NSE-5310

Miniature Position Encoder with Zero

Reference and I12C Output

1 General Description

The TRACKER NSE-5310 is an incremental position sensor with on-

chip encoding for direct digital output. A Hall element array on the
chip is used to derive the incremental position of an external
magnetic strip placed above the IC at a distance of 0.3 mm (typ).
This sensor array detects the ends of the magnetic strip to provide a
zero reference point.

The integration of Hall-effect position sensors, analog front end and
digital signal processing on a single IC chip provides an ingeniously
small position sensor, without the need for external pulse counters.

Direct digital output is accessible over the serial interface using IC

protocol.

The TRACKER NSE-5310 provides absolute position information
over the length of a magnet pole pair (2 mm). A user can count pole
pairs and achieve absolute position information over the entire length
of the magnet (essentially unlimited).

With better than 0.5 micron resolution, the TRACKER is a robust,
cost-effective alternative to miniature optical encoders. It can be
used as a linear or off-axis rotary encoder.

am.

Ingeniously Small Motion Systems

2 Key Features

m Direct digital output using I*C protocol

m  End-of-magnet detection for built-in zero reference
m  (0.488 pum resolution

m <2 pum bi-directional repeatability

m <10 ym absolute error

= On-chip temperature sensor

m  Magnetic field strength monitor

= Available in TSSOP-20

m  Custom packaging such as wafer-level chip scale packaging

can be provided. Minimum order quantities may apply.
m  RoHS compliant

3 Applications

PPYYPTI T+

NEW SCALE

T ECHNOILOGIES

The NSE-5310 is ideal for Micro-actuator and servo drive feedback,

Replacement for optical encoders, Optical and imaging systems,

Consumer electronics, Precision biomedical devices,
Instrumentation and automation, Automotive applications, and
Integrated closed-loop motion systems using New Scale’s

SQUIGGLE micro motor.
Figure 1. TRACKER NSE-5310 Block Diagram
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4 Pin Assignments

Figure 2. Pin Assignments (Top View)

NC [ |1 2 INC
Maglncn 2 19 VDDV
MagDecrn | 3 18] 1 vDD3V3
DTestt AL___| 4 7] INC
DTest2 BL |5 6] INC
NSE-5310
TestColl |6 15 ] PWM
Mode_Index | 7 #“l 1 Cén
VSS 8 13 SCL/CLK
PDIO 9 12 SDA/DIO
NC 10 1" 12C_A0
4.1 Pin Descriptions
Table 1. Pin Descriptions
Pin Number Pin Name Pin Type Description
1 NC Not Connected
2 MagINCn Indicates Increasing or Decreasing of Magnitude by the AGC.
3 MagDECn Both signals are active low if AGC is in Non Valid Range.
Digital output open drain - -
4 DTEST1_A Test output in default mode, A in sync mode
5 DTEST2_B Test output in default mode, B in sync mode
6 Caoil Analog 1/0 Serial connection of Hall Element Coils to VSS
Digital I/0 with pull-down | Decimation Rate Selection internal pull down, by default DCR =
7 Mode_Index 2 X .
Digital output open drain | 256. Static setup at power up.
8 VSS Supply pad Ground
Digital I/0 L
9 PDIO Analog /0 Digital and Analog Access to PPTRIM
10 NC Not Connected
Digital input to choose I’C address by input pin. This pin is
" 12C A0 Digital input with pull-down | the I)C address pin (0 or 1) to select the position sensor when two
sensors are used.
www.ams.com Revision 1.6 3-25
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Table 1. Pin Descriptions

Pin Number Pin Name Pin Type Description
DATA Input / Output for I°C Mode. This pin is the 12C serial
interface used to read direct position information. This pin can
. . also be used to read the absolute magnitude of the magnetic field
12 SDA (DO) Digital /O / Tristate (used to detect the end of the magnet, as a zero reference), and
the temperature sensor information. See I°C User Interface on
page 13 for more information.
L Serial Interface Unit CLK, also used for PPTIM access.
13 SCL (CLK) Digital input Frequency up to 400 KHz.
N . ChipSelect / Active low / DO tristate / Reset Device in TestEN
14 Csn Digital input with pull-up Mode / Control Mode at PPTIM access
15 PWM Digital output ~200 Hz Pulse Width Modulation Absolute Output
16 NC Not Connected
17 NC Not Connected
18 VDD3V3 LDO Oytput. Positive 1/0 supply voltage pin. ' '
See Using 3.3V or 5V Operation on page 11 for more information.
Supply pad LDO Input / Connection to 10 structure. Positive 1/0 supply
19 VDD5V voltage pin. See Using 3.3V or 5V Operation on page 11 for more
information.
20 NC Not Connected

WWW.ams.com Revision 1.6 4-25
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5 Absolute Maximum Ratings

Stresses beyond those listed in Table 2 may cause permanent damage to the device. These are stress ratings only, and functional operation of
the device at these or any other conditions beyond those indicated in Electrical Characteristics on page 6 is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

Table 2. Absolute Maximum Ratings

Symbol Parameter Min Max Units Comments

VINVDD5V DC Supply Voltage at pin VDD5V -0.3 7 v
VINVDD3V3 DC Supply Voltage at pin VDD3V3 5 \Y
VDD DC Supply Voltage 7 \%

- Except VDD3V3
VIN Input Pin Voltage DD+ 0.3 \Y
VINVDD3V3 Input Pin Voltage VDD3V3 5 v

lscr Input Current (latchup immunity) -100 100 mA Norm: Jedec 78

ESD Electrostatic Discharge +2 kV Norm: MIL 883 E method 3015

Tstrg Storage Temperature (TSSOP) -55 125 °C

Norm: IPC/JEDEC J-STD-020.
The reflow peak soldering temperature
(body temperature) specified is in
Thody Body temperature (Lead-free package) 260 °C accordance with IPC/JEDEC J-STD-020C
“Moisture/Reflow Sensitivity Classification
for Non-Hermetic Solid State Surface
Mount Devices”.

Humidity non-condensing 5 85 %
Rih Thermal Package Resistance 114.5 °C/wW
MSL Moisture Sensitivity Level 3 Represents a maximum floor time of 168h

WWW.ams.com Revision 1.6 5-25
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6 Electrical Characteristics

Table 3. Operating Conditions

Symbol Parameter Conditions Min Typ Max Units
VDD5V 5V Operation via LDO 45 5.0 55 \Y
Positive /O Supply Voltage 10 structure on VDD5V connected to
VDD3V3 VDD3V3 3 3.3 3.6 \Y
e 5V Operation over LDO Internal
VDDD/ VDDA Positive Core Supply Voltage analog and digital supply 3 3.3 3.6 \Y
TAMB Ambient Temperature -40°F to +275°F -40 125 °C
Isupp Supply Current 16 21 mA
6.1 Magnet Input Specification
Table 4. Two Pole Cylindrical Diametrically Magnetized Source
Symbol Parameter Conditions Min Typ Max Units
pL Pole Length 1 mm
ppL Pole Pair Length Magnetic North & South Pole 2 mm
pLV Pole Length Variation % of ppL 2mm +1.2 %
Required vertical component of the
Bpk Magnetic input field amplitude magnetic field strength on the die’s 10 40 mT
surface
BV M o s - Amplitude variation over encoder 0
Pk agnetic input field variation length *2 %
P . Samarium Cobalt ReComa28 o
Bic Magnetic Field Temperature Drift typ - 0.035 %K -0.2 %IK
Boff Magnetic offset Constant magnetic stray field 15 mT
Vabs Linear travelling speed Absolute output see note below
Note: There is no upper speed limit for the absolute outputs. With increasing speed, the distance between two samples increases. The trav-
elling distance between two subsequent samples can be calculated as:
ing dist= 2
sampling_dist = 7
where:

sampling_distance = travelling distance between samples in mm

v = travelling speed in mm/sec
fs = sampling rate in Hz

Pole crossings need to be tracked to calculate absolute position beyond one pole pair. The ability to differentiate pole crossings may be
a speed limiting factor in such cases.

WWW.ams.com Revision 1.6 6-25
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6.2 Electrical System Specifications
Table 5. Electrical System Specifications

Symbol Parameter Conditions Min Typ Max Units
RES Resolution 0.48828125 um (max. 2mm/4096) 12 bit
Maximum error with respect to the
INLopt Integral non-linearity (optimum) best line fit. 5.6 pm

Ideal magnet, TAMB=25°C

Maximum error with respect to the
INLtemp Integral non-linearity (over temperature) best line fit. 10 um

Ideal magnet, Tam=-30 to +70°C

Best line fit =(Errmax— Erfmin)/2

INL Integral non-Iinearity1 including magnet error, 140 pum
Tame=-30 to +70°C
DNL Differential non-linearity 10bit, no missing codes +0.97 Mm
» ) 1 sigma, fast mode 0.6
TN Transition noise s | y 03 pm RMS
sigma, slow mode .
) Fast mode until status bit OCF=1 20
tPwrup Power-up time ms
Slow mode 80
) Fast mode (MODE=1) 96
taelay System propagation delay us
Slow mode (MODE=0 or open) 384
TAMB=25°C, slow mode 248 2.61 2.74
fs Internal sampling rate for absolute TAmB=-30 to +70°C, slow mode 2.35 2.61 287 KHz
output: TAMB=25°C, fast mode 990 | 1042 | 1094

TamBs=-30 to +70°C, fast mode 9.38 10.42 11.46

Incremental output /12bit resolution

Hyst Hysteresis Hyst=0 for absolute serial output 2 8 LSB
tPwrUp Power Up Time Mode dependant 20 80 ms
CLK °C Read-out frequency Maximum clock frequency to read out 400 800 kHz

serial data

1. System integral non linearity is limited by magnetic source.
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6.3 DC/AC Characteristics for Digital Inputs and Outputs
Table 6. CMOS Input, CMOS Input Pull Down, CMOS Input Pull Up

Symbol Parameter Conditions Min Typ Max Units
VIH High Level Input Voltage 1.6
Operating range VDD5V \Y
ViLsva Low Level Input Voltage 0.4
VIH High Level Input Voltage 1.3
Operating range VDD3V3 \Y
ViLav3 Low Level Input Voltage 0.4
ILEAK Input Leakage Current CMOS Input 4 +1 WA
ILEAKLOW Input Leakage Currj;t CMOS Input Pull 30 100 UA
|LEAKHIGH Input Leakage CU(;[)?/U; CMOS Input Pull 30 100 VA
Table 7. CMOS Output
Symbol Parameter Conditions Min Typ Max Units
VoH High Level Output Voltage DVDD: Positive 1/0 Supply Voltage D_\(/)DSD \Y
) . DVSS
VoL Low Level Output Voltage DVSS: Negative Supply Voltage +0.4 \Y
CL Capacitive Load 50 pF
lo Output Current 4 mA
Table 8. Tristate CMOS Output
Symbol Parameter Conditions Min Typ Max Units
VoH High Level Output Voltage DVDD: Positive 1/0 Supply Voltage D_\(/)%D %
] . DVSS
VoL Low Level Output Voltage DVSS: Negative Supply Voltage 104 \Y
loz Tristate Leakage Current to DVDD and DVSS 1 MA
www.ams.com Revision 1.6 8-25
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7 Detailed Description

The TRACKER measures the spatially varying magnetic field produced by moving a multi-pole magnetic strip over a Hall sensor array on the
NSE-5310 chip (see Figure 3). The internal sinusoidal (SIN) and phase-shifted sinusoidal (COS) signals are filtered and transformed into angle
(ANG) and magnitude (MAG), representing the absolute linear position within a 2 mm pole pair on the magnet. Interpolation with 12 bit (4096)
resolution yields 0.5 um position resolution. Automatic gain control (AGC) adjusts for DC bias in the magnetic field and provides a large
magnetic field dynamic range for high immunity to external magnetic fields. The absolute magnitude of the magnetic field intensity is used to
detect the end of the magnetic strip and serves as a built-in zero reference. The length of the magnetic strip determines the maximum measured
stroke.

Note: Hall sensor array and on-chip digital encoder yield absolute position within a pole pair. Use a system processor to count pole pair
crossings for long-range absolute position.

Figure 3. Hall Sensor Array

90°l Sine
|

0.488 um Resolution 4096 Counts / 2 mm (Counts / 360°)

2 mm per N-S Pair
<¢==\loving Magne tes=)>

r
1

Hall Sensor Array T

Magnitude

. Amplifier with
tlﬂ@ker' Automatic Gain ADC  Digital Filter

POSITION SENSORS.

The over travel pole crossing provides a precision home position and eliminates the need for a secondary zero reference sensor.
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Figure 4. Magnetic Field Strength Used to Indicate End of Travel

Normal Magnitude in Travel Range
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A system controller and user-supplied flash memory with the TRACKER NSE-5310 provide for long-range absolute position information that is
retained during sleep mode or power-down.

Figure 5. Example of Absolute long-range position information with use of external flash memory and controller

Seiko Magnets

2 mm Pole Pair

— i ————— - Lrm—
Zero Ref Zero Ref
1-1/2 poles 6 mm working range 1-1/2 poles
From End 9 g FrompEnd
600
Cummulative
Over travel TRACKER 100 /
area used Readings 200
(microns)
0
2000 o 1 7 3 n 5 ]
1500
TRACKER / / /
Readings
(microns) oo / / /
0 T T T
0 1 2 3 4 5 6 Pole Crossings
System Controller Flash Memory
Tracks Pole Crossing (0 to 6) and Pole crossing retained in UserSupplied Flash

absolute position within a pole pair Memory during sleep mode or shut down
to 0.5 microns, 2000 micron range ﬁ for retrieval during power up
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7.1 Using 3.3V or 5V Operation
For 3.3V operation: Bypass the voltage regulator (LDO) by connecting VDD3V3 with VDD5V.

For 5V operation: Connect the 5V supply to pin VDD5V. VDD3V3 (LDO output) must be buffered by a 2.2uF to 10uF capacitor placed close to
the supply pin.

In either case, a buffer capacitor of 100nF close to pin VDD5V is recommended.

Note: Pin VDD3V3 must always be buffered by a capacitor. It must not be left floating, as this may cause an instable internal 3.3V supply volt-
age which may lead to larger than normal jitter of the measured position.

The 3V3 output is intended for internal use only. It must not be loaded with an external load.
The output voltage of the digital interface 1/Os corresponds to the voltage at pin VDD5V, as the I/0 buffers are supplied from this pin.

Figure 6. Connections for 3.3V or 5V Supply Voltage

3.3V Operation 5V Operation =

1... 10uF

VDD3V3 L VDD3V3
100n
Internal L Internal
VDD - VDD
| |
DO DO
L | 1 |
"T30-36v N PIWM "T45-55v N PIWM
T T
E CLK E CLK
R R
F CSn F CSn
A A
C C
E E
Prog Prog
i VSS %ﬁ 1 | i VSS EF i I
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8 Application Information

8.1 Hall Sensor Array

Eight Hall Sensor Front End cells are connected to two current summation busses which end into two Active Load circuits. The Hall elements are
arranged in an even linear array. The array is divided into four quadrants. For normal operation (position encoding), two opposite quadrants are
summed up differentially to neglect magnetic offsets. The 90 degree angular shift of the quadrant pairs produces 90 degree phase shifted SIN
and COS signals for a harmonic input signal provided by a diametrically magnetized source.

Table 9. Hall Sensor Array Characteristics

Symbol Parameter Conditions Min Typ Max Units
Garray Array Gain Double output stage 5.226
darray Array Length 2 mm

Figure 7. Hall Sensor FE Arrangement

Amag P e

2mm

A
\ 4

Front End Double

Output Stages CHO SIN

CH1 COs

8.2 Automatic Gain Control (AGC)

As the magnetic input field varies non-linearly with the air gap between sensor and magnet, the gain is controlled to an optimum input signal for
the SD ADC. The magnitude output is compared to a target register value. The most significant eight bits are used. If the actual magnitude differs
from the target value, an UP/DOWN signal for the AGC counter signal is generated.

For air gap detection functionality, two magnitude-change outputs are derived from the AGC counter UP/DOWN signals while the loop is
controlling the amplitude back to the target amplitude. Magnitude Increasing (MagINCn) and Magnitude Decreasing (MagDECn) signals indicate
air gap (SIN/COS amplitude) changes. Both signals are high for saturation of the AGC counter (running into upper / lower limit) and produce a
Non-Valid-Range alarm. The output pins can be connected together in wired-OR configuration to produce a single NVRn bit. For faster power-up
and response time, a successive approximation algorithm is implemented.

8.3 Temperature Sensor
The Temperature Sensor provides the junction temperature information over the serial interface.
Table 10. Temperature Sensor Characteristics

Parameter Conditions Min Typ Max Units

Absolute Error Trimmed See I?C User Interface on page 13 +10 °C

WWW.ams.com Revision 1.6 12-25
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Table 10. Temperature Sensor Characteristics

Parameter Conditions Min Typ Max Units
. For continuous readout
Conversion Rate (1303 clock cycles between conversion) 767 samplels
Temperature Range Specified temperature range -30 70 °C
Readout Range Design limit for temperature range -50 80 °C
ResolLtion Temp [°C] = output co;ig. O[ESB] x 0.667 [°C/LSB] - 8 bit
PCl 0.667 °CILSB
Clock Frequency System clock (4 MHz) divided by 4 1 MHz

8.4 I?C User Interface

The device is accessible via an 12C two-wire serial interface. The default address is A<6:0>1000000. A<5:1> can be defined by the OTP 12C
Address. A0 can be selected by pulling up pin 11 (default internal pull down). CSn (default internal pull up) must be low during I°C data
transmission.

Figure 8. I’C Read Out by an uC-Master

Type Identifier Address Read

|

1Sy IACK| |ACK| IACK| Data
Address Data Byte 1 Master Data Byte 2 Master ~ Byte 3
by Slave

D11 - DO: Linear position

Offset Compensation Finished: “high” indicates a data valid.

CORDIC OverFlow: “high” indicates a DSP calculation overflow.

Linearity Alarm: “high” indicates the ADC input range exceeds +625mV (=Filter OverFlow)

Maglncr / MagDecr “high” OR connection indicates changing magnitude and non-valid input range (see also pin 2 and 3)

In addition to the position data, magnitude and temperature sensor information can be read out as described in Automatic Gain Control (AGC) on
page 12 and Temperature Sensor on page 12.
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Figure 9. I?C Additional Information — Magnitude and Temperature Sensor

9 1 9 1 9 1 9
ScL L L Il IR
|ACK| IACK) |ACK| IACK Py
DataByte 2 pfagter Data Byte 3 Master Data Byte 4 Master Data Byte 5 Master

AGC7- AGCO0: Automatic Gain Control data
Mag7- Mag0: MSB magnitude value
TD9 - TD2: MSB temperature data

The information is sequenced by the order of priority during operation. Hence temperature readout is not needed for every access and
magnitude information is only important if the AGC is out of range. The I?C readout can be stopped after every byte with the stop condition P.

Timing constraints are according to 12C-Bus Specification V2.1 /2000.

8.4.1 Sync Mode
This mode is used to synchronize the external electronics with the NSE-5310. In this mode two signals are provided at the pins DTEST_A and
DTEST_B.

To activate sync mode, the internal trim bit for Sync Mode must be set. Please refer to Application Note AN5310-10.

Figure 10. Sync Mode

Data_PhaseA Data_PhaseB Data_PhaseA
I DTEST 1_A l
DTEST 2_B | |
96 s

Every rising edge at DTEST1_A indicates that new data in the device is available. With this signal it is possible to trigger a uC (interrupt) and
start the serial interface readout.
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8.5 Z-axis Range Indication (“Red/Yellow/Green” Indicator)

The NSE-5310 provides several options of detecting the magnet distance by indicating the strength of the magnetic field. Signal indicators
MagINCn and MagDECn are available both as hardware pins (pins 2 and 3) and as status bits in the serial data stream (see Figure 8).
Additionally the LIN status bit indicates the non-recommended “red” range.

The digital status bits MagINC, MagDec, LIN and the hardware pins MagINCn, MagDECn have the following function:
Table 11. Magnetic Field Strength Red-Yellow-Green Indicators

Status Bits MAG Hardware Pins
Mag Mag . M11... Mag Mag e
N | pec | LM Mo INCh | DECn pescpiel

No distance change

0 0 0 3F hex OFF OFF Magnetic input field OK (GREEN range, ~10-40mT peak amplitude)

Distance increase; this state is a dynamic state and only active while the
0 1 0 3F hex OFF OFF | magnet is moving away from the chip. Magnitude register may change
but regulates back to 3F hex.

Distance decrease; this state is a dynamic state and only active while the
1 0 0 3F hex OFF OFF | magnet is moving towards the chip. Magnitude register may change but
regulates back to 3F hex.

YELLOW range: magnetic field is ~3.4-4.5mT.

1 1 0 2 hﬁé(x' 5F ON OFF | The device may still be operated in this range, but with slightly reduced
accuracy.
<0h RED range: magnetic field is <3.4mT (MAG <20) or >54.5mT
1 1 1 S5F h:); ON ON | (MAG >5F). It is still possible to operate the device in the red range, but

not recommended.

8.6 Pulse Width Modulation (PWM) Output

The NSE-5310 also provides a pulse width modulated output (PWM), whose duty cycle is proportional to the relative linear position of the
magnet within one pole pair (2.0 mm). This cycle repeats after every subsequent pole pair:

t,, 4098

—_— EQ1
(Ton T Lopp) (EQ1)

Position =

Where:
Digital position = 0 — 4094
Exception: A linear position of 1999.5um = digital position 4095 will generate a pulse width of toN = 4097us and a pause toFF = 1us

The PWM frequency is internally trimmed to an accuracy of +5% (£10% over full temperature range). This tolerance can be cancelled by
measuring the complete duty cycle as shown above.

Operating Conditions: TAMB = -40 to +125°C, VDD5V = 3.0~3.6V (3V operation) VDD5V = 4.5~5.5V (5V operation) unless otherwise noted.
Table 12. PWM Output Timing Considerations

Symbol Parameter Conditions Min Typ Max Units
i ind = 0,
fewm PWM frequency S perTli«(lj\A_ngg‘?g SOkt 232 2 %0 Hz
=4098us £10% at 220 244 268
TamB= -40 to +125°C
PWmIN Minimum pulse width Position 0d = Oum 0.9 1 1.1 us
PWnax Maximum pulse width Position 4095d = 1999.5um 3892 4097 4301 us
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Figure 11. PWM Output Signal

Position | PWuiN
L
0 pum
(Pos 0)
'+IIIIIII__ T TTTTAITT
[ [
1us 4098us
| |
| PW, |
MAX
D — >
1999.5 uym
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| 1 fpvm
< ».

8.7 Magnetic Strip Requirements

The NSE-5310 requires a magnetic strip with alternate poles (North-South) of pole length of 1 mm and pole pair length of 2 mm. A half pole is
required at each end of the strip. The length of the strip determines the maximum measured stroke; it must be 3 mm greater than the stroke in 1
mm increments (1.5 mm on each end).

A circular magnet may be used to achieve off-axis rotary encoding.

Table 13. Magnetic Strip Requirements

Parameter Value Note
Pole length 1 mm
; Accuracy of magnetic pole length determines accuracy of linear
Pole pair length 2mm+1.2% measurement
P The magnet strip must be in 1 mm increments. A % pole is required
Magnetic strip length Stroke + 3 mm at each end.
Magnetic strip area 1 mm X2mm Size recommended for TSSOP package
Magnetic field temp drift -0.2%/K max Recommended - for exam%le0 ?gg}:/aéium Cobalt ReComa28 is -

8.7.1 Mounting the Magnet

Vertical Distance: As arule of thumb, the gap between chip and magnet should be % of the pole length, that is Z=0.5mm for the 1.0mm pole
length of the magnets. However, the gap also depends on the strength of the magnet. The NSE-5310 automatically adjusts for fluctuating
magnet strength by using an automatic gain control (AGC). The vertical distance should be set such that the NSE-5310 is in the “green” range.
See Z-axis Range Indication (‘Red/Yellow/Green” Indicator) on page 15 for more details.

Alignment of Multi-pole Magnet and IC: When aligning the magnet strip or ring to the NSE-5310, the centerline of the magnet strip should
be placed exactly over the Hall array. A lateral displacement in Y-direction (across the width of the magnet) is acceptable as long as it is within
the active area of the magnet. The active area in width is the area in which the magnetic field strength across the width of the magnet is constant
with reference to the centerline of the magnet.
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Lateral Stroke of Multi-pole Strip Magnets: The lateral movement range (stroke) is limited by the area at which all Hall sensors of the IC
are covered by the magnet in either direction. The Hall array on the NSE-5310 has a length of 2.0mm, hence the total stroke is:

(EQ2)

Note: Active area in length is defined as the area containing poles with the specified 1.0mm pole length. Shorter poles at either edge of the
magnet must be excluded from the active area.

maximum lateral Stroke = Length of active area — length of Hall array

Figure 12. Magnetic Strip Alignment

Magnet Field Intensity

P > 20mT @ max gap
r

Movement of magnet
+/- 3 mm stroke

(Requires 9 mm length magnet) Magnet

centered
over
Sensors

0.30 +/-
0.20 with = 0.62mm
qUﬂ“ﬁEd Centerline of Centerline
Seiko sensors in IC of IC
magnet

Note: Further examples including use in off-axis rotary applications are shown in the “Magnet Selection Guide”, available for download at
www.ams.com/eng/content/view/download/11922

Figure 13. Vertical Cross Section
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8.8 Programming the NSE5310

Note: The NSE5310 has a default programming and can be operated without programming.

After power-on, programming the NSE5310 is enabled with the rising edge of CSn with PDIO = high and CLK = low.

The NSE5310 programming is a one-time-programming (OTP) method, based on poly silicon fuses. The advantage of this method is that a
programming voltage of only 3.3V to 3.6V is required for programming (either with 3.3V or 5V supply).

The OTP consists of 52 bits, of which 24 bits are available for user programming. The remaining 28 bits contain factory settings.

A single OTP cell can be programmed only once. Per default, the cell is “0”; a programmed cell will contain a “1”. While it is not possible to reset
a programmed bit from “1” to “0”, multiple OTP writes are possible, as long as only unprogrammed “0”-bits are programmed to “1”.

Independent of the OTP programming, it is possible to overwrite the OTP register temporarily with an OTP write command at any time. This
setting will be cleared and overwritten with the hard programmed OTP settings at each power-up sequence or by a LOAD operation.

The OTP memory can be accessed in the following ways:

m Load Operation: The Load operation reads the OTP fuses and loads the contents into the OTP register. A Load operation is automatically
executed after each power-on-reset.

m  Write Operation: The Write operation allows a temporary modification of the OTP register. It does not program the OTP. This operation can
be invoked multiple times and will remain set while the chip is supplied with power and while the OTP register is not modified with another Write
or Load operation.

m Read Operation: The Read operation reads the contents of the OTP register, for example to verify a Write command or to read the OTP
memory after a Load command.

m  Program Operation: The Program operation writes the contents of the OTP register permanently into the OTP ROM.

m Analog Readback Operation: The Analog Readback operation allows a quantifiable verification of the programming. For each
programmed or unprogrammed bit, there is a representative analog value (in essence, a resistor value) that is read to verify whether a bit has
been successfully programmed or not.

8.8.1 Zero Position Programming

Zero position programming is an OTP option that simplifies assembly of a system, as the magnet does not need to be manually adjusted to the
mechanical zero position. Once the assembly is completed, the mechanical and electrical zero positions can be matched by software. Any
position within a full turn can be defined as the permanent new zero position.

For zero position programming, the magnet is turned to the mechanical zero position (e.g. the “off’-position of a rotary switch) and the actual
angular value is read.

This value is written into the OTP register bits Z35:246.

Note: The zero position value can also be modified before programming, e.g. to program an electrical zero position that is 180° (half turn)
from the mechanical zero position, just add 2048 to the value read at the mechanical zero position and program the new value into the
OTP register.
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8.8.2 User Selectable Settings
Table 14. OTP Bit Assignment

Bit Symbol Function Typ Note
Mbit1 Factory Bit 1
51 PWMhalfEN_IndexWidth | Vppio = 100mV
50 MagCompEN Alarm mode
49 pwmDIS Disable PWM _§
48 Output Md0 2
Default; Sync mode; @
47 Output Md1 2
46:35 Z<0:11> Zero position ~§
i i i i (&
34 Cow gr?ggc?:r |rr;%r\?::1|22t/ decreasing code with
33:29 [’C_A<1:5> [?C Address
28:.0 Factory Section
Mbit2 Factory Bit 0

The NSE5310 allows programming of the following user selectable options:
- PWMhalfEN_Indexwidth: Setting this bit, the PWM pulse will be divided by 2, in case of quadrature incremental mode A/B/Index setting
of Index impulse width from 1 LSB to 3LSB
- MagCompEN: Set this Bit to 1, GreenYellowRed Mode is enabled
- Output Md0 / Output Md1: Set both this bits, Sync. Mode is enabled
- Z[11:0]: Programmable Zero / Index Position
- CCW: The OTP bit CCW allows to change the direction of increasing output codes. CORDIC angle - Zero Position (Z[11:0]) = SIU output.
- PC_A[5:1]: The default address is A<6:0>1000000. A<5:1> can be defined by the OTP I?C Address.

Figure 14. Setup and Exit Conditions

Setup Condition OTP Access
| D 1 I'__"_"'; I r===-=-====-=-="
1 : 1 : ] 1
1 ' ! 1
CSn| ! . ' |
: ! B -
: — — —
1 ! | 1 : :
PDIO | | ¥ | §
I n ' L
— L i L
CLK| ! B 5
1 . ' 1
Operation Mode Selection Exit Condition
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Figure 15. OTP Programming Connections

Programming
Applicationboard
Connectorboard
Programmer \VDD5V
CSN - mcsn NSE-5310
CLK — XICLK
Dataln j PDIO
Prog ax 100pF
GND
GND
For Programming k/eep this Prog Voltage only required for OTP
wires as short as possible. Programming. 7.5 — 8 Volts on the PIN
Max length 5ecm!
Analog Read Back
Applicationboard
Connectorboard
Programmer VDD5V
CSN - mcsn NSE-5310
CLK — XICLK
Dataln j PDIO
Prog ax 100pF
GND
GND
For Analog Read Back, disconnecting of
the Caps is mandatory
/
/
For Programming keep this
wires as short as possible .
Max length S5cm!

8.9 Fast/Slow Mode:
At Pin 7 (Mode_Index) it is possible to switch between Fast Mode and Slow Mode.
m  Mode_Index=1; — Fast Mode;
m  Mode_Index=0; — Slow Mode;
Without any signals on Mode_Index, the NSE5310 is using the default mode by the internal pull down resistor.
Set Pin Mode_Index at power-up. For changing the Mode it's necessary to re-power-up.
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9 Package Drawings and Markings

Figure 16. 20-pin TSSOP Package

A=y
D El Symbol Min Nom Max
N—-I e |‘— A - - 1.20
A1 0.05 - 0.15
H m m H H —‘ H H H Bl A2 0.80 1.00 1.05
3 b 0.19 - 0.30
” c 0.09 - 0.20
N D 6.40 6.50 6.60
E - 6.40 BSC -
Bl E E1 430 440 450
NSE-5310 @ e - 0.65BSC -
O IWMZZ L 0.45 0.60 0.75
L1 - 1.00 REF -
R 0.09
T =
S 0.20 - -
EBH 1 2 3 Al o1 0 - &
N/2 TIPS 02 - 12 REF -
03 - 12 REF
SEE VIEW C o= ‘ aaa - 0.10
P bbb - 0.10
a f B C
cce - 0.05
b
! ddd : 020
VIEW A-A N 20
SECTION B-B

—A2 S e
A\ |aaa|C ‘ R1
? |

R

IR MM@M— N1

SEATING PLANE { — GAUGE PLANM
*‘ v & \ \/ Loz

[ Tobb@[C[B[A] -

Notes:

1. Dimensions & Tolerancing confirm to ASME Y14.5M-1994.
2. All dimensions are in millimeters. Angles are in degrees.
amun

® Green

Marking: YYWWMZZ.

YY wWw M zz @
Year Manufacturing Week Plant Identifier Traceability Code Sublot Identifier

JEDEC Package Outline Standard: MO - 153

Thermal Resistance Rip(j.a): 89 K/W in still air, soldered on PCB
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9.1 Recommended PCB Footprint

Figure 17. PCB Footprint

Recommended Footprint Data

Symbol mm inch
A 7.00 0.276
B 5.00 0.197
C 0.38 0.015
D 0.65 0.026
E 6.23 0.245
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Revision History

Revision Date Owner Description
1.0 03 Aug, 2007 Initial version
Updated Table 1 and Section 8.4.1 Sync Mode
11 06 Jan, 2012 Added logos to Package Drawings and Markings on page 21
1.2 19 Nov, 2012 Updated package diagrams and added Recommended PCB Footprint
1.3 09 Jan, 2013 X Added Figure 13 and updated Absolute Maximum Ratings
p
06 Mar, 2013 Updated Ordering Information
1.4 i i i i
20 Mar, 2013 Updatgs carried out in Absolute Maximum Ratings on page 5 and removed
SOIC info.
15 30 May, 2013 Updated Section 8.4 I°C User Interface
7 Aug, 2013 rphiazen Added Programming the NSE5310 on page 18 and Fast / Slow Mode: on
page 20
Updated Figure 2, Table 1, Application Information on page 12 & User
1.6 30 Aug, 2013 Selectable Settings on page 19.
10 Sep, 2013 azen Updated Table 1, Figure 15 and Section 8.8
30 Sep, 2013 Updated Section 8.8

Note: Typos may not be explicitly mentioned under revision history.

WWW.ams.com Revision 1.6 23-25



NSE-5310

Datasheet - Ordering Information

10 Ordering Information

The devices are available as the standard products shown in Table 15.

Table 15. Ordering Information

Ordering Code Description Delivery Form Package
NSE-5310ASSU Tube TSSOP-20
Encoder, TSSOP-20
NSE-5310ASST Tape & Reel TSSOP-20
Custom chip-on-board Inquire for details

Note: All products are RoHS compliant and ams green.
Buy our products or get free samples online at www.ams.com/ICdirect

Technical Support is available at www.ams.com/Technical-Support
For further information and requests, e-mail us at ams_sales@ams.com

For sales offices, distributors and representatives, please visit www.ams.com/contact
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Copyrights & Disclaimer

Copyright ams AG, Tobelbader Strasse 30, 8141 Unterpremstaetten, Austria-Europe. Trademarks Registered. All rights reserved. The material
herein may not be reproduced, adapted, merged, translated, stored, or used without the prior written consent of the copyright owner.

Devices sold by ams AG are covered by the warranty and patent indemnification provisions appearing in its Term of Sale. ams AG makes no
warranty, express, statutory, implied, or by description regarding the information set forth herein. ams AG reserves the right to change
specifications and prices at any time and without notice. Therefore, prior to designing this product into a system, it is necessary to check with
ams AG for current information. This product is intended for use in commercial applications. Applications requiring extended temperature range,
unusual environmental requirements, or high reliability applications, such as military, medical life-support or life-sustaining equipment are
specifically not recommended without additional processing by ams AG for each application. This Product is provided by ams “AS IS” and any
express or implied warranties, including, but not limited to the implied warranties of merchantability and fitness for a particular purpose are
disclaimed.

ams AG shall not be liable to recipient or any third party for any damages, including but not limited to personal injury, property damage, loss of
profits, loss of use, interruption of business or indirect, special, incidental or consequential damages, of any kind, in connection with or arising out
of the furnishing, performance or use of the technical data herein. No obligation or liability to recipient or any third party shall arise or flow out of
ams AG rendering of technical or other services.

am

Contact Information:

Headquarters

ams AG
Tobelbaderstrasse 30
8141 Unterpremstaetten
Austria, Europe

Tel: +43 (0) 3136 500 0
Website: www.ams.com

E NEW SCALE

TECHNOLOGIES
Ingeniously Small Motion Systems

Contact Information

New Scale Technologies, Inc.
121 Victor Heights Parkway
Victor, NY 14564

Tel: +1 585 924 4450
Fax: +1 585 924 4468

sales@newscaletech.com

www.newscaletech.com

WWW.ams.com Revision 1.6 25-25


sales@newscaletech.com
www.ams.com

	1 General Description
	2 Key Features
	3 Applications
	4 Pin Assignments
	4.1 Pin Descriptions

	5 Absolute Maximum Ratings
	6 Electrical Characteristics
	6.1 Magnet Input Specification
	6.2 Electrical System Specifications
	6.3 DC/AC Characteristics for Digital Inputs and Outputs

	7 Detailed Description
	7.1 Using 3.3V or 5V Operation

	8 Application Information
	8.1 Hall Sensor Array
	8.2 Automatic Gain Control (AGC)
	8.3 Temperature Sensor
	8.4 I²C User Interface
	8.4.1 Sync Mode

	8.5 Z-axis Range Indication (“Red/Yellow/Green” Indicator)
	8.6 Pulse Width Modulation (PWM) Output
	8.7 Magnetic Strip Requirements
	8.7.1 Mounting the Magnet

	8.8 Programming the NSE5310
	8.8.1 Zero Position Programming
	8.8.2 User Selectable Settings

	8.9 Fast / Slow Mode:

	9 Package Drawings and Markings
	9.1 Recommended PCB Footprint

	10 Ordering Information


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


