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The information and data contained in this document are believed to be accurate and reli-
able. The software and proprietary information contained therein may be protected by
copyright, patent, trademark and/or other intellectual property rights of TDK-Micronas. All
rights not expressly granted remain reserved by TDK-Micronas. 

TDK-Micronas assumes no liability for errors and gives no warranty representation or
guarantee regarding the suitability of its products for any particular purpose due to
these specifications. 

By this publication, TDK-Micronas does not assume responsibility for patent infringements
or other rights of third parties which may result from its use. Commercial conditions, prod-
uct availability and delivery are exclusively subject to the respective order confirmation.

Any information and data which may be provided in the document can and do vary in
different applications, and actual performance may vary over time.

All operating parameters must be validated for each customer application by customers’
technical experts. Any mention of target applications for our products is made without a
claim for fit for purpose as this has to be checked at system level.

Any new issue of this document invalidates previous issues. TDK-Micronas reserves
the right to review this document and to make changes to the document’s content at any
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further advice please contact us directly.
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TDK-Micronas’ products are not designed, intended or authorized for use as compo-
nents in systems intended for surgical implants into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the
product could create a situation where personal injury or death could occur.

No part of this publication may be reproduced, photocopied, stored on a retrieval sys-
tem or transmitted without the express written consent of TDK-Micronas.
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Fast Stray-Field Robust Motor Position Sensor Family with Analog Output

Release Note:Revision bars indicate significant changes to the target specification rev. 4.

1. Introduction

HAL 302x is a fast 2D angular position sensor family addressing the need for stray-field
robust motor position sensing as well as the ISO 26262 compliant development. This
new sensor family features differential or single-ended sine and cosine analog outputs
with integrated wire-break detection. The rotation angle of a magnet can be calculated
by an external A/D-converter and a microcontroller/ECU.

This new family has two members. Both members measure, based on Hall-effect tech-
nology, vertical magnetic-field components (BZ). HAL 3020 uses an array of three hori-
zontal Hall plates. HAL 3021 uses an array of six horizontal Hall plates. Speciality of
HAL 3021 is that the device offers a higher robustness against static and dynamic
mechanical tolerances. The Table 1–1 describes the different family members. 

Both devices are able to suppress external magnetic stray-fields by using the array of Hall
plates. Only a simple two-pole magnet in an end-of-shaft configuration is required to mea-
sure the absolute angular position. The magnet can be placed above or below the sensor.

The measuring principle of the Hall plate array minimizes the errors due to supply volt-
age and temperature variations.

Major characteristics like sine and cosine gain, offset, (absolute) 0-angle, orthogonality
and bandwidth can be adjusted using the integrated signal path by programming the
non-volatile memory of HAL 302x.

This product is defined as Safety Element out of Context (SEooC) ASIL C ready accord-
ing to ISO 26262:2018. HAL 302x contains on-board diagnostic features, such as over-
voltage and undervoltage detection as well as wire-break monitoring during normal
operation.

The device is designed for automotive and industrial applications. It operates in the
ambient temperature range from 40 C to 150 °C.

The sensor is available in the eight-pin SOIC8 SMD package.

Table 1–1: HAL 302x family overview

Type Hall Plate Configuration Device Specific Features

HAL 3020 Z1, Z3, Z5 – Lower current consumption

HAL 3021 Z1, Z2, Z3, Z4, Z5, Z6 – Higher robustness against static and dynamic 
mechanical tolerances

– Higher signal-to-noise ratio

– Lower inherent angular error drifts

– Support of closer air gaps and smaller target 
magnets
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1.1. Major Applications

Thanks to the sensor’s fast analog signal path and its stray-field robustness, the
HAL 302x is a potential solution for the following application examples:

– Rotary position measurement for BLDC motor commutation

– Clutch and transmission actuators

– Starter/generator systems

– Electromechanical brake booster 

– Electric pumps

1.2. Features

– High-speed 360° contactless angle measurement extremely robust against tempera-
ture and stress influence

– EMC robust differential or single-ended sine/cosine analog output signals

– Non-ratiometric or ratiometric analog outputs related to the supply voltage

– Compensation of magnetic stray-fields according to ISO 11452-8:2015

– SEooC ASIL C ready according to ISO 26262:2018 to support Functional Safety 
applications (The device can be integrated in automotive safety related systems up to 
ASIL D)

– Various integrated diagnostic mechanisms ensure correct operation and enable sim-
plified external safety supervision

– Operates from 3.0 V up to 5.5 V supply voltage

– Fast response time and high output bandwidth for applications up to 150000 rpm

– Operates from 40 °C up to 170 °C junction temperature 
(Max. Ambient Temperature: TA,absmax = 160 °C)

– Programming via the sensor’s output pin. No additional programming pin required

– Programmable characteristics in a non-volatile memory (EEPROM) with redundancy 
and lock function

– Configurable signal processing parameter, like output gain, offset, (absolute) 0-angle, 
orthogonality and magnetic signal bandwidth

– Optional TDK-Micronas factory pre-calibration for improved start-up angle accuracy

– Overvoltage and reverse-voltage protection

– Under- and overvoltage detection of VSUP

– Crossbar switch for signal routing (pin assignment for output signals)

– Passive wire-break detection working with external pull-up or pull-down resistor

– On-chip temperature sensor for overtemperature supervision

– Qualification according to AEC-Q100
TDK-Micronas GmbH Aug. 8, 2022; AI000244_001EN 5
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2. Ordering Information

A Micronas device is available in a variety of delivery forms. They are distinguished by a
specific ordering code:

Fig. 2–1: Ordering Code Principle

For a detailed information, please refer to the brochure: “Sensors and Controllers:
Ordering Codes, Packaging, Handling”.

2.1. Device-Specific Ordering Code

The HAL 302x is available in the following package, operating voltage and output
behavior variant.

Table 2–1: Available package

Package Code (PA) Package Type

DJ SOIC8

Table 2–2: Available supply voltage and output behavior

Option Code Configurations

xxxA:

xxxB:

xxxC:

xxxx  Operating Supply Voltage and Output Behavior

VSUP = 3.0 V to 3.6 V, non-ratiometric to VSUP

VSUP = 4.5 V to 5.5 V, non-ratiometric to VSUP

VSUP = 3.0 V to 5.5 V, ratiometric to VSUP

xxAx:

xxBx:

xxxx  TDK-Micronas Factory Calibration

Non-calibrated sensor

Pre-calibrated sensor

 xxxx  Not used

Example “xxBC” VSUP = 3.0 V to 5.5 V, ratiometric to VSUP, Pre-calibrated sensor

XXX NNNN PA-RRRR-P-Q-SP

Further Code Elements
ROM/EEPROM Version

Package

Product Type

Product Group
TDK-Micronas GmbH Aug. 8, 2022; AI000244_001EN 6
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Any combination of the option code can be provided. The combination of the option
codes result in a device-specific ROM/EEPROM Version number (RRRR). Please con-
tact TDK-Micronas for more details.

For available variants for Packaging (P), Quantity (Q), and Special Procedure (SP)
please contact TDK-Micronas.

Table 2–3: Ordering Information

Product Package ROM/EEPROM 
Version 
[-RRRR]

Further Code
[-P-Q-SP]

Comments

HAL 3020 DJ = SOIC8 Please contact 
TDK-Micronas for 
more details

See TDK-Micronas 
Ordering Information

Any combination of the 
option code can be pro-
vided (see Table 2–2), 
which is translated into a 
device-specific ROM/
EEPROM Version.

HAL 3021 DJ = SOIC8

Table 2–4: Available ordering code and corresponding package marking

Ordering Code Package Marking Description

HAL3020DJ-[RRRR-P-Q-SP] Line 1: Product Type / 
ROM/EEPROM Version

Line 2: Lot number

Line 3: Date code / Special Proce-
dure SB (optional)

HAL3021DJ-[RRRR-P-Q-SP]

3020RRRR
Lot  number

YWWD SB

3021RRRR
Lot  number

YWWD SB
TDK-Micronas GmbH Aug. 8, 2022; AI000244_001EN 7
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3. Functional Description

3.1. General Function

HAL 302x is a fast 2D angular position sensor family based on Hall-effect technology.
The HAL 3020 includes three horizontal Hall plates arranged on a circle in an angle dis-
tance of 120°. The HAL 3021 includes six horizontal Hall plates with an angle distance
of 60°. The array of Hall plates has a diameter C of 1.91 mm (nominal).

Fig. 3–1: Hall plate position definition for HAL 302x

Each of the Hall plates provides a voltage signal dependent on the angle position of the
rotating magnet. The signals are then combined together according to a transformation
function, cancelling the common z-field (stray-field) and amplify the differential z-field
(magnetic-field). The transformation results in sine and cosine signals which includes
the angle information.

The HAL 302x can compensate for the main sensor non-idealities, like offset error,
amplitude mismatch and orthogonality error. In addition, it is possible to define the
angular reference position (0-angle) for the sine and cosine output signals. This allows
the compensation of mechanical twist between magnet and sensor at module level.

The HAL 302x provides differential or single-ended analog sine and cosine output sig-
nals. These signals allow the user to calculate the angle with high resolution by an
external A/D-converter and a microcontroller/ECU.

C
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1234
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Stray-field compensation according to ISO 11452-8 definition is done device inherent.
Therefore, neither shielding nor a stronger target magnet is required to achieve a stray-
field robust measurement.

The sensor can be used in an end-of-shaft configuration for high-speed angular mea-
surements in a range between 0° and 360°. 

The HAL 302x is programmable by modulation of the output voltage (OUT3 pin). No
additional programming pin is needed and fast end-of-line programming is enabled.

Fig. 3–2: HAL 3021 block diagram
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3.2. Signal Path

The sensor signal path includes programmable register (EEPROM register) with individ-
ually configurable bits within those EEPROM registers. These enable to store configura-
tion data and have influence on the sensor’s signal processing. Details of the overall
signal path are shown in Fig. 3–3.

Fig. 3–3: Signal path of HAL 302x
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3.3. Register Definition

Note Further details about the programming of the device and detailed register 
setting description as well as memory map can be found in the document: 
HAL/HAC 302x User Manual.

3.3.1. RAM Registers

Micronas IDs

The MIC_ID1 and MIC_ID2 register are both 16-bit organized. They are read-only and
contain TDK-Micronas production information, like X/Y position on the wafer, wafer
number, etc.

3.3.2. EEPROM Registers

Customer IDs

The CUST_ID1 and CUST_ID2 register are both 16-bit organized. These two register
can be used to store customer production information, like serial number, project infor-
mation, etc.

TDK-Micronas pre-calibration and customer calibration (en_ctrim)

TDK-Micronas optionally delivers pre-calibrated sensors (see Section 2.1.  on page 6).
The registers OFFSET_RATIO, PHASE and FINE_GAIN can be used by TDK-Micro-
nas to compensate for the main sensor non-idealities. In case en_ctrim = 0, TDK-Micro-
nas trimming parameters are applied to the signal path.

Nevertheless, the customer is able to use own customer trimming parameters
(OFFSET_RATIO_CUST, PHASE_CUST, and FINE_GAIN_CUST). The customer
trimmings are applied to the signal path by setting en_ctrim = 1. The use of the cus-
tomer trimming is also available for the pre-calibrated sensors to additionally adapt for
potential system related errors.

OFFSET_RATIO_CUST

The customer offset OFFSET_RATIO_CUST can be used to compensate a ratiometric
offset in sine and cosine signal channels. The customer offset can be added to sine
and/or cosine signal channels by the selection of the coefficients offset_ratio_ch1_cust
and offset_ratio_ch2_cust.
TDK-Micronas GmbH Aug. 8, 2022; AI000244_001EN 11
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The register has a length of 16 bits and is split into offset_ratio_ch1_cust
(OFFSET_RATIO_CUST[4:0]), offset_ratio_sign_ch1_cust
(OFFSET_RATIO_CUST[5]), offset_ratio_ch2_cust (OFFSET_RATIO_CUST[12:8])
and offset_ratio_sign_ch2_cust (OFFSET_RATIO_CUST[13]). Offset_ratio_ch1_cust
and offset_ratio_ch2_cust are stored unsigned (0...31) with a step size of 20 µT per
LSB. For positive values, offset_ratio_sign_ch1_cust respectively
offset_ratio_sign_ch2_cust has to be set to 0, whereas offset_ratio_sign_ch1_cust = 1
and/or offset_ratio_sign_ch2_cust = 1 correspond to negative values.

The default values are: offset_ratio_ch1_cust/offset_ratio_ch2_cust = 0,
offset_ratio_sign_ch1_cust/offset_ratio_sign_ch2_cust = 0.

PHASE_CUST

PHASE_CUST can be used to compensate a phase shift non-ideality between sine and
cosine channel (orthogonality error) and to define the reference position (0-angle) for
the sine and cosine output signals. 

The programming of a positive/negative phase shift will determine a counterclockwise/
clockwise rotation of cos/sin axis of the geometrical reference for the magnetic field
direction. 

The register has a length of 16 bits and is split into
phase_ch1_cust (PHASE_CUST[6:0]), phase_sign_ch1_cust (PHASE_CUST[7]),
phase_ch2_cust (PHASE_CUST[14:8]) and phase_sign_ch2_cust
(PHASE_CUST[15]). The neutral value for the register is zero (no phase-shift correc-
tion). It is possible to make a position correction of 14°. The step size and therefore the
smallest possible correction is 0.11°.

Magnetic Range (mag_range)

The Magnetic Range (Coarse Gain) block is responsible for setting the coarse gain for
both channels relative to the magnitude of the applied external magnetic field (magnet).
This customer programmable magnetic field range is set by mag_range
(MAG_CROSS_IHALL_BW[15:11]). It is possible to program a range from min. 5 mT
(MAG_CROSS_IHALL_BW[15:11] = 29) up to max. 250 mT
(MAG_CROSS_IHALL_BW[15:11] = 0).

Note During application design, it must be taken into consideration that the 
external magnetic field should never exceed the mag_range in the opera-
tional range of the specific application and especially over the full tempera-
ture range. In case of a potential exceeding, the mag_range setting should 
be switched to an higher range.
TDK-Micronas GmbH Aug. 8, 2022; AI000244_001EN 12
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FINE_GAIN_CUST

FINE_GAIN_CUST defines the customer trimming factor for each channel’s gain sepa-
rately. It is possible to program a trimming factor between 1.25 and 1.5 (compensating
the amplitude mismatch between the channels after the Magnetic Range block). The
overall gain of the sensor is defined by the selected magnetic field range (coarse adjust-
ment) multiplied by the trimming factor (fine adjustment). This enables the user to con-
sistently adjust the magnetic range in small steps to adjust for different mechanical
requirements and magnetic fields.

The register has a length of 16 bits and is split into fine_gain_ch1_cust
(FINE_GAIN_CUST[5:0]) and fine_gain_ch2_cust (FINE_GAIN_CUST[13:8]).
Fine_gain_ch1_cust and fine_gain_ch2_cust are stored in LSB (0...63 respectively gain
factor 1.25...1.5) as follows::

Customer Configuration Registers

CONFIG, OUT_DRV_CONFIG and MAG_CROSS_IHALL_BW registers are 16-bit reg-
isters that enable the customer to activate various functions of the sensor. The following
tables describe in detail the available combinations and resulting functions.

Table 3–1: CONFIG Register

Bit no. Function Description

15 customer_lock Customer lock:

0: Unlocked

1: Locked

14:13 oc_bip_mode Overcurrent pattern to enter BiPhase mode:

00: complex overcurrent pattern on OUT3 pin (2048 µs low -> 1536 µs high -> 1024 µs low 
-> 512 µs high)

01: simple overcurrent pattern on OUT3 pin (2048 µs low -> 2048 µs high)

1x: BiPhase mode detection disabled (only active if customer_lock set after start-up)

12:11 err_band Error band selection (for all OUTx):

00: High-Z error band

01: Active low error band

10: Active high error band

11: High-Z error band

Note: Some diagnostic errors result in an High-Z error band, regardless of the selection. 
For details see Section 4–1 on page 19.

10 en_ctrim Trimming parameters copied to signal path shadow registers:

0: copy TDK-Micronas trimming to signal path shadow registers

1: copy customer trimming to signal path shadow registers

Gain Factor
15

12 2
fine_gain_chx_cust LSB 

63
--------------------------------------------------------------- 

 – 
 
-----------------------------------------------------------------------------------------------=
TDK-Micronas GmbH Aug. 8, 2022; AI000244_001EN 13



ADVANCE INFORMATION HAL 302x
9 dis_overvolt VSUP overvoltage indication (error band):

0: enabled

1: disabled

8 dis_undervolt VSUP undervoltage indication (error band):

0: enabled

1: disabled

7:6 fluxless_tangle Fluxless self-test angle/step time*:

00: 64 µs

01: 32 µs

10: 16 µs

11: 8 µs

*steps: 16x high-Z (only at start-up); 16x angle; 16x error band

5:4 fluxless_mode Fluxless self-test modes:

00: fluxless self-test disabled at start-up

01: reserved

10: start-up always with fluxless self-test (executed once)

11: fluxless self-test endless loop

Note: fluxless_mode = 10 can be used in combination with option code xxxA (3.3 V appli-
cation) and option code xxxB (5 V application)

3 en_out4 Analog output 4 at OUT4 pin:

0: analog output 4 off/high-Z

1: analog output 4 connected to OUT4 pin

2 en_out3 Analog output 3 at OUT3 pin:

0: analog output 3 off/high-Z (BiPhase receiver is always enabled)

1: analog output 3 connected to OUT3 pin

1 en_out2 Analog output 2 at OUT2 pin:

0: analog output 2 off/high-Z

1: analog output 2 connected to OUT2 pin

0 en_out1 Analog output 1 at OUT1 pin:

0: analog output 1 off/high-Z

1: analog output 1 connected to OUT1 pin

Table 3–1: CONFIG Register

Bit no. Function Description
TDK-Micronas GmbH Aug. 8, 2022; AI000244_001EN 14
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Table 3–2: OUT_DRV_CONFIG Register

Bit no. Function Description

15:14 initact_lvl_out4 Initial active level of output 4 at start-up (must match with external resistor):

00: random (OUT4 application without external pull-up or pull-down is not allowed)

01: low

10: high

11: random (OUT4 application without external pull-up or pull-down is not allowed)

13:12 initact_lvl_out3 Initial active level of output 3 at start-up (must match with external resistor):

00: random (OUT3 application without external pull-up or pull-down is not allowed)

01: low

10: high

11: random (OUT3 application without external pull-up or pull-down is not allowed)

11:10 initact_lvl_out2 Initial active level of output 2 at start-up (must match with external resistor):

00: random (OUT2 application without external pull-up or pull-down is not allowed)

01: low

10: high

11: random (OUT2 application without external pull-up or pull-down is not allowed)

9:8 initact_lvl_out1 Initial active level of output 1 at start-up (must match with external resistor):

00: random (OUT1 application without external pull-up or pull-down is not allowed)

01: low

10: high

11: random (OUT1 application without external pull-up or pull-down is not allowed)

7:5  Reserved (must be set to 0).

4 en_curlim OUTx pins current limitation:

0: passive, max. 80 mA low side/high side current limitation and no overcurrent pattern 
detection

1: according to low side/high side limit settings (curlim_ls, curlim_hs)

3:2 curlim_hs High side current limit of OUTx pins:

11: 10 mA

else: reserved (must be set to 11)

1:0 curlim_ls Low side current limit of OUTx pins:

11: 10 mA

else: reserved (must be set to 11)
TDK-Micronas GmbH Aug. 8, 2022; AI000244_001EN 15
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Table 3–3: MAG_CROSS_IHALL_BW Register

Bit no. Function Description

15:11 mag_range Max. magnetic field range selection:

00000: 250 mT

00001: 218 mT

00010: 200 mT

00011: 171 mT

00100: 150 mT

00101: 133 mT

00110: 114 mT

00111: 100 mT

01000: 85.7 mT

01001: 75 mT

01010: 64.8 mT

01011: 57.2 mT

01100: 50 mT

01101: 42.9 mT

01110: 37.5 mT

01111: 32.4 mT

10000: 28.6 mT

10001: 25 mT

10010: 21.4 mT

10011: 18.75 mT 

10100: 16.2 mT

10101: 14.3 mT

10110: 12.5 mT

10111: 10.8 mT

11000: 9.4 mT

11001: 8.1 mT 

11010: 7.1 mT

11011: 6.25 
mT 

11100: 5.6 mT

11101: 5 mT

1111x: 
Reserved

Note: The overall gain of the sensor is defined by the 5 bit mag_range (coarse gain) in combi-
nation with the register FINE_GAIN/FINE_GAIN_CUST.

10:8 sel_crossbsw Crossbar switch selection:

000:

001:
010:

011:

100:
101:

110:

111:

OUT1
+SIN

+SIN
SIN

SIN

+COS
COS

+COS

COS

OUT2
SIN

SIN
+SIN

+SIN

COS
+COS

COS

+COS

OUT3
+COS

COS
+COS

COS

+SIN
+SIN

SIN

SIN

OUT4
COS

+COS
COS

+COS

SIN
SIN

+SIN

+SIN

Note: Limited configuration possibilities are available in case of single-ended outputs used, 
because OUT3 is used as the programming pin.

7  Reserved (must be set to 0).

6:2 Reserved (must be set to 0b01100).

1:0 bw_filt Amplifier bandwidth for channel 1 and channel 2:

00: Maximum bandwidth

01: High bandwidth

10: Medium bandwidth

11: Low bandwidth

Note: The selected magnetic signal bandwidth has impact on the response time and angular 
noise (RMS) of the sensor.
TDK-Micronas GmbH Aug. 8, 2022; AI000244_001EN 16
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3.4. Output Parameter

Fig. 3–4 shows the ideal sine and cosine output curves of the HAL 302x. 

Fig. 3–4: Ideal output of the sensor

HAL 302x can be used in single-ended or differential output mode. The typical applica-
tion circuits can be found in Section 6.3. on page 33.

The differential output voltages can be externally calculated from the +/SIN and +/
COS output voltages with the following equations:

0 45 90 135 180 225 270 315 360
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V_OUT,+SIN V_OUT,–SIN V_OUT,+COS V_OUT,–COS

50%VSUP

VSIN VOUT +SIN, VOUT SIN–,–=

VCOS VOUT +COS, VOUT COS–,–=
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The common mode voltage is defined in the following equation: :

Fig. 3–5: Differential output of ideal sine

3.5. Compensation Method for Angular Error

Real sensors show a deviation from the idealized output behavior. Different error con-
tributors lead to the total error of the sensor. 

TDK-Micronas optionally delivers pre-calibrated sensors with compensated phase, gain
and offset mismatch between channel 1 and channel 2. Nevertheless, at module level,
a mismatch between phase, gain and/or offset of the channels may occur. Details about
how to compensate the remaining non-ideal behaviors is described in the HAL/
HAC 302x User Manual.

VCM SIN 
VOUT +SIN, VOUT SIN–,+

2
----------------------------------------------------------=

VCM COS 
VOUT +COS, VOUT COS–,+

2
-------------------------------------------------------------=
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Angle [°]

V_OUT,+SIN V_OUT,–SIN

Differential output of ideal sine Common mode voltage

50%VSUP

0 VSIN,max
TDK-Micronas GmbH Aug. 8, 2022; AI000244_001EN 18



ADVANCE INFORMATION HAL 302x
4. Functional Safety

4.1. Functional Safety Manual and Functional Safety Report

The Functional Safety Manual for HAL 302x contains the necessary information to sup-
port customers to realize a safety compliant application by integrating HAL 302x, as an
ASIL C ready component, in their system. The Functional Safety Manual will be pro-
vided upon request. 

The Functional Safety Report describes the assumed Safety Goal, the corresponding
Failure Modes as well as the Base Failure Rate for die and package according to ISO
26262-11:2018. It can be provided based on a TDK-Micronas mission profile as well as
customer mission profiles.

4.2. Integrated Diagnostic Mechanisms

HAL 302x performs self-tests during start-up and normal operation, which increase the
robustness of the device functionality. The sensor switches all outputs to high-imped-
ance (High-Z) when the device detects a wire break for VSUP or GND line, a memory
error or an overtemperature. The output signals can be pulled to the error band by using
external pull-up or pull-down resistors. The output behavior is configurable for the other
error types by setting the CONFIG[12:11] bits (= err_band). For further details about
integrated diagnostic mechanisms and safe state options see Table 4–1 on page 19.

Table 4–1: Diagnostic Functions and Safe States

Diagnosis Safe State Options

High-Z Active Error Band

Wire break detection for supply and ground line • 

Undervoltage detection (external supply voltage too low) • •
Overvoltage detection (external supply voltage too high) • •
Hall plate supervision • •
Bandgap supervision • •
Configuration register monitoring • 

EEPROM protection • 

Clock supervision • •
Hall plate spinning supervision • •
Overtemperature supervision • 

Zero-angle adjustment monitoring • •
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In order to integrate HAL 302x as an ASIL C ready component, the external microcon-
troller/ECU on system level has to check integrity of the HAL 302x by means of sine and
cosine analog output signal evaluation. Further details are available in the Functional
Safety Manual.

Fluxless Self-Test

The fluxless self-test allows the customer to execute a functional test and check of the
signal path without applying a magnetic field. Electrical stimulation is used instead to
provoke a predefined magnetic state or pattern at the IC’s output. In an application
setup the test can be used to check correct wiring between sensor and ECU as well. 

The fluxless self-test itself is available after power-up of the device. The CONFIG[7:6]
bits (= fluxless_tangle) and CONFIG[5:4] bits (= fluxless_mode) can be used to config-
ure the fluxless self-test.

The steps are 16 times High-Z and 16 times angle information followed by 16 times
error band. After fluxless self-test completion, the evaluation of test results takes place
on microcontroller/ECU side. The sensor always returns to normal operation regardless
of the test result.
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5. Specifications

5.1. Outline Dimension

Fig. 5–1:
SOIC8-1: Plastic small outline IC package, 8 leads, gullwing bent, 150 mil
Ordering code: DJ
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Fig. 5–2:
SOIC8-1: Dimensions Tape & Reel

© Copyright 2012 Micronas GmbH, all rights reserved
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5.2. Soldering, Welding, Assembly

Information related to solderability, welding, assembly, and second-level packaging is
included in the document “Guidelines for the Assembly of Micronas Packages”. 
It is available on the TDK-Micronas website (https://www.micronas.tdk.com/en/service-
center/downloads) or on the service portal (https://service.micronas.com).

5.3. Storage and Shelf Life Package

Information related to storage conditions of Micronas sensors is included in the docu-
ment “Guidelines for the Assembly of Micronas Packages”. It gives recommendations
linked to moisture sensitivity level and long-term storage. 
It is available on the TDK-Micronas website (https://www.micronas.tdk.com/en/service-
center/downloads) or on the service portal (https://service.micronas.com).

5.4. Size and Position of Sensitive Areas

Diameter of Hall plate circle: C = 1.91 mm

Fig. 5–3: Hall plate configuration HAL 3020
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Fig. 5–4: Hall plate configuration HAL 3021

5.5. Definition of Magnetic Field Vectors

Fig. 5–5: Definition of magnetic field vectors for HAL 302x
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5.6. Pin Connections and Short Description

Table 5–1: Pin connection SOIC8

Note The crossbar switch can swap the output pin to signal assignment. The 
position of the programming pin is not influenced by the crossbar switch.

Note Pins 2, 5 and 6 must be connected to GND. Not used output drivers should 
be switched-off and the corresponding pins must stay open.

Pin No. Pin Name Type Short Description

SOIC8 Package

1 VSUP IN Supply voltage

2 GND GND Ground

3 OUT4 OUT Analog output (COS) (customer configurable) 

4 OUT3 I/O Analog output (+COS) (customer configurable)
and programming pin

5 TEST1 IN Test

6 TEST2 IN Test

7 OUT2 OUT Analog output (SIN) (customer configurable)

8 OUT1 I/O Analog output (+SIN) (customer configurable)
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5.7. Absolute Maximum Ratings

Stresses beyond those listed in the “Absolute Maximum Ratings” may cause permanent
damage to the device. This is a stress rating only. Functional operation of the device at
these conditions is not implied. Exposure to absolute maximum rating conditions for
extended periods will affect device reliability.

This device contains circuitry to protect the inputs and outputs against damage due to
high static voltages or electric fields; however, it is advised that normal precautions
must be taken to avoid application of any voltage higher than absolute maximum-rated
voltages to this high-impedance circuit.

All voltages listed are referenced to ground (GND).

Symbol Parameter Pin 
Name

Min. Max. Unit Condition

VSUP Supply Voltage VSUP 18 18 V t < 96 h

VOUT Output Voltage OUTx 6 18 V t < 1 h

IOUT Continuous Output Current OUTx 10 10 mA

IIN Input Current 
(Latch-up Immunity)

All pins 100 100 mA 5)

Bmax Magnetic Field  1 1 T

TJ Junction Temperature  40 190 °C t < 96 h

TA Ambient Temperature  40 160 °C 4)

Tstorage Transportation/Short-Term 
Storage Temperature

 55 150 °C Device only without 
packing material

VESD ESD Protection VSUP,
OUTx,
TESTx,
GND

4 4 kV 1)

VSUP 8 8 kV 2)3)

OUTx 8 8 kV 2)3)

No cumulative stress for all parameter.
1) AEC-Q100-002-Rev H(100 pF and 1.5 k)
2) Unpowered gun test (150 pF/330 .) according to ISO 10605-2008 
3) With additional protection on the PCB (100 nF on VSUP, 47 nF on OUTx)
4) Consider current consumption, mounting condition (e.g. overmold, potting) and mounting situation for TA in relation to 

TJ. Please contact TDK-Micronas for other temperature requirements.
5) AEC-Q100-004
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5.8. Recommended Operating Conditions

Functional operation of the device beyond those indicated in the “Recommended Oper-
ating Conditions/Characteristics” is not implied and may result in unpredictable behav-
ior, reduce reliability and lifetime of the device. 

All voltages listed are referenced to ground (GND).

Symbol Parameter Pin 
Name

Min. Typ. Max. Unit Condition

VSUP Supply Voltage VSUP 3.0 3.3 3.6 V 3.3 V Application

(Option Code: xxxA)

4.5 5.0 5.5 V 5 V Application

(Option Code: xxxB)

3.0  5.5 V (Option Code: xxxC)

IOUT Continuous Output 
Current 

OUTx 1.2  1.2 mA VSUP = 5.5 V

RL Pull-up/-down > 4.7 k

RL Load Resistor OUTx 4.7  10 k

CL Load Capacitance OUTx   47 nF

NPRG Number of Mem-
ory Programming 
Cycles

   100 cycles 0°C < Tamb < 55°C

BAMP Recommended 
Magnetic Field 
Amplitude

   250 mT Customer programma-
ble. The appropriate 
mag_range setting can 
be selected out of 30 
possible steps (see 
Table 3–3 on page 16).

   5 mT

spd Rotation Speed    30000 rpm

TJ Junction 
Temperature1)

 40  170 °C for 1000 h

TA Ambient
Temperature2)

 40  150 °C

1)Depends on the temperature profile of the application. Please contact TDK-Micronas for life time calculations.
2)Consider current consumption, mounting condition (e.g. overmold, potting) and mounting situation for TA and

in relation to TJ
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5.9. Characteristics

At TA = 40 °C to +150 °C, GND = 0 V, using differential sine and cosine output, after
programming and locking of the sensor, at Recommended Operation Conditions if not
otherwise specified in the column “Conditions”.
Typical Characteristics for TA = 25 °C and VSUP = 5.0 V.

Symbol Parameter Pin 
Name

Limit Values Unit Conditions

Min. Typ. Max.

ISUP Supply Current VSUP  tbd 10 mA HAL 3020, excluding external load 
on OUTx

 tbd 15 mA HAL 3021, excluding external load 
on OUTx

ISUP,Startup Supply Current during 
Start-up

VSUP   50 mA CL = 47 nF, CSUP = 100 nF.

With higher CSUP value the supply 
current during start-up will be 
strongly reduced.

tStartup Start-up Time OUTx   0.1 ms 3) For definition see Fig. 5–6 on 
page 30 

Power-On Operation

VPOR Power On Reset Voltage VSUP 1 tbd 2 V

VPORhyst Power On Reset Voltage 
Hysteresis

VSUP  100  mV

Overvoltage and Undervoltage Detection

VSUP,UV Undervoltage Detection 
Level

VSUP tbd 2.65 tbd V Falling, 3.3 V Application or 
ratiometric mode

tbd 4.1 tbd V Falling, 5 V Application

VSUP,UVhyst Undervoltage Detection 
Level Hysteresis

VSUP  200  mV

VSUP,OV Overvoltage Detection 
Level

VSUP tbd 4.2 tbd V Rising, 3.3 V Application

tbd 6.25 tbd V Rising, 5 V Application or 
ratiometric mode

VSUP,OVhyst Overvoltage Detection 
Level Hysteresis

VSUP  200  mV

SIN/COS Output Parameter

tdelay SIN, COS Delay Time OUTx tbd tbd 5 µs 1)2) bw_filt bit = 00

tbd tbd 8 1)2) bw_filt bit = 01

tbd tbd 12 1)2) bw_filt bit = 10

tbd tbd 20 1)2) bw_filt bit = 11

tjitter,delay Jitter of Delay Time 
(RMS)

OUTx   2 µs 1)

1) Characterized on small sample size, not tested.
2) Tracking delay between a rotating magnetic stimulus and the change on both outputs (delay between input and output 

signals zero crossing).
3) If fluxless self-test is executed, tStartup will be extended by fluxless self-test period.
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VOUT Single-ended Output 
Voltage per VSUP

OUTx 10  90 %VSUP RL = 5 k

TCoutput Temperature Coefficient 
of Output Voltage 
Amplitude

OUTx tbd tbd tbd %/°C 1) BAMP = constant

VOUT_Offset Output Offset Voltage OUTx 48  52 %VSUP
1)4)5) TA = 25 °C, BAMP = 0 mT, 
ratiometric mode, non-calibrated 
(option code: xxAx)

tbd  tbd %VSUP
1)4)5) TA = 25 °C, BAMP = 0 mT, 
ratiometric mode, pre-calibrated 
(option code: xxBx)

VOUT_Offset Output Offset Voltage 
Drift

OUTx tbd  tbd mV/V 1) Over temperature related to
TA = 25 °C

k Amplitude Synchronism 
Ratio (peak to peak)

OUTx 3  3 % 1)5)6) TA = 25 °C, non-calibrated 
(option code: xxAx)

0.5  0.5 % 1)5)6) TA = 25 °C, pre-calibrated 
(option code: xxBx)

k Amplitude Synchronism 
Ratio Drift (peak to peak)

OUTx 1  1 % 1) Over temperature related to 
TA = 25 °C

EOrth Orthogonality Error 
between SIN and COS

OUTx tbd  tbd ° 1)5) TA = 25 °C, non-calibrated 
(option code: xxAx)

tbd  tbd ° 1)5) TA = 25 °C, pre-calibrated 
(option code: xxBx)

EOrth Orthogonality Error Drift OUTx tbd  tbd ° 1) Over temperature related to
TA = 25 °C

ROUT Output Resistance OUTx   5 

Output Behavior in Case of Error Detection

VError,Low Output Voltage Range of 
Lower Error Band

OUTx 0  4 %VSUP err_band bit = 01 
(Actively driven by the device)

VError,High Output Voltage Range of 
Upper Error Band

OUTx 96  100 %VSUP err_band bit = 10 
(Actively driven by the device)

VError,High-Z Output Voltage Range of 
Lower Error Band in 
High-Z Mode

OUTx 0  4 %VSUP
7) err_band bit = 00 & 11, 
4.7 k RL Pull-down < 10 k

Output Voltage Range of 
Upper Error Band in 
High-Z Mode

OUTx 96  100 %VSUP
7) err_band bit = 00 & 11, 
4.7 k RL Pull-up < 10 k

1) Characterized on small sample size, not tested
4) Output Offset Voltage is 2.5 V, typ. for the 5 V non-ratiometric variant, supply independent (corresponding to 50% of 

VSUP= 5 V) and 1.65 V, typ. for the 3.3 V non-ratiometric variant, supply independent (corresponding to 50% of VSUP= 
3.3 V). Min./max. variations as per ratiometric mode.

5) Can be further improved by proper end-of-line calibration in the microcontroller/ECU.
6) Amplitude mismatch between sine and cosine signals (e.g.: k = 100 * VOUT,+COS/VOUT,+SIN).
7) The external circuitry defines the output behavior in case of error detection (see Section 4.2.  on page 19). The output 

behavior is always valid in case the device detects a wire break of supply or ground line.

Symbol Parameter Pin 
Name

Limit Values Unit Conditions

Min. Typ. Max.
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Fig. 5–6: Start-up behavior HAL 302x

ILeak,High-Z Output Leakage Current 
in High-Z Mode

OUTx  20 80 µA Error condition in case the device 
is disconnected and shorted to the 
battery voltage, VOUT = 15 V, 
VSUP = 0 V

Output Short Detection Parameter

tOCD Overcurrent Detection 
Time

OUTx  tbd  µs 1)

tTimeout Time Period without 
Overcurrent Detection

OUTx  tbd  ms 1)

IOVC Detectable Output Short 
Current

OUTx  10  mA 1)

SOIC8 Package

Rthja Thermal Resistance
Junction to Air

   140 K/W 8) Determined with a 1S0P board

  93 K/W 8) Determined with a 2S2P board

Rthjc Thermal Resistance
Junction to Case

   33 K/W 8) Determined with a 1S0P board 
& 2S2P board

1) Characterized on small sample size, not tested.
8) Self-heating calculation see Section 6.1. on page 33

Symbol Parameter Pin 
Name

Limit Values Unit Conditions

Min. Typ. Max.

Voltage
(V)

valid 
0

VSUP

tStartup

VSUP

VSUP,UV(Rising)

high-Z
high-Z
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5.10. Magnetic Characteristics

At TA = 40 °C to +150 °C, GND = 0 V, using differential sine and cosine output, after
programming and locking of the sensor, at Recommended Operation Conditions if not
otherwise specified in the column “Conditions”.
Typical Characteristics for TA = 25 °C and VSUP = 5.0 V.

Symbol Parameter Pin 
Name

Min. Typ. Max. Unit Conditions

RANGE Detectable Angle Range OUTx 0  360 °

fBW Magnetic Signal Bandwidth   tbd  kHz 4) bw_filt bit = 11 (low)

 tbd  4) bw_filt bit = 10 (medium)

 tbd  4) bw_filt bit = 01 (high)

 70  4) bw_filt bit = 00 (maximum)

Enoise Angular Noise (RMS) OUTx  0.14 tbd ° 1)5) HAL 3020, bw_filt bit = 00

 0.10 tbd ° 1)5) HAL 3020, bw_filt bit = 01

 0.07 tbd ° 1)5) HAL 3020, bw_filt bit = 10

 0.05 tbd ° 1)5) HAL 3020, bw_filt bit = 11

 0.10 tbd ° 1)5) HAL 3021, bw_filt bit = 00

 0.07 tbd ° 1)5) HAL 3021, bw_filt bit = 01

 0.05 tbd ° 1)5) HAL 3021, bw_filt bit = 10

 0.03 tbd ° 1)5) HAL 3021, bw_filt bit = 11

ESF Angular Error due to 
Stray-Field

OUTx 0.15  0.15 ° 2)3) HAL 3020, 
BAMP = 12.5 mT

0.11  0.11 ° 2)3) HAL 3021, 
BAMP = 12.5 mT

SenseCH Absolute Sensitivity Range 
of Channel 1 and 2 (single-
ended signals)

OUTx 8  400 mV/mT 5 V Application, TA = 25°C, 
customer programmable

5.28  264 mV/mT 3.3 V Application, TA = 25°C, 
customer programmable

1) Characterized on small sample size, not tested
2) Characterized on small sample size according to ISO 11452-8:2015, at 25°C, with stray-field strength of 4 kA/m from 

X, Y, and Z direction, 3-sigma values (not tested).
3) Based on Simulation Model, 3-sigma values (not tested)
4) Typical calculation: fBW = (‘rotation speed’ in rpm / 60) * ‘number of pole-pairs’ 
5) BAMP 35 mT, mag_range bit = 01101 (= 42.9 mT), VSUP = 5 V
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Angular Error without external Compensation6)

ERT Total Angular Error at RT OUTx tbd  tbd ° 7)8)9)10) TA = 25 °C, non-cali-
brated (option code: xxAx)

0.5  0.5 ° 7)8)9)10) TA = 25 °C, pre-cali-
brated (option code: xxBx)

Etemp Angular Error Drift over 
Temperature

OUTx 1.5  1.5 ° 7)8)9) HAL 3020, over temper-
ature related to TA = 25 °C

1.2  1.2 ° 7)8)9) HAL 3021, over temper-
ature related to TA = 25 °C

Elife Angular Error Drift over 
Lifetime

OUTx 0.85  0.85 ° 7)8)9) HAL 3020, after 1008h 
HTOL

0.6  0.6 ° 7)8)9) HAL 3021, after 1008h 
HTOL

Residual Angular Error after external Compensation6)

Edynamic Angular Error with Dynamic 
Compensation over Temper-
ature and Lifetime

 0.4  0.4 ° 3)7)9)11)12) With dynamic off-
set and gain compensation, 
but static orthogonality com-
pensation

 tbd  tbd ° 3)7)9)12) With dynamic 
offset, gain and orthogonal-
ity compensation

3) Based on Simulation Model, 3-sigma values (not tested)
6) External A/D-converter and microcontroller/ECU are required to calculate the rotation angle of a magnet. 
7) BAMP= 5 mT, mag_range = 10110 (12.5 mT), VSUP = 5 V
8) Characterized on small sample size, 3-sigma values, not tested for each device
9) Pure sinusoidal BZ function w/o distortion (ideal diametral magnet)
10) Can be further improved by proper end-of-line calibration in the microcontroller/ECU
11) Ideal external compensation is done once at 25 °C and 0 h (= static)
12) Ideal external compensation is done permanently under all operating temperatures and lifetime (= dynamic)

Symbol Parameter Pin 
Name

Min. Typ. Max. Unit Conditions
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6. Application Notes

6.1. Ambient Temperature

Due to the internal power dissipation, the temperature on the silicon chip (junction temper-
ature TJ) is higher than the temperature outside the package (ambient temperature TA).

TJ = TA + T

The maximum ambient temperature is a function of power dissipation, maximum allow-
able die temperature and junction to ambient thermal resistance (Rthja). With a typical
supply voltage of 5.0 V the power dissipation P is 0.05 W for HAL 3020 and 0.075 W for
HAL 3021. The junction to ambient thermal resistance Rthja is specified in Section 5.9.
on page 28.

The difference between junction and ambient air temperature is expressed by the fol-
lowing equation (at static conditions and continuous operation):

T = P * RthjX

The X represents junction to air, case or solder point.

For worst-case calculation, use the max. parameters for ISUP and RthjX, and the max.
value for VSUP from the application.

Note The calculated self-heating of the device is only valid for the Rth test boards. 
Depending on the application setup the final results in an application environ-
ment might deviate from these values.

6.2. EMC and ESD

Please contact TDK-Micronas for detailed information on EMC and ESD results.

6.3. Application Circuit

Fig. 6–1: Recommended application circuit for HAL 302x (differential output, pull-down)
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Fig. 6–2: Recommended application circuit for HAL 302x (single-ended output, pull-down)

Table 6–1: Recommended components

6.4. Recommended Pad Size SOIC8 Package

Fig. 6–3: Pad size recommendation for SOIC8 package (all dimensions in mm)

Name Recommended Value

CSUP 100 nF (470 nF for reduced supply 
current during start-up and higher immunity 
against electromagnetic disturbance)

CLx+ CINPUTx 47 nF

RL 10 k
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7. Programming of the Sensor

HAL 302x features two different customer modes. In Application Mode the sensor pro-
vides ratiometric or non-ratiometric sine and cosine analog outputs. In Programming
Mode (Listen Mode) it is possible to read and change the register settings of the sen-
sor through the output pin (OUT3).

After power-up the sensor is always operating in the Application Mode. It is switched
to the Programming Mode by a BiPhase-M protocol via output voltage modulation.
Therefore the programming device needs to provide a long sync pulse at the output pin
(OUT3).

7.1. Programming Interface

In Programming Mode HAL 302x is addressed by modulating a serial telegram on the
sensor’s output pin. The sensor answers with a modulation of the output voltage.

A logical “0” is coded as no level change within the bit time. A logical “1” is coded as a level
change of typically 50% of the bit time. After each bit, a level change occurs (see Fig. 7–1).

The serial telegram is used to transmit the EEPROM content from and to the sensor.

Fig. 7–1: Definition of logical 0 and 1 bit

A description of the communication protocol and the programming of the sensor is avail-
able in a separate document (HAL/HAC 302x Programming Guide).

logical 0

or

tbittime tbittime
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or

tbittime tbittime

50% 50% 50% 50%
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7.2. Programming Environment and Tools

For the programming of HAL 302x during product development a programming tool
including hardware and software is available on request. It is recommended to use the
TDK-Micronas tool kit (TDK MSP V1.x and LabView Programming Environment) in
order to facilitate the product development. The details of programming sequences are
content of the HAL/HAC 302x Programming Guide. 

7.3. Programming Information

For production and qualification tests, it is mandatory to set the LOCK bit to one after
final adjustment and programming of HAL 302x. 

Before locking the device, it is recommended to read back all register values to ensure
that the intended data is correctly stored in the sensor’s memory. Alternatively, it is also
possible to cross-check the sensor output signal with the intended output behavior.

The success of the LOCK process shall be checked by reading the status of the LOCK
bit after locking.

Even after locking the device it is still possible to read the memory content.

It is also mandatory to check the acknowledge of the sensor after each write and store
sequence to verify if the programming of the sensor was successful.

Electrostatic Discharges (ESD) may disturb the programming pulses. Please take pre-
cautions against ESD.

Note A description of the communication protocol and the programming of the
sensor is available in a separate document HAL/HAC 302x Programming
Guide.

Table 7–1: Telegram parameters for the Host (All voltages are referenced to GND)

Symbol Parameter Pin 
Name

Limit Values Unit Conditions

Min. Typ. Max.

th_bbit Host BiPhase bit time OUT3 0.01 1.1 ms

SR Host slew rate BiPhase protocol OUT3 10   V/µs For recommended 
application circuit

VH_OUTL Host OUT pin voltage for low 
level during programming

OUT3   0.8 V

VH_OUTH Host OUT pin voltage for high 
level during programming

OUT3 2.4   V

VSUPProgram VSUP Voltage for memory 
programming

VSUP VSUP,min  VSUP,max V
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8. Document History

1. Target Specification: “HAL 3020 Fast Stray-Field Robust Motor Position Sensor Family with Ana-
log Output”, February 11, 2020, TS000037_001EN. First release of the target specification.

2. Target Specification: “HAL 3020 Fast Stray-Field Robust Motor Position Sensor Family with Ana-
log Output”, March 1, 2021,TS000037_002EN. Second release of the target specification.

Major Changes:

– Programmable registers added
– Section 4. Functional Safety added
– Electrical and Magnetic Characteristics updated
– Section 7. Programming of the Sensor added

3. Target Specification: “HAL 302x Fast Stray-Field Robust Motor Position Sensor Family with Ana-
log Output”, Dec 2, 2021, TS000037_003EN. Third release of the target specification.

Major Changes:

– HAL 3021 added as new family member
– Abs. Max Rating updated
– Electrical and Magnetic Characteristics updated
– Outline dimensions updated (center of sensitive area, diameter of sensor array)

4. Target Specification: “HAL 302x Fast Stray-Field Robust Motor Position Sensor Family with Ana-
log Output”, Mar 08, 2022, TS000037_004EN. Fourth release of the target specification.

Major Changes:

– Option codes for 3.3V and 5.0V operating supply voltage added
– Option code for ratiometric mode added
– Magnet lost monitoring removed as it is covered by external vector length monitoring
– Zero-angle adjustment monitoring added
– Temperature dependent offset (OFFSET_1...2_TC) removed
– Customer programming pin changed from pin no. 3 to pin no. 4
– Programmability through pin no. 8 (OUT1) removed
– Electrical and Magnetic Characteristics updated

5. Advance Information: “HAL 302x Fast Stray-Field Robust Motor Position Sensor Family with Ana-
log Output”, Aug. 8, 2022, AI000244_001EN. First release of the advance information.

Major Changes:

– ASIL B ready to ASIL C ready changed
– Customer Configuration Registers updated
– Abs. Max. Rating updated
– Electrical and Magnetic Characteristics updated (pre-calibrated and non-calibrated perfor-

mance described, Edynamic improved)
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