40° to +125°C
IPS2200STKIT IPS2200 Starter Kit including USB communication board, application module and connection cables

22. Revision History

Revision Date Description
15 Aug.5.22 o |2C with Address Selection (Default Setting) updated
e Updated connection options, chapter 12
e Corrected ESD limits, Table 5
e Updated operating conditions, Table 6
14 Apr.22.21 Order information updated
1.3 Jan.18.21 SPI interface description updated
1.2 Jul.15.20 Pin naming aligned with other position sensor products
11 Jul.1.20 Formulas added for calculating the LC oscillator frequency.
1.0 Apr.15.20 Official release for product launch
e 3.3V and 5V supply voltage operation changed.
. Circuit and block descriptions updated.
e  Values updated for absolute maximum ratings, operating conditions, and electrical
characteristics.
. Updated formatting.
. Section 9 (Output Modes) is added.
0.1 Feb.16.19 Preliminary release.
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RENESAS 16-TSSOP Package Outline Drawing
4.4mm Body, 0.65mm Pitch

PGG16T1, PSC-4749-01, Rev 00, Page 1
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16-TSSOP Package Outline Drawing

4.4mm Body, 0.65mm Pitch
PGG16T1, PSC-4749-01, Rev 00, Page 2
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Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or
other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
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You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
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and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user’s manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but not
limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’'s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety
design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging
degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
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