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Disclaimer

The information in this document is provided by Quanzhou KTsense Microelectronics Co., Ltd. (R M BRTHMBFRIRERAT)
(hereafter referred to as "KTsense Micro’) on an "as is” basis for informational purposes only. KTsense Micro does not guarantee the
accuracy of the information contained herein or the outcomes of its implementation. KTsense Micro assumes no liability for any
errors or inaccuracies that may be present in this document. Users assume full responsibility for the application of the practices
outlined in this document.

KTsense Micro owns the registered trademark CONNTEK, under which the CONNTEK brand sensors are marketed.

This document comes without any warranties, express or implied, including but not limited to warranties of merchantability, satis-
factory quality, non-infringement, and fitness for a particular purpose. KTsense Micro, along with its employees, agents, and affili-
ates, is not liable for any losses arising from the use or reliance on this document.

This document is subject to change without prior notice and should not be construed as a commitment by KTsense Micro. Users
should ensure they have the latest version of the relevant information before placing orders or integrating the product into their
systems.

Users must evaluate the suitability of the product described in this document for their specific applications, including the required
level of reliability and fitness for purpose.

This document and the described product may be subject to export control regulations. Export may require prior authorization from
the competent authorities. The product is not intended, authorized, or warranted for use in applications requiring extended temper-
ature ranges or unusual environmental conditions. High reliability applications, such as medical life-support or aviation systems, are
specifically excluded.

The product may not be used for the development, production, maintenance, or storage of:

Chemical, biological, or nuclear weapons, including missile systems for such weapons.
Civil firearms, including spare parts or ammunition.
Defense-related products or materials for military or law enforcement use.

Applications that could cause serious harm to persons or property and that can be used as a means of violence in armed
conflicts or similar situations.

BN -

No licenses or rights to any intellectual property of KTsense Micro or third parties are granted.

If this document is marked as “confidential’or similar, or if the content is reasonably understood to be confidential, the recipient
must not disclose any part of the document to third parties without the express written consent of KTsense Micro. The recipient
must take all necessary measures to maintain the confidentiality of the document, using at least the same degree of care as they
use to protect their own confidential information, but no less than a reasonable degree of care. The recipient may only disclose
the document to employees on a need-to-know basis, provided they are bound by confidentiality terms similar to those in this dis-
claimer. The document may only be used for the purpose for which it was received and may not be used for commercial purposes
or to the detriment of KTsense Micro or its customers. These confidentiality obligations will last indefinitely but in any case, for no
less than 10 years from the receipt of the document.

This disclaimer is governed by the laws of China, and any disputes arising from it will be subject to the exclusive jurisdiction of the
courts in Shenzhen, China.

The invalidity of any provision in this disclaimer does not affect the validity of the remaining provisions. Previous versions of this
document are repealed.

Copyright

This document and its contents are protected by copyright law. No part of this document may be reproduced or distributed in any
form or manner without the prior written consent of KTsense Micro.

Contact Information

For the latest version of this document, go to our website at https://en.conntek.com.cn/.

For additional information, please contact our Direct Sales team and get help for your specific needs:


https://en.conntek.com.cn/
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Region Contact Information
Overseas Email: sales.global@conntek.com.cn
China Email: sales@conntek.com.cn
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1 Product Information

1.1 Product Features

® 16-bit high precision absolute angle output.

® Supports both single pole-pair and multi pole-pair magnet applica-
tions.

e Ultra-low latency, with a data update time of 1 us.

® SPI communication with data rate up to 10 Mbps.

® SSI communication with angle data output up to 5 Mbps.

® Programmable ABZ output from 4 to 16384 steps per revolution.
® Programmable UVW output from 1 to 32 pole pairs.

e PWM 12-bit angle output with adjustable frequency, and support
for calibration status indication.

® Operating voltage from 3.3V to 5 V.
® Operating temperature from —40°C to 125°C.

1.2 Typical Applications

® Absolute angle position detection.

® Brushless DC motor control.

® Closed-loop stepper motor systems.

® Platform screen door control in rail transit systems.

1.3 Product Overview

KTH7114 is a high speed and high precision magnetic encoder with an
advanced Automatic Non-Linearity Calibration function, abbreviated as
ANLC. Users can trigger the calibration process either by writing to reg-
isters or by using an external calibration pin. The chip can then automat-
ically measure the sensor non-linearity error, calculate the compensation
parameters, and store the calibration result into the internal MTP mem-
ory. This function requires no complicated external intervention and can
significantly improve the linearity of angle measurement.

KTH7114 provides multiple flexible communication interfaces and output
modes to meet the needs of different application scenarios.

® SPl interface: Supports 3-wire SPI communication with CPOL = 1
and CPHA = 1. It is used to read 16-bit angle data, access internal
registers, and configure parameters. An 8-bit CRC check is pro-
vided during angle and register read operations. This 3-wire SPI
interface does not support parallel CS selection. To save MCU IO
resources, multiple SDA lines may be connected to the MCU for
data reading.

® ABZ incremental output: Provides programmable quadrature ABZ
output with resolution up to 16384 steps per revolution. Absolute
position start-up is supported, so the chip can output a burst of AB
pulses after power-on to indicate the absolute position.
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® SSI synchronous serial interface: Supports 2-wire SSI communi-
cation for absolute angle output, with maximum rate up to 5 Mbps.

* PWM output: Provides programmable PWM output from 120 Hz to
3.8 kHz, and the PWM signal can also indicate the chip calibration
status.

e UVW commutation output: Supports programmable UVW com-
mutation output from 1 to 32 pole pairs.

The interfaces and output modes listed above provide flexible data inter-
action methods and convenient system integration options for the user.

2 General Description

2.1 System Architecture

vDD [

GND [X]

o Reg%;égBank Spr
-~ it
T e : __ATAN ANLC/ZEROSET Filter
t v L D A0 REDRESE weEe [T owEs [
- O
= SSI
Hall Sensor  Analog Front-End
G Wit
=) ABZ

MODE

A/U/SDA/SSD
10_Mux B/V/SCLK/SSCK

Z/W/CS

Interpolator
b=t

CONNTEK L ..

=

AUTO_CAL

Figure 1: System block diagram

KTH7114 is a Hall angle encoder. It integrates Hall sensing elements,
analog-to-digital conversion modules, and various processing blocks for
accurate angle measurement and digital signal output.

The Hall elements generate voltage signals, which are converted by the
ADC into two orthogonal digital signals. These signals are then pro-
cessed by the ATAN module to obtain a 16-bit digital angle. After that,
the digital angle passes through zero setting, rotation direction setting,
and filtering.
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The filtered angle can be directly output through SPI and SSI interfaces,
so that users can read it with an MCU or other circuits. In addition, the
angle can also be expressed through PWM modulation, where the duty
cycle represents the angle value. To improve refresh rate, the filtered
angle can be further processed by the interpolator and then sent to the
ABZ encoder block, where it is converted into the required encoded sig-
nals.

Various system operating parameters are stored in the programmable
MTP memory and can be modified through SPI commands to meet dif-
ferent application requirements.

2.2 Recommended Application Circuit

VDD
KEY
AUTO_CAL
4 PINS PIN4/PIN14 J——
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GND ™ ; PINV PIN3 HWICS MCU
=] e KTH7114
P - B/\V/SCLK/SSCK
0.1pF | 10upH o— PFIND PING
RZ2
VDD & PIN13 iz | —A/U/SDA/SSD
PWM <
= l— GND

Figure 2: Recommended application circuit

Notes:

® RI1 and R2 are 5.1k selection resistors. If R2 is populated and R1
is not populated, MODE is pulled high and the device is config-
ured for 3-wire SPI output. If R1 is populated and R2 is not pop-
ulated, MODE is pulled low and the device can be configured for
ABZ, UVW, or SSI output.

® During PCB design, if only one interface such as SPI or ABZ is used,
R1 and R2 may be omitted and MODE may be directly connected
to VDD or GND.

® During PCB design, if the SPI interface is used, resistor R3 may be
omitted. If other interfaces are used, R3 must be retained, and the
recommended value is 10 k2.

o AUTO_CAL may be triggered by an external push button, or driven
high by the MCU. If this function is not used, the pin may be left
floating.

8 of 30



KTH7114 Series

* PWM can output the calibration-done indication, so it may be con-
nected to an LED as a visual indicator.

® Pin 4 and pin 14 are both AUTO_CAL pins. Only one of them needs
to be routed out for use. If unused, the pin may be left floating.

2.3 Pin Definition
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Figure 3: QFN-16L 3 mm x 3 mm package, with the sensor located at the geometric center

Table 1: Pin functions

Pin No. Name Function
1 NC Not connected. The |0 must be left floating.
2 A/U/SDA/SSD Controlled by the MODE pin and the
IO_MUX register.
3 Z/WICS Controlled by the MODE pin and the
IO_MUX register.
4 AUTO_CAL External calibration trigger input, active
high.
NC Not connected. The IO must be left floating.
B/V/SCLK/SSCK Controlled by the MODE pin and the
I0_MUX register.
MODE Interface output control.
GND Ground.
PWM Duty-cycle output.
10 NC Not connected.
11/12 NC Not connected. The IO must be left floating.
13 VDD Power supply.
14 AUTO_CAL External calibration trigger input, active
high.
15/16 NC Not connected. The IO must be left floating.
17 T-PAD Thermal pad. Connect it to GND.
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2.4 16-Bit Binary Angle Coding

The angle value of KTH7114 is represented by a 16-bit binary code. By
converting the angle into a 16-bit binary value, precise angle represen-
tation can be achieved. For example, the angle can be expressed as an
integer in the range from 0 to 65535. Unless otherwise stated, all angles
in this datasheet are represented in 16-bit binary form.

The relationship between the angle output from 0° to 360° and the 16-bit
binary value is given by

16-bit binary value

Angle (0° to 360°) = 56 x 360° (1)
3 Key Parameters
Table 2: Key specifications at 3.3V supply
Parameter Min Typ Max
Operating voltage 3.0V 3.3V 5V
Magnetic field strength 30mT 60mT 150mT
Operating current 16 mA
Start-up time 20ms
Latency time 1us
Output noise (1) 0.015°
Non-linearity error +0.1°
Rotational speed 120000 rpm
ESD (HBM) +5kV
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4 Magnet Installation Guide

4.1 On-Shaft Magnet Installation Recommendation

Table 3: On-shaft magnet installation recommendation

Para.  Description Min Typ Max Unit
Dmag ~ Magnet diameter (radial 10 30 mm
magnetization)
Thag Recommended magnet 2.5 5 mm
thickness
Bk Magnetic field at chip 30 150 mT
AG Air gap 1.0 5.0 mm
RS Rotational speed 120 krpm
Disp Installation offset 0 1.0 mm
TCmagr  NdFeB temperature —0.120 %/°C
coefficient
TCrmag2 SmCo temperature —0.035 %/°C
coefficient

Recommended magnet materials are NdFeB or SmCo.

Figure 4: Recommended magnet placement

11 of 30

AG




KTH7114 Series EDW

5 Register Configuration
5.1 Register Map

Address Register Default

0x00 ZERO[7:0] 0x00

7 6 5 4 3 2 1 0
7 6 5 4 3 2 1 0

0x01 ZERO[15:8] 0x00

0x02 TO_ZERO_SET  Z_PHASE[1:0] Z_WID[2:0] 0x00
7 6 5 4 3 2 1 0

0x03 OXFF
7 6 5 4 3 2 1] 0

0x04 RESERVE PPT[11:8] 0x03
7 [ [ 4 3 2 1 0

0x05 ABZ_START_T[3:0] ABZ_START_MODE  ABZLIMIT_F[2:0] 0x00
7 [ 5 4 3 2 1 1]

0x06 RAM_HYS[7:0] 0x07
7 6 5 4 3 2 1 0

(PO/All RESERVE RAM_HYS[14:8] 0x00
7 6 5 4 3 2 1 0

0x08 RESERVE NPP[4:0] 0x00
7 6 5 4 3 2 1 0

0x09 PWM_F[7:0] /
7 [ 5 4 3 2 1 1]

OX0A PWM_F[15:8] /
7 [ 5 4 3 2 1 0

0x0D FW[7:0] 0x88
7 6 5 4 3 2 1 0

0x10 RESERVE 10_MUX 0x00
7 6 5 [] 3 2 1 0

0x16 RESERVE REG_CAL ANLC_EN RESERVE 0x08
7 [ [ 4 3 2 1 0

0x72 RESERVE ANLC_STATUS[1:0] RESERVE 0x00

7 6 5 4 3 2 1 0

Figure 5: Register map

12 of 30



KTH7114 Series

CONNTEK

5.2 Parameter Description

Table 4: Parameter description

Symbol Default Description

ZERO[15:0] 0 Zero position setting; default is 0.

RD 0 Forward/reverse rotation setting; default forward
is 0.

AUTO_ZERO_SET 0 Auto-zero setting; if set to 1, the chip output
angle is 0.

Z_PHASE[1:0] 0 ABZ Z-signal phase; default is 0.

Z_EDGE 0 Z-signal rising edge is aligned with absolute zero
by default; otherwise the falling edge is aligned.

Z_WIDI[2:0] 0 Z-signal output width; default is 1 LSB.

PPT[11:0] 1023 ABZ resolution; default 1024 lines, 4096 steps/rev.

ABZ_START_TI[3:0] 2 ABZ output delay; default starts output 20 ms
after power-on.

ABZ_START_MODE 0 Set to 1 for ABZ absolute output mode; default is
incremental output.

ABZLIMIT_F[2:0] 0 ABZ output bandwidth; default maximum
frequency 16 MHz.

RAM_HYS[14:0] Angle output hysteresis.

NPP[4:0] UVW pole-pair output; default outputs 1 pole
pair.

PWM_F T PWM output frequency adjustment; factory
trimmed to 1kHz (typ.).

FWI[7:0] 136 Filter depth; default is 0x88 (136 decimal).

I0_MUX 0 Default ABZ output when MODE is pulled high.

REG_CAL 0 Self-calibration enable; set to 1 to start
self-calibration.

ANLC_EN 1 Non-linearity calibration effect enabled for angle
output.

ANLC_STATUSI1:0] 0 Self-calibration status; 0 means calibration not
started.

RESERVE 0 Reserved by the manufacturer; not user-defined;

default is 0.

6 SPI Interface

KTH7114 uses a 3-wire SPI interface and operates in Mode 3 with CPOL =
1 and CPHA = 1. The interface supports angle reading, register read and
write, and MTP programming. The maximum SPI communication rate is

10 Mbps.
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6.1 SPI Timing
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Figure 6: SPI timing diagram

Table 5: SPI timing parameters (load 20 pF)

Symbol Description Min Typ Max
Tsck SCK clock period (ns) 100
TsckL SCK low-level period (ns) 50
TscKH SCK high-level period (ns) 50
Ty Interval from SCK rising edge to 120
CSN rising edge (ns)
Tr Digital signal rise time (ns) 10
Tr Digital signal fall time (ns) 10
Tovy MISO data valid time (ns) 50
Tor MOSI data setup time (ns) 50
Tup MOSI data hold time (ns) 50

Note: To ensure reliable data communication, hardware and firmware
designs should comply with these timing parameters.

On the 3-wire interface the timing diagram shows a single data line (SDA).
The parameters Tpy, Tst, and Tp use MISO/MOSI naming as in the ta-
ble, corresponding to data driven by the device and setup/hold for data
driven by the host, respectively.

6.2 Reading Absolute Angle Through SPI

Cycle # B V= Tr s e 7 =0 (10) oz T3 e (08 (6 (7 )28 {30 (a0 (o oz I35 P o0 {26 (20 (27 )38 [0 30 30 o2 J
CSN 71 I
SCK —Luruirirrnnmnrnnrrmnnrnnrinnrrmmnrrrrir—
SDA Tl FERD ARG I ANCLE[LE] ] &

Figure 7: SPI standard angle read timing

The procedure for reading the absolute angle through SPI is as follows.

1. Send command: 8-bit 0x00.
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2. Receive data: 16-bit angle + 8-bit CRC.

3. The number of SCLK pulses can be adjusted as required; for exam-
ple, issuing only eight SCLK pulses to read the upper eight bits of
the angle is supported.

4. The interval between two SPI transactions must be greater than
150 ns.

CRC follows the CRC8/ITU standard.

e Polynomial: 28 + 22 + 2 + 1 (0x07).
® |nijtial value: 0x00.
® Result XOR value: 0x55.

6.3 Register Access Control (Unlock and Lock)

A register access control mechanism (unlock and lock) is implemented.

The device is locked by default after power-on; registers cannot be writ-
ten.

Writing the unlock password 32'h20240101 enables register write access.
Writing the lock password 32'h20241231 locks the registers again.

In the locked state, angle and register values can still be read; register
writes are not allowed.

Cyde# B Tz e s el e oo u)a e ()]s s e o) o (e 25 [ar )7 [ (o7 e [0 [ = (=
CSN 71 I
SCKk Ty ey
SDA T TRCCSCR OIS T =

Figure 8: SPI unlock timing diagram

Q- X% W N W W 0 AT S S0 A 6T V1 673 E 6T 03 0T WER BTN ST 00 670 670 620 618 £33 10 €78 £ 62 601 60 6|
CSN 71 r
SCK T UuuUunn L L L e e
SDA =l =

Figure 9: SPI lock timing diagram

During normal operation, once register configuration is completed, the
device can be set to allow only angle reading through SPI, while dis-
abling register write operations. This prevents unintended interference
from affecting register settings and improves system reliability.

6.4 Reading Registers Through SPI

The procedure for reading registers is as follows.

1. Send command: 8-bit 0x11 + 8-bit register address.
2. Receive data: 8-bit register value + 8-bit CRC.

3. The upper 16 bits are the read command issued to the device; the
lower 16 bits are the returned register value and CRC.
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4. The interval between two SPI transactions must be greater than

150 ns.

Cyce# B GG T ou e e e s s = e e = e (e e e e e =
€SN 1 g
SCK — UL e e L L L L L L e L e L
SDA Tl | ADORITA X REG-VATTE[TT 1 5

Figure 10: SPI register read timing diagram

6.5 Writing Registers Through SPI

The procedure for writing registers is as follows.

1. First send the unlock password 32'h20240101.

2. Send command: 8-bit 0x33 + 8-bit register address + 8-bit write
data.

3. Receive data: 8-bit register value. The device returns the written
register value in the same frame.

The high-level duration of the 24th SCLK cycle must be greater than
100 ns.

Important timing requirements are as follows.

® The interval between two SPI transactions must be greater than
150 ns.

® After a register write, wait at least 100 ns before sampling the re-
turned value.

OFEN S5 ED D KBS €3 S8 0 £ 60067 653 S5 £10 £5 £10 €53 50 550 £20 19 €2 €3 £ E3 3 6 € E1 62 EN D |
CSN 1 r
SCK
SDA =l = [ AT I EC Y ] I G- VALOETT-a] Iz

Figure 11: SPI register write timing diagram

6.6 Writing Register Values Into MTP Through SPI

The register writes described above are volatile and are not retained
after power-off. The values written to registers must therefore be pro-
grammed into MTP (non-volatile memory). The MTP programming pro-
cedure is as follows.

1. First ensure that the registers are unlocked by sending the unlock
password 32'h20240101.

2. Send the 24-bit MTP programming command 0x2255AA.

3. The entire transfer consists of command bits only; there is no re-
turn data.

Important notes are as follows.

® The interval between two MTP programming operations must be
greater than 400 ms.
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® MTP programming is irreversible, so the parameters must be care-
fully verified before programming.

® |tis recommended to perform MTP programming under a profes-
sional testing environment.

* Do not power off during programming, otherwise data loss or dam-
age may occur.

Cycle # B2 = )0 (7 )e Yo o) o e s e ee e o )ae as o0 jor 22 )55 o il
CSN 1 I
SCK — Ly e e e e L
SDA =@ WHITEMTFI:ZE5AR =

Figure 12: SPI MTP programming timing diagram

7 SSI Interface

SSI (Synchronous Serial Interface) is a synchronous serial interface pro-
tocol. KTH7114 supports reading angle data through SSI.

Tancx:
Tt | 5
S AU e W B e W e Wl

I/
S50 Dy X:ﬂ:x Dy X 1) ::i j 4  Des X

—
Tar

Figure 13: SSI timing diagram

Table 6: SSI timing parameters

Symbol Description Min Max Unit
tov SSD data valid delay 15 ns
Tssck SSCK clock period 0.2 10 7S
T} ssck SSCK low-level period 0.1 5 us
THssck SSCK high-level period 0.1 5 7S
M Transfer timeout 10 us
(monostable)
Ty Pause time (dead time) 16 S
Cycle # N 1)z (3 e )5 e 78 Yo o) an)az s o )as a6 (a7 e ae 20 2 )2z 23 o
SSCK L L L L L L L L L L e
SSD I ARCTETTT ) ' — |

Figure 14: SSI standard angle read timing

KTH7114 operates as an SSI slave. It supports angle reads only and does
not support register read or write. Data is output MSB first.
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8 ABZ Output

Address Register Default
0x03 OxFF
7 6 5 a1 3 2 1 0
0x04 RESERVE 0x03
7 6 5 a4 3 2 1 0

0x05 0x00
7 6 5 4 3 2 1 0

Figure 15: ABZ related registers

KTH7114 provides incremental ABZ outputs for angular position. The de-
fault resolution is 14 bit, corresponding to 16384 steps per revolution or
4096 pulse periods per revolution (PPT).

The phase relationship between A and B indicates rotation direction:
when rotating clockwise (CW), A leads B; when rotating counterclock-
wise (CCW), B leads A. During power-up, A, B, and Z all remain at a high
level.

For CCW rotation, the rising edge of B leads the rising edge of A by one
quarter of a period. For CW rotation, the rising edge of A leads the rising
edge of B by one quarter of a period.

Clock-wise Counter Clock-wise
»
P

N4 N-3 N-2N-1 0 1;2 (24543218 NIN2N3INS

v

™

z || "R B

Figure 16: ABZ output timing

8.1 ABZ Output Resolution

The ABZ incremental output can be set to any integer pulse-period res-
olution up to 4096 pulses per revolution. The resolution is programmed
through the PPT[11:0] field in MTP; see Table 7.
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Table 7: ABZ resolution versus PPT[11:0]

PPT[11:0] ABZ pulses/rev ABZ steps/rev
0 4
8
2 12
4093 4094 16376
4094 4095 16380
4095 4096 16384

8.2 ABZ Output Frequency

The ABZ output frequency is at most 16 MHz (AB edge frequency). The
maximum output rate can be reduced by programming ABZLIMIT; see
Table 8.

Table 8: Maximum ABZ output frequency versus ABZLIMIT

ABZLIMIT Maximum frequency
0 16 MHz
1 8 MHz
2 4 MHz
3 2MHz
4 1 MHz

8.3 ABZ Start Mode

KTH7114 provides two ABZ start modes, controlled by the ABZ_START_MODE
register.

e Normal start (ABZ_START_MODE = 0): after start-up, ABZ outputs
incremental pulses directly.
e Absolute position start (ABZ_START_MODE = 1): at start-up, ABZ

outputs a burst of pulses that represent the current absolute posi-
tion.

When absolute position start is enabled, after ABZ_EN is asserted the
device waits one cycle of the internal 16 MHz clock, latches the current
angle as the absolute position, and then drives a pulse burst on AB cor-
responding to that position.

The number of pulses is

N = min(ABS, 65536 — ABS)

x PPT (2)
65536
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where ABS is the absolute position in 16-bit binary form and PPT is the
configured pulses per revolution.

For example, using Equation (2), at absolute position 90° (binary value
16384) with PPT = 511, AB outputs 128 pulses. If the absolute position
is greater than 180°, the AB direction is reversed and the burst counts
down from 360° toward the current position.

8.4 ABZ Start Delay

The ABZ output start delay is set with ABZ_START_T[3:0]; see Table 9.

Table 9: ABZ start delay settings

ABZ_START _TI[3:0] Start delay

10ms

20 ms (default)
30ms
40ms
50 ms
75 ms
100 ms

N O Ot = W N

This parameter reduces the effect of unstable conditions during the ini-
tial power-on interval on ABZ output accuracy.

9 UVW Output

Address Register Default

0x08 RESERVE 0x00

7 6 5 4 3 2 1 0

Figure 17: UVW related registers

The UVW output simulates three Hall switch signals for three-phase mo-
tor commutation. As shown in Figure 18, the duty cycle of each logic
signal is 50%, and the phase shift between adjacent signals is 120°.

If the number of motor pole pairs is greater than that of the target mag-
net, KTH7114 can generate multiple UVW periods by dividing the digital
angle into the required commutation steps within each 360° revolution.
The parameter NPP[4:0] configures the simulated pole-pair number and
therefore determines the commutation step angle of the UVW output.
The corresponding relationship is listed in Table 10.
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Table 10: UVW pole-pair configuration through NPP[4:0]

NPP[4:0] Pole Pairs States per
Revolution
00000 1 6
00001 2 12
00010 3 18
00011 4 24
00100 5 30
00101 6 36
00110 7 42
00111 8 48
11110 31 186
11111 32 192

For example, for a four-pole motor, that is, a motor with 2 pole pairs,
the spacing of the UVW commutation signals is 30°, as illustrated in Fig-

ure 19.
.
I 1 |
H,v" | 4
o° 60° 120° 180° 240° J00° 360°
Figure 18: UVW output for a one-pole-pair rotor
——
U i i |
T T
'l:" H H H H ' 4 H . h
E— N T
W
o° 60° 120° 180° 240° J00° 360°

Figure 19: UVW output for a four-pole, two-pole-pair rotor
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9.1 UVW Start-Up Delay

The start-up delay of the UVW output is the same as that of the ABZ
output, and it is controlled by the ABZ_START_T[3:0] parameter. This en-
sures that, during the initial stage after power-on, the UVW signal starts
only after the system has become stable, which improves overall system
reliability.

9.2 Phase Relationship Between UVW and Z Signal

In KTH7114, the edges of the UVW signals are aligned with the Z signal.
This ensures accurate synchronization between motor commutation and
the zero position, which is especially important in applications that re-
quire precise position control.

10 PWM Absolute Position Output

Address Register Default
0x09 /
7 5 4 3 2 1 o
0x0A /
7 6 5 4 3 2 1 0

Figure 20: PWM related registers

KTH7114 provides a single-wire PWM absolute position output mode, as
shown in Figure 21. PWM is the default output on pin 9.

—

Ang=0° .l

32T 32T
> € 755662 700664 ¥ i€

Ang=360° | (4096+32)T
Y -

T

F W'\
\ 4

A

torr

0°<Ang<360°

C— tON

y N
\4

Figure 21: PWM timing

101 PWM Output Frequency

The PWM output frequency is adjustable and controlled by the pwm £
parameter (register field PWM_F). The output frequency is calculated as

(120.284 — 3846.0)
65536.0

PWM(Hz) = x PWM_F + 3846.0 (3)
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e When PWM_F = 0, the output frequency is 3.846 kHz.
e When PWM_F = 65535, the output frequency is 120.284 Hz.

These boundary values follow from Equation (3).

10.2 PWM Resolution and Angle Calculation

For the PWM output, the duty cycle is proportional to the magnetic field
angle, with 12-bit resolution. When the duty cycle is 71 the cor-

: o 4 .
responding angle is 0°. When the duty cycle is 1096 1 64° the corre

sponding angle is 360°. For an arbitrary angle,

360

Ang = 1596

toN )
4096 + 64) - ——~—— — 32 (4)
(( ) toN + toFrF

where ton and topr are the high-level and low-level times of the PWM
period, respectively.

Ang=0° ]

T p—

32T 32T i
> an%6rea a096+ed T
Ang=360° 4096+32)T
|- 4 4006+64 L
3 i} £
-

b

torr | —
0°<Ang<360° |

r— tCIN

F 3
hd

Figure 22: PWM timing at 0°, near 360°, and intermediate angle

10.3 PWM Indication During Non-Linearity Calibration

During non-linearity calibration, PWM indicates status as follows.

¢ Qutput frequency 3.8 Hz and 50% duty cycle: calibration in progress.
® Constant high level: calibration completed successfully.
e Constant low level: calibration failed.

When the AUTO CAL signal is pulled low, PWM returns to normal angle
output.

10.4 PWM Start-Up Delay

As with ABZ and UVW, PWM start-up delay is controlled by ABZ_START_T[3:0].

This lets the system stabilize after power-on before PWM angle output
starts, so initial transients do not degrade output accuracy.
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11 Automatic Non-Linearity Calibration

Address Register Default

0x16 RESERVE RESERVE 0x08
7 6 5 4 3 2 1 0

0x72 RESERVE RESERVE 0x00
7 6 5 4 3 2 1 0

Figure 23: Non-linearity calibration related registers

KTH7114 integrates an advanced Automatic Non-Linearity Calibration
function, which compensates the non-linearity error of the sensor under
real operating conditions and improves angle measurement accuracy.

11.1 Calibration Principle

The calibration module samples angle error at 16 equally spaced points
within one full rotation and calculates compensation parameters based
on these samples. During calibration, the PWM output toggles at ap-
proximately 3.8 Hz with a duty cycle of 50%, indicating that the calibra-
tion process is in progress. After calibration is completed, the PWM sig-
nal returns to normal operation.

11.2 Calibration Status

The calibration status is indicated by the ANLC_STATUS[1:0] register, as
shown in Table 11.

Table 11: Non-linearity calibration status

ANLC_STATUS[1:0]  Description

Calibration not started
Calibration in progress
Calibration failed

Calibration completed

w N = O

11.3 Calibration Method

KTH7114 provides a register-triggered calibration method.

By setting the REG_CAL register to 1, the device starts the non-linearity
calibration process. After calibration is completed, REG_CAL must be
cleared to 0 to finalize the calibration procedure.

11.4 Calibration Recommendations

To achieve optimal calibration results, the following conditions are rec-
ommended.
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The magnetic field strength should remain stable during calibration,
and the relative position between the magnet and the sensor should not
change.

The rotation speed should be kept constant, typically within the range of
100 to 1000 rpm. Excessively high or low speed may degrade calibration
accuracy.

Calibration should be performed under actual application conditions, so
that the compensation reflects real operating environments.

For off-axis applications, it is recommended to first adjust the GAINTRIM
parameter and then perform non-linearity calibration.

After calibration is completed, the calibration parameters are automati-
cally stored in MTP memory and will not be lost after power-off.

12 System Operating Settings

Address Register Default
0x00 0x00
7 6 5 4 3 2 1 0
0x01 0x00
7 6 5 4 3 2 1 0
0x02 0x00
7 6 5 4 3 2 1 0
0x06 0x07
7 6 5 4 3 2 1 0
0x07 RESERVE 0x00
7 6 5 4 3 2 1 0
0x0D 0x88

Figure 24: System configuration related registers

12.1 Rotation Direction

The RD register defines the relationship between rotation direction and
angle increment.

By default, when RD is set to 1, the output angle increases when the
magnet rotates clockwise (viewed from the top of the chip).

Figure 25: The definition of CW and CCW
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12.2 Zero Position Setting

Zero position setting is used to align the sensor output angle with the
mechanical zero position. The system provides two zero-setting meth-
ods: automatic zero setting and manual zero setting.

12.2.1 Automatic Zero Setting

Automatic zero setting supports two trigger methods: register trigger
and level trigger.

For register trigger, when the AUTO_ZERO_SET register is set to 1, the
device automatically performs the following operations.

First, it calculates the zero offset according to

zero_set_angle = RD?(ZERO — ango) : (ZERO + ango) (5)

Then the calculated zero_set_angle is written into the ZERO[15:0] regis-
ter.

After that, the new zero value is automatically programmed into MTP
memory.

Finally, the AUTO_ZERO_SET register is cleared automatically after the
operation is completed.

12.2.2 Manual Zero Setting

Manual zero setting is implemented by directly writing to the ZERO[15:0]
register.

The register range is from 0 to 65535, corresponding to 0° to 360°.

The written value takes effect immediately and affects the angle value of
all output interfaces.

The manually written value is not retained after power-off, so it must
be saved by an MTP programming command if non-volatile storage is
required.

The influence of zero setting on the angle output is given below.

e When RD = 0, the output angle is equal to the raw angle minus
ZERO.

e When RD = 1, the output angle is equal to the raw angle plus
ZERO minus 65536.
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Table 12: Comparison of zero-setting methods
Method Advantage Disadvantage
Register automatic  Easy to use, Requires SPI

setting automatically saved communication

Level automatic No communication Requires an extra control
setting interface required, pin

convenient operation
Manual setting Precise control, high Must be saved manually,

flexibility operation is more complex

The ZEROI[15:0] register defines the zero position, and this value applies
to all angle output types. The sensor zero position can be programmed
with full 16-bit resolution.

When RD = 1, the ZERO value can be calculated from the current SPI
binary output and the desired target angle according to

ZERO =~ <16-bit binary value — (W) X 216) +1  (6)

When RD = 0, the ZERO value can be calculated according to

ZFERO = 16-bit binary value — (W) x 216 (7)

For example, using Equation (6), when RD = 1 and the 16-bit binary
value is 16384, the SPI output angle is 90°. If ZERO[15:0] is set to the
two's complement of 16384, that is, 49152, the output becomes 0, cor-
responding to an output angle of 0°.

Using Equation (7), when RD = 0 and the 16-bit binary value is 16384,
the SPI output angle is also 90°. If ZERO[15:0] is set to 16384, the output
becomes 0, corresponding to an output angle of 0°.

12.3 Hysteresis

Hysteresis is introduced to prevent false switching and improve noise
immunity. In practice, this means that the output does not change state
immediately when the input changes, but only after the input exceeds a
defined threshold. This mechanism reduces the influence of noise and
interference, thereby improving system stability and precision.

The hysteresis function is effective for all output interfaces.

The hysteresis parameter is configured by RAM_HYS[14:0], where 1 LSB
corresponds to

39768 ¥ 360 (8)
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The default value is 7, which corresponds to approximately 0.07693° by
Equation (9).

By introducing output hysteresis, the system can reduce error caused
by small disturbances and improve immunity to interference. This is es-
pecially important in applications that require both high precision and
stable operation.

Table 13: Hysteresis parameter configuration

RAM_HYS[14:0] Hysteresis Angle Description

0 0° No hysteresis
1 0.01099° Minimum hysteresis value
2 0.02197°
4 0.04395°
7 0.07693° Default value
8 0.08789°
16 0.17578°
32 0.35156°
64 0.70313°
128 1.40625° Maximum hysteresis
value

The hysteresis angle is calculated as

RAM_HY S x 360

Hysteresis Angle = 32768

12.4 Filter

The filter depth affects both the effective resolution and the output band-
width of the system.

The effective resolution is defined as the +30 noise range, which mainly
influences speed fluctuation. The output bandwidth determines the dy-
namic response of the system. Therefore, increasing the filter depth im-
proves noise performance but reduces response speed.

Table 14 shows the relationship between filter depth and effective reso-
lution. The default value of the FW[7:0] register is 0x88.
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Table 14: Effective resolution versus filter depth

FWI7:0] Filter Level Effective Resolution

(bit)
0x00 0 9.5
Ox11 1 10
0x33 3 11
0x77 7 12
0x88 8 13
OxAA 10 14
OxFF 15 15

From the table, it can be seen that a higher filter level results in higher
effective resolution. However, this also reduces the bandwidth of the
output signal.

Therefore, the selection of filter depth should be based on application
requirements. For applications requiring high precision and low noise,
a higher filter level is recommended. For applications requiring fast dy-
namic response, a lower filter level should be selected.

13 Selection Guide

Table 15: Model selection guide

Model Noise (10) Output Interface Time Magnetic Field /
Constant Application
KTH7114 0.015° SPI, SSI, PWM, ABZ 0.51 ms 30-150mT /
Industrial
automation

This table provides a quick reference for selecting the appropriate de-
vice according to noise performance, interface type, and application re-
quirements.
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14 Ordering Information

Table 16: Ordering information

Model Package Operating Application Pins CRC
Temperature Support
KTH7114-QN16 QFN —40°C to 125°C Industrial 16 Yes
3mm x 3mm-16L automation

The ordering information specifies the package type, operating temper-
ature range, and functional options of the device.

15 Reflow Soldering Profile

" 255°C+10°C
10+1s
8
150°C+10°C 3}{"’
90+30s o
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Figure 26: Reflow soldering temperature profile

The reflow soldering profile shown above defines the recommended
temperature curve during the soldering process. Following this profile
ensures proper solder joint formation and prevents damage to the de-
vice caused by excessive thermal stress.
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