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Position Sensor Technologies
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* Hall Effect Sensor :
* Inductive Position :
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* Wire wound
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Hall Effect Sensor (Magnet)

®The Hall effect was discovered by  ° Disadvantages
Dr. Edwin Hall in 1879 * Magnet Target Required
® Measure Hall voltage (V,,) * High Temperature influence (Hall &

Magnet)
| Magnet_ * Influenced by External Magnetic field
Toee /IO * Limited measurement Range
| l| I! | Directional
i ]} Moonene * Advantages
'y * No or less PCB Space
_ Constant bl * Understood by Market
vrrent FHow + | voltage . .
( D * Simple in concept
P-type )
Semiconductor 47
Hall Element i
==
DC Supply
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Brushed DC Motor vs. Brushless DC Electric Motor (BLDC)

Rotor
Coil Commutator

Source : Internet web @Mlcnocmp



Tachometer — Motor Speed Monitor

® Usually, the DC motor using Hall effect sensors for the speed monitor. Hall effect
sensors detect the rotor position and drive the motor. The driving technique is pulse-
width-modulation (PWM) wave.

® The magnets lining the rotor each have their own north and south end, with just one
of those ends facing and interacting with the stator. There are an equal number of
north and south magnets facing out from the rotor, and each set of N and S magnets is
referred to as a ‘pole pair’. For each pole pair in the motor there are two poles, so if
the motor has 4 poles / magnets, there are 2 pole pairs.

® Hall effect sensors is sensitive to the magnetic field. The output voltage will change
when the magnetic field (N or S) is close to the Hall sensor during the motor rotation

EDGESX[1:0]

1

0

MINIMUM TACH
EDGES

NUMBER OF FAN POLES

EFFECTIVE TACH
MULTIPLIER (BASED ON 2
POLE FANS)

1 pole

0.5

2 poles (default)

1

3 poles

1.8

= | a2 O O

- | O] = | O

O | N 0| W

4 poles

2

Minimum Edges for
Motor rotation
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Motor Speed Detection by 32.768KHz Clock

® The 32.768KHz clock is reference signal for the motor speed monitor.

® The “TACH Reading Registers” contents describe the current tachometer reading for
each of the fans. By default, the data represents the fan speed as the number of
32.768kHz clock periods that occur for a single revolution of the motor.

TACH

CLOCK

3 Edges
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Inducing Secondary Voltage without Target
[\_/\ osc1
\/

CL1
CL2

)
—

® Assume Magnetic Field is Uniform
®Output Voltage is zero (no target)

0SC

"SA AL A AN A
TARGET

\_
G

| i " opse aNDCL
Primary Coil Magnet field B going into VoV -
XY plane
\_ , Faraday’s Law
dBA
V(+)= ——
(+) m
| TARGET | V(-)= dBA
X X dt
CL1 One Secondary
Winding Area A Ve = V(+)+V(-) = 0 volt
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Inducing Secondary Voltages with Target

®Target disturbs Magnetic Field
® Output Voltage is Non-Zero

SINE b g

0SC1

1

7 1

| 1

05C2 Il Q
— . 1P 1
1

1

1

1

-

Primary Coll

TARGET /
e

T
N\

S

7

Magnet field (XZ plane)

l“

One Secondary

Winding

/

Magnet field

X

Induced voltage

going into XY
plane

\ VCL1 = AV(+)+BV(-) < Ovolt

Sensor PCB

Coil's
oil magnetic field
(Back EMF)
Magnetic field

N2
rd

P

Conductive material
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Inductive Sensors Basics

How the Inductor Sensor Works

No magnet Needed. Instead we use a primary coil to generates an AC magnetic field
The magnetic fields couples onto two secondary coils generating a voltage
A metal target disturbs the generated magnetic field

The secondary coils receive different voltages vs target position

LA S o

Position is determined by the ratio of secondary coil voltages  primary coil

Basic Transformer Model

Coil's
Coil magnetic field

e

/\/\ osc1 cL1
\/

° CL2

Eddy
currents

Magnetic field
\\ /

rd

Conductive material

GND_CL
[\ osc2 l GND_CL
\/ \/ Secondary Coils 1

TARGET

Secondary Coil 2
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Microchip Inductive Sensor Advantage (vs. Hall Sensors)

Higher Accuracy e \Very low temperature drift
Better Noise Immunity * Active rejection of stray magnetic fields

Lower Cost * No magnet needed

Reference Solutions  Compete Sensor PCB layout
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Microchip Inductive Sensing IC Portfolio

T Feaures| LGIMA | LGIZA | DG40s0 | L4070

Calibration segments
Sensor Offset Adjust

Gain Adjust (bits)
Output interfaces

Output Resolution (bits)

Redundant IC Support

Sample Rate
(samples/sec)

Dynamic Airgap
Calibration

MCU
Temperature*
AEC-Q100

1SO26262 Support

Calibration Programming
Options

Key Applications

Yes

Yes
Analog, PWM

12

Yes

2KHz

Yes
Internal
=40 °Cto 125 °C
Grade 1

ASIL B

VIN

Actuators,
Pedals, Levers

Yes

Yes

Analog, PWM,
SENT, PSI5

12

Yes

2KHz

Yes
Internal
—40 °Cto 150 °C
Grade 0

ASIL B

VIN, GPIO

Actuators,
Pedals, Levers

N/A

N/A
Sin/Cos

Analog

Yes

Any

N/A

External

—40 °Cto 150 °C
Grade 0

ASIL B

VIN, GPIO

Motor Control

Yes

Yes

Differential
Sin/Cos

Analog

Yes

Any

N/A

External

—40 °Cto 150 °C

Grade 0

ASILC

VIN, GPIO

Motor Control
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LX3301A

® Built-in oscillator for driving primary coil

®Two independent analog channels with
demodulation

®Selection of SINC/FIR digital filter
®Two 13-bit ADCs

®One 12-bit DACs

®One 16-bit PWM

® Fault detection and protection
®Digital Calibration with EEPROM
®TD, PWM with PP/OD output

® AEC-Q100 certification
®15026262 ASIL B support

® Application

* Automotive control

* Medical Equipment

* ATE Equipment

* Industrial process control

* Smart energy saving control

14-Pin TSSOP
(Top View)
GND[1] o — [14SuB
Dour 2] T30SCH
Aocut 3] 120SC2
Vin[4] 11 EEWR
Vpp[5] 10CL2
NC[6] [9]GNDCL
NC[7] '8]CL1
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Sloeki Open-Drain PWM with the

LX3301A — Block Diagram
Watchdog current limit or the threshold

>Z
.
LP LDO
detector(TD)output

0sC1| |< EEPROM |<—> /
OSC Block

0SC2 |:‘ TD or PWM

ROM |<=—» > (OD) 4’[ Dour

TD or PWM |
cL1| | (PP)
Aout

DAC \

Analog output.

It can be programmed to
provide an analog-output.
threshold detector, or PWM
(PP) output.

‘—D Vor

32-Bit

AFE Block MCU

(@)
r.
N
A 4

SuUB

SRAM |=—»

[]

)
Z
)
o)
A 4
A
4
EEWR | %
M

GND
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LX3301A — Reference Schematic

PCB Inductor
(Coils) Coupled

v Vv OSC and Sensor Target
IN IN (Movable) Air Coupled
U1 to Sensor Board
~1 - LX3301A
1 GND SUB 14 SUB
ok Yo (1)
5 2 Dour 0SCH1 13 C1= 680 pF
Dour ] 1
A l 3 Aour osc2H2 22l |4 %% or v
Ba i
41V EEWR - g NN
Vo 1 |, S m—=———— |
2 Voo CL2 iQ—W" ;RB
|
C3 [c4 |C6
i SiNnC GNDCL -2 - 10K
A 5°8v“_F|_}é‘vF ————— ; SUB
ZINC CLIE— 5
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LX3302A

® Built-in oscillator for driving primary coil

®Two independent analog channels with
demodulation

®Two 13-bit ADCs

®One 12-bit DACs

®One 16-bit PWM

® Fault detection and protection
®Digital Calibration with EEPROM

® Wide range supply voltage (4.0~11.0V)
@ SENT/PSI5 output (Digital)

® PWM/DAC/PGA output (Analog)

® AEC-Q100 certification

®15026262 ASIL B support

® Application
* Automotive control
* ATE Equipment
* Industrial process control
* Smart energy saving control

14-Pin TSSOP
(Top View)

04[]0 —  [H4NC
GND[2] 13| OSC1

103[ 3] 12]0SC2

Vin[4] 11]SUB
Vpp[5] 10/CL2

102 6] | 9]GNDCL

101[7] '8]CL1
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LX3302A Block Diagram

® 0SC1,2 Generates Magnetic = &
Field : E
® CL1, CL2 detects voltage WWWWEQ# oscstock | T
® ADC read Demodulated signal ! el
® uP Calculates Position MM e T T
®PWM/SENT/PSIS/DAC/PGA o S I I el e e I
outputs Signal «I\JWWWNMJUWM e "“ﬁ_ i
e
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Output Flexible for system

® Analog Output
* 12 DAC
® PWM
» 2kHz, 1kHz, 500Hz, 250Hz Frequency
® SENT
* Three Wire sensor specific digital
output
® PSI5

* Two wire sensor specific current
modulated solution

Turbo/Throttle body/EGR Control

Gate Driver \
" " System Bias Chip

: : MOSFET )
- ’

ADC

Actuator )
Inductor

Foww

Current
Sense
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LX3302A — Reference Schematic

Vin V?D
R1 %R2 §R3
%OK 10K ) 10K
< 103 : &
102 ®
101 ®-
VN
V
| 1
C3 [c4 Jgdz) ce?
T4 nF TH00nF Too =
50V |50V v |10V
T

SUB

NC —

Vin
PCB inductor(coils)
Coupled OSC and
Sensor | |
I |
I I
I I
14 | |
i (1)
I
| (1
12 | C2| 680 pF
N |
11 SUB |

U1
LX3302QPW

104

GND 0OSC1
103 0OSC2
Vin SUB
Voo CL2
102 GNDCL

101

CL1
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LX3302A — Layout with the Reference Board
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<o1_} 3 {103 oscz2 K2

LX3302A — Reference Schematic

PCB inductor(coils)

o Primary Coils

Vin

v | |
R1 im LX3302QPW i i LC oscillator
5 i o - Freq=1/(2* 7 */ LC)

10K J 10k 10K s

n Q)
<o }— oo osc1 12 —L—=1"""  Frequency Range : 1 to 6 MHz
|
|
|
|
|

(1)
c2,, |680pF

1z

Vin SUB f—————
V ———
T : 10

Voo CL2
c3 |ca CS‘Z’J_CGZ’ 5

—_— = 102 GNDCL 9 T N N W - N
1nF |100 nF 100 nF Ny -
50V |50V ov |Jwov| 0l eeeeem—) » A AR AAE s
7| o1 o 8 3 ~ HHHHH B
N4 SuB . g . -

Secondary Coils (COS)
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LX3302A — REFRESH Rate

* This parameter sets the value of the refresh rate of the ADC update. If the PWM output
is selected, then the PWM frequency is always equal to the ADC update rate. Also,
WDSCALE should be selected. Refer to SENTCLK for Refresh mode and the WDSCALE

selection for SENT mode.

Bit | ADC1 and ADC2 PWM

Value | Sampling Clock |Frequency MNESEALE
014 FoLk/8 2 kHz 001
100 FoLk/16 1 kHz 001
101 FoLk/32 500 Hz 010
110 FoLk/64 250 Hz 011

REFRESH configuration
( PWM output )

Bit Value T'°'Zu2')°°k Refresh | WDSCALE
00 3 1 KHz 1
01 5 500 Hz 2
10 12 250 Hz 3
1 24 250 Hz 4
SENTCLK configuration

( SENT output )
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PSI5 - Peripheral Sensor Interface 5

* The PSI5 is an open standard interface for bidirectional digital sensor data
communication in vehicles.

* PSI5 uses two wires for both power supply to the sensors and data

transmission. The ECU provides a pre-regulated voltage to the sensor. Data
transmission from the sensor to the ECU is done by current modulation on
the power supply lines. Current oscillations are damped by the ECU.

Ve Re __lv Ree wire Res lVSS | @l'smk
— CE —
C & N
i Reg Ros > (

Sensor
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PSI5 Frame

PSI5 Frame p = 13 .. 33 bit

o \
m m
Q n n a
4 = = A
© S O )
© . : © 4 14
=) Payload Data Region (k = 10..28 bit) Q o (&)
s A \
| |
| |
: DO D1 D2 D[k-3] D[k-2] D[k-1] !
|
S1 S2 MO M1 FO . Flg-11 | EO | E[r-1] BO B1 ... |BMm-11[ A0 An-3] | Aln-2] | Aln-1] | €2 C1 co
L )L L I\ I o )
N Y Y Y~ Y Y N
. Messaain Frame control Status Data Region B Data Region A CRC or parity
Start bits ging : ) . .
> bit optional optional optional (optional) n=10...24 bit 1, 3 bit
0, 2 bit 0,1, 2, 3, 4 bit 0, 1 or 2 bit m=0...12 bit 1bit granularity
1bit granularity

S1 S2 MO M1 EO DO D1 D2 D3

0 0 0 0 0 0 0 1 0
Hf_/ W_J 1 o J
Start Bits Serial . Data Region
Always ‘00’ Messaging  Status b Ologg

D4 D5 D6 D7 D8 D9 D10 D11 C2 C1 CO
1 0 1 0 1 1 0 1 1 0 1
N J \ J J
Y Y Y
Data Region Data Region CRC
5=0101 B=1011 3 Bits

LX3302A - Encoded PSI5 Format for OxB54

A

Is

lhigh T
IThreshold T IAI

| Low

Bit0 Bit1 Bit2
l-0’ 11’ 411

Tgit ¢

>
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SENT - Single Edge Nibble Transmission

* The SENT (SAE J2716) protocol is a point-to-point scheme for transmitting
signal values from a sensor to a controller

* The basic unit of time in SENT is called a tick, where a tick can be between 3
- 90 us, at the sender's option. Each message is preceded by a calibration
pulse with a high period of 56 ticks for framing and calibration of tick length.

Data MNibbles 1-6

Pause (optional)

S& Ticks 12-27 12-162 Ticks 12-27 12-768 Ticks
Ticks Ticks

92-1040 Ticks
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https://www.sunev.cn/blog/wp-content/uploads/2020/05/20200528_03_SENT.png

SENT - Timing Diagram

* SENT consists of transmitting A Nibble Value = 0d = 0000b
elght nlbbles (One nlbble g 5 Clock Ticks 7 Clock Ticks 50|ockTiik.s.
. . = High J——
equals four bits) in sequence. 2
: . . 3
EaChnIbeeISCOdedUSInga LOW_ I I I IS I [ S I I (S S I A N N

rrrrrrrrrrrrr - rrrrrrrrrr

o —+
—_ ——
w ——
s 4
o ——
o ——
-

o ——

PWIVI Output referenced to 9 1011 1213141516 17 18 1920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

. . Time (Clock Ticks)
the falling edge. The series of
transmitted pulses are

. ‘ Nibble Value = 15d = 1111b

measu rEd from falllng edge to E 5 Clock Ticks 22 Clock Ticks 5 Clock Ticks
falling edge (clock tick) with a 3 W= 1 —
programmable time s
gran UIarIty Of 3 HS, 6 Ivl,S, 12 Ivl,S ) (I) : ; ; ‘:« ; (IS 'I/ EI} SI) 1l0 1I1 1I2 II3 1I4 115 116 1'7‘ 1I8 1I9 2|0 2I1 2IZ2IS 2I4 215 216 2I7 2I8 2I9 3I0 3I1 3I2 3I3 3I4 3'5 3I6 -
and 24 MS. Time (Clock Ticks)
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SENT — Decode Example

First Code : ( Nibble[us] — Ticks[us] *7 ) / Ticks[us] ~ Second
Waveform Segment Unit Value Waveform Segment [nit Value

sync_Logic-L (5 Tick) us 14.34 Sync_Logic-L (5 Tick) s 14.42

Sync Logic-H (51 Tick) us 147.28 Sync_Logic-H (51 Tick) s 147.14

5 Clock Ticks us 14,32 5 Clock Ticks us 14.42

Status & Comm Nibble us 20.32 Status & Comm Nibble us 20.16

Data Nibble 1 s 20.32 Data Nibble | s 20.20

Data Nibble 2 us 31.86 Data Nibble 2 s 31.76

Data Nibble 3 us 20.34 Data Nibble 3 us 20.22

Data Nibble 4 s 20.32 Data Nibble 4 s 20.20

Data Nibble 5 us 20.30 Data Nibble 5 s 20.20

Data Nibble 6 us 20.34 Data Nibble 6 us 20.20

CRC Nibble us 40.52 CRC Nibble us 40.40

[tem Unit Length Diff [tem Unit Length Diff
Clock Ticks s 2.886 0,002 Clock Ticks s 2.885 0,001
Verified the Clock Ticks us 2.864 Verified the Clock Ticks us 2.884
Segment DEC (raw) DEC (round) HEX EIN Segment DEC (raw) DEC (round) HEX BIN

Status & Comm Nibble 0.04 0 0 0000 Status Nibble -0.01 0 0 0000
Data Nibble 1 0.04 0 0 0000 Data Nibble | 0.00 0 0 0000
Data Nibble 2 4.4 4 4 0100 Data Nibble 2 4.01 4 4 0100
Data Nibble 3 0.05 0 0 0000 Data Nibble 3 (.01 0 0 0000
Data Nibble 4 0.04 0 0 0000 Data Nibble 4 0.00 0 0 0000
Data Nibble 5 0.03 0 0 0000 Data Nibble 5 0.00 0 0 0000
Data Nibble 6 0.05 0 0 0000 Data Nibble 6 (.00 0 0 0000
CRC Nibble 7.04 7 7 0111 CRC Nibble 7.00 7 7 0111
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Example Schematic — EVB of LXE3302ARD001

CN1
gl e—
03/ AOUN =
Gndl
o p—
Headpr | x4 125mm
Siiie .h, Portl
Cosine TP
Port2

Veel

R2
10k
0603
5%

Vecel

/

|01 : SENT, PWM, PGA1/2

Veel
1 ip)
R1
10k | e
0603 U =L =
5% 13|14
1 14 680PF
< 104 N/C —== &1 50V
o 2 | exp osc1 |-13.0sCla H 0603 L
=3 12 0SC2A_| C2 || 680PF _L_
Gndl 103 0sC2 150V 0603 G?d 1
4 viN suB —L
L3A
B || s &g |10 CL2A Y5 =516
V_clgl V_ll)_D Lo 102 GNDCL — 10 Poins Support Function
7 8 CLIAJ7 L2A I8
) =1 101 CLI 1 . , —
100nF T LX3302A —" PP : SENT, PWMB, PWM, GPIO1
0V s0v Gndl 101 0D : SENTB, PWMB, GPIO2
= o PGA1/PGA2
Gndl IN1
PP : SENT, PWMB, PWM, GPIO1
102 (D : SENTB, PWMB, GPIO2
N PGAT/PGA2
IN2
PP : SENT, PWMB, PWM, GPIO1
0D : PWM, PWMB, SENT, SENTB, GPIO3
[03 PSI5, GPIO3 with a threshold
DAC OUT
103 (AOUT) : SENT, PWM, PSI5, DAC IN3 with a threshold
[04 IN4
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LX34050

® Built-in oscillator for driving primary coil

®Two independent analog channels with
demodulation

® User-programmable EEPROM for storing
calibration and configuration parameters

® Analog output

® Fault detection and protection
® Low-temperature Drift
®-40°C to +150°C operation

® Excellent long-term stability

® AEC-Q100 certification
®15026262 ASIL B support

® Application

Automotive HS Position Sensor
Absolution Position for Motor Rotor Position

* Magnetic Resolver Transformer

Replacement
LDVT Transformer replacement
Motor Control

* Factory Automation

14-Pin TSSOP
(Top View)

o4[1] o ~  [4NC
GND[2] 13 0SC1
103 3] 12 0SC2

Vin[4] 11]SUB
Vpp[5 10/CL2
102 6] | 9]GNDCL
101[7 ' 8]CL1
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LX34050 + uC for High-Speed Motor Control

®The LX34050A outputs analog
output signals (sin and cos) to
represent position.

®Optimized for high-speed motor
applications (50k rpm).

®100kHz Bandwidth in LX34050A

LX3302

Cosine

oscC1 E-ﬂ—

0sCc2

EMI
RM1 [ G,

DDDDD

] FRMI
RM2 [ Filter

Demad
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Block Diagram

SIN
ANx <
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Signal Process by the Micro-Controller

@ Resolver (C_bitbucket\x2c_dernos\mc_foc_lx_dspic33ck_lvmexhmec_generated_files\X2C Code\... - O >

Eile Edit View Simulation Format Tools ©

CEs EEERadab@ECE | &@

LX34050
SIN | Absolute
COS ~ - o | _— Rotor

. : j’f—PQ - Position

N Angle offset for 0 alignment
Analog signal offset
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Signal Measurement and Calculation

&8 scope - X2C Free Edition
File Data

1,0
0,9
0,8
0,7
0,6
0,5

0,0 2,5 5,0 7,5 10,0 12,5 15,0 17, 20,0 22,5 25,0 27,5 30,0 32,5 35,0

Tt [ms]
I— #2: Outport:Estimated_speed — #3: Atan2:x —— #4: Atan2:y — #8: uAdd:Outl

37,5

40,0 » 5,0

Sample/Timing Info Channel Configuration

[SHHPE] [ ABORT | | | sngleshat Enable Veble _ Color Source Configuration
sample tme factor: 1| O [ ~| Twe:[yoport | Type: [Outport v| Port: [FOC_man/Estmated_ange v |

Sampletme: (100 |us v| Type: (VO pot | Type: [Outport | Port: [FOC_man/Estmated_speed v |

Q

]
]

e
i

Total time: [so |ms /W | Type: [Bock port | Block: [Resolver/Atan2

]
&

vlpot: [x v] [10

Trigger Configuration |- "l Type: |Block port | Block: |Resoh

&
&

vl Port: ly  v|

B ror: [N

e O (B vve: [ s [
Source Config

B por: R

[WT8] Type: [Bock port [ slock: [Daky1
Type: [VOport | Type: [Outport v | Port: [FOC_man/Estmated_angle ~ |

Os0:E 0

ERE
FCIFE

B por: [N

[T ve: [ port ] sock: [petyt
e

&
&

v Port: [Out v

-

0

Type: [Block port | Bock: |Resolver/uAdd
Levet
Delay [%]: 10 +
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LX34070

® Built-in oscillator for driving primary coil

®Two independent analog channels with
filtering and amplitude demodulation

® Differential output buffers with accurate
common-mode level and protection

® User-programmable EEPROM for storing
calibration and configuration parameters

® Fault detection and protection
® Low-temperature Drift
®-40°C to +150°C operation

® Excellent long-term stability

® AEC-Q100 certification
®15026262 ASIL C support

® Application
* Automotive HS Position Sensor
* Automotive Control
Medical Equipment
ATE Equipment
Industrial Process Control
Smart Energy Saving Control

14-Pin TSSOP
(Top View)

sup[Tjo —  [14ex

VDD[2] [13] VIN

GND[3] [12]Ex2
OUT2P[4] [11]NC/TEST
OUT2N[ 5] [10]RM2
OUTIN[ 6| [9]eND_cCL
OUT1P[7] [8]RM1
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LX34070 — Application Block

pa== = o f— f— === == | m— | m— == | — == ‘ g0 T S T G mm . w —————— -~

N\ 7 ~
/ LX34070 Sensor Module . S ,' 6-wire cable : I' Host Processor System ‘\
1 |
1 | I
/ VIN VIN -.-| E 1! ¥ '
! LX34070 | | ¥ '
11l |
I I I
| EX1 I T VIN ,
I e EX2 VDD "‘I F‘ 1! s OUT1P :
g X ' RM1 ! i l
l Rt © 1 / T !
! | " N
y . ouT1P : | OUTIN 1 \
: St bt ¥ : GND_CL OUTIN | H ¥ :
1 1 : |
g | 1 |
1 ! 1
I S N RN § S W PP ouigg % ic3 | | X OUT2P é_. |
I EéCi_tlef Receive OUT2N I I : : :
—— ol Coil |
K HE N OUT2N %_. :
‘ ¢ +—| GND b [y . | |
| 1 |
\ / ; R GND ,I
\ S SN SN N SIS BN B G S e Gaae  Gemm e / s S S il i /' \\\ _____________ ’,
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Applying The Technology
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Applications for Inductive Sensor Position ICs

Gear Shift Steering
* Torque Measurement

* Steering Angle
* Motor rotor position

Seat Position

Radiator Flow Control
Active Suspension

Transmission
* Gear Position
e Park Inhibitor

Fuel Level
Urea Level

Pedal Sensing

Engine

* Throttle Position

* EGR control

* Turbo Valve

* Qil Level

* E-Engine Resolver
replacement

Power Brake Assist
Rotor Position
Brake Fluid Level
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Microchip Inductive Sensors Improve older Technology

LOWER WEIGHT, SMALLER SIZE, LOWER COST

Linear Variable Differential i Inductive Position
Transducer (LVDT) Magnetlc

Resolver Primary and Secondary Sensor Target
Windings

Rotor PCB Sensor
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Inductive Sensors Replace Hall Effect Devices and Magnets

Rotary Sensor Linear Example

......

Microchip IC

Metal Target

Redundancy Sensors

Metal Target

at the end of Shaft _

Housing
Hold Sensor PCB

HIGHER ACCURACY, BETTER NOISE IMMUNITY, LOW COST
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Demodulator enables high resolver replacement
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LX3302A + uC for High-Speed Motor Control

* The LX3302A outputs analog output
signals (sin and cos) to represent s
position.

* Optimized for high-speed motor
applications (50k rpm).
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Higher Accuracy

Air-gap
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ADMO00879 — EVB with EMC2305 & EMC1438
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Double Check the Center Point and Balance of the Target
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Paste the Inductive Position Sensor close to the Target
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Configurate the output of 101/102 to PGA1/PGA2 by IPCE
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UltraGomp:
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Clipboard S Font N Alignment
E12 v f
A A B ( D E F
i ITEM Unit Value
2 Cursor-1to Cursor2 ms 13.20
3 | Period# include 5 << Fill
4 |Poles on Target 4
5 |
6 |Time of one Period ms 2.64
7
8 |Frequency Hz
9 |FAN Speed RPM
10
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15 5681 rpm
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<* 2.7 Integrated Programming & Calibration Enviroment

Version Firmware Settings

Proarammer Status

ip Prog Mode
chebrog port:COM11 opened.
LX3302A Programmer,v2.00.017 Date : 27.01.2021

102 103

‘We Mode v\

Writing data to Device...
Programming Successfully
Address mode is 11
Writing data to Device...
Programming Successfully
Address mode is 11

DEVICE
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134V 191
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LX3301A LX3302A

Settings
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The Waveform from PGA1 (Cosine) & PGA2 (Sine)
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Microchip helps design an Inductive Sensor

* Customer requirements from questionnaire
* PCB space, Air gap to target, Accuracy, Output interface

* Microchip Creates PCB designs in Altium
* Microchip simulates accuracy
* Microchip/Samples Tools to verify results
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Four Steps to a Sensor Design

—
— Identify Sensor Requirement

— Customer Tests and Validates Sensor

@ MICROCHIP



Key Specifications Steps

Output Interface

Measurement Range
* Stroke and Clamp Range Values

Nonlinearity Error

Airgap between Sensor and Air Gap
* 1-4mm is typical. More requires study.

Number of PCB Board layers (2,4)

Metal of the Target
* Aluminum , Copper, Non-Magnetic Steel

INDUCTIVE POSITION SENSOR APPLICATION INFORMATION

Customer

Application

Customer Project Name

Sensor IC Part No.

O LX3302A [O LX3301A 0O Other:

O Want MCHP to recommend

Requester

Requester Contact Info

1. Basic Sensor Information (fill this out as much as you can)

Item

Specification

Comments

Type of Sensor
(see Figure 1 for sensor type)

OLinear O Rotary OJ Arc

Output Interface

(up to three/two can be used
simultaneously for
LX3302A/LX3301A. See
datasheet to details)

J Analog

OPWM  ONPWM
1 SENT

OJ PSI5

[0 SIN/COS

Measurement Range (mm/deg)
(See Figure 2 for definition)

Airgap Range (mm + +/-mm):
(Typical + tolerance)

(__mm)+/-(__mm)

Nonlinearity Error (%)
(See Figure 3 for error % definition )

PCB Layers (2/4/6)

PCB Thickness (mm)

PCB Dimensions (mm x mm)
(Including sensor IC, sensor,
connector, mounting holes)

Target facing PCB layer
(IC is soldered to top layer)

(ITop layer [ Bottom layer

Redundancy Design
(ASIL-C and ASIL-D applications
often require redundant sensors)

OYes [ No
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Microchip Inductive Sensing IC Portfolio

T Feaures| LGIMA | LGIZA | DG40s0 | L4070

Calibration segments
Sensor Offset Adjust

Gain Adjust (bits)
Output interfaces

Output Resolution (bits)

Redundant IC Support

Sample Rate
(samples/sec)

Dynamic Airgap
Calibration

MCU
Temperature*
AEC-Q100

1SO26262 Support

Calibration Programming
Options

Key Applications

Yes

Yes
Analog, PWM

12

Yes

2KHz

Yes
Internal
=40 °Cto 125 °C
Grade 1

ASIL B

VIN

Actuators,
Pedals, Levers

Yes

Yes

Analog, PWM,
SENT, PSI5

12

Yes

2KHz

Yes
Internal
—40 °Cto 150 °C
Grade 0

ASIL B

VIN, GPIO

Actuators,
Pedals, Levers

N/A

N/A
Sin/Cos

Analog

Yes

Any

N/A

External

—40 °Cto 150 °C
Grade 0

ASIL B

VIN, GPIO

Motor Control

Yes

Yes

Differential
Sin/Cos

Analog

Yes

Any

N/A

External

—40 °Cto 150 °C

Grade 0

ASILC

VIN, GPIO

Motor Control
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Q&A

@ MICROCHIP



